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ABSTRACT 

Total factor productivity (TFP) is a basic driver behind the economic performance and 

a key to increase welfare of people. In this era of knowledge based economy, it is 

worthwhile to revisit the determinants of TFP. Despite the recognized importance of 

national innovative capacity, technological advancement and TFP in explaining the 

sustainable economic growth, in the past very little attention has been given in the 

growth literature to empirically analyze these driving forces of economic 

performance.  As innovation has a vital role in promoting TFP, therefore, the present 

research investigated the determinants of national innovative capacity by estimating 

knowledge production function. In the second model, we examined the impact of 

national innovative capacity and technological advancement on TFP growth. The 

third model was used to understand the overall association between innovative output 

and TFP. The particular emphasis of analysis was placed on intangible and knowledge 

based factors, such as research and development and information and communication 

technology, exposure to external technology, governance, patents, trademarks, 

industrial designs and number of articles published to analyze the association among 

innovative capacity, technological advancement and total factor productivity growth. 

For this purpose, the indices of innovative output (IQ), TFP, information & 

communication technology (ICT), exposure to external technology (EET) and 

financial deepening (FD) were constructed by using the appropriate statistical and 

mathematical procedure. The present study provided a framework to measure and 

compare the innovative performance of countries at national level. We used a panel of 

22 countries in two groups for the period from 1996 to 2015 for making comparative 

analysis with particular emphasis to learn from experiences of high-tech OECD 

economies. The fist group consisted of technologically advanced OECD countries and 

the second consisted of Asian growing economies. The empirical analysis of this 

research is based on econometric estimation. The fixed effects with robust standard 

errors econometric technique was used for estimation of the models. The estimates 

obtained through this method are robust and arbitrarily accommodate the 

contemporaneous (cross-sectional) correlation, within cross-section serial correlation 

and heteroskedasticity. A variety of diagnostics tests, such as Redundant fixed effects 

test, Lagrange Multiplier tests for Random Effects and Correlated Random Effects - 

Hausman test were used for selection of the best and appropriate model and 

estimation technique. Moreover, Fully Modified Least Squares (FMOLS) and 

Dynamic Least Squares (DOLS) were also used to check the sensitivity of results. The 

panel Granger causality test was used to examine the direction of causality and panel 

PMG/ARDL approach was applied to judge long run association between national 

innovative capacity and TFP. 

The construction of index and statistical analysis of national innovative capacity, 

technological advancement and productivity in the present research was an essential 

step for understanding relative position of economies regarding these capabilities. The 

average values of IQ, ICT and TFP indices showed increasing trends in both cases 

over the 1996-2015 period. According to the results of indices, the most of low 

scoring countries were from Asia as compared to OECD countries. Among the whole 

group of 22 countries included in the study, most of Asian economies, such as 

Pakistan, India, Thailand, China, Turkey and Malaysia had low value of ICT and IQ 

indices as compared to OECD economies. The increasing trend of ICT index showed 

rapid penetration rate of this technology in OECD countries as compared to Asian 
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economies. The given estimates of three indices also revealed that difference of ICT 

adoption and innovative performance decreased between OECD and Asian economies 

over time which bears the evidence of convergence. The research also examined the 

innovative and technological capabilities of selected countries by analyzing the 

intellectual property indicators (patent, trademark, industrial design and scientific and 

technical publication), innovative efficiency, ICT indicators (ICT penetration and 

adoption) and high-technology exports as a percentage of total manufacturing exports. 

The regional trends of patents, trademarks and industrial designs demonstrated that 

Asia is the leading region having rapidly growing trend especially during the last two 

decades. Japan and USA were found to be the leading countries from OECD and 

China was found to be leading country from Asia in terms of most of the innovative 

indicators. The information revealed that Asian region had started to move toward 

knowledge based economy but the productive benefits can be achieved by sustaining 

this trend over time. 

The results suggested that the core variables of estimated models remained significant 

with expected sing. The results demonstrated that main drivers of national innovative 

capacity were also critical determinants of TFP growth suggesting that enhancement 

in TFP is closely associated with the improvement of national innovative capacity. 

The overall results demonstrated that R&D expenditure, Human capital, Exposure to 

external technology and financial development were found to be the important 

determinants of national innovative capacity and TFP growth. Information & 

Communication Technology (ICT) and governance yielded positive and significant 

impact on TFP growth of both panels of countries whereas governance and per capita 

income appeared to have significant role in promoting national innovative capacity of 

Asian growing economies. Exposure to external technology played a vital role in 

promoting innovation and productivity only if it was properly absorbed and utilized 

by the host countries. The results of panel Granger causality test suggested that 

innovative output Granger caused TFP growth and yielded positive and significant 

impact on TFP growth. PMG/ARDL approach also suggested that innovative output 

had significant positive influence on TFP over long run. The error correction 

coefficient having significant negative value showed convergence to equilibrium 

demonstrated stable long run relationship.  This further confirmed that innovations 

played an important role in promoting productivity there was a stable long run 

relationship. Estimated results of all models found robust to alternative estimation 

approaches. 

Findings of the research enable us to suggest a number of policy implications and 

recommendations with a general relevance as well as specific to Asian growing 

economies. The policy measures recommended by this research will surely be helpful 

in enhancing innovative capacity, technological advancement and in this way in 

raising the productivity. This will lead to achieve sustainable economic growth and 

helpful to reduce the incidence of poverty in developing countries.  
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CHAPTER1 

INTRODUCTION 

1.1 Statement of the Problem 

The developing countries are suffering from a number of economic problems like low 

output growth, poverty, inflation, unemployment, high trade and budget deficit, low 

saving and investment rate. Therefore, the living standard of people in developing 

countries is poor as compared to developed countries. The only way to improve the 

living standard is the sustainable output growth. The sustained economic growth can 

be achieved either by increasing the growth of factors of production or by improving 

the total factor productivity (TFP). Through the enhancement of TFP, the long-run 

output growth is possible even with scarcity of real factors of production. The TFP 

growth leads to the better and efficient use of available resources. The developing 

countries having limited factors of production can achieve sustainable growth through 

advancement of total factor productivity and advancement in productivity is 

dependent on innovations and technological advancement. It is the most important 

indicator of long-run economic prospects. The difference in per capita income is 

mostly due to difference in productivity of labor. Increasing total factor productivity 

can raise living standard because it increases real income of people which enhances 

their ability to purchase goods and services, improve housing and education, enjoy 

leisure and contribute to social and environmental programs. One of the aims of 

present research is to investigate the ways of enhancing TFP growth.  

Over the last few decades, Asia has been the major contributor to the World economy 

which is driven by its cheap labor. The high GDP growth of Asian economies during 

the last few decades has transformed Asia from low to middle income region but the 
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real challenge for Asian growing economies is sustainability of growth momentum 

which mainly depends on improvement in total factor productivity. According to the 

ADB report 2016 ―The Asia 2050‖ if the Asia continues with the same growth 

trajectory, it could achieve 52% share of World GDP by 2050. The report concluded 

that this achievement is only possible if Asian economies transform their economies 

into knowledge based economies as the knowledge is significant promoter of TFP. 

The poverty level in the region remains high and resources are insufficient to tackle 

the challenges. Therefore, it is essential for Asia to seek a different strategy not only 

for sustainability of economic growth but also to accelerate it. Human capital, 

innovative capacity, information and communication technology (ICT) and better 

governance are the four main pillars of TFP growth. As China and India are the two 

largest economies of the region, therefore, they can strongly influence growth 

outcome of the region. The poverty level in the region remains high and resources are 

insufficient to tackle the challenges in this region. Therefore, it is essential for Asia to 

seek a different strategy not only for sustainability of economic growth but also to 

accelerate it. The enhancement of TFP growth through innovation and technological 

advancement is the only option to meet region’s challenges. The emerging Asia needs 

to pursue knowledge based economic policies if it wishes to follow the advanced 

countries for its success. 

Human capital development, governance, provision of resources for R&D and ICT 

infrastructure has been the successful approaches used by the technologically 

advanced countries to become knowledge based economies. Investment in the 

organization for economic cooperation and development OECD economies is driven 

by knowledge based capital which includes innovative property (Trademarks, Patents, 

Industrial designs) and computerized infrastructure (software and database). In some 
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technologically advanced countries, such as, USA, UK, Finland, France and Sweden, 

investment in knowledge based capital exceeds investment in physical capital
1
. The 

economists are concerned that most of the rapidly growing economies of Asia may be 

caught in middle income trap
2
.  Despite the rapid growth, the Asian emerging 

economies are still unable to effectively compete with technologically advanced 

countries in high-tech products and services. Total factor productivity growth is an 

important instrument in this regard
3
. Technological advancement changes the ways of 

production and trade. Therefore, Asian economies should not rely only on traditional 

growth models to maintain pace with rapidly changing technology. Fast growth of 

Asian economies has supported to reduce the percentage of people who were living 

below the poverty line but income inequality has increased in most of emerging Asia. 

According to ADB report (2012b) the Gini coefficient got worsened in all region of 

Asia apart from Thailand and Philippines. Hence, international situation is demanding 

further strengthening of TFP through developing knowledge based economies rather 

than becoming only material based economies. Technological advancement, 

innovation, application of ICT and higher level of education and skill all are the 

characteristics of knowledge based economies which are associated with middle and 

high income countries. This research aims to investigate the ways for enhancing the 

productivity and avoiding middle income trap by learning from the experiences of 

OECD countries.  

Paul Krugman said ―Productivity is not everything but in the long run it is almost 

everything‖. Productivity is ―working smart rather than working harder‖. It is a sign 

of capability to produce more by best combining inputs through innovations, new 

                                                           
1
[OECD 2011].  

2
 Eichengreen, Park and Shin (2012. 

3
 [OECD 2014]. 
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ideas and improved business models. Innovations like emergence of steam engine, 

electric power and digitization have brought fundamental changes in the production 

process. The high productivity growth is a better measurement of sustainable long-

term development
4
. Total factor productivity growth is the part of overall growth 

which is not because of increase in inputs but is due to better technology, innovation, 

specialization and better organization. It is the increase in overall growth for given 

quantity of inputs. The enhancement of TFP means the enhancement of a country’s 

capability to produce more output with the same level of inputs. As the innovations 

and knowledge creation has strong relationship with productivity, therefore, the 

question ―what determine innovation and knowledge creation?‖ has got greater 

importance in this era of knowledge-based economy. The present research aims to 

answer this question. 

Innovation is defined as developing new or extensively improved products, method of 

production, a new method of marketing or a new method of business practices or 

external relation. There are two types of innovation; products and process innovation 

and both affect the total factor productivity.  National innovative capacity measures 

the capability of a country to create new technology and knowledge. There are input 

as well as output indicators to assess the national innovative capacity of a country. 

Research and Development expenditure is very relevant and important input indicator 

of national innovative capacity which is also considered by UNIDO. Since it is 

measured in monetary terms, therefore, it is very easy to be compared across countries 

and over time. It gives the information about investment for knowledge generation by 

the Government. Unfortunately, the availability of data of such an important indicator 

is restricted to limited countries. On the other hand the output indicators of innovative 
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Pietrzak et al. (2014); Kuder (2015); Jantoń, Drozdowska and Majewska (2015) and     Balcerzak & 

Pietrzak (2016a). 
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capacity are number of Patents granted, trademark registration, industrial design 

registration and scientific and technical publications. To quantify the innovative 

performance of selected countries in the present research we have constructed the 

innovative output index. 

Innovation system can be defined as a set of institutions and organizations, such as 

firms, universities, public research centers, public laboratories and their connections 

through which development of innovation process is made. The history of most 

advanced countries shows that the public sector initially led the process of 

technological activities by promoting development in basic and applied research and 

building of long list of institutions to stimulate technological and innovative behavior. 

The public sector provided the telecommunication, transport services and energy 

along with public education and health system. This process established the enormous 

range of R&D institutions having equipment, skilled human power and budget for the 

task to develop the technological base of countries. Along with public sector, banking 

sector also helped for expanding the technology infrastructure.  

Innovation is very important for countries that are very near to frontiers of knowledge. 

Low-income countries can increase productivity by using existing technology, but the 

country which is at the stage of innovation, the existing technology is not sufficient 

for productivity growth. Investment in R&D both by the public and private sector, 

scientific research institutions for building of new technologies, collaboration between 

universities and industry regarding research and technological development, access to 

venture capital, intellectual property rights and financial development are the key for 

innovation and productivity growth. Technology can either be enhanced directly by 

investment in R&D capital or by indirectly by diffusion of technology from abroad. 

Investment in R&D affects the productivity by two ways; first by increasing the 
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technology level through enhancing innovative capacity and second R&D investment 

increases the capacity of country to absorb the foreign technology. Griffith, Redding 

and Reenen (2000) found that the innovative and absorptive role of R&D investment 

is equally important for economic productivity. 

The research on examining the factors for improving total factor productivity is 

important and the policy priority of developed countries. Improving the productivity 

is especially vital for highly developed and frontier countries as they cannot use 

simple growth model and their growth is not factor-driven, rather it depends upon 

innovations and technological advancement. It is expected that productivity will be 

the main driver of output growth via investing in R&D, human capital and other 

knowledge based activities over the next 50 years. Recently, in most of the highly 

developed countries the productivity slowdown or stagnant situation can be seen. This 

slowdown of productivity has got widespread interest in policy debates. The debate 

on the future of productivity can be divided into major tow polar views, one is 

pessimistic view and the other is optimistic view. The pessimistic view is reflected in 

the work of Gordon (2012) who holds that productivity will go slow permanently and 

the innovations like electrification during 20
th

 century played significant role in 

productivity growth and no any other innovation, such as ICT can repeat this role. He 

also holds that economic growth will slow further in the future due to a number of 

reasons related to education, globalization, demography, inequality, debt and 

environment. On the other hand, Brynjolfsson and Mcafee (2011) are more optimistic 

about the future productivity and argue that technological advancement especially IT 

revolution will dramatically boost the productivity. Given the uncertain situation 

about the future productivity revisiting the potential determinants of productivity 
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growth is very important not only for developing countries but also especially 

important for developed countries for its long-term improvement.   

According to growth accountants, technology includes everything except labor and 

capital that can affect output growth. It not only includes new products and methods 

but also social technology (human interaction through social networks), business 

technology (managerial techniques) and political technology (method of governance 

and institution quality). The concept of technological advancement and TFP is 

interchangeable and both have same interpretation. Therefore, broad indicator of 

technology which can include every aspect of productive technological advancement 

is measured by TFP index. Improvement in the value of TFP index indicates the 

advancement in technology. The determinants and sources of TFP growth are 

basically determinants and sources of technological advancement. Similarly, 

enhancement in innovative capacity reveals the advancement or production of new 

technology (knowledge production). There are two types of innovation; products and 

process innovation and both affect total factor productivity. The product innovation 

affects the output or the numerator in the TFP formula by affecting the product market 

while process innovation affects it by affecting the input side of the economy. 

Therefore, innovation and TFP growth have positive correlation (Miller, B. and 

Atkinson, Robert D., 2014). 

Various domestic factors, such as R&D, education, ICT, governance and financial 

structure, all can affect TFP growth by enhancing the stock of knowledge in the 

economy. Stock of knowledge could also be enhanced through several external 

channels, for example, technological know-how embodied in imported goods. The 

imports of advanced and high tech goods from other countries can increase the stock 

of technological knowledge potentially. Foreign direct investment is another channel 
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which can potentially bring the knowledge and technological know-how into a host 

country. More open economies have more opportunities to acquire foreign knowledge 

but knowledge or technology transfer from abroad is dependent on the innovative and 

absorptive capacity of importing countries. Research &development capital stock and 

quality of human capital are two most important means for enhancing the absorptive 

and innovative capacity of a country. The primary focus of technologically advanced 

countries is on innovation for enhancing TFP growth while developing countries’ task 

is to absorb the existing technology for catching up with developed economies. 

It is a bitter reality that almost all developing countries face the scarcity of 

technology. On the other hand, high-tech developed countries seriously invest in 

R&D that is why most of technology is clustered in developed counties. The role of 

improved technology has been a central part of the growth strategies of 

technologically advanced countries. Knowledge and technology are treated as 

significant endogenous determinants of economic development and as drivers of TFP 

growth by the endogenous growth theory originated and advocated by Romer (1990), 

Lucas (1988), Grossman and Helpman (1991) and Aghion and Howitt(1998).A lot of 

literature has shown that the countries which have low growth performance are those 

who are unable to develop appropriate technological capacities, such as work on 

absorption capacity by Cohen and Levintal (1990), innovation system by Lundvall 

(1992), Nelson (1993) and Edquist (1997) and innovative capacity by Furman et al. 

(2002). Total factor productivity is affected by a cluster of factors including human 

skills, information and communication technology, external technology and R&D, 

absorptive capacity, domestic R&D and innovations. A lot of previous literature 

supports that difference in technological capabilities is the main reason of cross 

countries growth differentials. But in the previous research the impact of 
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technological capabilities has not been examined empirically due to the lack of its 

comprehensive and inclusive measurement. Therefore, it is crucial to empirically 

investigate the impact and relative importance of different sources of technology for 

total factor productivity. The present study captured the impact of external sources of 

technological advancement by construction the index of ―exposure to external 

technology‖.  

Total factor productivity growth stems from many factors but the major one is the use 

of better and more tools of production. It means the use of more and better equipment, 

machinery and software. The new growth theories also suggest that major share of 

TFP growth comes from the use of more and better tools. Presently, in knowledge 

based economies, the most effective tools for raising the productivity are ICT based. 

These digital tools are not only internet but also include software and hardware 

applications, network of telecommunication and other tools such as computer based 

manufacturing system. The information and communication technology has generated 

number of tools which work on information in digital form. Its impact is impressive 

as it is being used in every sector of the economy from agriculture to manufacturing 

and industries to services sector to Government. It is a key determinant of TFP 

because it represents a system of new technology that affects everything including 

―what to produce by economies, how economies produce and how this production is 

to organize and manage. 

TFP growth is achieved through innovation, invention or technological spillovers. 

Innovation can be defined as the application of new idea, new or modified product is 

result of product innovation while new or modified method of production is the result 

of process innovations. According to Black (2002), innovation comprises new or 

improved method of doing business organization. It can be seen from all discussions 
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that innovation is the major factor behind the TFP growth. This complete process can 

be referred as technological change. 

Tremendous advancement in ICT is transforming the World’s societies and enhancing 

the productivity of global economy. However, the benefits of ICTs are not being 

spread evenly despite of its greater potential. The effective and efficient use of ICTs 

to foster economic growth is the key challenge of today’s policymakers. Information 

and communication technology is a tool like any other tool which may be suited well 

for one project and not for another. Therefore, effective use of ICT depends on 

whether it is suited or not, whether working force has skills necessary to fully exploit 

its benefits? Digitization through ICT is creating possibilities of improved health, 

nutrition and empowering people by expanding knowledge to participate, in this way 

stimulating productivity. More and rapid innovation in ICT making it cheaper and 

affordable thereby makes it within the reach of the common people. It enhances the 

ability of people to collect, store, manage, retrieve and distribute knowledge. 

Knowledge or information is very important in global economy. ICT acts as a 

knowledge sharing channel, acquire knowledge, use it efficiently and effectively and 

also disperse it among the right people which enable the developing economies to 

effectively compete with the developed World. However, the necessary infrastructure 

for access of ICT network is expensive and very complex. Developing countries face 

the challenges of selection of the technology which is most appropriate to the local 

conditions and needs local work force having the right skills and capacity to use it 

effectively. Information and communication technology affects the TFP of the 

economy because it re-structures the entire economy by changing the whole system of 

production and distribution.  
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In this era of digitization, more than 3.2 billion people of the World are users of the 

internet and digital communication. The use of internet and digital communication 

between citizens, companies and countries is considered as a critical driver of 

productivity growth. It is referred to as post-industrial revolution and is also referred 

to as comprehensive changes brought by digital computing and ICT revolution which 

includes computer, mobile phones, smart phones, tablets, digital cellular phones and 

internet connectivity. Digital revolution and ICT have affected the productivity by 

changing the working conditions and workplaces altogether
5

. The advances in 

transportation, communication, financial services, governance, energy system and a 

variety of other technological advances have affected the productivity. Therefore, 

changing technology and ways of production has changed the sources of TFP growth 

and revisiting its potential determinants is very important and crucial in the present 

era.  

The World economy has entered the phase of transition to a modern set of system 

which is bringing digital, physical and biological technologies together in more 

powerful and latest combination. All these systems are basically being built up on the 

basis of digital infrastructure. Digital revolution has changed the nature of innovation. 

Due to digital revolution, new and costless innovation emerged with relatively little R 

& D. in this era of digitization, especially from the start of 21
st
 century; ICT has 

become more accessible, more widespread and more powerful which is playing vital 

role in improving the productivity and competitiveness. For example, the productivity 

has been affected by ICT services, such as timely information about weather 

conditions, market commodity prices, information related to seeds, pest/insect and 

access to credit. Information and communication technology is becoming the key 

                                                           
5
ICT usage enhances the innovation which induces higher total factor productivity growth. 



12 

 

enabler of sustainable productivity growth of all sectors of the economy. Empirical 

studies shows that ICT use is a key determinant of total factor productivity and 

innovation especially in case of technologically advanced countries where other 

factors of productions have dried up or producing decreasing returns. The economists 

call ICT as general purpose technology (GPT). General purpose technology represents 

the system of new technology that brought comprehensive changes in everything 

including what to produce, how to produce and how it is organize and managed. By 

any measurement ICT is ranks well and fulfill the definition of GPT. Dedrick, 

Gurbaxani and Kraemer reviewed more than 50 studies on ICT and productivity 

between 1987 &2002 and they concluded that productivity paradox of ICT has been 

refuted. Research in early 2000’s likewise Wilson, Hitt and Tambe & Rincon et al. 

found that investment in ICT increase total factor productivity by three to eight time 

more as compare to investment in non ICT capital. Some ICT areas are intelligent 

transportation system, e-education, e-health, e-banking, 3D printing, digital 

authentication, IT powered robotic and cloud computing. 

Now every activity in production and distribution process has become dependent on 

ICTs. Information and communication plays a vital role in production. For example, 

in this modern World, with the help of ICT applications, the farmer can learn new 

methods of farming, can have rainfall forecasts, information regarding commodity 

markets crop diseases, latest pesticides etc. and use that information to enhance farm’s 

productivity. The markets information enables the farmers to bargain which improves 

their incomes. The information and communication technology also provides other 

non-market information, including financial, information of best practices, climate, 

distribution and management for supply chain. All these help improve the farmers’ 

productivity. 
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At the same time abuse of technology is also possible and it can hinder the 

productivity of employees as well. For example, after the revolution of ICT the people 

have started spending more time on social networks, such as Facebook, Whatsapp, 

Twitter and Google. The mobile phones users spend too much time on instant 

messaging and not have enough time for productive and innovative use. Along with 

the benefits of technological advancement for productivity, the abuse of technology 

can hamper the productivity. Therefore, net impact of technological advancement on 

productivity needs to be examined empirically. The present research aims to examine 

the impact of increased use of ICT on national innovative capacity and TFP growth by 

construction its index.  

The measures of level of technology or technological activities can be divided into 

technological input measure and technological output measures(Fagerberg 

1987).Technological input measures include expenditure on R&D, promotion of 

education, governance supportive to innovative activities, increasing the exposure to 

external technology by liberalizing economy and enhancement of ICT. Whereas 

technological output measures are related to innovative activity which includes 

patents granted, trademark industrial designs and scientific publications. The input 

measure of technology is related to both national innovative as well as imitation 

capacity. The imitation can only become successful if the economy has achieved a 

certain level of R&D and scientific base. 

Developing countries lack the domestic technological resources and their growth is 

dependent on foreign sources of technology. It is not simple and easy for 

technological backward countries to translate foreign technology into higher growth. 

A technologically backward country needs to develop absorptive capacity for 

technologies that are imported from elsewhere. The absorptive capacity is very 
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important for efficient and productive use of imported technology. Industrial 

revolution in Europe originated after the 600 years when the European universities 

were established. The system of production in Europe did not demand that type of 

knowledge which was required for the production of new products with higher 

efficiency. Therefore, the system of education in Europe could not bring economic 

development or industrial development for a long period of time. A successful pattern 

of industrial development creates demand for those types of knowledge and skills 

which can integrate the local value chain to global value chain. For example, the 

Japanese goods have captured world market after industrial revolution. Japanese 

goods are also penetrating European and US markets successfully. The reason behind 

this productive industrial revolution of Japan is its higher productive functional 

literacy rate. Productive functional literacy rate shows the percentage of literate 

people with relevant production skills and capabilities of turning out products to 

capture the markets. Developing economies can get benefits from the global advanced 

technology to improve competitiveness global value chain by strengthening their 

knowledge based economies (KBE). Many OECD countries have developed the 

intangible assists like patents, trademarks, industrial designs, software and new 

production process as compared to investing only in physical capital. In other words 

development of knowledge based capital along with physical capital is a key for 

productivity growth. According to studies of US and EU, investment in knowledge 

based capital has 20% to 34% contribution in labor productivity growth. Knowledge 

based economy can be helpful in reducing the poverty gap in developing economies. 

Science and innovation is supportive for achieving the inclusive growth which 

reduces income inequalities.  
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International technological diffusion is very vital for convergence in income of 

countries of the World. It acts as a source of equalizing the differences in the 

technological capabilities across countries. Technology transfer from developed 

countries has multiple channels, one of which is technology oriented machinery and 

intermediate goods and transport equipment. The import of high-tech products, 

technology embodied machinery and intermediate goods, and FDI are channels of 

external technology exposures. The multinational corporations (MNCs) import 

modern machinery along with the ideas and knowledge generated through cumulated 

domestic R&D capital stock of parent country. These not only transfer the developed 

countries’ technology, ideas, information and knowledge generated by the parent 

country’s research and development capital stock but also promote per capita income 

of host country by generating employment opportunities through employees cross 

border movements and enhanced managerial talent in a competitive environment. 

Foreign direct investment is a better source of international technology transmission 

than other sources like licensing agreements found by Eaton and Kortum (1996) as 

World Investigation Report (2010) has nullified the significant and important 

contribution of licensing agreement for latest and valuable technology transmission 

across borders. To capture the impact of overall exposure of external technology on 

innovation and TFP growth the present research has constructed its own index. 

In order to assess the role of technological advancement and innovation in promoting 

TFP growth, the present research has investigated the potential determinants of TFP 

growth by empirically examining the impact of increased use of ICT
6
, Human capital, 

R&D, Governance, exposure to external technology, financial deepening and of other 

                                                           
6
The use of information communication technology is measured by the Mobile cellular subscriptions, 

number of internet users, number of PCs, fixed broad band subscription and fixed telephone 

subscription. 
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control variables on TFP growth of selected economies and recommend the suitable 

policies for its enhancement. Given the importance of technology and innovation for 

TFP and sustainable output growth, it is crucial to study the sources of technological 

advancement and innovation to investigate how the developing countries can catch up 

the frontier of knowledge by upgrading their technological and innovative 

capabilities. 

1.2 Objectives of the Study 

The main objectives of this study are: 

i. To analyze the National Innovative Capacity and examine its determinants by 

estimating the knowledge (innovation) production function in order to 

understand the sources of innovation and knowledge creation. 

ii. To measure the total factor productivity of two panels of countries and 

examine its potential determinants empirically by emphasizing on knowledge 

based factors in order to assess the role of knowledge based economy in 

promoting TFP growth.  

iii. To examine the association between national innovative capacity and TFP 

empirically by checking the panel Granger Causality between these two 

indicators of innovation and productivity. 

iv. To assess the role of ICT and exposure to external technology in explaining 

the National Innovative Capacity and TFP growth. 

v. To formulate the policy suggestions on the basis of theoretical and empirical 

investigations for enhancing the innovation, technology and total factor 

productivity growth.  
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1.3 Research Questions 

 How National Innovative Capacity, technological advancement and Total 

Factor Productivity can be defined and measured? 

 What are the determinants of national innovative capacity and TFP growth? 

 What is the direction of causality between innovative capacity and 

productivity (which is endogenous and which is exogenous)? 

 What is the impact of national innovative capacity measure by the innovative 

output index (IQ) on productivity?  

 How technological advancement measure as adoption of ICT and exposure to 

external technology affects innovations and TFP growth?  

1.4 Hypotheses 

The Following hypotheses will be tested in this study: 

 Human capital and R&D affect innovation and TFP growth positively and 

significantly. 

 Technological advancement measure as adoption of ICT and exposure to 

external technology has positive impact on innovation and TFP growth.  

 Governance and financial deepening promote national innovative capacity and 

TFP growth. 

 Capital augmentation as a result of gross capital formation has positive impact 

on TFP growth. 

 The per capita income enhances the national innovative capacity.    

 The direction of causality runs from innovation to productivity and there is 

positive association between these two variables. 
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1.5 Significance of the Study 

In the economic development perspective, technology
7
 is very essential whether this 

technology is developed within the nation or diffused from other countries. A 

comprehensive and inclusive measurement of technological and innovative 

capabilities is very crucial to understand the process of creation, adaptation, adoption 

and mastering of technologies and to explore the impact of technological 

advancement on productivity but previous studies like Furman, Porter and Stern 

(2002) Keller and Yeaple (2003) Griffith et al. (2003), Furman and Hayes, (2004), 

Ulku (2004) and Boermans (2010) lack such a measurement. For this purpose, in the 

present study we constructed the indices of technology, such as TFP index, exposure 

to external technology index, information and communication technology index and 

innovative output index by using proper statistical procedure for tested countries. The 

main focus of this study is on intangible factors of economy, such as innovation, 

knowledge creation, ICT, technology diffusion and research and development rather 

than on traditional economic variables like GDP growth, poverty level, inflation, 

employment and money supply. The previous research in this field has been mostly 

based on the analysis of these traditional variables. 

In the existing literature, it is hard to find any systematic attempt that has examined 

the potential determinants of total factor productivity growth in the perspective of 

knowledge based economic development. Total factor productivity is considered as 

the main reason behind the differences in output capacity of countries. The change in 

total factor productivity provides a comprehensive understanding about countries’ 

                                                           
7
 Science and Technology are used interchangeably. The objective of science is creation of 

knowledge for the sack of itself while objective of technology is to improve human life by creating 

products. In simple words technology is specific application of science. 
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economic performance. The continual growth of population, limited natural resources 

and factors of production and diminishing supply of arable land, sustainable output 

growth can only be achieved through total factor productivity growth. Therefore, in 

this era of innovation, digitization and knowledge based economy, re-visiting the 

potential determinants of total factor productivity is very important for the output 

growth of developing countries to catch up with the developed countries. Total factor 

productivity of selected countries has been measured by using growth accounting 

index number approach. To examine the determinants of total factor productivity 

growth this research has developed a model based on previous theories and literature 

and estimated by using appropriate econometric techniques and methodology. 

Therefore, present study has very important implication for the achievement of long-

term sustainable output growth and better living standard of developing countries.   

To understand how the technologically most advanced economies moved from 

imitation to innovation status is very important for economic development perspective 

of developing countries. The analysis of this research study will go beyond the 

existing studies by providing the model for exploration and analysis of sources of 

National Innovation Capacity (NIC).The previous studies used one variable like 

patents to analyze national innovative capacity. Furman, Porter and Stern in 2002 

(FP&S) measured the national innovative capacity in case of panel of 17 OECD 

economies over the period 1973 to 1996. They assessed the national innovative 

capacity in terms of factors that affect the patenting rate of particular country in the 

―United States Patent and Trademark Office‖. However, there are various indicators 

of innovation and knowledge production, such as patents, trademarks, industrial 

designs and S&E publication. These indicators should also be included in the analysis 

to make it more inclusive analysis. Present study provides distinctive contribution by 
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including these indicators of innovation and knowledge production in the analysis. 

For this purpose, the knowledge production function is estimated by constructing the 

index of innovative output (IQ). The construction of IQ index is a unique contribution 

to the empirical literature which provides an important tool to measure and analyze 

the national innovative capacity. This study explores indicators and determinants of 

national innovative capacity and their relationship with TFP growth. This will raise 

awareness about the contribution of innovation, technological advancement and 

knowledge based economy to the TFP growth and will explore the initiative and 

policies essential for strengthening of national innovative capacity and technology 

creation. The result of knowledge production function provides policy makers an 

important tool to understand how to foster innovation and technology creation in 

technologically backward countries. Therefore the research provides a mechanism for 

comparing the national innovative capacity of Asian countries with the OECD 

countries by collecting comparable data over the comparable period of 1996 to 2015. 

Moreover, the present study extends the analysis by including number of potential 

factors not considered by FP&S study, in particular the impact of ICT, R&D, 

governance and exposure to external technology on national innovative capacity. In 

this way, present research sheds light on policy and process through which latecomer 

economies become able to reduce the gap with technologically advanced OECD 

economies by mobilizing potential resources towards the strengthening their 

innovative capacity.  

Total factor productivity growth is a key to increasing the welfare of the people. In 

this era of technology & innovation, it is worthwhile to revisit the determinants of 

total factor productivity. The innovation plays a vital role in promoting TFP, 

therefore, investigation of determinants of innovative capacity is also equally 
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important. As a country develops its technological capacity by investing in R&D, the 

technological complexity increases side by side which makes necessary to keep 

innovation growth constant by raising R&D over time. Therefore, it is necessary to 

examine the determinants that would be responsible for keeping innovation growth 

constant over the time or in other word, the determinants of innovations. In order to 

examine the determinants of innovation there is a need to measure the innovations 

comprehensively which can capture maximum the areas of new knowledge 

production and innovative activities. The present study contributes to the literature by 

developing the comprehensive innovation index capturing various areas of the 

significant knowledge production for examining the determinants of innovation.  

Information and communication technology (ICT) which includes computer, mobile 

phones, smart phones, tablets, digital cellular phones and internet connectivity have 

affected the productivity by changing the working conditions and workplaces 

altogether.  The information and communication technology has become more 

accessible, more widespread and more powerful which is playing a vital role in 

improving the productivity and competitiveness.  The information and communication 

technology based tools are used to create, organize, manipulate, transmit and store the 

information and data in digital format. The economists call ICT as general purpose 

technology (GPT). General purpose technology represents the system of new 

technology that brought comprehensive changes in everything including what to 

produce, how to produce and how it is organized and managed. At the same time 

abuse of this technology is also possible and it can hinder the productivity as 

mentioned earlier. Along with the benefits of technological advancement for 

productivity, the abuses of technology can be destructive for the productivity. 

Therefore, investigation of the impact of recent ICT revolution on innovation and 
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productivity is the requirement of time. The present study is unique in examining the 

impact of increasing use of ICT on national innovative capacity and TFP growth by 

developing the index of ICT. Although researchers have examined the relationship 

between ICT investment and economic growth but the research on impact of ICT use 

on innovation and total factor productivity is still an unexplored area. There has been 

hardly any study that used ICT index by following the index construction procedure 

of World Economic Forum (WEF), United Nation Industrial Development 

Organization (UNIDO) and United Nation Development Program (UNDP). The 

present research will fill the gap by empirically examining this relationship in the case 

of 22 countries over the period (1996-2015). 

Developing countries lack domestic technological resources and their growth is 

dependent on foreign sources of technology. This study analyzes the importance and 

impact of foreign sources of technology for economic productivity. For this purpose, 

the index of exposure to external technology is developed in the present study which 

is also very important contribution in empirical research. In the present study we 

studied and analyzed the panel of thirteen OECD and nine Asian economies by using 

various latest panel econometrics techniques for efficient estimates. 

1.6 Organization of Study 

The rest of study is organized as follows: 

The next chapter provides the comprehensive review of relevant and more significant 

studies. This chapter presents the review of literature which illuminates how the 

research has evolved, what has been done already, what is current and emerging state 

of thinking on national innovative capacity, technological advancement and TFP 

growth. The different interpretations, approaches and ways of calculating innovative 
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capacity and productivity have been examined in this chapter. Moreover, after review 

of literature, research gap is identified and how this gap is addressed by this research.  

The third chapter presents an overview of innovative and technological advancement 

in a comparative context. This chapter illustrates the stylized facts about technological 

and innovative capabilities of selected countries and analyzes its measurement. For 

this purpose, indicators used in the construction of ICT index, exposure to external 

technology index and innovative output (IQ) index are presented and illustrated in this 

chapter. Innovative efficiency, systems for intellectual property protection, 

penetration of ICT, technology in 21
st
 century and high- tech exports have been 

presented in this chapter.  

The fourth chapter provides the theoretical and conceptual framework of research. 

This framework determines how the previous researchers have defined and explained 

the key concept of national innovative capacity, technological advancement and total 

factor productivity growth. The chapter also presents the productivity index, growth 

accounting approach to measure TFP growth and how it is influenced by knowledge 

based economy. 

Fifth chapter presents methodology and data which includes model specification, 

econometric specification, sources of data and index construction process. The 

chapter presents major three models to empirically examine the association among 

national innovative capacity, technological advancement and TFP. Fist model 

examines the determinants of national innovative capacity by using knowledge 

production function and second model examines the determinants of TFP growth. 

Last model examines the overall association between national innovative capacity and 

TFP. Various Panel data estimation approaches with series of tests have been 

illustrated in this chapter to get reliable and robust estimates. The chapter also 
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discusses the index construction process including normalization of data and weight 

assigning approach such as Principal Component Analysis (PCA) and Bartlett’s 

Sphericity test.   

The sixth chapter contains the empirical results and discussion of this research. In the 

start trend analysis of major indices has been discussed then econometrics results have 

been discussed. The econometric results of this research are based on comparison of 

three different panel data approaches—pooled OLS, fixed effects and Random effects 

approach to examine determinants of national innovative capacity and TFP growth. 

After conducting a variety of diagnostics tests the fixed effects with robust standard 

errors is found to be most appropriate technique for estimation of models. The 

estimates obtained through this method are robust and arbitrary accommodate to 

contemporaneously (cross sectional) correlation, within cross-section serial 

correlation and heteroskedasticity. In the end of this chapter, results of panel Granger 

causality test and panel PMG/ARDL are presented to judge long run association 

between national innovative capacity and TFP. 

Finally, the conclusion and policy recommendations are presented in seventh chapter. 

This research is based on careful review of theoretical and empirical literature on 

productivity and econometric analysis which offers an insight into key knowledge 

based factors that contribute to the productivity. The overall results demonstrate that 

the core variables of estimated models remain significant with expected sing. The 

results show that main drivers of national innovative capacity are also critical 

determinants of TFP growth suggesting that enhancement in TFP is closely associated 

with the improvement of national innovative capacity.  
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CHAPTER2 

REVIEW OF LITERATURE 

The main purpose of literature review is to identify, evaluate, and synthesize the 

previous research relevant to particular field of interest. This chapter presents the 

review of literature which illuminates how the research has evolved, what has been 

done already, what is current and emerging state of thinking on national innovative 

capacity, technological advancement and TFP growth. Moreover, after review of 

literature, research gap will be identified and how this gap will be addressed by this 

study. The review of literature gives a solid background of the above mentioned 

phenomenon and provides information that is helpful to the problem statement. The 

previous empirical studies that are based on appropriate econometric techniques and 

quantitative and qualitative data analysis along with shortcomings is discussed in this 

chapter. The more emphasis is on the methods used in a particular study; its strengths 

as well as flaws are discussed.  A lot of literature has shown that the countries which 

have low growth performance are those which are unable to develop appropriate 

technological capacities. There are also debates in the existing literature regarding 

measurements of total factor productivity, its potential determinants and specification 

issues or methodology used. In this chapter a comprehensive review of the theoretical 

and empirical literature is provided. 

Technology and knowledge have been considered as a significant determinant of 

growth since the endogenous growth theory by Lucas (1988), Romer (1986, 1990) 

and Grossman and Helpman (1991). Advancement in technology is crucial for 

developing economies to catch up with high-tech economies. Since the 1960s, 

technological differences have gained support to be the main determinants of growth 
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and development differentials (Abramovitz, 1986). The technology as a driver of TFP 

growth was also advocated by Aghion and Howitt (1998). Neoclassical economists 

assume that technology is same in all countries and there are constant returns to scale. 

It means the differences in output growth are only due to differences in factor 

endowment of countries according to neoclassical. In other words, TFP is same in 

every country. But Dollar and Molff (1993), Jorgenson et al. (2000), Ark and Pilat 

(1993) and Trefler (1995) are of the view that TFP across countries is not the same. It 

means that technological capabilities of different countries are different. As 

technology grows day by day rapidly, most of the neoclassical theories which assume 

identical technology are appearing to be irrelevant and miss-specified. Bartelsman et 

al., (1996) found contradictory results for the effect of new technology on 

productivity growth in the case of Netherlands. Labor productivity growth was found 

to be affected by capital accumulation rather than by technological development.  

Solow (1987) the winner of Nobel Prize in economics found that the technological 

revolution was responsible for slowdown of productivity growth of American 

economy. The failure of technology to enhance productivity for the period was known 

as Solow paradox. The economists pointed out that one reason of this slowdown was 

the failure of America to take full advantage of technological advancement of the 

computing age, such as sophisticated automation and improved robots. Most of the 

economists disagreed on the paradox as Robert Gordon (2000), at Northwestern 

University pointed out that ICT revolution is not as impressive as it is being 

presented. He argued that ICT is not as transformative as other previous major 

technologies emerged during the Second industrial revolution. The measurement 

method of productivity is neither unique nor an exact science. There are a number of 

ways for measuring it (Atkinson et al., 2003). 
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There is a consensus among economists that human capital and R&D are the most 

influential forces for boosting the productivity (Lucas, 1988 and Romer 1990). The 

relationship between R&D stock and productivity was investigated by Coe and 

Helpman (1995), Engelbrecht (1997), Potterie et al. (2001) and Frantzen, (2000). Coe 

et al. (1997) and Engelbrecht (1997) also extended the framework by investigating the 

impact of human capital. Many studies also pointed out that the public infrastructure 

also played a vital role in boosting economic growth by enhancing productivity and 

raising the availability of productive resources (Everaert and Heylen, 2001). 

The endogenous growth model was empirically studied by testing the impact of R&D 

on TFP growth. Williams(1998) examined the impact of number of scientists and 

engineers on TFP time series of France, Japan, Germany and US. But they found no 

evidence of positive relationship between TFP growth and number of S & E. Other 

studies like Aghion and Howitt (1998) and zachariadis (2003) examined the impact of 

R&D investment on TFP growth of US economy.  

Savvides and Zachariadis (2005) examined the impact of domestic R&D and FDI on 

domestic productivity and they found positive relationship. Many economists 

attempted to empirically study the endogenous growth theories by using different 

proxies for R&D variables. However, there have been very rare attempts which 

analyzed the endogenous growth models in depth. For example, the best proxy for 

R&D is R&D expenditure because R&D expenditure is the part of current R&D 

capital stock and capital stock which was installed in the past still affects the current 

TFP and innovation. Research and development expenditure increases innovation and 

innovation leads to increase in TFP growth permanently. 

As the new technology is diffused in the economy, the other sectors of the economy 

start learning about how to use them efficiently. According to Lipsey et al, (1998, 
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2000) the TFP cannot measure the technology because technology is changing 

endogenously and these changes in technology might have a large effect on TFP.  

According to Bresnahan et al. (2001),in the short run ICT can cause workers lay-off 

and may have little or even negative impact on productivity. In the medium and long 

run success of ICT requires internal re-shaping of workplace along with inclusion of 

high skilled human power. This combination will have significant impact on the 

productivity. Becchetti and Adriani (2005) examined the impact of ICT on per capita 

growth rate and level by using a panel of 47 to 95 countries over two time periods 

(1983-97 and 1991-97). They found that ICT affected the labor augmenting 

technology. Progress in ICTs affected the technological progress in the overall 

economy. However, the suitability of technological progress for different countries 

depended on their capacity of networks and access of individuals to these networks 

and quality of instruments available for access to the networks. Therefore, the effect 

of technological progress in ICT sectors on TFP growth is based on country’s specific 

capacity of accessing this progress. 

In the previous empirical literature different measurements have been used to measure 

the impact of ICT on economic growth but there is lack of clarity regarding the 

measurement of different aspects of ICTs. Avegrou (1998) pointed out that ICT has 

no effect on economic growth in case of developing countries. Recent empirical 

research analyzed the impact of ICT on economic growth and found positive impact 

in the case of developed countries [Kraemer and Dedrick (1999), P Schreyer (2000)]. 

Daveri (2000) analyzed the impact of ICT capital on growth in the case of EU 

countries and United States for the period 1991-99. He found that ICT capital 

contributed to GDP growth by 0.3 to 0.6 percentage points. According to Piatkowski 

(2002, 2003) in the case of Africa, South Asia and Middle East regions, there are few 
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evidences indicating the contribution of ICTs to output growth. The investment 

measurement of ICT is too small to capture the impact on growth. In East Asia, 

production sector of ICT is growing but this higher production of ICT products has 

not resulted in parallel increase in usages of this technology. Piatkowski (2002) also 

analyzed the contribution of ICT to productivity growth in the case of eight transition 

economies of Eastern and Central Europe. He found larger contribution of ICT to 

productivity growth. The study showed that larger contribution to labor productivity 

and GDP in new member countries of EU is due to successfully adoption and usages 

of ICTs. Wong (2002) found that although East Asia has high share of World ICT 

production but in terms of adoption of ICT this region is behind the other regions of 

the World. Meng and Li (2002) argued that the impact of ICT on growth is not clear 

in the case of developing countries. According to them it is because of lack of 

adequate investment and knowledge in developing countries as compared to 

industrialized countries. Thus developing countries are far behind in ICT development 

and diffusion of technology as compared to developed nations. 

Jovanovic and Rourseau(2005)examined the impact of electricity and ICT on output 

growth. They found that electricity had more pervasive characteristics while ICT 

made more improvements and generated innovation in the economy. Authors 

expected that declining ICT prices will make it more pervasive for growth.  

Bresnahan and Trajtenberg (1995) constituted the ICT as General purpose 

Technologies which is applicable on several production processes and facilitates, 

innovation, generate improvements and allow experimentation in ICT using sectors. 

Carlaw and Lipsey (2002) also confirmed the basic role of ICT as GPT. Structuralism 

is of the view that technological advancement in an economy is the result of several 

effects and spillover effects and complementarities of technology are the major 
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effects. Spillover effect of technology means the technology produce effects in a 

country or sphere which is not inventor of that technology. The spillover gets 

response from users of technology which could further generated spillover effects. In 

this way, spillovers of different technologies produce additional complementarities of 

technology, which is the driver of productivity growth. The best example of 

technological complementarities is the General purpose Technology (GPT). 

Previous studies examined the impact of ICT investment on productivity and they 

found productivity paradox of ICT. In other words, it was expected that ICT 

investment had the key role in boosting productivity but they found unexpected 

results and no major contribution from ICT investment in productivity growth was 

found. The studies on productivity paradox include Zachary (1991), Brynjolfsson 

(1993, 1994) and Greenwood and Yorukoglu (1996). According to Sichel (2001) 

there is no clear finding and consensus among the researchers regarding the 

contribution of ICT investment to productivity. Van Ark &Inklaar (2005) argued that 

benefits of IT productivity depends on stage of development. It can be relatively low 

at particular stage when businessman’s focus is on human development and 

organizational changes.  

Coe and Helpman (1995) found significant and positive impact of domestic as well as 

foreign R&D on the TFP of 21 OECD countries and Israel by using pooled time series 

and cross-sectional data for the period of 1971 to 1990. They emphasized that more 

open economy for foreign trade will reap more benefits from foreign R&D capital and 

spillovers on domestic productivity and growth. Moreover, the study found that large 

countries had high elasticity of TFP with respect to R&D capital stock as compared to 

small countries. The results also demonstrated that domestic R&D was appeared to be 
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the most important determinant of TFP as compared to foreign R&D in the case of 

developed G7 economies. 

Young (1995) analyzed the TFP of Singapore for thirty years. He found that the 

extraordinary growth of GDP was not due to TFP growth. This was due to use of 

inputs. However, Ikemoto (1986) examined TFP of Taipei, China, Korea, Hong 

Kong, Malaysia, Singapore and Thailand and found that contribution of TFP in 

overall growth of China, Taipei and Korea was very high but in the case of Hong 

Kong, Malaysia, Philippines, Thailand and Singapore it was lower. Some researchers 

are of the view that technology is a major determinant of TFP while some others are 

of the view that capital is the major contributor to the TFP as Hashim (1998) 

concluded it in his study. 

Coe et al. (1995) examined the impact of Foreign R&D capital stock from 

industrialized developed economies of North via trade on TFP of 77 developing 

economies of the South over the period from 1971 to 1990. Foreign R&D capital 

stock was measured on the bases of cumulative R&D capital stock of 22 

industrialized trade partners. The study found positive impact of R&D spillover on 

total factor productivity of 77 developing economies of the South.  Therefore a 

developing economy can get benefit from foreign R&D capital stock and foreign 

spillovers from industrialized economies via imports because these economies have 

substantial R&D capital stock. 

Cororaton et al. (1995) employed growth accounting approach and stochastic frontier 

analysis to estimate TFP of 25 Philippians manufacturing industries for the period 

1956 to 1992. The results showed that over time the number of industries having 

negative TFP increased. The major slowdown in TFP was found in the late 1980s and 

in early 1990s. The same results were found from frontier approach. However, the 
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estimates during 1981-1992 using both techniques differed significantly. The TFP 

estimates through growth accounting approach were biased because of the assumption 

that the industry always operated on production frontier. 

Fajnzylber and Lederman (1999) employed Cobb-Douglas production function and 

used growth accounting approach in the case of eighteen countries of Latin America 

and Caribbean. They assumed shares of capital and labor to be 0.4 and 0.6, 

respectively. They found that average GDP growth rate was 3.5 percent over the 

tested period. The contribution of capital was 50% and contribution of population 

growth was 45% to GDP growth. The remaining only 5% was due to productivity 

growth. They also compared TFP growth rates changes for the period of economic 

reforms and without reforms. The results revealed that changes in TFP contributions 

were significant in most of the countries. The coefficient of reform dummy was also 

found to be significant and positive.  

Basudeb and Bari (2000) employed growth accounting approach to estimate TFP 

growth in the case of four Asian economics: Bangladesh, India, Pakistan and Sri 

Lanka over the period 1960 to 1996. The study made the comparison of South Asia 

and East Asia in terms of TFP growth. They found that TFP appeared to have 

significant positive impact on GDP growth. They also found that the contribution of 

TFP growth was lower than the contribution of capital stock. The GDP growth in 

South Asia was found lower as compared to East Asia but it was higher than the other 

economics of region. Further, they found that contribution of TFP to aggregate growth 

was 10% in East Asia and 17% in South Asia whereas the contribution of capital 

stock to GDP was 70% in East Asia and 60% in South Asia. 

XU and Wang (2000) analyzed the Trade and Foreign direct investment as channels 

of foreign technology transformation from industrialized countries to developing 
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countries. They also examined the impact of this external technology on TFP of these 

economies by using the sample of 21 OECD economies over the period 1971–90. 

Three channels of foreign technology transmission; inward FDI, outward FDI and 

trade of capital goods were considered. The study used Ordinary Least Squares (OLS) 

with White’s heteroskedasticity consistent covariance approach was used for 

estimation of Cobb-Douglas production function. The results demonstrated that the 

foreign technology through the imports of capital goods and machinery had a 

significant and positive impact on total factor productivity which is a strong empirical 

evidence for the trade as a channel of external technology diffusion. The role of FDI 

was examined by using a sample of 13 OECD economies over the period of 1983-90. 

The results suggested that outward FDI brings technology back to the home country 

via multinational enterprises. The shortcoming of this study was endogeneity problem 

in the variables was not taken into account so more attention should be paid on 

econometric issues. 

Kemal (2002) also used growth accounting approach to measure TFP of agriculture, 

manufacturing and whole economy of Pakistan for the period 1964 to 2001. He found 

that TFP growth rate of whole the economy was 1.66% and it was 3.21% for 

manufacturing sector and 0.37% for agriculture sector. The TFP contribution to the 

aggregate growth stood at 31.26% where as sector contribution to manufacturing and 

agriculture sector growth stood at 50.27% and Sectoral 9.57%, respectively. 

Chand and Sen (2002) used the OLS approach to examine the impact of trade 

openness on production growth in the case of a panel of 30 manufacturing industries 

of India for the period from 1973 to 1988. The trade policy was judged by two 

proxies, number of available intermediate inputs for domestic producers and degree of 

protection measured by price wedge. The results showed that trade liberalization had 
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positive impact on industrial productivity. The price distortion had negative impact 

while trade in intermediate products had a positive and significant impact on growth.  

Exposure to the foreign technology through various channels of technology 

transformation is a widely explored topic in economic literature. Bulk of studies agree 

on the key findings that the major channels of technology diffusion are foreign direct 

investment, trade in products, transmission of techniques, knowledge and movement 

of human resource from one country to other. Foreign R&D capital stock is an 

effective channel of technology transmission via capital and technology imports. The 

impact of foreign technology depends on absorption capacity of the host country 

which is measured by level of human capital and R&D. The work on foreign 

technology transformation includes the studies by Coe and Helpman (1995), Eaton 

and Kortum (1996), XU and Wang (2000), Melitz (2003), Hoekman, et al. (2005), 

and Boermans (2010). However, the impact of exposure to external technology on 

TFP growth has not been examined empirically.  

Keller and Yeaple (2003) found strong and significant impact of FDI on productivity 

growth. About 14 percent growth in productivity was found to be due to FDI 

spillovers. They also believed that the impact of FDI was stronger in the case high 

tech sectors as compared to others. The reason for this was proper measurement of 

external multinational activities. They argued that it can be generalized for all 

countries. 

Griffith et al. (2003) found positive impact of FDI on productivity growth of 

establishments of manufacturing in the UK over the period 1980 to 1992. They 

pointed out two aspects of FDI which can affect growth or level of local productivity. 

The first is new technologies through FDI and the second is FDI increases 

competition among the domestic firms and markets and widens the domestic market 
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by opening for external markets. It was also found that external firms played a vital 

role in the process of convergence. The increase in foreign firms led to increase in 

pace of foreign technology transfer. Therefore, the process of foreign firms stimulated 

competition which gave incentives for foreign technology adoption.  

Another study by Haskel et al. (2002) in the case of UK found positive impact of FDI 

on productivity growth. Granér and Isaksson (2002) also found in their study that pure 

foreign and mixed ownership had positive correlation with productivity growth. 

Fatimaet al. (2003) suggested that imports accelerate economic growth by bringing 

external technology. Imports acts as a channel of foreign technologies transformation 

which enhances innovation and accelerates economic growth. But they used total 

imports in their estimation. The only imports of capital goods and machinery bring 

technology. This study used ratio of sum of imports and exports to GDP per capita as 

an independent variable in TFP equation which is not a suitable proxy of 

technological transformation. They examined the causal relationship between TFP 

growth and trade by using multivariate causality analysis in the case of Pakistan 

economy. The results showed that international trade positively affected TFP growth 

of Pakistan. However, they were unable to clear that what kind of trade products 

whether imports or exports promoted TFP growth. Moreover, if imports had positive 

relationship then what kind of products should be imported because all imports are 

not good for productivity growth. 

Arkand Inklaar (2003) analyzed the labor productivity growth of 51 industries of USA 

and European countries. They identified the most leading industries of US by using 

shift–share technique. They found that the ICT – using industries had high 

productivity growth in comparison to non-using industries during 1990s. The ICT 

producing industries, such as semiconductors and computer related equipment 
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producing industries also played vital role in boosting productivity growth in ICT 

using industries of USA. These differences in ICT account for productivity growth 

differential between EU and US. Another question of this study was why ICT using 

industries of US had faster growth as compared to industries in European countries. 

Which is because of insufficient access of EU to the latest and new technology as 

compared to US? The results of study showed the higher productivity growth in US as 

compared to EU is because of intensive use of ICT along with important role of ICT 

producing sector. 

Arora and Bhundia (2003) used growth accounting approach to measure TFP in the 

case of South Africa over the period from 1980 to 2001. They analyzed the 

contributions of TFP growth, Labor and Capital to GDP growth. Their results 

suggested that TFP growth contribution to GDP growth was higher as compared to 

contribution from factors of production. The results also showed that contribution 

from TFP growth increased from 0.0 percentage points to 3.1 percentage points over 

the period 1994 to 2001. On the other hand, the contribution of factors of production 

(labor& capital) decreased during the sample period. Furthermore, the estimated 

regression results revealed that investment in equipment and machinery and openness 

of economics appeared to be the most important sources of TFP growth. 

Sabir and Ahmed (2003) analyzed the influence of macroeconomic reforms on TFP of 

Pakistan at country level and at sector level over the period 1973 to 2002 by using 

growth accounting approach. They found surprising results that macroeconomic 

reforms initiated in 1987-88 led to decline in TFP of Pakistan. However, the results 

also revealed that TFP of agriculture sector increased due to these reforms. But the 

findings drawn by this study does not reflect the reality and estimates of this study 
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need to be improved through accurate measurement of TFP after adjusting the factors 

of production for capacity utilization. 

Bosworth and Collins (2003) examined the sources of labor and TFP growth by using 

panels of country data. For this purpose the impact of various factors, such as 

openness, institutional quality, geographical factors and policy variables on labor 

productivity growth and TFP growth were empirically examined. Their results 

showed that openness, institutional quality and geographical factors had significant 

impact on TFP growth. 

Caloghirou et al. (2004) analyzed the impact of internal capabilities and their 

interaction with foreign sources of technology and knowledge on innovativeness of 

firms. These capabilities depend on investment and accumulation of knowledge 

within the firms and also on absorptive capacity of firms. The absorptive capacity can 

be enhanced through the behavior of a firm rather than its environment. The data of 

seven European economics, Denmark, Italy, Greece, Germany, France Netherlands 

and the UK was collected through extensive survey for empirical analysis of relative 

importance of internal knowledge creation and external knowledge spillover. The 

results of study showed that both internal and external sources of knowledge are very 

important for innovation. 

Ulku (2004) suggested that innovations measured by the proxy of patent applications 

are an important determinant of GDP per capita and TFP. Only large OECD countries 

were found to be able to stimulate their innovation by investing in R&D and small 

OECD countries were found to be in the learning stage to promote their own 

innovation. It was also found that innovation affected the growth rate only for short 

period of time which is opposite to the findings of some studies, such as Romer 

(1990).Potterie and Guellec (2001) investigated the impact of R&D on TFP growth of 
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16 OECD economies over the period 1980 to 1998. The results showed that R&D had 

important role for TFP growth. 

Fernald and Ramnath (2004) explored the channels of acceleration in the TFP of the 

United States after 1995. They used industry level data for analyzing the acceleration 

of TFP by employing growth accounting approach at the aggregate level. Their 

research firmly supported the hypothesis that a significant portion of TFP acceleration 

exhibited acceleration outside the generation of information and communication 

technology (ICT). A major contribution of TFP acceleration was found out by retail 

trade sector. The ICT users raised TFP by the inventions in output production. 

The National innovative capacity is the important driving force behind the 

productivity performance of a country. The first time the systematic framework to 

measure the national innovative capacity was developed by Furman, Porter and Stern 

in 2002 (FP&S). This framework was applied to the panel of 17 OECD economies 

over the period 1973 to 1996. They assessed the national innovative capacity in terms 

of factors that affect the patenting rate of particular country in the ―United States 

Patent and Trademark Office‖. However, present study provides distinctive 

contribution by including the other indicators of innovation and knowledge 

production like patents, trademarks, industrial designs and S&E publication. 

Moreover, the same methodology is applied to nine growing economies from Asia not 

included by FP&S study. Therefore the research provides a mechanism for comparing 

the national innovative capacity of Asian countries with the OECD countries by 

collecting comparable data over the comparable period of 1996 to 2015. The present 

research extends the framework by including number of potential factors not 

considered by FP&S study, in particular the impact of ICT, R&D, governance and 

exposure to external technology on national innovative capacity. In this way, present 
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research sheds light on policy and process through which latecomer economies 

become able to reduce the gap with technologically advanced OECD economies by 

mobilizing potential resources towards the strengthening their innovative capacity.  

Furman and Hayes, (2004) analyzed the national innovative capacity by covering 23 

OECD countries from 1978 to 1999. Their analysis was based on the estimation of 

ideas production function. They assumed that there were three main sources of 

innovation that were infrastructure, environment for innovation and the link between 

the two. Patent applications was used as a proxy for output variable and independent 

variables were GDP per capita, expenditures on education, openness, R&D 

expenditure and property rights. The results showed that national innovative capacity 

strongly predicted the innovations. However, the proxy used to measure the 

economically significant innovation was not the proper measurement. Patents granted 

instead of application are more suitable measure of innovative output. Moreover, 

other dimensions of knowledge creation, such as trademarks, industrial designs and 

sacrifice and technical publication should also be used for accurate and most inclusive 

measurement of innovative capacity. The present study is intended to fill this gap. 

This research will make a value addition to the literature by including some important 

indicators in the measurement of innovative capacity which were omitted in the 

previous studies. 

Mani (2004) analyzed the role of Government in development of domestic technology 

in the case of developing countries. Two groups of developing counties were included 

in the analysis based on having or not having the potential to develop new technology. 

Fiscal and non-fiscal measures were examined for technological creation. It was 

found that in terms of research intensity Singapore is the country that had most 

effective innovation policy. He concluded that along with financial instruments, such 
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as taxes and research subsidies and grants, non-fiscal measures like human resource 

development are required for the domestic technology development. The fine-tuning 

of non-financial measures is very vital for becoming an innovative country. 

Griffith et al. (2004) empirically examined the idea of two faces of R&D i.e. R&D not 

only stimulates innovation but also enhances the external technology by strengthening 

the absorptive capacity of the host country. The study provided empirical evidence in 

the case of industries of twelve OECD countries. The results supported the idea of 

two faces of R&D and R&D increased productivity growth both directly through 

innovation and indirectly by enhancing the foreign technology transfer. The impact of 

trade on productivity growth was found to be statistically weak. They pointed out on 

the basis of their findings that the actual social returns of investments in human 

capital and R&D may be underestimated by those studies which only focused on the 

USA economy because USA is the frontier country of a number of industries. 

Maurice and Wang (2004) used index of average of six governance variables to check 

the impact of overall governance on TFP in the case of Latin America and the 

Caribbean. They found positive and significant role of Governance in raising the level 

of TFP. Similar results were found in the case of education and TFP. Olson et al. 

(1998), Kaufmann & Kraay (2002), Maurice and Wang (2004), Williams & Siddique 

(2008) and Everhart et al. (2009) concluded that there is a positive and significant role 

of governance in raising the level of productivity growth.  

Comin (2004) found a contradictory result on the impact of R&D on TFP in the case 

of US. Research and development were found to have a very small impact on TFP 

growth. Similarly findings were found by Jones and William (1998) utilizing panel 

data. 



41 

 

Groth et al. (2004) used growth accounting approach for TFP estimation in the case of 

United Kingdom from 1980 to 2003 with traditional measures of labor and capital. 

They found TFP as pro-cyclical variable. They also found that TFP growth remained 

low during the second half of 1990s as compared to the first half. They measured TFP 

by using both traditional as well as alternative measure of inputs and compared the 

results. The labor force was adjusted by assigning weights with respect to education, 

age and gender etc. They found that TFP was lower in the case of alternative 

measures of inputs as compared to traditional measures. Thus it was confirmed that 

the traditional measure of factor inputs overestimated TFP. 

A study which analyzed the parameters of knowledge creation by using the 

knowledge production function was conducted by Abdih and Joutz (2006). They used 

the time series data for estimation in the case of US economy for assessing the 

knowledge creation process and knowledge spillovers. The results of study revealed 

that positive and significant relationship between TFP and knowledge stock. Over the 

long run the stock of knowledge is measured by the proxy of patents. The results also 

suggested that the process of knowledge creation was strictly inter-temporal and was 

consistent with the model of Romer (1990). However, the impact of these knowledge 

spillovers on TFP growth turned out to be small. The study concluded that application 

and impact of knowledge on productivity is very complex and process of knowledge 

spillover is slow. 

Hoekman, et al. (2005) analyzed the technology transmission from developed 

countries to developing countries theoretically. They identified major four channels of 

foreign technology transformation that are trade in knowledge or transmission of 

techniques and methods of production, trade in products, foreign direct investment 

and people’s movement from one country to another. The study argued that 
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technological and capital goods imported from developed economies are associated 

with higher total factor productivity (TFP) in developing economies hence they 

suggested liberal trade policies. The study recommended certain policies on the basis 

of its analysis as a guide for both local policy makers as well as for WTO trade related 

rules. 

Ahmad (2005) analyzed the impact of total imports on growth of Pakistan over the 

period 1971 to 2003 by using multiple regression analysis. Investment and population 

were used as additional explanatory variables in the regression. He used separate 

equations for growth rates of export and imports and tested jointly. The results 

suggested that imports had no significant impact on growth rate. However, the growth 

rate of exports appeared to be positive and significant contributor to the GDP growth. 

The joint impact of openness (imports plus exports) was also significant.  

Secondary enrolment indicates the extent of investment for human capital 

development and it matters for growth (Rousseau and Wachtel, 2005). Economists 

have utilized the school enrollment as a proxy of human capital (Barro, 1991; Barro 

and Lee, 1993). Mankiw et al. (1992) used secondary enrollment as a proxy for 

human capital. Bils and Klenow (2000) also used high school enrollment and they 

found that enrollment rate acted as a proxy for human capital and caused to enhance 

the productivity level. Loening (2005) used the school enrollment to estimate the 

accumulation of human capital more precisely and found that it is very important for 

productivity growth. More enrollment in education indicates more accumulation of 

human capital which leads to accumulation and production of more new ideas and 

lowers the cost of innovation. Imitation of new ideas becomes easier with larger 

human capital stocks which facilitates the acceleration of catch-up process.   
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Most of the literature examining the impact of electricity on TFP found that the 

overall effect varied across countries. In some regions positive effect of electricity on 

TFP was found (Fedderke and Bogetic, 2006 and Noumba et al., 2009). On the other 

hand, negative impact was also found in some other regions by Fan et al.(2002), Staub 

et al. (2008). The empirical evidence, in the case of some countries like China, 

Thailand and India also found that electricity had no significant effect on productivity. 

Staub, Warlter and Vellutini (2008) found negative impact of electricity generating 

capacity on TFP growth in the case of East Asia. Aschauer (1989) concluded that 

public infrastructure including electricity is significant and important determinant of 

total factor productivity growth. Therefore, it can be concluded from the previous 

literature that the impact of electricity on TFP is mixed and varies across countries 

and regions.  

Shiu and Heshmati (2006) analyzed a panel data of thirty Chinese provinces for the 

period 1993 to 2003 for examining the impact of technical change on TFP growth. 

The random effect model was used for estimation of trans-log production model. The 

determinants of total factor productivity growth were examined by using regression 

analysis. This study also made the comparison of parametric and non-parametric 

approaches for TFP growth. Total factor productivity growth was found to be positive 

in the case of all thirty provinces of China during the period under study. The impact 

of information and communication technology and FDI on total factor productivity 

was found to be positive and significant while influence of these two factors on output 

was small relative to TFP. 

Drucker (2007) examined the traditional economies versus knowledge based economy 

of 21
st
 century. The Mega projects will be to invest in scientific and knowledge based 

capital, technological advances and innovations. The human capital development will 
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be a key factor and knowledge and technology will be transferable source at different 

places on different prices. Thus effective application of knowledge will be a pre-

requisite condition in Knowledge based economy to compete at national and 

international level in order to achieve sustainable economic prosperity.  

Driffield and Henry (2007) analyzed the importance of absorptive capacity and 

institutional quality for utilizing foreign technology more effectively. The absorptive 

capacity was measured through the education level which is the average schooling of 

population of 25 years and above whereas the institutional quality was measured in 

two ways. First it was measured by the index of legal structure and property rights and 

the second it was measured by quality of bureaucracy. The threshold regression 

analysis was used to estimate the model for the case of57 developing countries over 

the period 1970-98.  The results showed that for trade as a channel of foreign 

technology effective for growth effects the institutional quality matters while human 

capital make FDI more effective channel of foreign technology for economic growth. 

Therefore absorptive capacity of host country matters for effective utilization of 

foreign technology which comes via FDI. 

Jajri (2007) attempted to analyze the determinants of total factor productivity growth 

of Malaysia from the period 1971 to 2004. Data envelopment analysis based 

Malmquist productivity index was used to estimate TFP growth and decompose it into 

technical efficiency and technological change. The results of this study found 

insignificant role of technical change in TFP growth and output growth of Malaysia 

was mainly based on inputs mobilization rather than on TFP growth. In other words, 

the fast growth of Malaysia during the period under study was due to putting more 

factors of production, like labor into work and heavy investments. The role of 

innovative technology for TFP growth was found to be very small. The results also 
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showed that openness had a more and direct impact of TFP growth of Malaysia. 

Rapid exports also had significant impact on TFP growth during the period 1980 to 

2000. However, for sustaining growth in the long run, Malaysia should reduce its 

dependence of physical inputs by improving TFP. It has to shift from input driven 

output to productivity driven output. The TFP can be improved by R&D, and human 

development. Sound system of management and encouraging appropriate foreign 

technology transformation is needed for liberalization of the economy. The study 

concluded that to make progress towards productivity driven economy, Malaysia 

needs high skilled and professional manpower, along with managerial and 

administrative expertise and encouraging innovation. 

Fu (2008) has investigated the impact of FDI on innovation capabilities by using 

panel data from China region. The results of study showed that FDI has positive and 

significant effect on innovation efficiency in the region. However, the effect of FDI 

depends on absorptive capacity of the host country and also on assets complementary 

to the innovation. Moreover, he also found that technological capabilities and 

innovation are contributors to the regional growth of China’s coastal region. The 

study concluded that effectiveness of FDI as a driver of knowledge and productivity 

depends on its quality of local absorptive capacity and innovation complementary 

assets of the host country. 

Krammer (2008) examined the role of knowledge spillover via FDI and international 

trade, on growth in the case of European and transition countries from 1990 to 2006 

by using panel co-integration test. His results showed that FDI and trade both are the 

main sources of foreign technology transformation. The impact of technology through 

trade is significant as compared to FDI. The absorption capacity of host countries 

measured with domestic R&D and human capital were found to be crucial for 
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productivity. The study concluded that technology transfer via liberalization is very 

beneficial for developing countries but effective utilization of this technology depends 

on absorption capacity of these countries.   

Kaur and Kiran (2008) measured total factor productivity and partial productivity by 

using index number method at aggregate and disaggregate level in the case of twenty 

two industries. They analyzed the productivity and inputs and output trends over the 

period from 1980 to 2003 by dividing this period into two parts: first was from 1980 

to 1991 and the second was from 1992 to 2003. They found that out of the 7.78 % 

growth in manufacturing value added sector during 1980 to 2003, 6.05%was due to 

high growth rate of capital input and 1.24 % was due to TFP growth.  

Gupta (2008) measured total factor productivity of India by using growth accounting 

approach to analyze the output growth trend and found that the output growth till the 

1980s was mainly driven by factor accumulation while the post 1980s output growth 

was associated with total factor productivity growth. The study covered the period 

from 1960 to 2004 and divided this period into two parts: 1960 to 1980 and 1981 to 

2004. The study found average annual TFP growth to be 0.22 % in the 1960s, – 

1.16% in the 1970s and 1.63% from 1981 to 1990. It reached to 3.08 % during 2001-

2004. The study also found that the contribution of TFP growth to GDP growth from 

1960 to 2004 remained between 35% and 70%.  

Teixeira and Fortuna (2010) analyzed the importance of absorption capacity measure 

in terms of human capital and local R&D efforts in technological catch-up of 

Portuguese economy from the period 1960 to 2001. The study using the co-integration 

test found that by investing in capacity building activities, such as R&D efforts and 

human capital, countries can absorb and effectively utilize the knowledge and 

technology that is developed in other technologically advanced countries. The 
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estimated results of this study showed that the direct impact of human capital is higher 

than the direct impact of local R&D efforts. The indirect effect of R&D efforts via lag 

of imported capital goods appeared significant and critical for long-run total factor 

productivity of Portugal. The impact of machinery and equipment imports on TFP 

was the most significant and the greatest as compared with other trade channels. The 

study depicted complex catching-up process of Portugal as different trade channels 

contributed to TFP differently. The study on the basis of findings suggested that all 

the trade channels as sources of foreign technology transformation are 

complementary. Inward FDI also had impact on TFP of Portugal but was lower than 

that of machinery imports and depended on the human capital which confirmed the 

role of human capital in absorption of foreign technology. 

Park (2010) analyzed the total factor productivity growth of 12 Asian countries. The 

selected countries were China, Hong Kong, India, Indonesia, Korea, Malaysia, 

Pakistan, Philippines, Singapore, Taipei, Thailand and Vietnam for the period 1970 to 

2007. He investigated the potential factors affecting TFP growth by performing 

empirical analysis, based on growth model 2003 modified by Bosworth and Collins 

(2003). Special focus of the study was to investigate the impact of intangible assets 

like R&D, human capital on TFP growth on international country level data. The 

study used life expectancy, R&D and human capital as the catching-up effect in 

model specification for projection of TFP growth. The projection was divided into 

two periods 2010-2020 and 2020-2030.The catching-up effect was found to be the 

major source of TFP growth. Moreover, the influence of human capital on TFP 

growth increased gradually.  

Syverson (2011) analyzed productivity growth across the businesses. The findings of 

this study developed research options in a variety of fields, such as international trade, 
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labor markets macroeconomics, microeconomics and industrial economics. The study 

conducted different surveys and reviewed empirical studies on differences of in 

productivity levels. There were found a number of causes for difference in business 

productivity depending on particular situation. 

Virmani and Hashim (2011) analyzed the trends in output growth as well as in total 

factor productivity in the case of India. The study found S-shaped trend with 

increasing steady state level. The most of Sub-Sectors of manufacturing disaggregates 

level followed S-shape pattern but some sectors had declining trends due to non-

competitive nature. 

According to Cecchetti and Kharroubi (2012) the financial sector helps economic 

growth only when the sector is small and the economy is immature. They concluded 

that faster the growth of financial sector, lowers the output and productivity growth as 

a whole. This indicates that big a financial sector is very costly for the economy. They 

pointed out that phenomenon of negative association between financial sector and 

output growth occurs because financial booms are not growth enhancing and financial 

sector competes with other sectors of the economy for scarce resources.  

Gregorio and Guidotti (1995) pointed out that the negative association between 

financial intermediation and growth performance of the economy is because the 

financial system is liberalized and operates under poor regulation. Arcand et al. 

(2012) argued that too much credit to private sector causes ―vanishing effect‖ of 

financial sector on economic growth. A recent research at IMF and Bank for 

International Settlement (BIS) by Arcand et al. (2012) and Cecchetti & Kharroubi 

(2012) found that financial activities are good for growth and productivity only up to 

a certain point after which it strains the productivity growth. Financial development 

increases the long-run output growth by increasing the productivity of factors of 
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production and by efficiently converting savings into investment. The mechanism is 

that financial sector development makes financial support to efficient projects which 

face liquidity constraints. Financial sector development diversifies the investments in 

more efficient projects which encourages the entrepreneurs to use more professional 

technology. In this way financial development is very important and plays a 

significant role in the enhancement of TFP growth (Yao 2011). 

Technological innovation is recognized as an engine of output growth and 

technological advancement comes from R&D activities
8

. On the basis of new 

Schumpeter models, King and Levine (1993) emphasized that financial development 

promotes technological innovation and productivity by lowering cost through 

economies of scale and diversifying the risk of innovative activities. Thorsten, et al. 

(2000) found that development of financial intermediation significantly affects total 

factor productivity growth. Rioja and Valev (2004) found that development of 

financial intermediation promoted total factor productivity growth only in the case of 

developed economies.  

Inklaar and Koetter (2008) found that the effect of traditional financial indicators on 

productivity is insignificant whereas the impact of financial intermediation on 

productivity is positive and significant. Most of the studies prior to global economic 

crisis 2007-08 demonstrated that the financial sector had positive association with 

growth performance of economy. However, after the recent global economic crisis of 

2007-08, the policymakers and academics have started to reconsider the previous 

findings. After the crisis it has been illustrated that malfunctioning of financial system 

can waste the productive resources, encourage speculations, discourage savings and 

result in misallocation of productive resources and underinvestment may result in 
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stagnant productivity. The adverse implications of financial instability emphasize the 

need for policymakers and economists to formulize optimal size of financial 

intermediations for sustainable growth. From all of the above research on the 

relationship between financial development and productivity found mixed results, 

some found negative association and others found positive. Therefore, the present 

study aims to revisit this relationship empirically. 

According to Gordon (2012) the effects of ICT revolution was much shorter and had 

been exhausted. In his opinion the effects of IT revolution remained only 8 year from 

1996 to 2004 and productivity gains from ICT had been captured already. According 

to Gordon most of the innovation in ICT is for the better performance of 

entertainment and communication which is not bringing the fundamental changes in 

productivity like the discoveries of electric power, internal combustion engine 

changed the productivity and living standard of the people. The main conclusion of 

Gordon was that the previous industrial revelations generated very long lasting effects 

on the productivity whereas ICT revolution proved very shorter and its productivity 

gain had already been captured. Rutten (2008) also had the similar views as Gordon 

had about ICT but according to the report of OECD (2012), most of the literature 

interpret ICT as GPT and agreed that ICT had long lasting consequences for 

productivity growth of the economy. There is still no conclusive evidence on 

measurement, interpretation of ICT and its impact on productivity growth. 

Kakkar and Yan (2012) analyzed the productivity and exchange rate movements of 

rapidly growing economies of Asia. They measured TFP by using industrial sector 

data both for tradable as well as non-tradable sectors. They found that the role of 

differential in sectoral TFP played significant role in long-run trends of relative prices 

of non-tradable products and real exchange rate of selected Asian economics. The 
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study concluded that TFP differential had important role in explaining the departure 

of exchange rates from purchasing power parity (PPP) of Asian economics. 

Existing theoretical literature asserts that financial development positively affects the 

innovation and new technology creation by allocating resources and investments 

towards innovative and knowledge based activities. However, the empirical evidence 

on this relationship is not conclusive yet. The theoretical work by Norris et al. (2012) 

examined the impact of financial development on innovation as well as on 

productivity and concluded that the said relationship depends on the financial system 

capability to optimally allocate resources. For instance, a country having well 

developed financial system will invest in good innovation projects than bad ones. 

Tadesse (2005) argued that the positive impact of financial development on 

productivity is through innovation. He found that financial development leads to 

reduce real costs significantly which are transformed in innovation projects. Hsu et al. 

(2014) empirically found that equity markets positively affects innovation especially 

in high-tech industries. 

Mbaye and Samba (2012) empirically analyzed the relationship between exchange 

rate undervaluation and productivity growth. They found total factor productivity as a 

story channel of growth. The results showed that 10% increase in undervaluation 

increased the growth by about 0.14% through improving the TFP. They concluded 

that TFP channel is the most important factor to the growth enhancing impact of 

under valuation. 

Lau et al. (2013) examined the impact of corruption, FDI and education on innovation 

in case of 57 countries of Europe and Central Asia over the period of 1995 to 2010. 

They highlighted that previous literature considered FDI as one of the potential 

determinants of innovation through technology spillover effect in the recipient 
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country. They found no evidence of significant effect of FDI on innovation. 

Moreover, they found that education expenditure and corruption were positively 

related to innovative activities. They concluded that the impact of FDI on innovation 

of emerging economies was previously overestimated. 

Shahiduzzaman and Alam (2014) investigated the impact of investment in IT on 

economic growth and productivity in the context of changing economic environment 

in Australia over the period of four decades. They used the aggregate Cobb-Douglas 

production function framework by considering IT capital as a separate factor of 

production along with labor and capital. They also used multivariate simultaneous 

equation model to examine the Granger causality of IT capital deepening on 

productivity and technical progress. They found that during the 1990s IT capital had 

significant impact on economic growth and productivity. It was also found that the 

impact of non-IT capital on economic growth and productivity decreased during the 

recent period. They also found that productivity of IT capital fell during recent years. 

The authors concluded that there may be some other factors responsible for slowdown 

of productivity in Australia. Technical progress had positive impact on economic 

growth of Australia during the last four decades. Their results were consistent with the 

findings of Parham (2002, 2004). 

Saha (2016) estimated total factor productivity of Indian economy by using growth 

accounting approach for the period 1961 to 2008. She found that average annual 

growth rate of TFP remained 1.5% during the period 1961-2008. During 1961 to 1970 

TFP growth rate was positive but very low. She also observed that TFP growth rate of 

manufacturing sector remained negative during 1971 to 1980 period. The reactions of 

low productivity were due to external shocks like oil price, war, drought along with 

strict and rigid regulations. 
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Alves (2017) analyzed the main reasons of slowdown in productivity of Portugal 

since 1990s by examining its major determinations. Because of economic integration 

of Portugal into growing markets its productivity was expected to converge to the 

developed economies but it paradoxically did not happen. The author identified that 

the main reason for this slowdown in productivity was misallocation of resource and 

market inefficiencies. The focus of policy remained on job creation without 

sustainable improvement in resource allocation. She proposed stable and effective 

economic policies with continuous evaluation x from both the public and private 

sectors. It was also found that firms in Portugal were too small, indebted and heavily 

dependent on domestic demand. Therefore, these firms need to be integrated into 

global value chains to catch up with the global frontiers of productivity. 

Bergeaud et al. (2017)analyzed the long term trends in GDP growth and TFP growth 

over the period 1890-2015 in the case of four most developed areas of the world: The 

US, the Europe, the British and Japan. The GDP growth rate was decomposed into its 

components which were working time, employment, and capital intensity. Total factor 

productivity growth and population growth were found to be the main determinants of 

changes in GDP growth. He also examined the impact of quality of factors and 

technology diffusion on TFP growth. The quality of factors was measured by average 

age of capital machinery and average level of education. The shocks of technology 

were measured by ICT and electricity. The results showed that both ICT and 

electricity waves had positive and significant impact on TFP growth but the impact of 

ICT wave was smaller than the impact of electricity. However, this study accepted 

that the large part of productivity still remained unexplained and further future 

research is required to explain the drivers of TFP growth. He recommended that 
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innovations should be promoted and opportunities of new technology shocks like ICT 

revolution should not be missed in order to chance TFP growth. 

Quarterly report on the Euro Area (2017) analyzed the trends in TFP growth and 

policies that influenced it. According to this report the policy debate for enhancing 

TFP growth has been spurred due to decline in productivity in the Euro area and in the 

Europe and also slowdown in catching up of Euro area with the productivity growth 

of USA since the previous decade. Total factor productivity growth which captured 

the efficiency in production and technological progress is the only source of output 

growth over the long period of time. The report empirically tested spillovers and 

convergence with the US and explored the potential determinants of observed trends 

in TFP growth by employing error correction model. He found no evidence of 

convergence of Euro area economies with the USA. However, he found evidence of 

convergence within EU member economies. The convergence was mainly explained 

by adoption of technology and by the impact of global economic imitation crisis. The 

report found strong spillover impact on the USA. The impact of education intangible 

capital, trade openness, R&D expenditure on TFP growth was found to be positive. 

On the other hand, the impact of ageing workforce was found to be negative. The 

study found no answer to the productivity puzzle. 

The studies reviewed above suffered from some serious shortcomings. The previous 

studies mostly used total labor force or employed labor force as an input in TFP 

measurement which is inappropriate. The employed labor force after adjusting for 

number of hours worked is a more appropriate measure. The adjustment of labor force 

matters for accurate measurement of TFP. Secondly, most of the previous studies used 

gross capital stock as an input in TFP calculation. This measure of input is also 

inappropriate. The real capital stock which represents actual number of machines in 
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physical form is accurate measure of capital input for TFP estimation. Third, previous 

studies used nominal GDP for measuring TFP which is also not appropriate because 

real GDP reflects the actual performance of economy by excluding the inflationary 

factor. Therefore, real GDP should be used in TFP measurement. 

After the 1990s the ICT has brought tremendous qualitative and quantitative changes 

in the world. A lot of efforts were made to measure ICT quantitatively and to examine 

its impact on output growth. In this regards, one sentence from Solow (1987) about 

ICT and productivity was ―You can see the computer age everywhere but in the 

productivity statistics.‖ This became famous to be known as the Solow paradox or 

productivity paradox until now. After reviewing and comparing previous and recent 

studies on ICT, some crucial factors and results are found regarding productivity 

paradox of ICT. Most of these studies focused on the USA economy. Rapidly 

advancing technology has brought big changes in the whole structures of the 

economies and has also affected total factor productivity. Information and 

communication technology has a number of measurements and interpretations but the 

past studies on ICT and productivity concentrated only on a single dimension, such as 

hardware side which just includes computers and computing related equipment. Thus, 

productivity paradox remained unresolved and the impact of ICT on productivity 

growth needs to be examined by taking usage side of ICT and this study aims to do 

that. In this era of knowledge based economies having rapidly changing technology, 

innovation and digitization it is very important to re-visit the sources of total factor 

productivity growth. This study aims to contribute to the growth literature by 

empirically investigating the determinants of TFP growth. 

Although researchers have examined the relationship between ICT investment and 

economic growth but the research on impact of ICT use on total factor productivity is 
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still an unexplored area. This research will fill the gap by empirically examining the 

impact of ICT use on the TFP. All the past studies vary in their definition of ICT in 

their method of measuring ICT. There are controversial debates in the previous 

empirical studies regarding the role of ICT in enhancing productivity.  Due to rapidly 

developing technology higher productivity is expected but previous studies have 

mixed finding and have no clear-cut evidence regarding the impact of this enormous 

improvement in ICT on productivity. The recent studies mostly found productivity 

paradox of ICT in the case of USA which is despite the tremendous improvement in 

technology in the form of rapid computerization, the productivity did not show 

corresponding improvement. There is a need for a comprehensive and accurate 

measurement of ICT which can capture all the areas of ICT hence, its impact on 

productivity growth is not fully visible. This research aims to fill this gap. 

During the review of literature it was also found that previous studies used one 

variable, patents, to analyze national innovative capacity and production ―new to the 

World technology‖ but there are a number of indicators of innovation and knowledge 

production, such as patents, trademarks, industrial designs and S&E publication. 

These indicators should also be included in the analysis to make it more inclusive 

analysis to investigate determinants of national innovative capacity. The present study 

is also different from the previous studies because it investigates the determinants of 

innovative output empirically. The main focus of this study is on intangible factors of 

the economy, such as innovation and knowledge creation rather than on traditional 

economic variables such as GDP growth, poverty level, inflation, employment and 

money supply. The previous research in the field of economics is mostly based on the 

analysis of these traditional variables.  



57 

 

For this purpose, the present research has developed the innovative output index by 

including all abovementioned indicators of innovation and knowledge production 

which is a unique contribution to the modern research. 
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CHAPTER 3 

INNOVATIVE CAPACITY AND TECHNOLOGICAL 

ADVANCEMENT 

(An Over Review Of Comparative Perspective) 

The world can be divided into three block first consists of innovative countries they 

creates new products, process and then commercialize in the markets but only a few 

countries of the world are innovative. Second block is the adopter of diffused 

technology and these are affective adopter of the technology. A third category of the 

countries is neither affective adopter of technology nor innovative.  

Since the last few decades developing countries of Asia have achieved high economic 

growth but this achievement in growth is based on their comparative advantage in the 

labor intensive goods because Asia being rich in cheap labor has comparative 

advantage in the production of labor intensive goods. However, sustainable economic 

growth is a big challenge for developing Economics of Asia with only cheap labor 

and scarce energy resource. Knowledge based economy can help the Asian middle 

income economics to move to the high income level. Economic growth of Asian 

emerging economies is based on factor accumulation but TFP have major and key 

role for achieving high and sustainable growth. The advanced economies, especially 

OECD have accelerated TFP by shifting their investments from physical capital to 

knowledge based capital. Knowledge based economies help the shift of production 

from factors accumulation to TFP. Internationally, the technology has been 

accelerated, the methods to produce have been changed, and the developed economies 

have become knowledge based economies. In such a situation the emerging 

economies of Asia cannot sustain their growth with comparative advantage in labor 
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intensive production. With scarce sources the only way to sustain economic growth 

and to compete with the World economies the Asian emerging economies has to shift 

their economies to knowledge based economies. The effective system of human 

development, ICT, R&D, innovation and creation, dissemination & utilization of 

knowledge, technology and information are the characteristics of knowledge based 

economy (KBE).
9

All characteristics of KBE improve the output growth by 

stimulating total factor productivity growth. This chapter presents innovative and 

technological situation of selected countries of OECD and Asian region with facts and 

figures. 

Some approaches for measuring technological capabilities at country level have been 

used by international institutions, such as the World Economic Forum (WEF), United 

Nations Industrial Development Organization (UNIDO) and United Nation 

Development Program (UNDP). The measurement and quantification of technological 

and innovative capabilities is very important for better policy formulation. The policy 

makers and academic researchers want improved and latest measures of technological 

and innovative capabilities in order to understand economic and social changes. With 

the passage of time technology is improving and its measurement can be improved by 

employing more suitable methodology and by including more relevant indicators. 

This chapter will illustrate the stylized facts about technological and innovative 

capabilities of selected countries and analyze its measurement. For this purpose, 

indicators used in the construction of ICT index, exposure to external technology 

index and innovative output index are presented and illustrated in this chapter. 

The organization of this chapter is as follows: section 3.1 begins with the discussion 

of measuring technological capabilities. Section 3.2 describes the national innovative 
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capacity while section 3.3 contains the analysis of innovative indicators such as 

patents, trademarks, publication of Scientific and technical articles and industrial 

designs. The Worldwide and regional trends have also been discussed in this section. 

Section 3.4 illustrates the innovation and knowledge creation in selected countries by 

presenting innovative efficiency of each tested countries. This section 3.5 presents 

discussion on national and international system for intellectual property protection. 

Section 3.6 analyses the ICT by presenting digital technology, digitalization and 

productivity and ICT penetration. Section 3.7 presents ―technology in 21
st
 century‖ 

and last section briefly discusses the high-tech export performance of selected 

countries. 

3.1 Measuring Technological Capabilities 

Main focus of the previous research has remained on the measurement of differences 

in growth rates, trade, human development, poverty level and inflation rates etc. Most 

of the previous empirical work assumed that these differences are due to differences 

in technological capabilities without quantifying these capabilities. In other words, 

previously the technological advancement was just in assumptions but now recent 

efforts are being made towards measuring, understanding and ranking the countries on 

the basis of technological indicators. However, the measurement or quantification of 

technological and innovative indicators is more complicated as compared to other 

traditional economic indicators. The heterogeneous aspects and dimensions of 

technology make it more complicated to convert into a meaningful and 

understandable indicator. Despite all these limitations a tremendous development has 

been made in the field of statistics and its sources and methods have been developed 

during the last decade. This research study is aimed to quantify the technological and 

innovative capabilities of two panels of selected countries by using recently 
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developed appropriate statistical procedure. According to literature, heterogeneous 

elements of technology can be aggregated into meaningful indicators. These elements 

can be summarized into three major categories: (a) embodied or disembodied; (b) 

codified or tacit and; (c) generation or diffusion. Embodied form of technological 

capabilities is embodied in machinery, capital goods, infrastructure and equipment 

whereas human skills, technical and scientific expertise is known as disembodied 

form of technology. There has been a debate regarding the relative importance of both 

forms of knowledge (Scott, 1989 & Evangelista, 1999). The form of knowledge 

represented by patents, trademarks, industrial designs and scientific and engineering 

publications is known as codified component and knowledge or technology acquired 

through learning by using and by doing is known as the tacit form. Tacit component 

of knowledge is much difficult to quantify or measure. One method discussed in the 

literature to quantify it is ranking on the basis of qualification of workers or 

employees because more educated employees have better learning capability. 

Therefore, level of education also represents the technological capability. 

Total factor productivity growth is indirect method to measure the technological 

advancement but this research goes beyond in seeking its direct measurement by 

exploring to what extent the technologies have been pervaded economic activities and 

what is the intensities of innovation and knowledge creation. The direct measurement 

of technological capabilities is a difficult task because it has no countable physical 

presence unlike number of pencils or automobiles. Rather, technological capabilities 

are embodied in capital goods, machines, products, inputs and processes. Therefore, 

most of the previous efforts applied indirect methods to measure it (Archibugi and 

Coco, 2005). The UNCTAD emphasized the use of input indicators to measure 

technological capabilities. These input indicators include R&D expenditure, number 
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of scientists and engineers and education level. On the other hand, the index by 

UNIDO emphasized the output indicators, such as high-tech manufacturing and for 

technological achievement index UNDP used number of patent grants as an indicator 

of innovation. Some other indexes focused on mechanism of technological progress 

and learning (Sagasti, 2003; Soubattina, 2006).It can be observed from the literature 

that every previous measurement approach has some weakness as some indicators 

used do not meet the definition of technological capabilities. To overcome this 

deficiency the present study includes more relevant indicators that have not been used 

previously in the construction of technology and innovation indexes by using suitable 

statistical procedure. The technological advancement is at least partially dependent on 

diffusion of knowledge and technology from abroad especially for developing 

economies. However, innovation and knowledge creation is also equally important for 

developing economies to adopt this advanced technology in local conditions. 

Technologically advanced countries are not only innovators but also successful 

adaptors of foreign technology because they have the capacity to innovate further in 

order to adapt diffused technology. 

It has been recognized that not only the generation of knowledge at local level is the 

source of technological advancement but diffusion, spillover and imitation of 

technology produced in other countries is an important source of technology. A 

country may be a big producer of technology but less user of it in the production 

while a country can benefit from technology generated in other country through its 

diffusion. Therefore, only innovation and invention at domestic level is not the 

indicator of technological advancement but the indicators of diffusion and 

dissemination of knowledge are also measures of technological capabilities. 

Technological capabilities can be categorized into five major dimensions: (a) 
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innovative capacity or output; (b) information and communication technology; (c) 

exposure to external technology; (d) R&D and; (e) human capital.  

3.2 National Innovative Capacity 

Developing a new or extensively improved product, a method of production, a new 

method of marketing, a new method of business practices or external relation is 

known as innovation. There are two types of innovations; products and processes 

innovation and both affect total factor productivity.  National innovative capacity 

measures the capability of a country to create new technology and knowledge. There 

are input as well as output indicators to assess the national innovative capacity of a 

country. Research and development expenditure is very relevant and important input 

indicator of national innovative capacity which is also considered by UNIDO. As 

R&D expenditure is measured in monetary terms, it is easily comparable across 

countries and over time. It gives the information about investment for knowledge 

generation by the Government. The availability of data of such an important indicator 

is restricted to limited countries unfortunately. On the other hand, the output 

indicators of innovative capacity include number of patents granted, trademark 

registration, industrial design registration and Scientific and engineering publications. 

The innovative output index is based on these output indicators of national innovative 

capacity. This chapter will illustrate the stylized facts of selected countries related to 

these indicators. 

3.3 Analysis of innovative indicators 

Technological advancement, knowledge based economic development, technology 

prevalence, technical, scientific and innovative performance can be examined through 

a number of indicators. These indicators have different routes to examine the national 



64 

 

innovative capacity
10

. This section of research endeavors to make cross-country 

comparison of these indicators to judge their national innovative capacity
11

.    

3.3.1 Worldwide trend in patents, trademarks and industrial designs 

The total patent applications filed worldwide in 2015 were 2888800 compared with 

997501 filed in 1990 which shows an increase of 190%.The average annual growth 

from 1990 to 2015 was 4.5% which confirms the rapidly increasing trend in patent 

applications. Residents filed 1974100 applications and non-residents filed 914700 in 

2015. The total patent applications filed worldwide shows 7.8% growth in 2015 over 

the previous year. The trend of patents granted follows a pattern similar to the patents 

followed by patents applied since 2009. The data of patent applications cannot be 

compared with patent grants because of difference in procedure and examination 

capacity of every patent office. The total patents granted in 2015 worldwide were 

1241100 (755800 residents and 485300 non-residents) and in 1990 it was only 

406582.The average annual growth rate from 1990 to 2015 was 5.1% which confirms 

the rapidly increasing trend in global innovations. The total patents granted worldwide 

shows 5.2% growth in 2015 over the previous year. The growth of patents granted in 

2015 was the highest since 2012 mainly because the state intellectual property office 

(SIPO) of China recorded highest patent grants 54% higher than the previous year, 

overtaking the United States Patent and Trademark Office (USPTO) and has become 

the largest patent granting office of the World. It granted a total of 359316 patents in 

2015 of which 263436 were granted to the residents of China and 95880 to the non-

residents. In contrast, 298407 patents were granted by the USPTO which is the second 

largest in the world and Japan Patent Office (JPO) is the 3
rd

 in terms of patents grants 

                                                           
10

 The trend analysis of different innovative indicators is given in appendix-I 
11

The data for analysis is taken from World Intellectual Property Organization (WIPO) Statistics   

Database, November 2016 and WDI. 
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Designs Patents Trademarks

in 2015 followed by the Korean Intellectual Property Office (KIPO) and European 

Patent Office (EPO). The share of these top five offices has increased from 74% of 

the World total in 2005 to 82% in 2015 due to impressive performance by the 

innovators of China and USA in promoting innovations in the World. 

The total trademark applications filed in 2015 worldwide were 5983033 which were 

only 1429226 in 1990.Globally,residents filed 4922280 applications and non-residents 

filed 1060753 in 2015. The total trademark applications showed 15.3% growth in 

2015over the last year and the largest contribution was from the Chinese innovators. 

The trademark registration in 2015 was estimated at 4437446 showing 26.6% increase 

over the previous year. The total 872825 applications for industrial designs were 

recorded in 2015worldwide showing 2.3% increase from the last year. The average 

annual growth from 1995 to 2015 was 8.3% which reveals the rapidly increasing trend 

in innovative activates in the world. Residents filed 769618 applications and non-

residents filed 103207 in 2015. The main contributors in industrial design were from 

China, USA and Republic of Korea. Whereas total 729813 designs registration were 

recorded in 2015 which were 21.1% higher than the last year. 

Figure 3. 1:Trend in Worldwide Patents, Trademarks and Designs 

Source: Compiled by the author from the data taken from WIPO. 

Figure3.1 gives the worldwide trend of total (residents &non-residents) patents grants, 

trademarks and designs registration from 1995 to 2015. There is increasing trend in all 
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Africa Asia Europe Latin America & Caribbean North America Oceania

three variables and trademarks shows higher growing trend as compared to patents 

and designs over time. The average annual growth of patents, trademarks and designs 

over the period 1995 to 2015 was 5.7, 6.9 and 8.7 percent, respectively.  

3.3.2 Regional Trends in Patent Grants 

The trend in residents’ patent grants by region is showed in figure 3.2 which shows 

that over the period of time the share of Asia is increasing as compared to other 

regions of the World especially since the 21
st
 century the patenting activity is rapidly 

shifting toward Asia. The trend of Asia is mainly driven by the contribution of 

Chinese residents.  North America and Europe also have little bit growing trend but 

with very low growth as compared to Asia. Whereas, Africa, Latin America and 

Oceania region have very poor performance in innovative activities. 

Figure 3. 2:Trend in Patent grants (Residents) by region 

Sources: Compiled by author using the data taken from WIPO. 

3.3.3 Regional trends in design registrations 

The figure 3.3 shows trends in designs registration over the period 1980 to 2015 

which gives the information almost similar to the paten trend where the Asia is 

dominating over the other regions of the World. Over the last 10 years the design 
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registrations have been shifting to the residents of Asia gradually and pace of shift has 

been accelerated after 2009
12

.  

Figure 3. 3: Trends in design registrations (Residents) by region 

Sources: Compiled by author using the data taken from WIPO. 

The design registration(Direct and Via the Hague System) by region is given in table 

A12 (Appendix-IV). 

3.3.4Regional trends in trademark registrations 

The figure3.4 shows trademarks registration trends over the period from 1980 to 2015 

in which the Asia region is again dominating over other regions of the World. The 

trend reveals that Asia achieved rapid growth in trademark registrations especially 

since 2007.  The second region in terms of trademarks is Europe which has almost 

constant trademark registration over the period under study with very little growth. 

The figure also confirms that Africa has very poor performance and has no place in 

this trademark trend in comparison to other regions of the World. Total trade marks 

by region is given in table A10 (Appendix-IV). 

                                                           
12

 Total patents grant by region is given in table A10 (Appendix-IV). 
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Africa Asia Europe Latin America & Caribbean North America Oceania

Figure 3. 4: Trends in trademark registrations (Residents) by region 

Sources: Compiled by the author using the data taken from WIPO 

3.4 Innovation and Knowledge Creation in Selected Countries 

3.4.1The technologically advanced OECD economies (Panel-I) 

The table 3.1 includes information related to patents, trademarks, industrial designs 

and Scientific& Technical articles published by the residents of OECD high tech 

economies. The average intellectual property indicators of OECD selected countries 

over the period 1990 to 2015 given in the table reveal that Japan and USA are the 

leading countries in terms of all the variables. 

The residents of Japan have filed 330306 average patent applications from 1990 to 

2015 which is highest of all tested countries. The residents of Japan filed 332952 

patent application in 1990 and average applications from 1990 to 2015 are 330306 

which reveals steady innovative performance of this country over the time.  The 

second highest is from the residents of USA they have filed 183252 average patent 

applications from 1990 to 2015. The lowest patent application from this group are 

filed by the residents of Portugal which is 268 on average from 1990 to 2015 only 

0.08% of average of Japanese. The Finland has the lowest average trademark 
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applications and registration. The residents of USA have filed 207481average 

trademark applications from 1990 to 2015 which is highest average of this group of 

country. In the case of industrial design, the residents of Japan have filed 33954 

average applications from 1990 to 2015 which is highest of this group of countries. 

The lowest average applications for designs are filed by the residents of Portugal. 

Japan and USA are also dominant in terms of grants of patents, trademarks and 

industrial designs. 

Table 3. 1:Average Intellectual property indicators from 1990 to 2015 (Panel-I) 

Countries Patents Trademarks Designs S&E 

Publications 

App. Grant App. Reg. App. Reg. 

Australia 2218 1041 28519 16323 2833 2369 26280 

Austria 2107 1041 5946 4736 1499 1379 7267 

Canada 4001 1536 18307 10287 732 593 38382 

France 13712 9570 68022 68022 5295 5271 49047 

Germany 44625 11484 56764 40281 6778 6336 67069 

Japan 330306 130556 118941 102709 33954 29977 78779 

Norway 1134 408 2920 2185 339 251 5652 

Spain 2746 1742 55581 49198 2043 2054 29219 

UK 18087 2968 25680 21420 3683 3358 69281 

USA 183252 84431 207481 108324 13765 10088 298210 

Portugal 268 73 9440 8662 270 255 5588 

Finland 1994 892 2678 2109 319 253 6961 

Italy 8036 6043 30726 30755 1255 1082 38681 
Sources: World Intellectual Property Organization (WIPO) and World Development Indicators (WDI). 

3.4.1.1The innovative efficiency (Panel-I) 

The figure3.5 reveals that Japan and USA are the leading countries in terms of 

patenting activities per million people. It shows that among the selected OECD 

countries the most patents have been granted to the residents of Japan and it has 

fastest growing trend from 1990 to 2015 as compared to other countries. The USA is 

the second country in terms of patent granted per million residents of USA. Portugal 

has the lowest number of patent grants per million people. The annual trend given in 

figure A3 (Appendix-I) shows similar results. 
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Figure 3. 5: Patent grants (Residents) per million of population (Panel-I) 

Source: Compiled by author using the data taken from WIPO 

Figure 3.6 shows that there is mixed trend in trademarks activities in OECD countries 

where France and Spain are the leading countries in this regard. However, it can be 

seen from the graph that France has increasing trend whereas Spain has decreasing 

trend over the 1990 to 2015period. Overall a lot of trademark activities can be seen in 

all OECD countries which confirm economic prosperity in these economies. Portugal 

has shown the highest performance in trademark registration since 2006. The annual 

trend given in figure A5 (Appendix-I) shows similar results. 

Figure 3. 6: Trademark registration (Residents) per million of population (Panel-I) 

Source: Compiled by author using the data taken from WIPO 
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The registration of industrial designs is reported in Figure 3.7 which takes into 

account innovative performance of selected OECD countries and output indicator of 

national innovative capacity. Its graph indicates that Japan and Austria are the two 

leading countries. The annual trend given in figure A7 (Appendix-I) shows similar 

results. 

Figure 3. 7: Design registration (Residents) per million of population (Panel-I) 

Source: Compiled by author using the data taken from WIPO 

Scientific and technical published articles are reported in Figure 3.8 which takes into 

account the knowledge generation role by the academic institutions of selected 

countries. Number of scientific and engineering publications is an important method 

to determine the scientific strength of country (Gaillard, 2010). It is another output 

indicator of national innovative capacity. It is used by Research and Development 

Corporation (RAND) and Wagner et al. (2004) as one of the measures of knowledge 

creation. The graph of scientific and technical articles published (per million of 

population) indicates that in all the OECD countries the five year average trend has 

gradually increased during the 1990 to 2015 period. Australia, Norway and Finland 

are the leading countries in terms of scientific and technical publications. The annual 

trend given in figure A1 (Appendix-I) shows similar results. 
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Figure 3. 8: S&T articles published per million populations (Panel-I) 

Source: WDI 

3.4.2The selected Asian growing economies (Panel-II) 

Asia achieved rapid growth despite the troubles caused by the financial crisis. The 

most serious disruption was caused by the Asian financial crisis in 1997-98 which 

affected the Republic of Korea and Southeast Asian economies. The global financial 

crisis of 2008-09 had comparatively less direct impact on Asian economies as it had 

on USA and European economies because of low exposure of Asian economies to the 

subprime mortgages of USA. However, the Asian economies were affected by this 

global financial crisis indirectly by decreasing the demand of their exports from their 

main trade partners significantly. This disrupted the growth momentum of Asia and 

GDP growth slowed from an average of 8.3% during the 2006-10 period to 5.9% in 

2015. As the GDP share of Asian region is more than quarter of World GDP, 

therefore, slowdown in growth of Asian is a real threat to the global economic 

recovery. The Asia needs to develop its knowledge based economy to sustain its 

growth rates. According to the ADB report 2016 ―The Asia 2050‖ if the Asia 

continues with the same growth trajectory, it could achieve 52% share of World GDP 
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by 2050. However, the report concluded that this achievement is only possible if 

Asian emerging economies transform their economies into knowledge based 

economies. The growth potential of Asia can be turned into reality by effective 

creation, dissemination and utilization of knowledge. The transition of emerging 

economies into innovation and knowledge based economies is very crucial to enhance 

their growth for preparation of future global challenges of connected World 

economies. Acceleration of knowledge based economic development is absolutely 

essential for the sustainability of productivity led economic growth. Asia has a large 

middle class population which provides a golden opportunity to purse innovation and 

knowledge based development. According to the OECD report 2010, the share of 

Asia in global middle class is currently a quarter and will be doubled by 2020. Asian 

consumers will capture 42% of global markets for middle class consumption by 2020. 

In the coming years, Asian region is expected to be the fastest consumer growing 

market of the World
13

. The rapidly increasing middle class in Asia and resultantly 

expanding demand for knowledge intensive and innovative based goods and services 

provides an opportunity for innovation and knowledge based technological 

advancement. The following discussion will explore the innovative performance of 

this region. 

The table 3.2 reports information related to patents, trademarks, industrial designs and 

Scientific& Technical articles published by the residents of Asian economies. The 

table shows that China is the largest country in terms of average patents, trademarks, 

industrial designs and Scientific& Technical articles from 1990 to 2015 whereas 

Korea is the second largest country. The resident patent applications reflect the high 

innovative performance of Chinese innovators from 1990 to 2015. In 1990, the 

                                                           
13

 [ADB 2009]. 
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innovators of China filed only 5832 patent applications but in 2015, this figure was 

968252 which reveals higher growing trend in innovative activities in China. More 

than one million applications (total resident &non-resident) were recorded only in 

China’s patent office in a single year which is more than the combined filed 

applications in top three patent offices of USA, Japan and Republic of Korea. The 

second largest country from Asian group was Korea which filed 167275 patent 

application in 2015 and average applications from 1990 to 2015 of this country were 

90332. The lowest no of applications were filed by the residents of Pakistan which 

were only 78 (0.04% of China’s average) on average from 1990 to 2015 and in 2015 

they filed 209 applications which shows increasing trend. Pakistan has the lowest 

average patents, trademarks and designs registration whereas Hong-Kong has the 

lowest average number of Scientific & Engineering publication in the sampled Asian 

countries. 

Table 3. 2: Average Intellectual property indicators from 1990 to 2015 (Panel-II) 

In 1900, there were no modern science and technology in China but at the start of the 

21
st
 century China has successfully reduced the gap of high-tech R&D with advanced 

countries like USA, UK and Japan. The technological advancement of China in the 

Countries Patents Trademarks Designs S&E 

Publications App. Grant App. Reg. App. Reg. 

China 186116 44625 583083 368988 194928 129929 147234 

Hong-Kong 106 47 7649 5324 1291 1273 2423 

India 4757 878 89145 42303 3183 2467 37239 

Malaysia 555 125 9220 4266 453 449 5209 

Pakistan 78 22 8454 1686 295 222 2750 

Korea 90332 41653 87013 40369 39463 26863 25994 

Singapore 599 242 4099 3302 450 408 5396 

Thailand 647 61 18181 9917 1871 627 3368 

Turkey 1486 311 42718 25018 4207 3536 13676 

Sources: WIPO&WDI. 
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field of computers, ICT, atomic energy, higher energy physics, space science and 

robots has reached to the World level. The impressive performance of China in 

innovation and technological advancement started basically after 2008. The R&D 

expenditures were 457.0 billion Yuan in 2008 (23.2% more than the previous year) 

and it was 1.52% of GDP. Under the ―National Key Technology R&D‖ there were 

922 projects and under high-tech R&D program there were 1205 projects.  China 

established seven national engineering research centers and 51 new national 

engineering laboratories only in one year, 2008. The technological centers at state 

level reached 575 and at provincial level reached at 4886. The ―National Key Science 

and Technology Project‖ which was approved in the 5
th

 meeting of National People’s 

Congress in 1982 was the largest project of the 20
th

 century. The main goal was to 

solve the problems related to agriculture, energy resources, information, electronics, 

transportation, environment, medical and sanitation etc. It produced widespread 

impact on the China’s national economy. It played significant role in development of 

China’s national economy, national defense, science and technology and society. 

During the five year plan of 2006-2010, more stress was given to research and 

development of public service technology and general purpose technology in the 

fields of natural resources, agriculture, energy resources, information, electronics, 

transportation, environment, medical and sanitation. China also developed relations 

with 152 countries in the field of science and technology cooperation and joined more 

than 1000 different organizations of the World related to science-technology 

cooperation up to 2010. The technology and knowledge spillover in China can be 

judged from the fact that the ―China association for science and technology‖ has 

collaboration with 249 scientific and technological organizations Worldwide. 

Moreover, the national science foundation of China has agreement with their 
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counterparts in more than 36 countries. According to ―Moon Probe Plan‖ of China, it 

will launch probes to Moon to collect samples of Moon soil before 2020
14

. The 

economy of China has moved from centrally planned closed system to free market 

one which is playing a major role in the global economy. China was the largest 

exporter of world in 2010. China started reforms from out of collectivized system of 

agriculture to prices liberalization, fiscal decentralization, privatization, giving the 

more autonomy powers to state owned enterprises, stock market development along 

with banking system modernization and opening up economy to FDI and foreign 

trade. Through the implementation of reforms, China is looking to enhance industrial 

global competitiveness. Since 1978, GDP of China has increased by about more than 

ten times as a result of restructuring of economy and efficiency gains. In 2015 China 

became the largest economy of the world. However, per capita income of China is 

still lower than the World average. 

3.4.2.1 Innovative efficiency (Panel-II) 

Innovative capacity or efficiency per million people gives a totally different story 

about the knowledge creative performance of selected Asian economies. China which 

is the leading country in absolute term of all the innovation indicators but its 

performance in terms of per million people is not impressive. The reason behind is its 

very large population size. China has highest the population in the World followed by 

India. This means that even very low innovative indicators (per million inhabitants) is 

still significant and healthy figures to be considered.  Hong Kong and Korea are the 

leading countries among this group in most of the innovation indicators. The 

innovative performance per million of population in terms of Patent grants has 

changed the whole picture and Korea is now dominant over all the countries of Asia. 

                                                           
14

 Chinadaily.com.cn 
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From the figure 3.9, it can be seen that Korean republic is now leading the countries 

in terms of patenting activities per million people.  

Figure 3. 9: Patents grants (Residents) per million population (Panel-II) 

Source: Compiled by author using the data taken from WIPO 

It shows that among the selected Asian countries the most patents have been granted 

to the residents of Korea and it has the fastest growing trend from 1990 to 2015 as 

compared to other countries under study. Singapore is the second country in terms of 

patent granted per million residents. South Korean performance in R&D proves that 

the country can uplift by the support of both Government sector as well as private 

enterprises. Per capita output of South Korea was just same as of Ghana’s in 1957 

after the Korean War. Currently in South Korea, Samsung as one of the top R&D 

companies has shifted and modernized the entire economy. The annual R&D 

spending in 2014 was $14 billion and in 2013 it was $13.6 billion. According to 

Bronwyn Hall, professor of Economics, university of California Berkeley, the 

scientists in Government sector have little incentives of innovations and 

commercialization of their work; as a result public sector performance is lower as 

compared with the private sector. Overall a lot of trademark activities can be seen in 

Asian economies which confirm the economic prosperity in these economies. The 
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figure 3.10 shows that Korea and Hong Kong have shown great performance in 

trademark registration especially during the 2011-15period. 

Figure 3. 10: Patents grants (Residents) per million population (Panel-II) 

Source: Compiled by author using the data taken from WIPO 

The registration of industrial designs reported in Figure 3.11takes into account the 

knowledge creation performance by the production sector of the economy. It is 

another output indicator of national innovative capacity. Korea is again the leading 

country having highest design registration per millions of people among the Asian 

group of countries. India and Pakistan have the lowest scores among other countries 

of the region in terms of industrial designs registrations. 

Figure 3. 11: Design registration (Residents) per million population (Panel-II) 

Source: Compiled by author using the data taken from WIPO 
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The Figure 3.12 of scientific and engineering articles published (per million of 

population) indicates that in all the Asian countries included in the study the five year 

average trend has gradually increased over the 1990 to 2015period. 

Figure 3. 12: S&T articles published per million population (Panel-II) 

Source: Compiled by author using the data taken from WIPO 

Singapore and Korea are the leading countries among this group in terms of scientific 

and engineering publications. However, the performance of India and Pakistan is 

again the lowest in term of this scientific strength as can be seen from the graph. 

Malaysia reported good performance during 2011-15. Similarly Turkey’s 

performance has also increased over time. Turkey is located at the point where the 

Asian continent meets the Europe, therefore, its land is geographically located on both 

the continents. However, lager position of the Turkey is in Asia as compared to 

Europe and it is closer to the continent of Africa. The economy of Turkey is largely 

free market driven by its services and industry sectors, although agriculture sector 

provides about 25% employment to the whole economy. The privatization of its basic 

industrial units, banking, transportation and communication has reduced the influence 

of state involvement in the decision making process. Turkey’s emerging policy of 
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middle class entrepreneurship is helping the economy to shift from traditional 

production units to automation, electronics, and petrochemical industries
15

. 

3.5National and International System for Intellectual Property 

Protection 

Creative works, such as innovations, inventions, literary work and artistic work, 

names, symbols, designs and images commercially used are called intellectual 

property (IP). Intellectual property can be divided into major two categories: 

industrial property and copy rights. Industrial property includes patents, trademarks, 

utility models, industrial designs and geographical indicators. Copy rights includes 

both literary and artistic works, such as novels, plays, films, musical works, poems, 

artistic works, such as painting, drawing, photography, sculptures and architecture 

designing. World Intellectual Property Organization (WIPO) is a United Nations 

agency established in 1967 to promote creativity and innovation in all countries of the 

World through very effective and balanced international system of intellectual 

property protection
16

. 

3.5.1 Patent Cooperation Treaty (PCT) 

It is a channel for patent application through Patent Cooperation Treaty (PCT) under 

WIPO administration. The PCT system facilitates the patent applicants by simplifying 

the process of patent filings in multiple nations with a single application and without 

filing separate application to each jurisdiction. It assists applicants who are seeking 

the patent protection for their innovation internationally. It also helps the different 

patent offices in making the decision of patent grants or rejection and it provides the 

                                                           
15

 The annual trends given in appendix-I gives the same story about the innovative capacity per million 

people of selected countries. 

 

16
  For reference: https://www.wipo.int/portal/en/index.html 

https://www.wipo.int/portal/en/index.html
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public access to the technical information related to their inventions. Under this 

system, the applicants can seek patent protection in about 148 countries 

simultaneously by filing a single international application.  The decision to grant 

patent rights is in the hands of regional and national patent offices and it depends on 

the jurisdiction of patent granting authority.  

3.5.2 Madrid System 

Madrid international application is an application for trademark registration under 

Madrid system to protect the trademark of Madrid members. This system is 

established under the agreement of Madrid, Madrid protocol and WIPO 

administration. The Madrid system assists in seeking the worldwide registration of 

trademarks. This system facilitates applicants to register trademarks by filing a single 

application in a large number of countries at regional or national IP offices and helps 

to manage the portfolio of marks by providing one centralized system. The Madrid 

system reduces the requirement of separate applications at each office in different 

countries. However, the registration of trademark through Madrid system does not 

mean the creation of international trademark because of power of registration or 

refuse to register in the hands of national or regional offices.  

3.5.3 Hague System 

This system is for registration of industrial designs at the international level. This 

system works under London Act of 1934, Hague Act 1960 and Geneva Act 1999.  An 

applicant can register up to 100 designs with a single application through Hague 

system. This system facilitates the applicants by simplifying the multinational 

registration into a single procedural step. The registration of industrial designs 

provides the exclusive rights to the holder against imitation or copying by the third 

parties over the limited period of time usually 15 years, on average.   
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3.6 Information and Communication Technology 

The ICT refers to assembly of different technologies that are used to manage 

information and help communication. It includes software, hardware, media for 

collection, processing, storage, presentation and transmission of information in any 

form (voice, text, data, or image) through computers, CD-ROMS, internet, emails, 

radios, televisions, telephones, mobile phones, tablets, smart phones, laptops and 

digital cameras etc. The advent of these technologies during the last few decades has 

generated a wider range of choices in collection, processing, storage, presentation and 

transmission of information in various formats. Information and communication 

technology brings economic development by generating an enabling environment. 

Almost every activity in this advanced World is becoming dependent on ICT’s 

applications. The benefits of ICTs also reach those who even do not have first-hand 

access to technology. For example, a worker of agriculture extension by learning new 

technology can advise farmers by using the information related to rainfall forecast, 

temperature and commodity prices etc. Similarly, through ICTs a Doctor who is in a 

rural area can get latest and important information related to certain diseases and can 

treat patients. Information and communication technology was made one of the 

targets of the 8
th

 millennium development goal which recognized the importance of 

ICT Worldwide in the development process. The role of ICT has also gained 

importance in implementation and achievement of sustainable development agenda 

2030.  

Presently, ICT has become an important part of economic activities. All the producers 

and consumers use internet facility, computer and other communication services for 

every economic activity like provision of more customized and diversified products, 

improving the quality of product, and selling products through advertising. From 



83 

 

1990s, the extension in ICT networks and its influence on productivity growth has 

increased very rapidly in both the developed and developing economies. The data on 

number of internet connections, cell phones, computer users, fixed telephone lines and 

broadband subscription shows increasing trend over time. Presently, ICT has become 

a symbol of technological advancement. However, for examining the contribution of 

ICT to TFP growth, the crucial issue is the accurate measurement and specification of 

ICT. The concept of ICT includes computer, software, and the information equipment 

related to office (calculators, photocopies, copiers, printers and cash registers) and 

communication equipment. In fact, the combination of electronics, communication 

software system of networks and integration of information electronic and print media 

is known as ICT which enhance productivity of all the actors of an economy. The ICT 

has a capacity to develop a variety of networks for supporting science, technology and 

innovation. The common objectives of these networks are the advancement in science 

and technology by providing the regional scientific information and inter-country 

collaboration and cooperation. 

Information and communication technology has a capacity to establish and sustain 

connections among organizations, groups and individuals who possess the knowledge 

and technology which is considered to have great importance for others. The 

importance of ICT in promoting technology based productivity lies in its capacity of 

efficient networking, interdependence, interconnectivity and coordination. In fact, 

information and communication technology is becoming as critical, in this knowledge 

age, as physical infrastructure is in the industrial age. 

The revolution of ICT has increased the speed of innovation process and decreased 

the cost of developing new tools of basic and applied research. The product 

demonstration, simulation methods and prototyping are being made more feasible 
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with the help of ICT network, as borderless transactions are completed in a 

dramatically short span of time. For example, financial transaction globally can be 

accomplished in less than a minute. The information and computer technology has 

become an important contributor to technology based industries. The information and 

computer technology can improve the productivity by providing new and modern 

methods of production. The broader developmental objective can be achieved by 

wisely applying ICT
17

.  

3.6.1 Digital Technology 

The digital revolution has dramatically improved the computing power of people and 

participation in the digital economy is increasing day by day around the World. 

Digital technology is developing relationships amongst workers, employers and 

customers. In this situation, the policy makers have to think carefully to fully exploit 

the benefits of digital revolutions. 

Economists call this digital technology a general purpose technology (GPT). The 

general purpose technology is that which transforms continually itself and has the 

power to boost productivity of all sectors of the economy over longer terms. 

Previously only three technologies: the steam engine, electric power generation, and 

printing press had earned this status of GPT. These technologies have brought about 

tremendous long-run productivity benefits. The steam engine which was designed for 

pumping water had been heavily used in industries and railroads by mechanically 

converting applications. Technological revolutions along with huge long-term 

benefits also are disruptive because of flexibility and pervasiveness. Therefore, 

benefits cannot be achieved simply by adopting but also need to be adapted. The 

electric power supply depends on generator and the digital technology depends on 
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computer, internet, search software engines and digital platforms. The electric power 

generator supplies the power where and when it is needed, significantly enhancing the 

efficiency of manufacturing sector and going to the modern production process. 

Similarly, by using digital technology the Uber taxi company is delivering better 

services to the public. Lags exist in adapting the new knowledge or technology, for 

example, it takes time in replacement of old printing machines with online publishing. 

More resources are spent on innovations and transformation in the initial stage of any 

revolution and their outcome is received much later. In spite of all this, the digital 

technology is much under way. It is not only transforming skills and jobs but also 

other industries like retails, publishing and banking. In UK one-fifth retail sales are 

being executed through internet transactions. Digital technology has changed the 

modes of payments and electronic commerce is being applied to finance. The 

economies are moving towards cashless economies due to digital money. According 

to Arvidsson et al. (2018), the demand for cash in Sweden has dropped sharply by 

about 50% during the last decade because people have started relying on credit or 

debit cards, mobile phone application or other digital means of payments. More than 

half of bank branches in Sweden are not handling cash anymore. The study showed 

that 70% of consumers were of the view that they could survive without cash and 

50% merchants expected that up to 2025 they will not accept cash payments. There 

was a digital payments system between banks for some time but now it has filtered 

down to small payments between individuals. In most of the countries in the World 

the payment system is being run through mobile phone applications instead of cash or 

cards. Along with positive development of digital revolution and technological 

advancement in the banking sector there are wide ranging challenges and 

consequences for central banks regarding new payments services. 
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The difference between previous technological revolutions and digitization is the 

speed of diffusion across countries. Germany and UK took up electricity quickly 

following the US; however, the speed of diffusion of electricity was slow across the 

globe. The work horses of digital technology, such as computers, internet, big data 

and artificial intelligence are now widely available even in less developed countries. 

Less developed countries are leading in many digital technologies, such as payments 

by mobile phones in Kenya, digital land record registration in India and Pakistan and 

e-commerce in China.  

Digitization is also expected to transform jobs and skills according to the report by 

―the Mckinsey Global Institute‖ published in 2017, jobs of about 50 million 

inhabitants are expected to be transformed by 2020. The study predicted that about 

50% paid activities will be done automatically by using artificial, robotics and 

machine based technologies. For instance, computers are used not only to drive taxis 

and cars but are also being used for diagnosing cancer, a task performed by highly 

paid radiologists. It is clear that digitization will lead to a huge jobs transformation 

across all salary levels and sectors of the economy. It is now certain that digitization 

will spread rapidly further and there is now no turning point. The fear of job 

automation and job losses will be reduced as humanity will adapt to digital 

technology. 

3.6.2 Digitization and Productivity 

It is referred to as post-industrial revolution and also referred to as comprehensive 

changes brought by digital computing and ICT including computers, mobile phones, 

smart phones, tablets, digital cellular phones and internet connectivity. According to 

Hilbert and López (2011), in 1980, less than 1% of the World’s total technologically 

stored information was in digital format. In 2007, this was 94% and by the end of 



87 

 

2014, more than 99% of the World’s stored information was in digital format. In 

1990, the number of cell phone subscribers were 12.5 million which were only 0.25% 

of World’s population and internet users were 2.8 million only 0.05% of the total 

World population in 1990. In 2010, the figure of cell phone subscribers reached at 4 

billion people (68% of total World’s population in 2010) and number of internet users 

were 1.8 billion (26.6% of total World’s population in 2010). In 2016, 3.6 billion 

people were using internet Worldwide which was 49.5% of the total World 

population
18

.  

According to the report by the Director of the International Telecommunication Union 

(ITU), Telecommunication Development Bureau, up to 2016 more than two-third of 

the world population has entered in the network of mobile broadband due to more 

affordable services of ICT. Despite all this, more than half of the World population is 

still not using internet. Seven billion people which is 95% of the total global 

population is living in mobile cellular network covered area and 84% people of the 

World are using 3G mobile broadband. However, in case of rural population 67% 

people have access to mobile broadband networks and 3.9 billion people in the World 

were not using internet by the end of 2016. In the case of America and Common 

wealth of Independent States (CIS), one-third of the total population is not using 

internet. In Africa about 75% of people are still offline which is the greatest 

percentage of non-users in the World continents. In case of Europe, only 21% are 

non-users of internet. In Asia, the Pacific and Arab states, 58.1% and 58.4% people 

are non-users of internet, respectively. The users’ gender gap which is percentage 

difference between male and female users is 31% in the least developed countries. In 

case of regional gender gap, it is 23% in Africa and only 2% in America, the smallest 
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in the World. Currently almost one out of two are using internet globally but in LDCs 

one out of seven people are using the internet. By the end of 2016, the total expected 

number of mobile broadband subscription reached at 3.6 billion.  In Africa and less 

developed countries the percentage of fixed broadband subscription was lower than 

1%, whereas in Asia and the Pacific this subscription was more than 10%. Fixed 

broadband services are less affordable as compared to mobile services and average 

price of fixed broadband services is higher than double the average price of mobile 

broadband services
19

.   

The economic impact of digital revolution is very large. The digital revolution has 

changed the way firms and companies interact each other. Small firms and companies 

were given easy and rapid access to very large markets. After emergence of initial 

concerns of ICT related productivity paradox, strong evidence came that digital 

technologies have significantly increased the productivity (SSRN 290325). Economic 

activities are being transformed by the digitization with decreasing costs of collecting, 

saving and processing data in digital format and enhancing computing power. Along 

with positive aspects, there are also negative aspects of digital revolution like 

overload of information, social isolation, internet predators, and media saturation. The 

pervasive use of devices and computers for personal use like instant messaging, email, 

computer games by the employees are perceived to reduce the productivity.    

Digital advancement in technology has improved the productivity of services sector. 

For example, in education sector, the online courses yield a higher productivity which 

allows a professor to deliver a lecture at many places at the same time. The 

development of one online course can be offered to a number of students at minor 

marginal cost. Similar revolution has occurred through advancement in technology in 
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other sectors of the economy. For example, in the medical sector, new technologies 

and new techniques of medical care have lowered the health care costs in the World. 

With the discovery of modern diagnostic machines, one doctor can diagnose a number 

of patients more efficiently and effectively at negligible costs. In medical, the 

increased use of mobile based technology for monitoring chronicle diseases at home 

also is a money and time saving technique. Such technological advancement boosts 

total factor productivity. Teleconferencing and web-conferencing are also the 

outcomes of technological advancement. Through web-conferencing, online meetings 

are possible without traveling of by the participants. It is also money and time saving 

benefit of technology. Through digitization, communication from workers to 

machines, from machines to machines and from machines to workers has become as 

easy as from persons to persons. 

The USA achieved large economic objectives by leveraging innovation and has 

become the world’s leading innovative country. This achievement was due to 

consistently heavy investment in education, R&D and ICT. Japan is another 

technologically advanced country. Japan’s journey of advancement was mainly based 

on rapid catch-up with technologically advanced economies through the import of 

foreign technology and consistent investment in R&D. The focus on exports of 

manufacturing goods led the economy toward high-tech value-added, such as 

automobiles, electronics, components and hardware. The digitization is creating new 

ways which mix different modalities and settings. For example, simulation and games 

based learning markets are growing in the world at rapid rates. Approaches of 

learning like blended learning through online digital media anywhere and anytime is 

becoming the order of the day. Digital based distance learning on more affordable 

rates can make higher education more open and affordable to everyone. Digital 
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educational games and other digital learning materials is rapidly changing the 

environment and nature of classrooms. The markets for digital games are the fastest 

growing in the World with growing interest in application of games for the delivery of 

education. In USA, the market of game based learning was worth $413.2 million in 

2015 which was worth only $231.6 million in 2010
20

.  

The evolving digital economy and ICT’s have great potential to help in the 

achievement of agenda of Sustainable Development Goals (SDG) 2030
21

. Digitization 

of economic transactions and activities can help to reduce the barriers in the way of 

inclusive development. For instance, e-commerce, online banking, ICT’s and other 

digital application can be helpful in empowering women as entrepreneurs, investors 

and traders to achieve 5
th

 sustainable development goal. Digitization also helps to 

promote innovation, creativity and decent jobs creation. It encourages growth in small 

and medium enterprises through the access to ICT based financial services (8
th

SDG). 

Digitization can also be influential in supporting MSMES’s access to financial 

services, for example, online payments, access to new markets and supporting their 

integration into international value chain (9
th

 SDG). Moreover, ICT-enabled e-

commerce will play vital role in achieving 17
th

 SDG. The importance of digitization 

for economies and societies is the main focus of many international policy debates. In 

the ministerial conference of UNCTAD, it was decided to establish a group of experts 

at intergovernmental level on digital economy and e-commerce. The same agenda was 

decided in the ministerial declaration of G-20 member states of WTO. More broadly 

speaking, digitization and ICT’s has become a central agenda of almost all 

international level summits on sustainable development. 
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3.6.3 ICT Penetration 

The penetration of all ICT indicators is expressed as per 100 inhabitants for making it 

more comparable. Personal computers (PCs) contain technology which can save data 

of all countries of the World. Personal computers are new technology that diffused 

slowly globally since 1980’s as compared to mobile phones technology and internet. 

In 1996, the regional average number of PCs was about 20 per 100 inhabitants but up 

to 2015, every inhabitant had its own PC in the case of selected OECD countries. In 

2015, USA had the highest number of PCs which was 131 PCs per 100 people and in 

1996 this figure was only 36 per 100 people. The number of internet users (internet 

penetration) a more advanced technology rose from 7 per 100 people to about 84 per 

100 people in 20 years up to 2015. Norway had the highest internet penetration 

among the selected OECD countries which was about 96 per 100 people in 2015. 

The graphs in figure 3.13 and 3.14 show the penetration of ICT during the 1996 to 

2015period in the case of selected OECD and Asian economies. From these graphs it 

can be observed that mobile phone technology spread more rapidly as compared to 

other technologies in case of both regions of the World. The monthly subscription 

cost of mobile phones and its ability to share this cost along with its portable facility 

has supported the diffusion of this technology in developing countries. At the start, 

there were some hurdles in diffusion of mobile technology, like monopoly power of 

producers, difficulties to innovate/upgrade and getting licenses but now the things 

have much changed. One more reason of rapid penetration of mobile phone 

technology was the process of its financing. Unlike railroads, fixed telephone and 

electrical supply system mobile phone technology had been launched in mostly low 

income and developing countries by private operators working in more competitive 

environment which created infrastructure necessary for this technology(Sullivan, 
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2007).The figure 3.13 confirms the increasing trend in all indicators of ICT 

penetration except fixed telephone subscription which has declined over time. The 

country wise information regarding the ICT usages per 100 inhabitants is given in 

appendix-III. 

Figure 3. 13:ICT Penetration Average of selected OECD countries 

Source: Compiled by author from the data of WDI 

The economic and technological implication of increasing penetration of mobile 

phone technology is important to be assessed. In rural areas where infrastructure is 

poor, the provision of this cheap personal communication source has great 

importance. The availability of this relatively efficient and cheap communication 

facility is significantly reducing informational asymmetry, lowering costs and 

increasing revenues in all sectors. The internet facility has a great potential to boost 

up productivity of many developing countries. The research conducted by the World 

Bank in 2009 on ―the impact of internet on economic growth‖ showed that 10 

percentage point increase in high speed internet connections contributed 1.3 

percentage point increase in output growth in developing countries. Internet services 

are continuously becoming more and more affordable as the cost is falling and income 

of the people is increasing. For example, when mobile phones were introduced, only 

rich people could afford it but over the period of last three decades the prices of this 
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technology have sharply fallen. The prices of different mobile phones have also 

dropped at a similar pace. The price of fixed broadband services are shrinking but its 

drop is slower as compared to mobile package plan.  

Figure 3. 14:ICT Penetration; Average of selected Asian countries 

Source: Compiled by the author using the data from WDI 

In the case of Asian region, on average, less than 8 PCs per 100 inhabitants were in 

1996 and this figure went to 49 PCs per 100 in 2015.In 2015, Hong Kong had the 

highest number of PCs which were about 113 per 100 people and India had the lowest 

about 10 PCs per 100 people. The regional average of Asia was brought down by less 

penetration rates in India, Pakistan and Turkey. The number of internet users rose 

from about 2 per 100 people to about 57 per 100 people in 20 years up to 2015. Korea 

has the highest 90 internet penetration rate whereas Pakistan has lowest among the 

selected Asian countries. Only 18 people of Pakistan out of 100 were using internet in 

2015.The ICT penetration of Asian economies in figure 3.14followed the same trend 

as in the case of OECD countries.    

3.6.4 Barriers to Internet Adoption 

Along with rapidly advancing penetration of ICT’s there are still a number of 

obstacles highlighted in the literature. Mckinsey (2014) working on the offline people 
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of 20 countries found a number of barriers to internet adoption. The study showed that 

64% of total population lived in rural parts without access to internet. Building the 

telecommunication networks is challenging in rural areas where population density is 

very low in comparison to cost of infrastructure. In rural areas, there is lack of other 

supporting infrastructure, like electricity, and roads. Therefore, internet facility in 

such areas can be provided through satellite and mobile technology instead of fixed 

line networks because of its high cost of installation. The low digital literacy in 

developing countries is another barrier in the way of internet connectivity. According 

to World Bank analysis 2013, 30% offline people examined were found illiterate. 

Although currently devices are easier to operate as compared to computer but this 

study found that lack of relevant skill was the major reason of non-internet users. 

According to the open working group of United Nation (OWG), it is crucial to 

provide access to Universal internet at affordable rates in low income developing 

countries by 2020 to achieve sustainable development goals. Internet still remains 

scarce, nonexistent, very slow and unaffordable in the vast swaths of developing part 

of the world. According to International Telecommunication Union (ITU), in the case 

of mobile internet penetration, the rural-urban gap is still very large and even it is 

widening in huge parts of the world. There is a vide difference in terms of internet 

adoption speed across countries. Along with the lack of infrastructure and 

affordability, the lack of digital contents and services is another obstacle in the way of 

widespread adoption. Many people do not get online because of lack of their relevant 

content. Through 4G technology, the owner of smart phones are able to access the 

internet. The diffusion of internet is expected to be accelerated in future. The rates of 

4G smart phones are still beyond the reach of people of LDCs but due to innovations 

and competition, it may be expected that the prices will keep falling. 
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3.6.5 The Digital Content and Ecosystem 

According to World Bank (2012), the internet adoption rate varies widely across 

regions and countries. The report pointed out that average penetration rate of internet 

of Africa was only 14% as compared to 85% in North America. As the internet 

adoption plays accelerating role in economic productivity growth, increasing internet 

penetration is an imperative, especially for developing countries. Barriers to internet 

usage also vary widely across regions and countries. Along with lack of infrastructure 

as a major obstacle, lack of relevant digital content and services is also equally 

important. According to the survey by Pew Research Centre (2013), 34% of offline 

people in the USA were of the view that internet was not relevant to them. Therefore, 

relevant digital content and services are an imperative for boosting up internet 

adoption.  In the perspective of consumers the digital content can be divided into 

major six categories and details of each category are listed in table 3.3. People use 

information and communication technology because it facilitates sharing platforms 

and communications. Four major players: Government, operators, content developers, 

and brands have important role in developing an ecosystem. 

Table 3. 3: Motives of people for getting connected  

Information Entertainment Business Utilities 

Jobs Games Banking Health 

News Videos E-commerce Education 

sports Music Online services Govt. Services 

                                                     To facilitate communication 

To facilitate sharing 
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Technological advancement is also solving the problems of infrastructure costs. The 

wireless broadband facilities are outpacing the cable mechanism for internet 

distribution and digital subscription lines (DSL). The 3G and 4G mobile technologies 

are providing proper bandwidth in a number of countries. The planning to deploy 

WiMax system and broadband internet has been started in some countries as a 

successor to 3G and WiFi system. In Dominican Republic, South Africa, Pakistan and 

Uganda, the implementation of WiMax has started. It can be concluded that high 

speed access to powerful computing, processing and storage capacity along with 

increasing penetration and decreasing costs of ICT’s are leading to evolving of digital 

economy and accelerating the productivity growth. This has direct and indirect as well 

as positive and negative consequences for economies at any level of development. 

3.7 Technology in 21
st
 century 

Presently people are able to create new things with the help of innovation and new 

knowledge. Scientific and technical endeavors have been made possible by innovation 

and technological advancement which have affected the human being. By Scientific 

advances as a result of technological advancement there are instrument which can 

study the nature in more detail beyond the natural senses. The technological advances 

ranges from simple stone tools to more complex information technology and genetic 

engineering emerged since 1980’s.   Technological revolution is expedition in present 

era as compare to the past century. We can see numbers of remarkable technological 

innovations and inventions presently. These technological inventions have become 

integral part of our daily life. Connecting the people to each other has become easier 

and efficient. Everyone likes to use recent technology. The technology has travelled 

from black & white TV to smart LED to 3D and even 4K picture now days. In near 
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future the TV can be controlled with tap on sofa with the help of ―Internet of things‖. 

The technology is continue to advance into quantum computer, 3D printing, 

nanotechnology, bioengineering, nuclear technology along with advanced materials 

such as drones, rail guns and laser beams, superconductivity and green technologies 

like alternative fuels options including electric self driving and hybrid cars, wearable 

electronics, powerful LED, integrated circuits, solar cells, engines, wireless power 

devices and batteries. The large hadron collider (LHC) and largest single machine all 

are the greatest innovations of 21
st
 century. The technologies of genetic engineering 

and spaceflight/spacecrafts such as Orion and Dragon are also advancing and 

improving continuously. It is impossible to mention all great technological 

innovation. However, some technological innovations of 21
st
 century are discussed as 

follow.  

a)Global Positioning System (GPS):This system is satellite based which helps to 

identify the geographical position of its receivers. This technology has spread through 

Astronomy to Agriculture. After launching first GPS satellite in 2005, it has now 

commercialized for general purposes. Presently GPS based electronics such as mobile 

phones, laptops, tablets and many more are available. 

b)Internet of Things (IOT):It is new and fast developing concept of present century. 

What you feel if you enter in your room and your AC automatically switched on? 

―Internet of Things‖ is so important innovative concept that has become hot topic of 

policy maker’s discussions currently. You sit in your car and it gets start by verifying 

password automatically which is really an amazing thing. Through IOT the devices 

are being converted to simple verbal talk each other and exchange of information or 

data has become easier. With the help of IOT services providing companies can learn 
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shopping pattern, living style and consumption habits of their clients. In near future 

the things will directly be shipped to home without order. 

c)Social Networking: The initial means of social networking was telephone 

communication than social networking start to modernize. Now everyone is 

connected to each other directly or indirectly. The social network platforms such as 

Twitter, Facebook, Whatsapp and Instagram have revolutionized the social life 

beyond the imagination.  

d)Mobile Operating System: The most worldwide dominating mobile operating 

system currently are Android and IOs. These are so successful that even their 

predecessor system like blackberry and symbian are failed to meet them. The most of 

World population have become dependent on these operating systems. The app stores 

of these systems have every kind of application related to daily life from alarm for 

morning to prayers for good night. With mobile phones having this advanced 

operating system everything can be controlled such as gaming, TV channels, social 

media, entertainment and much more. 

e) 5G Preparation: It is possible that 5G network be in place by 2019 with 5G mobile 

phones. 5G technology is about 10 times faster than 4G technology which will further 

improve the internet services. This technology will further revolutionized internet 

utilization, apps development and streaming contents. Therefore coming years are 

preparation for apps developers, software engineers and consumers to gear up for new 

internet generation. (The coming years are the years of apps developers, software 

engineers and coming employment opportunities are in these fields. Therefore policy 

makers especially education and skill training policy makers of developing countries 

should re-frame their policies in accordance with coming global changes especially in 

ICT areas) 
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f)Holography: A practice to make holograms is known as holography. A hologram is 

recording a light field photographically instead of image by lens. It is a practical 

example of 3D technology through which three dimensional image is displayed by 

using hologram. Holographic subject or image can be viewed by shining a laser into a 

hologram or looking an illuminated print and image is projected into a screen (add 

benefits of holography). 

g) Biology: A parallel advancement in biology is also going on along with other fields 

of technology. The biological science has come as basic science join together with 

latest technology. The latest example of development in this field is maps study. 

There are main two types of mapping in biology; genetic and physical mappings. 

Mapping is also referred as a process to diagnose a genetic element that is responsible 

for particular disease. 

3.8 High-Technology Exports 

High-technology exports as percentage of total manufacturing exports are products 

with high intensity of R&D, such as computers, laptops, sophisticated mobile phones 

and note tabs, aerospace, scientific instruments, pharmaceuticals and electrical 

machinery (World Bank, 2015). It is another important indicator of technological 

advancement and represents national innovative capacity of a particular country. 

Stimulating competitiveness in high-technology exports sector has great significance 

for national economies because high-technology production is linked with high value 

addition which leads to high compensations, and in this way improves the living 

standard of people. The consequences of high-technology products and exports spread 

to other sectors of the economy and lead to fostering of TFP growth. 
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Figure 3.15: High-technology exports (Panel-I) 

Sources: WDI 

China, Germany and the United States are the largest exporters of high-technology 

products in absolute terms, Worldwide. Inconsistent expansion of China’s economy 

has remained on the front page of financial news since the last few decades. The 

developing economies are rapidly developing commercial relations within the region 

as well as on global level. Big economies do not always have the fastest growth 

because low per capita income, corruption, political instability and income inequality 

still can obstruct even largest economies and markets. The administrative control of 

China’s Government over the exporting power house with huge economies is facing 

several economic problems despite Chinese prosperity. China was the largest exporter 

of high-technology exports and it had value of round 496007.5 million US dollars in 

2016. The second largest exporter in terms of total volume of high-technology exports 

in 2016 was Germany with a value around 189646.0 million US dollars and it also 

had very busy manufacturing sector like the United States. The major manufactured 

exports of Germany included machinery, automobiles, electronics, chemicals and 

pharmaceuticals.  
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Figure 3.16: High-Technology Export (Panel-II) 

Source: WDI 

The third largest exporter of high-technology products in 2016 was the Unites States 

with a volume around 153187.0 million US dollars and it had the most dynamic 

markets in the World. The major exports of United States consisted of cars, planes, 

space crafts, helicopters and pharmaceuticals. China, Mexico and Canada were the 

major trade partners. The main reason of successful achievement of the United States 

was its excellent infrastructure, productive workforce and natural resources. However, 

the cost of living and production was higher in the United States as compared to 

China, therefore, production costs of many products cannot be compared in the United 

States with China as the later has comparative advantage in cheap labor force. This is 

the major reason why USA is lagging behind China in terms of export volume.  

The average of high-technology exports from 1996 to 2015 has changed the picture of 

exports performance. Despite being the largest exporter of high-technology products 

in absolute form, China’s average high-technology exports as percentage of 

manufactured exports from 1996 to 2015 is still below the global average as can be 

verified from figure 3.16. From figures3.15 and 3.16it can be seen that Singapore and 

Malaysia had the largest average high-technology exports as percentage of 
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manufactured exports from 1996 to 2015. In the case of OECD countries, the United 

States and the United Kingdom were the leading countries in terms of average high-

technology exports as percentage of manufactured exports from 1996 to 2015 

(Appendix-II). 

A country may have different ranking based on different approaches of measurement 

by international organizations
22

. The index of innovative output (IQ) is based on 

patents, trademarks, designs and S&E publications. The index of ICT is based on 

internet users, mobile cellular subscriptions, personal computers, fixed telephone 

subscriptions and fixed broadband subscriptions. The index of exposure to external 

technology is based on imports of high-tech manufacturing, technology import 

intensity, FDI, royalties and license fee payments. In construction of indexes a 

statistical approach, the principal component analysis is used for combining sub-

indicators. The index construction process is discussed in coming chapters in details. 
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For detail see European Commission, 2003; NSF, 2002 and OECD, 1999 
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CHAPTER 4 

THEORETICAL AND CONCEPTUAL FRAMEWORK 

 

The theoretical and conceptual frame work is a structure which supports exiting 

theories and concepts related to a particular research topic. The existing theories are 

framed to predict, explain and understand a phenomenon in order to extend the 

knowledge within particular assumptions. The theoretical and conceptual framework 

contains the theories and concepts along with their definition and relevant reference. 

It demonstrates understandings of existing theories and concepts relevant to the title 

of this study. It explains the meaning, nature and future challenges associated with the 

phenomenon of this research. This framework determines how the previous 

researchers have defined and explained the key concept of national innovative 

capacity, technological advancement and total factor productivity growth.  

The review of theories starts from growth accounting studies that emerged after the 

2
nd 

World war under the framework of New-classical school of thought. 

Dissatisfaction of economists with early theories of growth led to the emergence of 

various endogenous theories. Many of endogenous theories are consistent with the 

framework of Neo-classical while others are evolutionary. Neoclassical growth 

theories take the technological progress as an exogenous process (Solow 1957). 

Modern growth models explain the technological progress as an endogenous which 

encourages the creation of knowledge. Technological progress improves the total 

knowledge of the economy that enhances innovation. The process of idea creation is 

self-generating through which existing ideas create new ideas in a dynamic way. 

Therefore advances in technology and innovation are important to explain TFP both at 

level as well as growth. 
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The organization of this chapter is as follows: section 4.1 starts with the review of 

Neo Classical Approach to growth models. Section 4.2 reviews the discussion on 

Endogenous and neo growth theories and section 4.3 presents Evolutionary 

Approaches to economic system. Section 4.4, 4.5 and 4.6 discusses the Innovation 

Diffusion Theory and Innovation Translation Theory and Technology Life Cycle 

respectively. The section 4.7 discusses the critical review of innovation theories and 

Section 4.8 describes the TFP in detail covering its interpretation and method of 

measurement. The last section briefly discusses the relationship between knowledge 

based economy and TFP. 

4.1 Neo-Classical Approaches 

Hodgson (1998) argued that Neo-Classical economic theories have three main 

characteristics. 

 It is assumed that agents have rational and profit maximizing behaviors 

with given preferences. 

 A focus or movement towards equilibrium state. 

 The absence of chronic information problems. 

According to Bannock et al. (1992) the most important character is the focus on 

theories for exploration of static equilibrium conditions. In other words, what are the 

conditions where various forces are in equilibrium state and lead to no pressure for 

change under the perfect competition? The equilibrium states are determined by 

market forces. This perfect competition equilibrium leads to efficiency with 

corresponding output at the maximum, given the deployed resources. Freeman (1974) 

recognized the vital role of innovation for economic progress. Smith (1776) suggested 

the importance of improved machinery for economic progress whereas model of 

capitalist economy by Marx (1976) recognized central place of technical innovations 
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and Marshall (1920) argued knowledge as a chief driver of economic progress. 

Although many economists recognized the vital importance of technological progress 

but few of them attempted to examine it in detail. One reason of this was that 

innovations and new knowledge were treated as an exogenous factor i.e. outside 

economic models. In the 1950s, the research started to realize the technical progress 

as a major Economic issue and then growth models emerged. 

4.1.1 Growth Models 

The initial studies on growth were based on the production function within the 

framework of New-classical. The aim of these studies was to make a difference 

between economic growth due to increased use of factors of production (L&K) and 

growth with given quantity of input factors. The part of growth not explained by the 

increased level of factors of production (L&K) was known as the residual and 

accounted for technical progress (i.e. TFP growth). The above described simplest 

growth model can be written as: 

      (     ) 

Where Q is output, K and L are capital and labor inputs and A is a constant which 

captures changes in output as a result of improvement in technology. In other words, 

the output which is not attributable to inputs is known as the residual. Solow (1957), 

in his article ―Technical change and aggregate production function‖ suggested that 

technical change depends on time and is an exogenous phenomenon. The Solow’s 

framework can be used to differentiate between the change in output attributed to 

change in mechanization and output at given ratio of capital-to-labor. The increase in 

output impendent of any increase in inputs is termed as disembodied form of technical 

change. Whereas the Neoclassical school of thought also described the embodied 
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form of technical progress as a result of improvement in new machinery, capital and 

enhancement of labor skills. 

These concepts of technical change can be explained graphically by using a 

production function of labor productivity Q/L as a function of K/L.  

Figure 4. 1: Production Function of labor productivity 

 

From Figure 4.1 it can be observed that without any change the economy is at f1(K1) 

and an increase in level of capital from K1 to K2 with existing technology output 

increases from q1 to q
'
1  (i.e. along the same production function). Whereas 

technological change as improvement is demonstrated by the shifting of production 

curve from q1 to q2 as a result of enhancement in productivity at the same capital level 

(K2). Solow (1957) in the case of US economy for the period from 1909 to 1949 

estimated the production function. He found that change in inputs (K&L) accounted 

for only 13% change in production while the remaining 87% was attributed to 

technical change. He used the term residual as a broad concept of any kind of 

improvement, change, or enhancement that captured shift in production function. 

According to Solow, all kinds of changes will be captured in ―technical change‖. 

There are a number of measurement issues in using residual as a proxy for technical 

progress. The error in measuring any growth rates that is observable will affect the 

value of TFP (Lipsey and Carlaw, 2001). For example, if the growth of capital or 
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labor force is underestimated, then TFP growth will automatically be overestimated. 

Generally, TFP has been described as an effect of all those factors on output growth 

that cannot be observed. However, some economists do not agree with it and believe 

that it is not a measure of productivity at all. They considered TFP as a measure of 

returns over the opportunity costs
23

. Most of the economists argue that higher value of 

TFP show ignorance about the potential sources of output growth (Griliches, 1998). 

Despite these limitations, initial and formal growth models have substantial 

contributions to understand the concept of economic growth, particularly growth of 

output per labor is linked with new production techniques. By using well trained labor 

source the formal growth models also led to the empirical research of innovation and 

technological progress. 

4.2 Endogenous and New Growth Theories 

The main weakness in the Neo-Classical growth theory was that it took technological 

change as exogenous and was unable to explain the technological progress. To 

address this weakness, endogenous and new growth theories emerged. According to 

endogenous growth theory, innovation, invention and technology diffusion are 

deliberate actions for technological progress. Thus a change in products and processes 

used to produce over time is a result of endogenous process (explained within the 

model). The basic concept of this theory is that technological progress is not 

automatic phenomenon rather for technological progress the innovation and invention 

is necessary to achieve long-run economic growth. On the other hand, new growth 

theory is different by two characteristics: one is continuity of growth at endogenous 

rates and second, the growth path follows a general equilibrium in a competitive 
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(Lipsey and Carlaw, 2001).  
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market (McKenzie, 2005). The development in the endogenous theory can be found 

from the paper titled ―Increasing returns and long-run growth‖ by Romer (1986). He 

considered knowledge accumulation as a primary driver of long-run output growth by 

profit maximizing and forward looking agents. There are three major elements of his 

model. 

 The knowledge generated as a result of research and other effort has 

diminishing returns. 

 The generation of new knowledge has positive externalities. 

 There is increasing marginal productivity of knowledge inputs used in the 

production of consumption products.  

The realization of importance of R&D and knowledge for growth started with 

Romer’s (1986) contribution. He suggested in his paper that consistent growth is 

possible because a return to capital goods especially human capital is not decreasing 

with growth. Grossman and Helpman (1991) and Aghion et al. (1992) also 

contributed to Romer’s view. According to these models, technological advancement 

results from R&D activity. There were three main premises of Romer’s paper (1990). 

 Technological change lies at the heart of growth. 

 Technological change is endogenous because it arises as a result of people’s 

actions in response to markets incentives. 

 The instructions for raw materials working are different from other goods. 

These instructions are assumed as non-rival and excludable with unusual property 

(known as technology) while other economic goods are rival. For instance, a 

mathematical principle, economic theory or software all are non-rival because anyone 

can consume or use them without affecting their value. According to this, growth 

model by Romer (1990) is basically driven by the stock of ideas which is non-rival 
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and partially excludable input. Non-rival goods have no limit whereas number of 

human capital is limited. When people die, their skills are also lost but the ideas they 

have produced (non-rival goods), such as mechanical principle, scientific law or a 

blueprint live on for unlimited period after the death of its innovators. Romer 

demonstrated market power and he argued that equilibrium is possible without 

monopolistic competition. 

The endogenous growth framework is built on the Neo-classical framework by 

developing the technological change theory. The premises of endogenous models are 

useful in further understanding of technological change process. An alternative 

framework to explain the process of technological change is based on evolutionary 

approaches discussed in the next section.  

4.3 Evolutionary Approaches 

Boulding (1991) defined evolutionary economics to as an attempt to observe the 

economic system as a continuing process with respect to time and space. The book on 

―An evolutionary theory of economic change (1982)‖ by Nelson and Winter (2002) 

was considered as a landmark in the framework of evolutionary economics. This book 

presented a number of models to explain the decision making behavior of firms. After 

this book the research agenda of evolutionary economics consisted of three main 

areas. 

 Innovation strategies setting behavioral rules of firms. 

 The range of innovation possibility frontier (limits on variety of generation). 

 The institutional structure to support the innovation related activities. 

According to evolutionary approach, the behavior of firms is set by the rule of thumb 

instead of profit maximizing assumption. The limited capabilities, complex decision, 

cost of additional information and organization of individual knowledge all make the 
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profit maximizing assumption unrealistic. The equilibrium theory ignores all such 

issues. The term evolutionary economics was coined by an American economist and 

sociologist Veblen (1998). It is based on the principles of sociology, anthropology and 

psychology. The work on evolutionary economics by Veblen was, later on, expanded 

by Joseph Schumpeter and other economists. According to evolutionary approach the 

economic processes evolves and both individuals and the society determine the 

economic behavior as a whole while the traditional economic theories view people 

and public institutions as rational actors. This approach explains the economic 

behavior, change and progress as a result of evolution of human instincts, like 

curiosity, emulation and predation. Evolutionary economic analyzes how individual 

and society’s behaviors, such as sense of justice, and fairness extend to economics. 

Evolutionary economics takes the economic organization as a dynamic process which 

involves ongoing changes and transformation. The creation of new products and 

supplies of these products involve many processes and these processes change with 

technological advancement. The organization governing the production systems and 

consumer behavior must evolve the changes and advancement in production as well 

as procurement processes. Evolutionary economics views the economic system as an 

evolutionary not a system in or having tendency towards equilibrium. In other words 

this approach looks technological changes and innovations as important drivers for 

evolving economic processes. Therefore, evolutionary economics offers very different 

view of economic system which encourages the technological changes and 

innovations and have profoundly important implications for industries as well as for 

the whole economy. 

Structuralism views technological progress of an economy as a result of various 

factors which produce spillover effects and complementarities. Every technology 
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produces spillovers, which means an effect of technology which is produced in a 

sphere that does not belong to the inventors of technology. Each spillover of 

technology gives an additional spillover by generating response from those who are 

affected by it. These technological spillovers generate technological 

complementarities across different technologies and these complementarities have an 

important effect on productivity growth. General purpose technologies (GPT) are an 

example of technological complementarity. As GPT produces spillover effects for 

other sectors of the economy they start using it and improving its performance for 

making it usable in combination with other technologies which already exist. 

Therefore, technological complementarities and GPT together provide opportunities 

for productivity growth. 

4.4 Innovation Diffusion Theory 

The theory of innovation diffusion was published by a sociologist Rogers in his 

book ―Diffusion of Innovations‖. The first time this book was published in 1962 and 

the fifth edition was published in 2003. The diffusion of innovation means that 

innovation adoption is based on a planned spread of ideas. According to Rogers 

(1983, p. 11) ―A practice, an idea or a method which is perceived as a new is called an 

innovation‖. 

According to him perception of newness is very important for innovation diffusion. If 

an adopter perceives an idea as a new then it is considered as an innovation. Rogers 

conducted various case studies, including British Navy hybrid corn in Iowa, 

refrigerator, apple computer and Irish case of Potato famine. The main purpose of 

conducting these studies was to investigate the factors that influence the pace with 

which adoption of an innovation occurred along with reasons of not being adopted. 

The diffusion means the exchange process of information within the members of a 
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social network in order to reduce uncertainty
24

.  The adoption of innovation can be 

encouraged by reducing this uncertainly. According to theory of innovation diffusion, 

technological innovation contains information about how to reduce uncertainty. 

Rogers considered that innovation of solar energy panels reduced the uncertainty of 

future cost of energy and energy supply
25

. 

The new ideas are communicated through a number of channels. There are main four 

aspects of innovation diffusion theory: innovation characteristics; passage of time; 

types of communication channels; and social system of innovation diffusion. 

The characteristics of technological diffusion itself play a vital role in its adoption and 

diffusion. There are two aspects of any technological innovation, hardware aspect and 

software aspect. For example, camera has both aspects; the operating system of a 

camera is its software aspect while film and the camera itself are hardware aspect of 

this technology. Although the software aspect of technological innovation is not 

visible all the time, for example operating system of a washing machine. However, all 

technologies are a mixture of both software and hardware components (Rogers). He 

also pointed out that innovations may have only the software aspect, for instance, 

religious or political ideologies are examples of an ―idea‖ which are difficult to be 

observed. There are five characteristics of an innovation that play an important role in 

its diffusion which are relative advantage, compatibility, complexity, trial-ability and 

observeability. The relative advantage is represented as profitability, prestige or other 

benefits. Compatibility expresses the degree of perception of innovation by the 

adopters. It has been found that compatibility of an innovation has positive 

relationship with rate of its adoption. Complexity represents the degree of difficulty in 
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Uncertainty is the degree of perception about the variety of alternatives related to possibility of 

occurrence of new event in relation to probably of alternatives. 
25

Rogers 1995. 
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perception and utilization of an innovation. It has negative relation with adoption ratio 

of an innovation. The trial-ability of a technological innovation shows that its 

adoption depends on its trial. The last characteristic of innovation is observeability 

which shows that higher the visibility of an innovated product, the higher the 

probability of its adoption. The communication channel matters for innovation 

diffusion which is a necessary part of a change. Communication of an innovation 

through a channel increases the chances of its adoption. Six elements are important in 

communication, the source of information, the content, the timing of message, the 

channel used, the location from the message is given and the purpose of information 

(Spann-Merchant 1998). 

According to the theory of innovation diffusion, time is spent on innovation in three 

stages: process of decision, innovativeness and rate of innovation adoption. There are 

five steps of process of innovation decision for an adopter: knowledge about 

innovation, persuasion or marking attitude to the innovation, decision to adopt or 

reject, implementation and the last is the confirmation. The theory posits that different 

people have different willingness and perception about newly innovated product and 

its adoption is affected by the characteristics of innovated products. 

The diffusion of innovation occurs through a social system which is based upon social 

structure having particular boundary. According to Rogers, technological innovation 

is basically a product of society which is affected by the values and norms of the 

social system. 

4.5 Innovation Translation Theory 

This theory gives an alternative view about an innovation which explains role of one 

entity on another one (Law 1992). According to this approach, only the most suitable 

innovations are diffused and adopted by the sensible people who assume that 
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technological change is only technological instead of social (Grint and Woolgar 

1997). Diffusion of innovation asserts that information which is embodied in 

technological innovation provides the essence which determines its rate of adoption. 

The problem with identification of an essence is that different people have different 

attributes regarding a particular technological innovation. 

According to Callon (1986), the translation process has four moments, first is 

problematization in which the nature of a problem and its solution are identified. In 

other words, translation of a problem in terms of its solution is proposed. Other 

moments are inter-assessment, enrollment and the final is mobilization. The all four 

moments are joined through intermediaries like technical artifacts, texts, human skills 

and money (Callon 1991). 

These intermediaries form a product of interaction. The innovation translation is made 

by actors through enrolling the innovation. The network dynamics matter in 

controlling, enrollment and dissemination. The main difference between innovation 

diffusion and innovation translation theory is that innovation diffusion theory 

considers the social system and technology as separated while innovation translation 

considers it as inseparable. For example, take the adoption of Java language to 

understand the process of innovation translation which can be applied for 

investigation of information system implementation. 

4.6 Technology Life Cycle 

It explains the business cycle path on which technology up-gradation affects the life 

of products and stages of technological advancement from R&D to the growth to 

maturity and to decline stage in business process. The product life cycle is different 

from technology life cycle because product life cycle describes the different 

performance stages of product at market place and technology life cycle describes 
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different stages of product development through technological advancement. 

Technology life cycle explains the financial returns of technology during its critical 

life stage. The technologies varies in lifespan, some technologies have long lifespan 

such as cement, steel and paper manufacturing having minor variation in technology 

over time while other technologies such as electronics and pharmaceutical products 

have very short lifespan. Technology life cycle is further protected through 

trademarks and patent protection to increase the length of cycle and gains from it. The 

technology can be in the form of commodity like polyethylene plastic or as a 

sophisticated product such as integrated circuit of Smartphone. The management of 

TLC play important role in lifespan of the technology. For instance, the absence of 

property protection rights or loss of secret information about the newly developed 

product reduces the lifespan of technology.  The new technologies have almost same 

maturity lifecycle but it is not applicable to products life cycle. The adoption of 

technology is common incident driving industries evolution. The expansion in uses of 

resources causes the decrease in efficiency and the gains from new technology or 

products are easier first but over time become difficult as new technology matures.   

4.6.1 Phases and stages of technology life cycle 

Generally, the TLC has following four prominent phases 

 Research and Development phase also known as bleeding edge when costs are 

higher than the gains from newly installed technology in the business. 

 Growth or ascent phase some time also called leading edge phase when 

technology starts to get strengthen with high incremental utilization. In this 

phase the costs are recovered out of pocket. 

 The maturity phase of technology reached when the returns are maximum and 

stable  
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 Decline phase also called decay stage is when utility of installed technology is 

decreased. 

The technology lifecycle has following four stages 

a) Innovation stage: describes the developing new or extensively improved products, 

method of production, a new method of marketing or a new method of business 

practices or external relation as a result of R&D activities is known as innovation. In 

Universities, research centers or R&D laboratories, knowledge, innovation or ideas 

are generated depending on resource allocation, time taken, knowledge based factors 

and needs for new technology. 

b) Syndication stage: represents the exhibition and commercialization of newly 

innovated technology like new product or process having potential for utilization 

immediately. Out of numbers of innovation from R&D laboratories, a very few of 

these are demonstrated and commercialized. The commercialization of innovated 

output depends on economic factors. 

c) Diffusion stage: is penetration of newly innovated technology in the market by the 

potential users to accept it for utilization. The rate of diffusion depends on the demand 

and supply situation of new technology jointly. 

d) Substitution stage: This is last stage which represents decrease in the utilization of 

technology due to substitution of another technology. There are many factors affect 

the rate of substitution depending on market dynamics
26

. 

4.7Critical Review of Innovation Theories 

Since 1990s, there are number of attempts have been made to analyze the innovation 

system and its performance in term of outcome has been evaluated. There are studies 

which generate comparative rankings of innovation system in some cases such as 
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study by Porter and Stem (2002). There are several policy oriented studies on 

innovative capacity that highlighted that innovation enhancing strategies have become 

important target of policy makers globally and especially in highly industrialized 

economies. Among the policies to enhance innovation and technology the systematic 

approach to innovation gained move popularity. The learning from internal and 

external experiences to setup national innovation system is also considered as an 

option to design innovation policy. This required cross country comparison of 

national innovative capacity to give the incentive to innovative action. European 

Commission (2000) worked together with 15 European countries to develop 

indicators of innovative capacity for benchmarking of research policy targets. The 

achievement of such targets requires the conjunction of systematic approach and 

benchmarking techniques.  Therefore the convergence of two approaches, systematic 

and benchmarking studies is observed in the literature of innovation. The 

benchmarking studies follow a two step procedure. One is to restore the innovative 

indicators among the tested countries and find best practice policy and second is on 

the basis of results of best practice study recommend a policy. The benchmarking 

studies focused only on labour market. Another example of comparative studies is 

study by Polt et al. (2001) which worked on relationship between scientific research 

organization and private business sector. 

First early studies on national innovative system have given just verbal description of 

innovation patterns and only small number of innovative indicators has been utilized. 

Second, the most of early studies have focused only one country to explain the 

functioning of national innovative system. Third, due to lack of proper and formulized 

quantification of innovative capacity, the studies varied in setting up of national 

innovative system. 
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The descriptive approach to national innovative system, introduced by Liu and white 

(2001) covers the structure and outcome of innovative system or it capture the 

national innovative capacity. The descriptive model is based on five innovative 

activities; research, production, process output linkage and last is education. They 

applied this descriptive model of innovative system in China to analyze innovative 

system. The comparison of innovative system of China was done between China’s 

socially planned and democratically organized innovative system in terms of set-up 

and performance. 

Another approach to analyze the country’s innovative capability has been given by 

Chang and Shih (2003). This approach is actually based on previous work of OECD 

(1999). This approach comprises six dimensions; R&D expenditure, human capital 

development, technology policy, technology transfer and environment for business 

behavior. It makes the structure specific analysis of national innovative capacity. To 

measure the performance of innovative system four groups of indicators have been 

used; dissemination of innovation, formal and informal R&D cooperation and 

workforce mobility. The study mentioned above made comparison between 

innovative capacity of China and Taiwan by using this model. 

In contrast to descriptive models, Furman et al. (2002) has introduced formalized way 

of making cross country comparison of national innovative capacity. The national 

innovative capacity concept is based on three theoretical concepts that are endogenous 

growth theory (Romer, 1990), internal competitiveness theory by porter (1990), and 

approach of national innovative system as described above. National innovative 

capacity reveals the country’s capability to produce and commercialize innovative 

technology over long runs which, depends on innovation infrastructure, innovation 

environment of country in its industrial cluster and coordination between two. These 
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three components are measured by a number of indicators such as numbers of patents 

are used to capture the innovative performance by Furman et al (2002). The study 

used this indicator as dependent variable in the model. The main model is based on 

endogenous growth model i.e. a knowledge driven to form linkage between 

explanatory input factors and dependant variable of innovation output. 

But this framework deviate from endogenous growth model because standard 

endogenous model take the variation of real economic activity as a dependent like 

GDP growth rate. Therefore patent growth instead total patent grants are used as a 

growth variable on the sample of seventeen industrialized economics. The national 

innovative capacity model is considered unique contribution to the national innovative 

system framework because it acts a bridge between economic growth theories and 

advanced systematic framework of innovation for comparison of innovative capacity 

globally. In spite of all, the major drawback of this approach by Furman at et al 

(2002) is that it takes into account only one dimension of innovative output measures 

given that there are various other contribution to innovation through various ways. 

The framework of national innovative capacity has also been applied by Porter and 

Stern (2002) on large sample of 75 countries. On the basis of finding they generated 

rankings of each selected country. Nasierowski and Arcelus (2000) presented an 

alternative approach to formulize the comparisons of innovative systems. They 

identified the country groups on the basis of technological capabilities through 

structural equation approach having inputs, outputs variables and also moderators. In 

this study the cluster analysis approach had been used to classify two groups of 

country, one containing technological leaders and other covering emerging economies 

dependant on foreign imported innovation. The selected countries are ranked through 

factor analysis approach in terms of their technological strength. In addition, 
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Nasierwski and Arcelus (2003) also developed a model of data envelopment analysis 

comprising two input factors, three output variables and two moderators to examine 

the efficiency of innovative systems of each economy. The efficiency is judged in two 

parts, first the efficiency in innovation generation also called R&D efficiency and 

second is R&D productivity which reveals efficiency in converting technological 

strength into productivity growth. The main purpose of efficiency measurement was 

to considered national innovative system as a separated sector. However such 

measurement can give misleading information as it contradicts to the accepted stance 

of national innovation systems should be considered as open systems. 

The studies reviewed so far analyzed the innovative capacity of highly industrialized 

countries. Including developed economics transition economy from Eastern Europe 

and newly industrialized economics in Asian. The analysis of technical change in 

such countries has been found in studies by Nelson (1993). However, the research to 

analyze the innovative performance of low and middle income countries is very rare. 

The various efforts are found in literature to fill this gap recently. These studies 

extended the previous national innovative system framework by specifying the 

different development stages of various systems. These studies made quantitative 

comparison of innovative performance to show country specific patterns of innovative 

system. For examples, Viotti (2002) analyzed the innovative patterns of South Korea 

and Brazil. The re-organization and transformation of innovative activities of Central 

and Eastern Europe was addressed by Freeman and Radosevic (1991). Alcorta and 

Peres (1998) examined the innovative performance in Latin America and 

Intarakumnerd et al. (2002) examined the innovation in Asian economies. The related 

studies analyzed functioning and development stages of innovation systems along 

with relevance of national innovative system framework for particular countries was 
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also discussed. For instance Alcorta and Peres (1998) accepted that the framework of 

innovative system is quite relevant to Latin American economics. Radosevic (1999) 

pointed out that growth and catching up of Centrals and Eastern Europe is related to 

the innovative system but regional or national innovative system in these economics is 

not possible yet. However, he did not clear about what type of framework of 

innovative system is suitable to explain the technical changes of these countries on the 

other hand Viotti (2002) rejected the benefits of innovative systems concept regarding 

the technological laggards case. He argued that the concept of national innovative 

system is not appropriate in the case of these economies. He gave the concept of 

national learning system instead of rational innovative system. But Lundvall (2010) 

pointed out that both concepts are not very different because learning is also 

fundamental part of national innovative system. The reviewed empirical finding does 

not imply that this framework is useless. It can be concluded that this framework 

highlights variety of sources of innovation. The identification of such determinants of 

innovation and knowledge creative is an important step towards enhancement of 

innovation capacity at national level. 

4.8 What is TFP? 

The basic concept about TFP is that it is anything which cannot be explained by the 

traditional factor inputs, such as land, labor, capital and natural resources. It has been 

discussed in growth literature but many researchers still remain uncertain about what 

it actually is? Lipsey and Carlaw (2001) identified various interpretations of TFP in 

the previous research which is as follow. 

a) Conventional TFP represents all improvement in technology and efficiency 

over long run. 

b) TFP is as a result of externalities associated with output growth. 
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c) TFP capture our ignorance. 

Lipsey and Carlaw favor the second interpretation in their study ―the long run 

technological change‖ but it is clear that TFP is different to different researchers 

depending on the objective to be achieved. This study attempts to better 

understanding about what TFP is by investigating the potential factors that influence it 

particularly knowledge based factors. 

4.8.1 A Bird’s eye view on TFP 

Total factor productivity growth is the part of overall growth which is not because of 

increase in inputs but is due to better technology, innovation, specialization and better 

organization. Total factor productivity growth is the change in overall growth at given 

quantity of inputs. The enhancement of TFP means the enhancement of a country’s 

capability of producing more output with the same level of inputs. Krugman (1994) 

quoted: ―Productivity is not everything but in the long run it is almost everything‖. 

Productivity is ―working smart rather than working harder‖. It is a sign of capability 

to produce more by best combining inputs through innovations, new ideas and 

improved business models. According to growth accountants, technology includes 

everything that affects output growth excluding physical factors (labor and capital). It 

not only includes new products and methods but also social technology (human 

interaction through social networks), business technology (managerial techniques) 

and political technology (method of governance and institutional quality). The 

concept of technological advancement and TFP are interchangeable and both have the 

same interpretation. 

Although Solow referred to TFP as disembodied technical change and is also known 

as ―Solow residual‖ but practically there are a number of other factors that influence 

TFP beyond technical change. Total factor productivity measure includes the impact 
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of various inputs that are un-measurable like intangible inputs, for example, new 

ideas, method of production, knowledge spillovers, human skills enhancement, ICT as 

a channel of knowledge sharing, branding, marketing techniques and many more. The 

impact of all these inputs in not measured explicitly and their outcome or returns are 

captured in TFP. It also acts as source of real cost reducing. 

Commonly the productivity is measured in terms of output per worker or per capital 

units depending on the availability of data and other required information. Labor 

production can be in the form of output per worker or per hour. On the other hand, 

capital productivity is the ratio of total output to gross capital stock which is also 

called partial productivity. The above described measures of productivity have 

deficiencies. For example, partial productivity can produce misleading information 

because of substitution between factors of production. Suppose capital stock is 

substituted with labor as an input in the production process then measure of labor 

productivity will overestimate the contribution of labor and underestimate 

productivity of capital. Due to this deficiency in partial productivity, researches prefer 

productivity measured in terms of all inputs and is also called as multifactor 

productivity or total factor productivity (TFP). Since TFP is measured by taking into 

account all factor inputs used in production hence it is free from deficiency faced by 

partial productivities. Mostly studies of productivity focus on only labor and capital 

inputs. There exist a number of approaches in the growth literature for estimation of 

TFP and selection of a particular method for measuring it depends mainly on the 

objective to be achieved.  

Total factor productivity is the best measure and is analyzed in growth accounting 

framework that allows for assessment of relative significance of factors of production. 

The early attempts include Tinbergen (1942) and Solow (1957).Then the work by 
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Kendrick (1961) and Jorgenson & Griliches (1967) also contributed in the growth 

accounting framework. The work on growth accounting focused on the disclosure of 

black box that is the ―residual‖. Important international studies tried to investigate 

what the residual actually is? Abramovitz (1956) referred to the residual as a 

―measure of ignorance‖. Denison (1962) analyzed the role of allocation of resources, 

economies of scale, advancement in knowledge and irregularities in demand. 

Therefore, a number of factors can influence TFP; especially intangible inputs need to 

be identified in this era of advancing technology and knowledge. 

The labor productivity which measures output per worker employed has been widely 

used in the literature. If the number of hours worked is available then the productivity 

per hour can be estimated. It also measures the living standard of people but there are 

weaknesses in this measure as compared to TFP. The major shortcomings of measure 

of productivity per employed worker are that it cannot differentiate between gains 

from more use of machinery and gains from improvement in technology or efficiency 

per worker. Therefore, TFP which represents the combined efficiency of labor and 

capital inputs relative to real GDP is a better measure of sustainable long term 

development and standard of living. 

Total factor productivity growth is the main determinant of sustainable standard of 

living and long term development. It also plays a significance role in 

macroeconomics, fiscal stability and labor markets. Total factor productivity growth 

is important for both the developed and developing countries. Highly developed 

countries cannot simply rely on the growth of factors of production for sustainable 

growth and development. Similarly, TFP growth is also important for developing 

countries to achieve sustainable economic growth & development. 
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4.8.2 Total Factor Productivity Growth 

Total factor productivity growth stems from a number of factors but the utilization of 

more and better tools is the principal factor of TFP growth. The use of better 

machinery, tools, and software are the sources of productivity increase. The new 

growth accounting studies suggested that the major share of total factor productivity 

comes from the more and better use of productive tools. In the present knowledge 

based economy, most of better and effective tools are ICT based which are called 

digital tools like internet connectivity and computer.  Griliches (1987) described 

technology as the known method to convert input resources into output by the 

economy. It is either in the disembodied form, such as new organizational techniques, 

scientific results, new blueprints or in embodied form like advancement in industrial 

design, intermediate inputs and new vintages of investment goods. 

4.8.3 Measurement of TFP 

One of the objectives of research is to measure productivity growth to examine the 

development trend of factors of production. For every economy the measurement of 

TFP is necessary and an important step for understanding technological advancement 

of the economy. The increasing productivity means advancing technology.  Total 

factor productivity growth is the major and important contributing factor to achieve 

sustainable economic growth. The measurement and analysis of total factor 

productivity is an area of large interest in economic policy analysis. The basic concept 

regarding the measurement of total factor productivity is percentage ratio of output 

index to input index which is also known as growth accounting approach. 

Productivity is generally defined as an index of ratio of output to input. Almost 

everyone agrees on this general definition of productivity. Literature reveals that there 

is neither a single purpose nor a unique measurement of productivity. There are a 
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number of measures for productivity and the choice depends on the objective of 

measurement. A frequently mentioned purpose for measuring productivity change is 

to examine the technological advancement. The productivity growth also captures the 

improvement in efficiency change. Productivity in the broader sense is measured 

residually that not only captures efficiency, technical and economies of scale but also 

captures the capacity utilization change, measurement errors and learning by doing. 

According to Harberger (1998), there are a number of sources which affect the 

productivity growth and lead to cost saving in the production. 

4.8.4 Productivity index 

Generally the index of productivity can be represented as a ratio of output index to 

input index which measures the ability of inputs to produce output (OECD): 

   
  

  
              For t = 0, … T 

Where At is productivity index, Qt and Xt are output and inputs quantity indices, 

respectively. If the input index Xt contains a single input then the productivity index At 

will be partial productivity index, for example, labor productivity or capital 

productivity index. However, there are limitations of partial productivity index like 

omitted inputs bias. For example, increase in productivity of labor may be because of 

increase in the quantity of capital per worker which is an omitted input in the labor 

productivity measurement rather than the actual increase in labor productivity. If input 

index Xt contains two or more inputs, then productivity index At becomes the total 

factor productivity (TFP) index. Mostly it is constructed using two inputs, labor and 

capital. Total factor productivity index is constructed by using disaggregated 

quantities of inputs. The inputs quantities are needed to be weighted by their 
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respective shares in output while developing the inputs indices. The most commonly 

used concept of TFP growth in literature is as under
27

. 

TFP growth = Output growth – input(s) growth 

This measure of TFP growth includes all the residuals after accounting for the growth 

of inputs that is why it is also known as ―the index of ignorance‖
28

.  

4.8.5 Growth accounting approach 

The growth accounting approach is based on Cobb-Douglas aggregate production 

function which assumes constant returns to scale and Hicks neutral technical 

progress
29

. The production function for aggregate output can be written as under. 

    ( ) (   ) ------ (4.1) 

Equation 4.1 reveals that aggregate output (Qt) is a function of capital (K), labor (L) 

and TFP (At). Total Factor Productivity, A(t) accounts for the shift of production 

function over time and captures the effect of long-term technological advancement or 

technical change in total output. Taking the logarithmic differential of equation (4.1) 

on both sides: 
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Kathuria et al., (2013). 
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Abramovitz (1956). 
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 See Solow (1957). 
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Where FK and FL are the relative output factor shares of capital and labor, 

respectively. 
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In equation (4.6) TFPG is the growth of total factor productivity, q represents the 

growth of real GDP, k is growth rate of capital stock and  the growth rate of labor 

input. If the information on real GDP growth, growth rates of capital stock and labor 

and their factor shares is available then TFP growth can be measured by equation 

(4.6).The TFP index can be written as a ratio of output index and inputs index as 

under: 

     
  
  
   (   ) 

Where Qt is the output index which is based on growth of real GDP relative to base 

year and Xt is combined index of labor and capital based on growth rates of both 

factors of production relative to base year and weighted with their respective shares in 

gross output. 

Equation (4.7) can be written as: 

     
  

          
   (   ) 

Taking the natural logarithm on both side of equation (4.8) 
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Taking lag on both sides of equation (4.9) 

                                    (    ) 

Subtracting equation (4.10) from equation (4.9): 

                            *  (           )     (           )+    (  ) 

Where 

                                                  and      

          

TFPGt is the growth of total factor productivity, qt represents the growth of real GDP, 

kt is the growth rate of capital stock and  is the growth rate of labor input. Substituting 

above definitions in equation (4.11). 

                     (    ) 

Equation (4.12) shows that the index number approach derives the same results as 

drawn through the growth accounting approach in equation (4.6). Therefore, the index 

number approach of TFP measurement is an extension and complement of the growth 

accounting approach. 

Growth accounting approach to measure TFP growth has the following merits. First, 

growth accounting or Solow residual approach has been extensively used in the 

productivity growth literature as it is easy and simple to apply. Second, it can be 

applied even in the case of missing data for some time periods. Thirdly, when data is 

available only for small number of years then the growth accounting and index 

number approach are the only methods which can be applied for estimation of TFP 

growth. Last, it gives detailed estimates of TFP growth for each period in order to 

regularly monitoring the growth performance of the economy
30

. 

                                                           
30

 According to Solow, technical change is the residual which is not only technological progress but 

also measures ignorance of factors which have expected positive impact on output. 
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4.9 Knowledge Based Economy and TFP Growth 

According to the World Development Report 1998-99, ―The knowledge for 

development‖, less developed countries have not only less capital but they also have 

less knowledge. Creation of knowledge is costly that is why more knowledge is 

created in advanced countries. However, less developed economies can acquire 

knowledge through spillover effects as well as they can also create knowledge 

domestically. According to this report, Republic of Korea and Ghana had almost same 

income per capita in 1960. But in the 1990s, the per capita income of Korea was six 

times the per capita income of Ghana. The half of these differences, according to this 

report, was due to successful acquiring and utilizing of the required knowledge by the 

Republic of Korea. You can feed a man for a day by giving him a fish but you can 

feed him for lifetime by giving the knowledge of catching fish. Similarly, through 

access of technology and market information the entire region can be fed. Most of the 

people still consider knowledge as a theoretical concept of output growth. This is due 

to lack of a proper framework for knowledge based development and absence of 

measurable indications of models for assessing its impact on growth performance. 

The present study is a significant progress for making knowledge base economy more 

explicit. Some Asian countries like China, Republic of Korea, Singapore, India and 

Malaysia have started progress towards the knowledge based development (ADB 

2007). Information and communication technologies are pre-condition for knowledge 

based economic development. When ICT will acquire the worldwide penetration rate, 

the routine knowledge will start spreading through networked environment. The 

information and communication technology, R & D, human skills and governance are 

the essential ingredients of knowledge based development. Many features of 

knowledge and technological advancement have been created by fast use of ICT. It 
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promotes productivity by efficiently acquiring, storing and disseminating the foreign 

and local knowledge and technology. It acts as a knowledge sharing channel. 

The internet plays a key role in every economic activity and is fundamental driver of 

productivity growth. Internet is rapidly and continuously expanding even in very 

underdeveloped areas of the World. It provides productivity benefits through easy 

access to information, communication, e-commerce, social networking and web 

services. Internet acts as a source of information for consumer as well. The right 

information and knowledge of consumer in making right choices of buying goods and 

services helps the process innovation and competition. In this regards the Government 

can play a vital role for empowerment of consumers. The OECD countries have 

effective policies for consumer keeping in view the global issues related to consumer 

by promoting efficient and fair international markets. Today consumers have access to 

timely and trustworthy information of products on their mobile phones, computers or 

laptop which make them able to make proper purchases. In technologically advanced 

countries the internet have make them able to conduct research on product safety, 

education, e-commerce, cross border fraud, dispute resolution etc. Technological 

advanced countries like OECD have concern that the open nature of internet has risk 

and the aim of internet policy of these countries is to protect privacy and free flow of 

important information for making further innovation, technology creation and 

productivity growth.   
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CHAPTER 5 

MODELS AND ESTIMATION METHODOLOGY 

This chapter is concerned with the methodological option and its effects on the 

process and findings of this research. Methodology is a process which deals with 

identification of the problem, collection of data, and analysis of this data to reach at 

certain conclusions in the form of generalization or as a solution towards the stated 

problem. Methodology describes the methods and approaches used in data collection, 

index construction, conceptual frameworks and estimation techniques for analysis of 

data. It also contains various alternative approaches, interrelated and overlapping 

practices and procedures. Methodology options have to be selected from a number of 

alternatives. The selection of an appropriate method is achieved through examination 

of objectives and evaluation of alternatives. This chapter will explore the choice and 

advantages of methodology used. Therefore, the aim of this chapter is to present the 

method and methodology applied in empirical analysis of this research study along 

with the description of variables in order to achieve the objectives of the research.   

Methodology is the key step towards empirical analysis which has great importance in 

the field of economics. The empirical work examines the economic issues and 

problems deeply and watchfully and on the basis of its findings existing theories can 

be falsified or validated. 

The organization of this chapter is as follows: section 5.1 starts with the model 

specification and two models have been discussed firs for the determinants of national 

innovative capacity and second for determinants of TFP growth. Section 5.2 analyses 

the index composition by explaining the structure of five indices constructed in this 

research. Section 5.3 presents econometric specification containing the discussion on 
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Panel data analysis, pooled, fixed effects and random effects models. This section 

highlights the advantages of panel data estimation over other ones. Hausman test for 

correlated Random effects, Robust Standard Errors, Redundant fixed effects test, 

Panel causality testing, LM tests for Random effects, Panel causality and Cross 

section Dependence (diagnostics) test have also been reviewed in this section. The 

last section of this chapter illustrates the index construction process by presenting 

steps in index construction and normalization of data. The statistical approach that is 

Principal Component Analysis and Bartlett’s Sphericity test have also been described 

in this section. 

5.1 Model Specification 

Model specification is a process to define relationship between dependent variable 

and explanatory variable(s). It is the process of developing a specific regression 

model on the basis of previous theoretical background. It consists of selecting suitable 

mathematical functional form and choosing the variables to be included in the model. 

This study specifies three models to analyze the sources of national innovative 

capacity, technological advancement and TFP growth. The following discussion gives 

the theoretical and conceptual relevance of each variable included in the model. 

5.1.1 Model 1: Determinants of national innovative capacity 

The sources or determinants of national innovative capacity are analyzed by 

estimating the knowledge production function to investigate the technology enhancing 

and knowledge generating factors. The model has innovative output index as the 

dependent variable having a number of potential determinants of national innovative 

capacity. The innovative output index is based on various indicators of innovation and 

knowledge creation. The factors that are responsible for increasing the innovative 

output are known as determinants of innovative capacity. 
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National innovative system or capacity is very important for TFP and innovative 

productivity. According to Chen and Dahlman (2004, p. 9), innovative system or 

capacity is ―a network of different institutions, rules and procedures for acquiring, 

creating, disseminating and utilizing knowledge‖. The major role of an innovative 

system is to stimulate R&D which leads to the creation of new products, knowledge 

and processes. 

Research and development enhances both the innovative as well as absorptive 

capacity of a country. Therefore, it is expected that R&D have a positive and 

significant impact on innovative capacity and total factor productivity. Furman and 

Hayes (2004) analyzed national innovative capacity by covering 23 OECD countries 

from 1978 to 1999. Their analysis was based on estimation of an ideas production 

function. They assumed that there were three main sources of innovation that were 

infrastructure, environment for innovation and a link between these two. Patent 

applications was used as a proxy for output variable and independent variables were 

GDP per capita, expenditures on education, openness, R&D expenditure and property 

rights. The results showed that national innovative capacity strongly predicted 

innovations. However, the proxy used to measure the significant economic innovation 

is not a proper measurement. Number of patents granted is more suitable measure of 

innovative output instead of number of applications for patents. Moreover, other 

dimensions of knowledge creation like, trademarks, industrial designs, sacrifice and 

technical publication should also be used for accurate and most inclusive 

measurement of innovative capacity. This research is intended to fill this gap. This 

research makes a value addition to the literature by including some important 

indicators in the measurement of innovative capacity which were omitted in previous 

studies. 
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5.1.1.1 Knowledge production function 

The basic characteristic of new idea or knowledge is nonrivalness means that by 

sharing the idea or new discovery with others, it is not lost. Ideas or knowledge is not 

like a ton of steel or a barrel of petrol where if one person use it means less is 

available for other. Everyone can take benefit of advancement of knowledge without 

lost to the others. The implication of nonrivalness is that the whole society benefits 

through technological advancement and exposure to external technology. The basic 

scientific and technical knowledge is distributed all over the World from knowledge 

based economies.  

The knowledge production function demonstrates the process for transformation of 

innovative inputs into output. The previous literature has focused on R&D and patents 

as the main point for analyzing the national innovative capacity across the firms, 

industries and economies. The main target of previous research was to assess the 

returns on innovation and examination of relationship between innovative inputs and 

innovation output appear to be one aspect of those analyses. The knowledge 

production function is fundamental to examining the relationship between innovative 

inputs and outputs in order to understand the national innovative capacity. The present 

research develops the comprehensive knowledge production function by taking in to 

account various dimensions of innovative inputs and outputs for assessing the 

determinants of national innovative capacity. The first discussion on the input-output 

relationship of innovation was given by Griliches (1990) through simultaneous 

equation models in which one equation was called ―the knowledge production 

function‖. He used only single innovative input (R&D) and output (patent). Similar 

knowledge production model was used by Loof and Heshmati(2006). 
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Research and Development is a creative work or innovative effort carried out 

systematically for addition to the stock of knowledge. The knowledge created through 

R&D is used to formulate new applications. R&D comprises three research 

categories: basic, applied and experimental development. The basic research is 

theoretical or experimental effort undertaken to get new knowledge without view of 

any specific application or use. Applied research is also work for original 

investigation to acquire new knowledge but it is directed toward particular practical 

aim or experiment. Experimental development is a systematic work undertaken on 

existing stock of knowledge acquired from practical experience or research directed to 

produce new products, materials or process. The expenditure on R&D is the important 

indicator of innovative efforts of countries and it is used for international comparison. 

The expenditure on R&D comprises total expenditure by all research institutes, 

resident companies, Government laboratories and universities etc on R&D. 

The major share of new knowledge production or innovation carried out in advanced 

countries and innovations in rest of the World heavily depends on fundamental 

development in the North. There is a need to know why innovation culture could not 

prevail in the developing economies and what factors can promote innovation in these 

countries? For this purpose, there is a need to examine the determinants of knowledge 

production (innovation). The combination of determinants of knowledge production 

can be named as national innovative capacity or system (Lundvall, 1992), social 

capability (Abramovitz, 1986) or absorptive capacity (Cohen, 1989).  The reason for 

low innovative performance of developing countries is the lack of macroeconomic 

determinants of innovation and micro level factors which support national level 

innovation. At the firm level the lack of adequate education, technology, 

telecommunication network and other infrastructure, unwillingness to allow 
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institutional, industrial and individual changes, lack of financial sector development, 

bad governance, political instability, business uncertainty and the lack of link between 

educational institutes and industries. Innovation is conceptualized as an indicator of 

technological change and important contributor to the economic growth. It is 

examined in terms of input and output at micro level but at macro level it is not just 

individual’s effort, rather it is the result of relationship between different 

factors/actors (Lundvall, 1992& 2010).  

The education level is believed to be the most important determinant of innovation 

but developing countries face low education level as compared to developed 

countries. In developing countries, the universities and other research centers lack the 

proper planning. Crane (1977) pointed out that most of scientists and engineers 

employed in local laboratories of developing countries have been trained in developed 

countries so they do not have knowledge of local technological issues and 

requirements. Moreover, the research institutions and laboratories in developing 

countries face scarcity of funds and hence are not fully equipped with modern 

instruments. The migration of highly skilled and educated workforce from developing 

to developed countries also hinders the innovative activities in these countries. Aubert 

(2004) also pointed out that phenomenon of brain drain is a significant problem in 

knowledge production process of low income countries. He argued that if this skilled 

labor force returns to their native countries it could be a source of innovation and 

technological enhancement. The infrastructure including roads, telecommunication, 

information networks and energy is also a very important driver of innovations. The 

use of information and telecommunication technology (mobile phone, internet etc.) 

has become a necessary ingredient of new knowledge production. Although the 

connectivity in developing countries has been improved but ICT penetration is still 
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low in these countries as compared to advanced countries (Aubert, 2004). The role of 

financial sector in mobilizing resources for new projects have been emphasized by 

King and Levine (1993) and Levine and Zervos (1998).  The research captures this 

aspect by the index of financial deepening based on domestic Credit by the financial 

sector, financial system deposits and liquid liabilities.     

The above mentioned theoretical literature provides the background of nature of 

relationship between innovative input and output and it provides guidance for 

assessment of this relationship empirically. However, most of the previous research 

studies suffer from some limitations. Previously used a very simple knowledge 

production function that gives the relationship between single input and output which 

leaves a gap for examining this relationship by using more comprehensive and precise 

approach. Nowadays other comprehensive measures of innovativeness are available. 

Therefore, to overcome these limitations knowledge production function can be 

estimated more comprehensively by including all the available indicators of 

innovation and knowledge creation. Only patent is not a good proxy of innovative 

output because all innovative output is not patented as innovators generally prefer 

other ways to protect their innovations (Levin et al. 1988). Moreover, innovative 

output can be a result of many inputs instead of a single input (R&D) as the process of 

innovation is more dependent on new investment in machinery and capital equipment, 

exposure to foreign technology incorporated in FDI, consultancies, licenses and 

know-how (Freeman and Soete, 1987). One important problem in innovation related 

research is lack of its appropriate measurement. A systematic quantification of 

innovative capacity has hardly been found despite its recognition as an important 

driver of long-run growth and development. Some researchers used R&D expenditure 
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and others conducted surveys to analyze the notion of innovation in the recent past 

studies. 

Patent protection, R&D expenditure, effectiveness of legislature, Governance and 

effective executive are essential for innovative activities in the country. Patent 

protection is very important because it reduces the risk and encourages innovators to 

take risky projects. Coe et al. (2008) found a strong relationship between patent 

protection and TFP. FDI and licensing also affect technology transformation and 

innovation (Cincera and Van Pottelsberghe 2001; Keller, 2009). Similarly, Country’s 

financial system also plays an important role in mobilizing resources for technological 

advancement (King and Levine, 1993; Levine and Zervos, 1998). Availability of 

credit to the private sector facilitates in finding new areas of investment in R&D. The 

positive association between R&D efforts and innovative output has been recognized 

in literature i.e. Griffith et al. (2006) and Hall et al. (2009). The empirical work by 

Koellinger (2008) found significant and positive impact of innovative capacity in 

terms of R&D on productivity. The role of innovation in terms of technical change in 

economic growth remained an attractive topic for most of the economists
31

. Financial 

sector encourages people to invest more in bringing modern technology. Some 

important variables of governance like political stability, rule of law, Government 

effectiveness, regulatory quality and control of corruption have important role in the 

technology creation and transformation activities in the country.  

National Innovative Capacity reveals the ability of a country to produce and 

commercialize flow of ―new to the world technologies‖ over long term. The equation 

5.1 below is the production function for new to the world technologies. National 

Innovative Capacity of a country depends on human capital devoted to the idea 
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 For details see Abramovitz (1956), Solow (1957) and Verspagen (2004). 
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production sector of the economy like Scientists, Engineers, Researchers and 

Technicians. National Innovative Capacity also depends on GDP per capita because it 

shows the country`s ability to translate its stock of knowledge into a final output. 

Gross Domestic Product per capita is the indicator which shows control of a country 

on its technological sophistications. Population shows a country`s scale of resources 

(work force) which is potentially available for R&D and innovative activities. 

Similarly, innovative environment can be generated by laws like intellectual property 

rights which encourage the R&D and innovative activities to produce new-to-the-

world technologies. On the basis of above discussion the following function will be 

used to analyze the National Innovative Capacity and to investigate the technology 

enhancing and knowledge generating factors. 
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The country dummies  i are included in order to capture the country-specific fixed 

conditions which may affect the long-run growth. Countries specific fixed effects are, 

such as, institutional, geographical and ethnic heterogeneity that do not change during 

the selected period of time. Social characteristics, such as language, religion, colonial 

legacy and ethnic division are time invariant and hardly change (Acemoglu et al., 

2012; Alesina et al., 2003). The time dummies  t are for taking account of the 

exogenous shocks that are common to all countries like exchange rate changes or oil 

price changes and  i,t are stochastic error terms. The description of variables is given 

in the table 5.1. 
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Table 5. 1: Variable description 

Variables  Description 

IQ  Innovative output Index 

TFP  Index of Total Factor Productivity 

ICT Information and Communication Technology index 

RD  R&D expenditure    

HC Human Capital measured by Secondary school enrollment with 3 year lag  

EET  Index of exposure to external technology 

G index of Governance  

FD  Index of Financial Deepening 

I Gross domestic investment as percentage of GDP 

EC Electric power consumption (kWh per capita) 

Controls Control variables 

 i Country dummy 

 t Time dummy 

 i,t Stochastic Error term. 

 

The research and development activities take place everywhere in the world but 

historically innovation and commercialization of new technologies are concentrated in 

few countries. This international variation in the innovative ability of countries raises 

an important question and generates a debate about what are the factors or drivers of 

national innovative capacity? To understand the process of innovation the framework 

based on national innovative policy needs to be introduced. The public policy 

environment is vital in international differences but most of the previous studies 

analyzed innovative capacity at given Government policy (Griliches, 1998).  

The framework discussed above guides me to establish the knowledge production 

function for evaluation of determinants of national innovative capacity. The national 

innovation system is important to understand innovative capacity of a country but its 

quantitative measurement does not exist to compare the innovative performance of 



142 

 

countries empirically. The study by Furman et al. (2002) tried to quantify innovation 

performance by using patent and R&D proxies but they could not provide national 

level indicators to innovation system. Fagerberg and Srholec (2008) tried to measure 

innovation system but they also did not provide proper measurement of national 

innovation system due to unavailability of data and lack of construction mechanism. 

To quantify the innovative performance of selected countries in the present study I 

have constructed the innovative output index based on various indicators of 

innovation.  

5.1.2 Model 2: Determinants of TFP growth 

A number of variables influence the TFP growth of an economy. In this research I 

have included various potential determinants of TFP in the model specification in 

order to assess the role of technological advancement and innovation in promoting 

total factor productivity (TFP) growth. The main emphasis is placed on disembodied 

and knowledge based factors, such as human capital, and R&D, ICT, Governance and 

exposure to external technology in explaining the TFP dynamics. 

A lot of literature has shown that the countries which have low growth performance 

are those which are unable to develop appropriate technological capacities. The 

technology as a driver of TFP growth was advocated by Lucas (1988); Romer (1990); 

Aghion and Howitt (1998). Education and human capital are very important for 

productivity growth (Nelson and Phelps, 1966; Benhabib and Spiegel, 1994, 2005). 

Training, higher education and R&D are helpful in enhancing the productivity. 

Secondary school enrolment indicates the extent of investment for human capital 

development and it matters for growth (Rousseau& Wachtel, 2005). Economists have 

utilized the school enrollment as a proxy for human capital [Barro, 1991, Barro and 

Lee, 1993]. Mankiw et al. (1992) used secondary school enrollment as a proxy of 
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human capital. Bils and Klenow (2000) also used high school enrollment and found 

that enrollment rate acted as a good proxy for human capital and caused to enhance 

the productivity level. Loening (2005) used school enrollment to estimate the 

accumulation of human capital more precisely and found that it is very important for 

productivity growth. More enrollment in education indicates more accumulation of 

human capital which leads to accumulation and production of more new ideas and 

lowers the cost of innovation. Imitation of new ideas becomes easier with large 

human capital stocks which facilitates the acceleration of catch-up process.   

Maurice and Wang (2004) used an index based on average of six governance 

variables to check the impact of overall Governance on TFP in the case of Latin 

America and Caribbean. They found positive and significant role of Governance in 

raising the level of TFP. They found similar result in case of education and TFP. 

Olson et al. (1998), Kaufmann & Kraay (2002), Maurice and Wang (2004), Williams 

& Siddique (2008) and Everhart et al. (2009) concluded that there is a positive and 

significant role of Governance in raising the level of productivity growth. Olson et al. 

(1998) found that the countries with good quality of governance and better institutions 

have higher productivity growth. Studies by Everhart et al. (2009), Williams & 

Siddique (2008) and Kaufmann & Kraay (2002) provided evidence that Governance 

matters a lot for productivity growth. 

The financial deepening index indicates maturity of financial and banking sector 

which helps to improve the productivity by promoting the investment in all sectors of 

the economy. Yao (2011) suggested that financial development is very important and 

plays a significant role in the enhancement of TFP growth. Inklaar and Koetter (2008) 

found that the effect of traditional financial indicators on productivity is insignificant 

whereas the impact of financial intermediation on productivity is positive and 
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significant. Similarly, gross domestic investment-to-GDP ratio represents not only 

addition to the capital stock of the economy but also captures the improvement in the 

quality of capital stock. It is measured by the gross domestic investment as percentage 

of GDP. Ahmad (2011) found a positive and significant relationship between 

investment-to-GDP ratio and TFP growth. The most of literature examining the 

impact of electricity on TFP found that the overall effect varies across countries
32

.    

Information and communication technology revolution includes computer, mobile 

phones, smart phones, tablets, digital cellular phones and internet connectivity 

positively affect the productivity by changing the working conditions and workplaces. 

The positive contribution of ICT has also been advocated in the previous literature
33

. 

The economists call ICT as general purpose technology (GPT). General purpose 

technology represents the system of new technology that brought comprehensive 

changes in everything including what to produce, how to produce and how it is 

organized and managed. By any measurement ICT is ranked as well and it fulfills the 

definition of GPT. Dedrick, Gurbaxani and Kraemer (2003) reviewed more than 50 

studies on ICT and productivity between 1987 and 2002 and they concluded that 

productivity paradox of ICT has been refuted. The usage of ICT is a direct operational 

and effective measurement of ICTs which has impact on the productivity growth 

without any time lag. The information and communication technology usage also 

takes into account the human skill or capability to operate the latest technology 

efficiently because up-gradation of training and skills of users is necessary with the 

up-gradation of technology. Jordan and Leon (2011) and Mack and Faggian (2013) 
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Stiroh (2002) found that in ICT using industries the productivity is higher as compared to non-ICT 
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are of the view that broadband technology has now became a key infrastructure for 

development quite similar to the way as roads, railroads and electricity were 

fundamental factors of development in the past. There are multiple channels through 

which ICTs can have potential to transform economies. It has potential to boost total 

factor productivity and to reduce information and transaction costs. It introduces new 

models of production and collaboration which enhances the efficiency of workers and 

benefits the people by offering access to a lot of services including education, health 

and financial services. For example, mobile based system of money transfer launched 

in Tanzania and Kenya and is spreading to the other developing world. The online 

education system provides channels for the people of world to upgrade education, 

skills, training which is more frequent and cheaper as compared to the traditional 

channels. Recent empirical research has concentrated on the country level for 

analyzing the ICT’s contribution to growth. There is hardly any research which 

analyzed the impact of ICT on economic growth at regional level and mostly previous 

studies conducted research on United States. This study is unique in developing the 

index of ICT in terms of uses of this technology by taking into account its various 

dimensions. The information and communication technology index captures the 

impact of digital technology on TFP growth. The objective is to examine the role of 

digital technology in TFP growth.  

Research and development can affect TFP growth in two ways: first, it directly 

stimulates innovation and second, it improves the ability to learn and imitate external 

technology. The second role of R&D is captured through its interaction with exposure 

to external technology. The role of interaction between imported technology and 

domestic capacity building, such as, R&D in boosting productivity has been 

advocated by Mayer, (2001). Research and development is commonly undertaken for 
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increasing innovation. The most of analysis of R&D economics is based on the view 

of technological advances as knowledge advances. At the given time, firms or 

organizations have a fixed pool of knowledge containing all techniques and R&D is a 

process which brings changes in characteristics and content of techniques by 

increasing the existing pool of knowledge (Smith, 2001). The economic benefits of 

R&D can be realized with two major avenues: the first is the product innovation 

which improves the quality of product and the second is the process innovation which 

advances the production technology or knowledge. Both these avenues of R&D are 

closely linked and act as cost reducing activities. The product innovation reduces cost 

by improving the quality of product while process innovation reduces costs by upward 

shift in production function (Smith (1991). Research and development is seen as 

knowledge creation process and knowledge is applicable directly or indirectly as a 

production technique. This knowledge creation as a result of R&D improves the 

productivity and this productivity gains in the form of cost reduction are known as 

returns to R&D.    

New knowledge or technology is created by few leader countries and most of the 

countries of the world do not produce technology domestically and they have to 

acquire it from elsewhere. There are several channels of cross countries knowledge 

transformation. For example, international trade is the source of technology 

transformation embodied in goods. The imports of high knowledge and technology 

content is the source of technological advancement for the host country. Similarly, 

FDI is also the source of bringing new knowledge technology to the host economy. 

Foreign direct investment and Trade as a source of technological advancement have 

significant effects on TFP growth. According to Andersen and Dalgaard (2006) Trade 

and FDI are the sources of indirect knowledge transfers while human contact such as 
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consultancy is the direct source of knowledge transfer. Foreign technology imported 

through trade openness is assumed to have positive impact on TFP because it has 

potential to acquire knowledge of production in the form of machinery and capital 

goods (Madsen and Philip, 2006). Similarly, FDI which is also one of the indicators 

of technological diffusion is also positively related to TFP because FDI brings new 

technology, know-how, knowledge and its positive externalities (Savvides and 

Zachariadis, 2005; Keller, 2001). For assessing the impact of all sources of external 

technology on TFP growth jointly, the index of ―exposure to external technology‖ is 

developed
34

. Openness has been recognized as an important channel of external 

technology by the new growth theories. In the literature there are found four major 

channels of external technology: imports, foreign direct investment (FDI), licensing 

and migration as examined by Keller (2004). Royalties and license fees have been 

used as an indicator of technology acquisition and creation by UNDP and UNIDO. 

The UNIDO used payments of Royalties and license fees as a proxy of technology 

acquisition while UNDP used its receipts as an indicator of technology generation.  

The absorptive capacity plays a vital role in both successful innovations and 

productivity gains. The concept of absorptive capacity is the ability to recognize, 

assimilate and apply external knowledge technology commercially. It is considered to 

be a significant determinant of national innovative capacity (Nieto & Quevedo, 2005). 

According to Fabrizio (2009) the concept of absorptive capacity emphasizes that 

without appropriate expertise the firms cannot absorb sophisticated foreign 

technology. She added that absorptive capacity can be enhanced by internal research 

and development through the collaboration with research institutions and universities 

which increases the innovative benefits. The absorptive capacity is lower in most of 
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developing countries because of insufficient internal knowledge base. The insufficient 

internal knowledge base leads to difficulty in understanding the sophistications of 

external technologies imported from advanced countries. Girma and Gorg (2005) are 

also of the view that without proper absorptive capacity of country, the optimal 

productivity gains from FDI spillover cannot be obtained. 

Foreign direct investment is considered as a key channel of advanced technology and 

modern organizational knowledge from industrialization to less advanced countries. 

Foreign direct investment generates positive externalities as a result, knowledge 

spillovers from knowledge generating countries to the host economy through linkages 

with domestic clients and suppliers, learning from foreign firms and training 

workshops and programs. However, along with positive externalities, negatives 

externalities of FDI are also possible depending on the absorptive capacity of the host 

countries. But literature believes that positive aspects of FDI out weight the negative 

aspects. Therefore, FDI is considered as an important source of technology 

transformation. The literature supports the view that trade is a carrier of technology 

and knowledge and trade act as sources of foreign technology transfer to domestic 

production that has positive effect on total factor productivity. Especially the imports 

of machinery and capital equipment generate technology transformation. Studies by 

Coe et al. (1997), Connolly (2001) and Keller (1998) all support that international 

trade promotes technology transfer. To capture the impact of overall exposure to 

external technology on TFP growth the research has constructed its index. On the 

basis of above discussion the following model is specified for analysis: 

            (  )      (   )      (  )      ( )      (  )    

   (   )      ( )      (  )      (  )   (   )     
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5.2 Composition of Indexes 

Each index separately takes into account the contribution provided by every 

technological channel to the national technological capabilities. For example, the 

index of exposure to external technology reveals the contribution provided by the 

foreign technological sources to the national technological capabilities of particular 

country. The index of information and communication technology captures the 

aspects of technology related to information and communication, such as, internet, 

mobile phone and telephone subscriptions. Similarly, innovative output (IQ) index 

captures the production of new-to-the-world technologies. On the basis of review of 

theoretical and empirical literature and different data sources, technological and 

innovative capabilities are measured through the following indices. 

Principal component analysis is applied to develop innovative output (IQ) which 

reveals relative tendency of countries to innovate and to assess innovative efficiency 

of each selected country. The index is derived from different innovative output 

variables that indicate the extent of knowledge production, new products and process 

innovation achieved. In developing the index, each variable is weighted in accordance 

to its factor score that best produces correlation in the set of statistics. Innovative 

Output (IQ) index is composed of following indicators: 

 Patent grants 

 Trademark registrations 

 Industrial design registrations 

 Scientific and technical articles 

Patent: Patent is a set of rights granted under the law to the innovator for invention 

and innovation which is commercially applicable. A patent holder has the right to 

commercially exploit the benefits of his invention over the limited period of time (on 



150 

 

average 20 years) on exclusive basis. The patent grants system gives the motivation to 

the innovators for more innovations by providing legal rights on exclusive basis. 

Patents are a good proxy of innovation generation. There are patent offices where the 

patent can be registered like patent and trademark office (USPTO, 2002) in US. 

USPTO receives large number of foreign patent applications.  

Trademarks: Trademark is a sign of certain products or service in order to distinguish 

it from the products or services provided or produced by other companies. A 

trademark can be words or combination of words, logos, names, images, numbers, 

letters, sounds or a combination of all. The registration of trademarks is governed 

under legislation through the procedures of intellectual property offices and its rights 

are limited under the control of the intellectual property offices. Trademark can be 

registered at national, regional or international levels through Madrid system. The 

class count is the number of specific classes in application or registration of 

trademark, for example, an applicant can specify 45 goods and services in the 

category of nice classification. This is useful and helpful for comparison of their 

application and registration to clarify the differences in numbers of applications 

across the offices.   

Industrial design: Industrial designs contain a wide variety of handicrafts and 

industrial products. It refers to decorative or artistic aspects of products or useful 

article which includes line, colors, composition or any one of three dimensions which 

give special and unique appearance to industrial products or handicrafts. A registered 

industrial design gives exclusive rights to the holder against imitation or copying of 

design by the third parties. The term of protection of industrial design is valid for 

limited period of time usually 15 years in most of jurisdictions. Design count reveals 

the number of designs in an application or registration for design. An applicant can be 
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granted the protection of up to 100 designs by filing a single application under the 

Hague system. Design count is a useful strategy for comparison and making 

differences. 

Scientific and technical publications: Scientific Articles show the production of 

knowledge in universities, research institutions and other publicly funded research 

centers. This covers the fields of mathematics, chemistry, biology, physics, clinical 

medicine, biomedical research, engineering, and earth and space sciences. 

Information and Communications Technology index compares and evaluates the 

development in ICT sector within the countries and across the countries over the time 

in the case of both developed and emerging countries. The indicators included in the 

index are selected on the basis of relevance for study objective, availability of data 

and statistical procedure like principal component analysis (PCA). The index is based 

on following indicators. 

 Internet users (per 100 people) 

 Mobile cellular subscriptions (per 100 people) 

 Personal Computer (per 100 people) 

 Fixed telephone subscriptions (per 100 people) 

 Fixed broadband subscriptions (per 100 people) 

Fixed telephone subscriptions: it is the sum of active fixed telephone lines, fixed 

public pay phones, fixed wireless subscriptions, voice over IP subscriptions and ISDN 

voice channel equivalent. Fixed telephone subscriptions include all access which is 

available over fixed infrastructure supporting voice services by using copper wire, 

voice services through internet protocol (IP), such as DSL,  fiber optic and voice 

services using co-axial cable modem networks (television).Telephone mainlines is 
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another source which helps to acquire information regarding technical skills, new 

ideas, new technology etc.  

Mobile cellular telephone subscriptions: It is the number of subscriptions to public 

mobile phones services which provide access to telephone network by using cellular 

technology. It includes both post-paid and pre-paid subscriptions. It refers to all 

mobile cellular subscriptions which provide voice communications. 

Internet users: Internet is worldwide network which provides access to a lot of 

communications services, such as World Wide Web (WWW), carrying e-mails, data 

files, news, and entertainments. Internet services are provided not only through 

computer, but also through tablet, laptop, mobile phone, PDA, digital TV, game 

machine and many more digital devices. The people using internet are referred to as 

individuals using internet irrespective of types of devices and networks used. It can be 

through computer, mobile phones, digital TV or game machine etc. It has access via 

both fixed and mobile network. Internet is very important technological factor not 

only for business but also for access to knowledge all over the world. It is a keystone 

of the information and communication technology. 

Fixed broadband subscription: It is refers to  fixed high speed subscription to public 

internet with downstream speed equal to or more than 256 K-bit/s. It includes DSL, 

cable modems, fiber, satellite and terrestrial wireless broadband subscriptions. It is 

based on WiMax and other fixed wireless technologies for both residential and 

organizational use. This excludes those subscriptions having access to 

communications through mobile networks.  Broadband is a key infrastructure of 

connectivity which improves economic productivity of all sectors of the economy. 

Over the period of time trends reveal that the speed of broadband is continuously 

increasing with falling rates. Broadband network is the framework which provides 
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services like access to high-speed internet and multimedia services like tele-working, 

video streaming, online games etc. 

The technological knowledge is created in few leader economics domestically the 

most of world countries are unable to produce ―State of the art‖ technology locally 

therefore they have to acquire it from external sources. There are several channels   

through which knowledge or technology can move from one nation to other for 

example, the imports of high technology and knowledge embodied goods is an 

important source of technology transfer. Therefore trade is considered as a source of 

learning generally. FDI is often considered as a key channel of external technology 

and forms of superior organization from leader countries to developing countries. It 

generates positive externalities as technology spillovers to host country through 

training programs of local employees, learning from foreign firms and linkages with 

domestic clients and suppliers. Exposure to External Technology (EET) index is 

composed of following indicators: 

 Imports of high-tech Manufactures (% of total Imports) 

 Technology imports intensity (% of total imports) 

 Foreign direct investment, net inflows (% of GDP) 

 Royalties and license fee payments (% of total services Imports) 

The financial deepening index is constructed in order to capture the impact of 

financial sector development and up-gradation of financial structure and 

intermediation on innovation and productivity.  Financial deepening index is 

composed of the following indicators. 

 Domestic Credit by the Financial sector (% of GDP) 

 Financial system deposits (% of GDP) 

 Liquid liabilities (% of GDP) 
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To examine the role of overall governance in promoting innovation and productivity 

the average of six governance indices of WGI is used. The following are six indices 

on which the overall governance index is based. 

 Government effectiveness 

 Voice and accountability 

 Regulatory quality 

 Control of corruption 

 Rule of law 

 Political stability 

The weights are assigned to each indicator by using principal component analysis 

except the governance index where equal weights are assigned. The results of 

principal component analysis and average index scores of selected countries are 

discussed in the next chapter. 

5.3 Econometric Specification
35

 

The econometrics is a combination of mathematics, statistics and economics having 

the objective to give the numerical values to the economic relationships. The 

econometric methods are applied to estimate the economic relationships. This section 

will provide the detail of different econometric approaches specially related to panel 

data model. First of all the panel data analysis will be introduced along with its 

advantages over the time series or cross sectional data. The fixed effects with robust 

standard errors estimation technique is used for estimation of the models. The 

estimates obtained through this method are robust and arbitrarily accommodate to 

contemporaneously (cross sectional) correlation, within cross-section serial 
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correlation and heteroskedasticity
36

. Redundant fixed effects test, Lagrange Multiplier 

Tests for Random Effects and Correlated Random Effects - Hausman Test are used 

for selection of the best and appropriate model and estimation technique. Panel 

causality and cross section dependence test have also been explained in this section. 

The detail of these methods is given in the following discussion. 

5.3.1 Panel data analysis 

 Panel data is generally obtained when entities (e.g. countries, firms, companies or 

individuals) are observed over time. The values of panel variables are registered for 

each entity at several time periods. Literature reveals that panel data is extensively 

used in social sciences.
37

  Panel data gives more accurate estimates because of its 

additional information. The panel data analysis is less problematic and requires fewer 

assumptions as compared to other simpler methods. 

The panel data in which every cross-sectional unit (subject has equal number of 

observations) is called balanced panel whereas if some cross-sectional units (subjects) 

have different number of observations then this case is known as unbalanced panel 

data. Panel data set comprises both time series as well as cross sectional dimensions. 

The size of cross-sections is obtained by monitoring the same time series across all 

subjects (Wooldridge, 2009). One advantage of panel data set is that it provides more 

variability, more information, more degrees of freedom, more efficiency and less 

collinearly amongst the tested variables (Baltagi, 2010). Thousands of micro level 

units are studied by the researcher with the help of panel data analysis (Hill et al., 

2008). Panel data is obtained by over time examination of characteristics of various 

units (Ahn and Moon, 2001).  
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Analysis of panel data set can be believed as a combination of time series and 

regression analysis (Frees, 2004). The various models are repetitive in panel data 

because cross section observations are repetitive over the time dimensions 

(Pazarlioglu, 2001). Its main superiority is analyzing the repeated cross sectional 

units. Due to this advantage panel data analysis can better measure and detect those 

effects which cannot be detected in pure time series or cross sectional data (Gujarati 

and Porter, 2009).  

Panel data analysis provides more flexibility by increasing both quality and quantity 

of data as compared to pure cross section or pure time series data.  It considers cross 

sectional units as heterogeneous and controls them for variation. On the other hand 

pure cross section or time series analysis not control this heterogeneity problem which 

may leads to obtain biased estimates. Panel data set can control those variables which 

are time or subject invariant (Baltagi, 2010). Due to over time observations of 

different cross-sectional units, panel data analysis  gives more clear character, more 

degree of freedom, more efficiency and less co-linearity as comes to only time series 

or cross section data analysis (Tari, 2010). Panel data analysis controls the effects of 

unmeasured variables due to its time based dynamics across the cross-sectional units 

(Hsiao, 2003).      

Three panel data models, pooled, random effects and fixed effects estimation method 

are widely used. In the case of homogenous cross-sectional units the pooled OLS 

panel model is used. If the unit-specific effects are assumed as random and has no 

correlation with independent variables, then it becomes random effect model. These 

Cross-sectional effects are included in random effects model as an error term. When 

time specific effects or unit specific effects are present in the model and these effects 

are assumed to be fixed parameters, the model is known as fixed effects model. The 
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fixed effects mean nonrandom quantity is corrected for heterogeneity (Baltagi, 2010). 

The panel data model having no lagged values of explanatory or dependent variables 

is known as static panel model.  In the case of countries based panel data set if no 

country specific effects are present then the model becomes pooled OLS. If country 

specific effects are present in the model but are not correlated with the regressors they 

are called random effects. On the other hand, if these effects are correlated with 

regressors, then they are called fixed effects. 

Hsiao (2003& 2012) and Wooldridge (2002&2005) have shown that fixed effects 

model is a very powerful tool for managing endogeneity problem in panel data 

estimation due to its validity in several situations where endogeneity is important, for 

instance, this approach becomes an important means to handle the situation of 

selection bias between observable and unobservable characteristics. The general panel 

model can be expressed as under. 

                                                       (5.3) 

i = 1,2,3...,n  t = 1,2,3…,T 

Where  i are specific for each entity. A panel model allows managing the 

heterogeneity across entities. The component which is specific to each individual or 

entity can be fixed or random for each individual. This makes the basis for fixed 

effects and random effects model which are two important and major panel models. 

The part of heterogeneity is explained by the individual specific component which 

decreases the value of squared error by reducing the unexplained variation in the data. 

This makes the panel data estimates more efficient as compared to estimates through 

other models. The panel data estimation by fixed effects model also deals with 

omitted variable bias in the case when the omitted variables are time invariant. 

Another advantage of panel data over the time series data is that it does not require 



158 

 

long series. The advantage of panel data in terms of cross-section data is that the panel 

model also evaluates the time varying impact of variables on the dependent variable 

which increases the precision of estimates.  

5.3.1.1 Pooled model 

The pooled model is the same as a common simple regression model. It ignores the 

panel information and can be expressed as under. 

                                                 (5.4) 

i =1, 2,3...,n         t = 1, 2,3…,T 

The problem with pooled model estimation is that all the advantages and benefits of 

panel data could not be achieved with pooled model estimation. It is also more 

restricted as compared to random effects or fixed effects models. It is used only in the 

case when fixed effects model is not appropriate otherwise pooled OLS model gives 

inconsistent estimates. 

5.3.1.2 Fixed effects model 

One advantage of panel data analysis is that it can handle unobservable heterogeneity 

in the model by using fixed effect technique to estimate the model. The general 

expression of fixed effects model is as under: 

                                                  (5.5)  

i = 1,2,3...,n          t = 1, 2,3…,T 

In this model there is no constant term instead it has an individual specific component 

( i) which indicates an intercept for each individual or entity. In fixed effects model 

slopes ( ) are the same for all entities or countries. 

5.3.1.3 Random effects model 

 In random effects model individual component ( i) are not treated as parameters, 

therefore, not being estimated. Instead, individual specific component is assumed as a 
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random variable having μ as mean and σ
2
as variance. The random effects model can 

be expressed as under. 

     μ                                    (   μ)        (5.6) 

i =1,2,3...,n; t = 1,2,3, …, T              

Where μ is average individual effect. 

Let     (   μ)         (5.7) 

So      μ                                             (5.8) 

i = 1,2,3...,n ; t = 1,2,3…,T              

However, if the individual specific component ( ) is correlated with explanatory 

variables then the compliance of condition of Exogeneity needs to be verified. If there 

exists correlation between explanatory variables and error term (uit) means either 

pooled or fixed effects model is appropriates. 

5.3.1.4Robust Standard Errors and Covariance 

In panel data analysis across autocorrelation of disturbances is likely to be present 

which leads to biased estimation of standard errors. To overcome this problem the 

robust (clustered) standard errors is used.  The method of robust standard errors and 

covariance assumes that the error terms are cross-sectional (contemporaneously), 

heteroskedastic and serially correlated (clustered). The estimates obtained through this 

method are robust and arbitrarily accommodate to contemporaneous (cross sectional) 

correlation, within cross-section serial correlation and heteroskedasticity
38

. In this 

method the formula for estimator of coefficient covariance is as under: 

.
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  (5.9)
 

Where the first term of above equation is degree of freedom which depends on total 

number of observation in the data. N* is number of observation and K* is number of 
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estimated parameters. The method basically computes period clustered robust 

standard errors. 

5.3.1.5Redundant fixed effects test 

It is used to examine whether the fixed cross-section effects are redundant or 

necessary in the panel model regression. The null hypothesis of redundant fixed 

effects test is that the fixed effects are un-necessary and thus are redundant. 

                                H0:Fixed effects are redundant 

                                H1: Fixed effects are necessary 

If the value of the likelihood ratio statistic for redundant fixed effects is significant 

then the null hypothesis is rejected which indicates that the estimation through fixed 

effects model is adequate
39

. 

5.3.2Hausman Test for correlated Random effects 

The Hausman test is used to make decision between fixed and random effects 

estimation techniques in the case of panel data analysis. The selection of panel model 

is based on information related to individual components and Exogeneity of 

explanatory variables. This test is used for testing of appropriateness by identifying 

existence of endogeneity in the independent variables.  The basic assumption of this 

test is that there is no correlation between random effects and explanatory variables. 

The random effects model gives inconsistent estimates if there exists correlation 

between explanatory variables and error term of the model. In such a situation, the 

fixed effect model gives more robust estimates. The estimates of fixed effects model 

are always consistent. This assumption is tested by employing Hausman test. The test 

gives the results by making comparison of fixed effect and random effects estimated 

coefficients. The null hypothesis is Random effects is preferred due to its more 
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efficiency while alternative hypothesis is that fixed effects estimates are consistent 

and appropriate
40

. The steps and formulization of Hausman test are described as 

under: 

Ho: RE estimator is consistent and efficient and random effects model is appropriate.  

No correlation between error term of model and explanatory variables. 

                                 COV (  i  xit)=0          (5.10) 

H1:RE estimator is inconsistent while FE estimator is consistent. There is statistically 

significance correlation between explanatory variables and error term of random 

effect model. Hence FE model is appropriate 

Alternative hypothesis tells that there is a problem of endogeneity in random effects 

estimation model and fixed effects estimation model is consistent if alternative 

hypothesis is accepted, this means that fixed effects model should be preferred. 

                               COV (  i  xit)≠0     (5.11) 

The table 5.2 summarizes the properties of random and fixed effects models 

estimators 

Table 5. 2: Properties of random and fixed effects models estimators 

Model Correct 

hypothesis  

Random effects model used  Fixed effects model used  

H0: 𝑪𝒐𝒗𝜶𝒊,𝒙𝒊𝒕 

=𝟎Exogeneity  

Consistent  

Efficient  

Consistent  

Inefficient  

H1: 𝑪𝒐𝒗𝜶𝒊,𝒙𝒊𝒕 ≠𝟎 

Endogeneity  

Inconsistent  Consistent  

Possibly Efficient  

 

Hausman statistic follow χ
2
 (k) distribution and is calculated by the formula: 
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χ   ( ̂    ̂  ) ,   ( ̂  )     ( ̂  )-  ( ̂    ̂  ) 

Where  ̂RE 
and  ̂FE 

are vectors of estimated coefficients from Random and Fixed 

effect models, respectively and k is the degree of freedom which represents number of 

independent variables. The calculated Hausman statistic is compared with the critical 

value of χ
2
 distribution. If the Hausman statistic is greater than the critical value, the 

null hypothesis is rejected (E-views user Guide IX). 

5.3.3Panel causality testing 

The basic methodology for examining the causality between two variables was 

developed by Granger (1969). Suppose there are two time series xt and yt then the 

general form of model is given as follow. 

      ∑       
 
    ∑  

 
    

 
              (5.12) 

The above model can be used to test the causal relationship between x and y. The 

basic concept is that if lag value of x has significant impact on current value of y then 

causal relationship exists even in the presence of past values of y as explanatory 

variables in the model. With the help of above model causality can also be checked by 

using F-test. The null hypothesis of F-test is Ho:     
 
    

 
  Rejecting the 

Ho means that causality exists from x to y. 

The time series methodology is extended to test the Granger causality in panel 

context. It is based on computation of bivariate regression. The general expression of 

bivariate regression to test causality in panel context is as follow.  

                                               
   
        

   
         

 
   
           (5.13) 

                                               
   
        

   
         

 
   
           (5.14) 
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Where i stands for cross sectional dimension of panel data and t is for time period 

dimension. Different causality tests have different assumptions. Standard Granger 

causality test treats the panel dataset as large massed set of data with the exception 

that it does not allow the lagged values of data to enter from one cross-section to next 

cross-section (E-views user Guide IX). In other words, it assumes that values of all 

coefficients of all cross-sections are the same. i.e.  

                                    

                                    

5.3.4 LM tests for Random effects 

For correct model specification and proper inferences, it is necessary to test the 

existence of time and cross sectional effects. There exist a large number of tests in the 

literature for this purpose. These tests basically check the presence of any possible 

effects (random or fixed) in panel data settings. The most famous test is the Breusch-

Pagan test. Honda LM test is another test which is one sided having powerful test 

statistic. A standardized version of this test was proposed by Moulton and Randolph 

(1989). King and Wu (1997) also introduced a one-sided LM test. Moreover, Baltagi 

et al. (1999) proposed the extended version of Breusch Pagan test, King and Wu test 

and Honda test. E-views offers as following test for testing the presence of effects 

(random or fixed) in a panel model. 

 Breusch-Pagan 

 Honda 

 King-Wu 

 Standardized Honda 

 Standardized King-Wu 

Suppose there is two-way components of disturbances as suggested by Baltagi (2008): 
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                           i = 1, 2, …, N and  t = 1, 2, …, T 

Where  i represents unobservable cross-section effects,   represents unobservable 

time effects and v represents remaining unobservable effects. All LM tests mentioned 

above are based on the assumption that the unobservable cross section, time and 

disturbances effects all are independent i.e. N (0, σμ
2
). The null hypotheses can be 

stated as follows: 

 The null hypothesis of no cross-sectional effects is H0
 
: σ 

2 
= 0 

 The null hypothesis of no time effects is H0
 
: σ 

2 
= 0 

 The null hypothesis of absence of both effects is H0
  
: = σ 

2
 = σ 

2
 = 0 

5.3.5Cross Section Dependence (Diagnostics) Test 

The disturbances in a panel data having large number of cross sectional units (N) are 

assumed to be independent. However, it is considered that the cross-sectional 

dependence is present often in panel data model. Therefore, testing for the presence of 

cross-sectional dependence is necessary in panel regression analysis. Ignoring it leads 

to the loss of estimate’s efficiency and invalid results of test statistic. There are a 

number of tests for checking cross-sectional dependence as follows. 

 Breusch-Pagan LM 

 Pesaran scaled LM  

 Bias-corrected scaled LM  

 Pesaran CD 

Let us consider the following panel model: 

                              i =1, 2, 3,…, N and t = 1,2,3,…T 

Where x is a k-dimensional column vector of explanatory variables,   is the vector of 

parameters corresponds to cross-section and   denotes disturbance term. Generally, 

the null hypothesis is that there is no cross-sectional dependence in the panel model. It 
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can be stated in terms of correlations in residuals of different cross sectional units as 

under. 

             (       )            

Where, m denotes the product moment of residuals correlation coefficient. In the case 

of balanced panel sample the product moment is measured as under. 

     
∑  ̂   ̂  
   
   (   )

√∑  ̂  
    

   (   )
√∑  ̂  

    
   (   )

       (5.15) 

In the case of unbalanced panel sample, the product moment is measured with 

centered correlation coefficients as proposed by Pesaran. The term tϵ (i , j) indicates 

sum of subset over Ti,j observations common to i and j 

     
∑ ( ̂    ̃ )   (   ) ( ̂    ̃ )

√∑ ( ̂    ̃ )
 

   (   ) √∑ ( ̂    ̃ )
 

   (   )

     (5.16) 

  ̃  
∑  ̂     (   )

   
 

 ̃ denotes pair-wise mean which is actually adjusted residual reflecting the fact that 

pair-wise means are not necessarily equal to zero
41

.  

5.4 Index Construction 

The technological advancement, innovation and productivity has gained central place 

in the targets of economic policy of different governments in the world. The 

measurement of innovative capacity, technological advancement and productivity is 

an essential step for understanding relative position of economies regarding these 

capabilities. For this purposes, the present research has constructed the indices of 

innovative output (IQ), TFP, information &communication technology (ICT), 

                                                           
41

 Wooldridge (2002), Arellano (1987) and E-views user Guide IX 
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exposure to external technology (EET) and financial deepening (FD). The details of 

index construction process are given as below. 

5.4.1 Steps in index construction 

Generally these are main four main steps in index construction that have been used in 

well-known Human development index and Globalization index. 

 First step is the judgment about the relevant variables that should be used in 

the construction of index. 

 Second, the quantitative variables are then normalized in order to remove the 

problem of different units of measurements. 

 Third, the normalized variables are combined together through simple average 

or weighted average to get index number.  

 Fourth, the numerical scores of this index are finally used for country ranking.  

5.4.2 Normalization of data 

The main problem faced during construction of an index is to find an appropriate 

aggregation method to combine different multidimensional sub-indicators into a 

composite index. There is lack of consensus regarding aggregation and weighting 

strategy. The process of normalization decomposes the attribute values within a 

specific range of smaller size. It transforms the complex data set into a simple one 

having a particular property. Therefore, it is also known as data rescaling of attributes 

technique. It is basically a process of transformation, in which there are various 

techniques for normalization and most famous of all is the min-max normalization. 

Through min-max technique, actual data is transformed linearly while retaining the 

actual changing pattern and correlation. The advantage of min-max technique is that it 

retains the relationship among the actual data set. This method converts the different 

variables having different units of measurement into same scale which becomes 
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comparable. The formula for normalization is given as observed values-minimum 

value. 

(  )    (  )   
(  )    (  )   

     

Where Ov = Observed value, Nv =Minimum values and Mv =Maximum values 

The range of index is optional and it can be from hundred to zero. 

5.4.3 Statistical approach 

After normalization and identification of the indicator variables of index, the principal 

component analysis is carried out to measure the respective weights of each variable 

in the index as a statistical approach. 

5.4.4 Principal Component Analysis 

Earliest, the principal component analysis technique was given by Pearson (1901) 

although it is now often referred to Hoteling (1933). It is a statistical approach for 

examining the interrelationship among a set of indicators to identify the combined 

structure of used variables. It is also called factor analysis. It is independent from any 

hypothesis related to data distribution and is a non-parameter analysis. The analysis 

assumes that the whole data set consists on liner combination of related variables and 

component having large variance has interesting and important dynamics. The 

previous studies have used principal component analysis to determine variable 

weights and their structure. This technique combines the sub-indicators together to 

construct a composite index capable of keeping maximum possible common 

information of used sub-indicators (Nardo et al. 2005). It has been applied in many 

composite indices by the several World organizations, such as World Bank, UNIDO 

and World Economic Forum. It is a very useful technique to transfer a large number 

of variables into a single or small number of composite variables. Every component is 

a weighted higher combination of original variables. The orders of all components are 
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according to the amount of variation explained in the data so that the first principal 

component accounts for the much of the amount of variability in the initial variables. 

The second component accounts for those maximum variability in the original data 

that is not explained by the first component. Similarly, third component accounts for 

that variation which is unaccounted by the first and second components and so on. All 

the components are completely uncorrelated with each other. The first principal 

component accounts for much of the variability in the data, therefore only first 

principle component is retained. 

As the first principal component accounts for the largest variation in the data so the 

weights are assigned according to first component
42

.  The following formula is used to 

determine the weights. 

      
    

∑   
      

          (5.17) 

i = 1,2,3,…,m (number of index)  and     j = 1,2,3,…,m (numbers of indicators) 

wi,j are the variables weights corresponding to i
th

 index and j
th

 variable and Si,j is the 

Score coefficient in first PC of i
th

 index and j
th

 variable. The weights assigned through 

this method are particular for each variable included in the construction of index. In 

this way the principal component analysis overcomes the problems of assigning same 

weights to all variables. The principal component analysis is applied on numerical 

data and any categorical variables could not be included if these could not be 

quantified. This approach also requires that there should be no missing data, so if 

some observations are missing in the data, an average value or other value is used. 

The PC analysis identifies the principal direction by transforming correlated variables 

into uncorrelated components. The first principal component which accounts for the 

                                                           
42

Fernando, Samita and Abeynayake (2012). 
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greatest variation in the data set is used as a linear index of all included variables 

retaining the maximum common information of all variables. In this way this analysis 

helps determine the most appropriate weights for each variable to be used for 

construction of the index based on the first principal component as a linear 

combination of all variables i.e.( x1,x2, …,xp) as given below. 

                             (5.18) 

The total number of principal components (ρ) is equal to the number of variables. The 

Eigen values which represent the amount of variance explained by each component 

and its values decrease from first to the last principal component.  

This approach calculates the weights of each indicator in an objective manner and 

allows the data to determine weights instead by subjective manner. It is a statistical 

method to reduce the dimensionality and summarize the large data set through 

orthogonal linear combinations. This helps shrink the number of variables by 

calculating those combinations of series that contain maximum information of 

original data set. It examines the correlation matrix of variables and extracts the 

principal components whose eigen values are the largest. The first component 

captures the largest variability in the data, the second component has next largest 

amount of variance and so on until all the variability is explained. All principal 

components are uncorrelated (orthogonal) with each other. By selecting the 

component having the largest variance the dimensionality of data can be decreased.  

In this process the data itself determines attached weights rather than being imposed 

by the researcher.  

This technique has been extensively used in different fields like in poverty analysis 

(Sricharoen and Buchenrieder, 2005), in health economics (Vyas and Kumaranayake, 

2006) in regulatory policy analysis (Nicoletti and others, 1999) and in measuring 



170 

 

cross country capital controls (Chinn and Ito, 2006). This approach has advantage 

over the previous approach in construction of index and it contrasts with most of 

existing techniques reported in the literature. Most of previous approaches combine 

the sub-indicators by using arbitrary weights just on the basis of some week 

theoretical and empirical justifications. The next chapter will explain the principal 

component analysis and other steps of index construction in more detail. 

The composite index is constructed after calculating the sub-indices through the min-

max method of normalization and obtaining the weights through PCA. The general 

formula used for constructing each composite index denoting weights and sub-indices 

for country i in time period t as wit = (w
1
,…, w

M
)  and Sit = (S

1
,…, S

M
) with M sub 

indices can be written as:-   

    
∑      

 
  

 
   

∑     
 
   

      (5.19) 

5.4.5 Bartlett’s Sphericity test 

It examines whether there is correlation among the variables or not? The null 

hypothesis of this test is no correlation between variables or the variables are 

orthogonal. The principal component analysis can be performed only if the null 

hypothesis of Bartlett’s test is rejected. The test is based on overall relationship 

between the variables. First the determinant of the correlation matrix R is computed 

under the null hypothesis |R| = 1 which shows the variables are perfectly correlated 

and |R| ≈ 0. The Bartlett’s test statistic is computed as below: 

   0    
    

 
1              (5.20) 

This statistic shows degree of deviation from the reference situation i.e. |R| = 1. The 

statistic follows χ
2
 distribution having [ρ x (ρ-1)/2] degrees of freedom. Where ρ 



171 

 

denotes the numbers of variables included. The principle component analysis can be 

performed efficiently by rejecting the null hypothesis of Bartlett’s test. 
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CHAPTER 6 

ESTIMATION AND RESULTS DISCUSSION 

Empirical analysis has great importance in the field of economics. The empirical work 

examines the economic issues and problems deeply and watchfully and on the basis of 

its findings existing theories can be falsified or validated. This chapter contains the 

empirical results and discussion of this research. The results of this research are based 

on comparison of three different panel data approaches—pooled OLS, fixed effects 

and Random effects approach to examine the determinants of national innovative 

capacity and TFP growth specified in previous chapter. In panel data analysis across 

autocorrelation of disturbances is likely to be present which leads to biased estimation 

of standard errors. To overcome this problem the robust standard errors is used.  

Therefore, fixed effects with robust standard errors estimation technique is used in 

this study for estimation of the models. The estimates obtained through this method 

are robust and arbitrary accommodate to contemporaneously (cross sectional) 

correlation, within cross-section serial correlation and heteroskedasticity. It indicates 

that estimated model has panel corrected standard errors robust to contemporaneous 

correlation, heteroskedasticity and serial correlation.  Redundant fixed effects test, 

Lagrange Multiplier Tests for Random Effects and Correlated Random Effects - 

Hausman Test are used for selection of the best and appropriate model and estimation 

technique. 

The empirical results are based on major three parts. In first part two models of 

OECD countries case are presented that examine the determinants of national 

innovative capacity and TFP growth. Second part contains estimation of same two 

models for the case study of Asian growing economies. In third part the causality 
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between national innovative capacity and TFP growth is analyzed by using panel 

Granger causality test to explore the downstream effects of national innovative 

capacity on TFP growth. 

The organization of this chapter is as follows: section 6.1 starts with the discussion of 

data and index interpretation. The results of Principal Component Analysis (PCA) and 

Bartlett's Test of Sphericity have been discussed in this part of research. This section 

also presents the tabular and graphical trend analysis of TFP, ICT and IQ indices. 

Section 6.2 and 6.3 presents the estimated results case studies of technologically 

advanced OECD countries and Asian growing economies respectively. Section 6.4 

presents the results of panel Granger causality analysis and Panel Pooled Mean 

Group/Autoregressive Distributed Lag (PMG/ARDL) approach. This section also 

contains the overall findings of chapter. The last section of chapter provides 

sensitivity check. 

6.1 Data and Index Interpretation 

In this section the construction of five indices for two selected groups of countries by 

using appropriate statistical procedure is discussed. The index number approach as an 

extension of growth accounting approach
43

 has been used to estimate TFP index. An 

alternative measure of two factors of production (labor and capital has been used) 

instead of traditional measures of these input factors. In traditional method which was 

mostly used in previous studies the labor is measured as total number of employed 

workers and capital is measured as gross capital stock in monetary terms, such as 

dollars or rupees. In this research the employed workers after adjusting for variation 

in hours of work is used as an alternative input measure to estimate TFP index. 

Similarly, real capital stock which is adjusted for inflation is used as an alternative 

                                                           
43

 The details of growth accounting approach are given in the previous chapter of this study. 
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measure of this input. The TFP index is measured on the base year of 1990. The 

Shares of respective compensation in GDP of labor and capital have been used as 

weights to measure the TFP index
44

. However, in the case of Pakistan the weights of 

labour and capital measured by Ahmad, H.K. (2011) have been used. 

The data of real GDP, capital stock, employed labor force, average annual hours 

worked and share of labor compensation in gross domestic product were taken from 

9.0 version of Penn World Table (PWT)  which is based on the latest World Bank 

International Comparison Program (ICP), 2011 also known as benchmark year
45

. The 

data of capital stock is built up on the basis of investment assets having major four 

categories: structures, machinery, transport and other assets. Structures include 

residential and non-residential, machinery includes computer, printer, communication 

equipment and other assets contain software, intellectual property and other intangible 

assets. The data of real GDP was revised and improved because of incorporation of 

latest ICP 2011 as a benchmark. This revision of real GDP data is very important for 

cross country comparison and analysis. The data of Gross R&D expenditure is taken 

from the database of OECD: Science, technology and innovation. It expresses the 

total expenditure on R&D including R&D within a country and funding from abroad 

but it excludes payments made by country for R&D to abroad. It consists of R&D 

expenditure in government sector, business sector, non-profit firms and higher 

education. The missing values in data are interpolated by the method of averaging the 

observations of preceding and succeeding years. The data of different governance 

indices is taken from World Governance Indicators (WGI). The data on other 

different variables was collected from Penn World Tables, OECD’s Main Science and 

Technology Indicators, World Development Indicators (WDI) and World Intellectual 
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 For details see Feenstra, Inklaar and Timmer (2013) 
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 For detail see Feenstra et al. (2015). 
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Property Organization (WIPO). The other sources of data are given in table 6.2. All 

data was expressed as percentage of GDP, percentage of population or as percentage 

of imports/exports in order to maximize the cross-country comparability of panel data. 

In this way the influence of data outliers can also be minimized. All the variables 

were used in logarithm form for estimation (except the governance index of Panel-II). 

Data on All the indicators used in the construction of indices were normalized and 

converted into a uniform scale through mini-max method of normalization. The 

weights used for calculating the indices were determined by the method of Principal 

Components Analysis (on the basis of scores). The missing observations in the data 

were filled through interpolation of data by using moving average technique. 

However, in construction of an index if more observations were missing then zero 

weight was assigned to missing entries
46

. The soft-wares used in empirical and 

econometric estimation are E-views, Stata and SPSS.     

6.1.1 Panel countries 

The first group (Panel-I) included a panel of thirteen OECD technologically advanced 

countries (Australia, Austria, Canada, Finland, France, Germany, Italy, Japan 

Norway, Portugal, Spain UK and USA) and the second group (Panel-II) included a 

panel of nine Asian economies (China, Hong-Kong, India, Korea, Malaysia, Pakistan, 

Singapore, Thailand and Turkey) and the time period was from 1996 to 2015. A 

balanced panel data on yearly basis was used. The purpose of selecting 

technologically advanced and innovative countries (Panel-I) in the analysis is to learn 

from best practices. Similarly, one reason of selecting Asian growing economies 

(Panel-II) is that most of these economies stand at a threshold level of development 

and require a new technology and new approach to growth. The high GDP growth of 
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Asian economies during the last few decades has transformed Asia from low to 

middle income region but the real challenge for Asian growing economies is 

sustainability growth momentum which mainly depends on improvement in total 

factor productivity. According to the ADB report 2016 ―The Asia 2050‖ sustainability 

growth is only possible if Asian economies transform their economies into knowledge 

based economies as the knowledge is significant promoter of TFP. Therefore, need for 

an innovative strategy is more real and immediate in Asia than in other developing 

regions of the World. The availability of data also played role in selection of 

countries. 

6.1.2 The results of Principal Component Analysis 

Table 6. 1:The share of principal components in total variance explained by indicator 

Component Total eigenvalues Share of total 

variance    explained 

(%) 

Cumulative share of 

variance    explained (%) 

Information and Communication Technology (ICT) 

1 3.678 73.553 73.553 

2 .848 16.951 90.503 

3 .298 5.954 96.458 

4 .097 1.940 98.398 

5 .080 1.602 100.000 

Bartlett's Test of Sphericity:                Chi-square (10)  2153   (p-value 0.00)* 

H0: There are no common factors in the data. 

Innovative Output Index (IQ) 

1 2.097 52.421 52.421 

2 1.112 27.789 80.210 

3 .563 14.087 94.297 

4 .228 5.703 100.000 

Bartlett's Test of Sphericity:                      Chi-square (6)  526.50   (p-value 0.00)* 

H0: There are no common factors in the data. 

Exposure to external technology (EET) 

1 2.597 64.914 64.914 

2 .867 21.681 86.596 

3 .501 12.529 99.125 

4 .035 .875 100.000 

Bartlett's Test of Sphericity:              Chi-square (6)   1411.55             (p-value 0.00)* 

H0: There are no common factors in the data. 

Financial deepening index (FD) 
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1 2.442 81.412 81.412 

2 .459 15.290 96.702 

3 .099 3.298 100.000 

Bartlett's Test of Sphericity:                       Chi-square (3)     917.64   (p-value 0.00)* 

H0: There are no common factors in the data. 

*Rejection of null hypothesis at 1% level of significance. Source: Author’s estimates 
 

Table 6.1 reports the results of principal Components analysis. According to results, 

more than 60% total variance in three cases and more than 50% in one case was 

explained by the first component from each index. The eigenvalues of the first 

principal component for each case was also the highest. Moreover, according to 

Bartlett’s test for Sphericity, the null hypothesis of no correlation among the variables 

used to construct the index was strongly rejected at 1 percent level of significance in 

all cases. The results suggested that the first principal component adequately 

combined the variables in each index. Therefore, weight to each variable of index was 

assigned according to the first principal component having the highest eigenvalues 

and percentage of variance explained. The weights to sub-indices were based on the 

scores obtained through PCA except for governance index where the equal weights 

were assigned. The principal component analysis assigned unequal weights in all 

cases. The details of weights assigned by principal components analysis are given in 

table 6.2below. 

Table 6. 2: The detail of sub-indices used to construct composite indexes 

Sub-indices Sources of data Variable 

weights 

(%) 

Innovative Output Index (IQ)                              100 

Patent grants (per million residents) WIPO 30 

Trademark registrations(per million residents) WIPO 26 

Industrial design registrations(per million residents) WIPO 31 

Scientific and technical articles WDI 13 
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Table 6. 2: (Continue) 

 

Sub-indices Sources of data Variable weights (%) 

Information & Communication Technology index (ICT)       100 

Internet users (per 100 people) 

Mobile cellular subscriptions (per 100 people) 

 

Personal Computer (per 100 people) 

 

Fixed telephone subscriptions (per 100 people) 

 

Fixed broadband subscriptions (per 100 people) 

WDI 

WDI 

 

ECONSTATS
TM

 

and 

www.nakono.com 

WDI and ITU 

 

WDI 

23 

20 

 

23 

 

13 

 

 

21 

Exposure to external technology                       100 

Imports of high-tech Manufactures (% of total 

Imports) 

Technology imports intensity (% of total imports) 

Foreign direct investment, net inflows (% of GDP) 

Royalties and license fee payments (% of total 

services Imports) 

UNCTAD 

 

UNCTAD 

 

WDI  

 

UNCTAD and 

WDI 

30 

 

30 

 

25 

 

15 

Financial deepening                                    100 

Domestic Credit by the Financial sector (% of GDP) 

Financial system deposits (% of GDP) 

Liquid liabilities (% of GDP) 

WDI  

 

WDI  

WDI 

35 

 

35 

30 

Governance                         100 

Government effectiveness 

Voice and accountability 

Regulatory quality 

Control of corruption 

Rule of law Kaufmann 

Political stability 

WGI  

WGI  

WGI  

WGI  

WGI  

WGI 

16.7 

16.7 

16.6 

16.6 

16.7 

16.7 
 

6.1.3 Average estimates and trends of indices 

The technological advancement, innovation and productivity have gained central 

place in the targets of economic policy of different governments in the world. The 

measurement of innovative capacity, technological advancement  and  productivity  is  
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an essential step for understanding relative position of economies regarding these 

capabilities. For this purposes, the indices of innovative output (IQ), TFP, information 

& communication technology (ICT), exposure to external technology (EET) and 

financial deepening (FD) have been constructed in the present study.Table 6.3and 

Figure 6.1 report the summary of average values of three main indices in the case of 

OECD tested economies over the period 1996-2015.The results confirm the 

increasing trends all three indices over the period of 1996 to 2015. According to the 

reported index results the UK is the dominating country in terms of TFP index and 

ICT index among the OECD countries over the period of1996 to 2015. Japan has the 

highest score of innovative output (IQ) index and Australia is the second in terms of 

IQ index among this group. In this group Italy has the lowest score in ICT index and 

France in IQ index. There is an increasing trend in three indices in the case of UK 

economy over the period under study. 

Table 6.3: Average estimates of three indices (Panel-I). 

(*Base year is 1990=1) Source: Author’s estimates 

Countries TFP index* ICT index IQ index 

1996-2015 2015 1996-2015 2015 1996-2015 2015 

Australia 1.202 1.235 49.76 73.96 26.57 31.95 

Austria 1.120 1.141 48.37 73.39 22.25 20.22 

Canada 1.093 1.094 54.33 77.73 14.61 17.25 

Norway 1.215 1.174 54.51 73.31 19.62 22.09 

Finland 1.240 1.226 50.61 66.91 19.76 22.36 

France 1.121 1.141 48.05 78.85 12.50 12.57 

Germany 1.164 1.207 51.81 78.41 18.81 19.39 

UK 1.241 1.297 53.11 80.87 16.12 21.81 

USA 1.198 1.285 53.05 73.94 19.01 23.82 

Italy 1.008 0.951 38.38 58.76 15.52 17.37 

Japan 0.858 0.844 47.90 75.68 40.60 36.86 

Portugal 1.041 0.992 37.61 62.65 18.16 29.16 

Spain 0.988 0.965 37.46 61.04 22.97 22.09 



180 

 

The trends in average scores of indices in the case of panel-I is given in figure 6.1. 

The graph shows that TFP and IQ index are following almost the same trend in the 

case of OECD countries over the 1996 to 2015. Same trend of TFP and IQ index 

confirm the close relationship between these two indicators. 

Figure 6.1: The trends in average scores of indices (Panel-I). 

Source: Author’s estimates 

Total factor productivity shows deceasing trend from 2007-08 which reflects the 

adverse impact of global financial crisis on global economies. The malfunctioning of 

financial system as a result of this crisis wasted the productive resources, encouraged 

speculations, discouraged savings and resulted in a misallocation of productive 

resources and underinvestment led to the stagnation of productivity in these 

economies. The increasing trend of ICT index shows the rapid penetration rate of this 

technology in OECD countries as compared to Asian economies. 

Table 6.4 gives summary of three main indices in the case of Asian economies under 

study. According to the results of this table, the most of low scoring countries are 

from Asia as compared to OECD countries. Among the whole group of 22 countries 

under study, most of the Asian economies, such as Pakistan, India, Thailand, China, 
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Turkey and Malaysia have lower values of ICT index and IQ index as compared to 

OECD economies. Interestingly, in 2015, the leading country in terms of ICT index 

was Hong-Kong and in terms of IQ index was Korean republic. Both these countries 

are from Asian economies. On the other hand Pakistan and India have lowest scores 

in both the indices.   

Table 6.4: Average estimates of three indices (Panel-II). 

Countries TFP index* ICT index IQ index 

1996-2015 2015 1996-2015 2015 1996-2015 2015 

Korea 1.11 1.17 53.80 77.63 54.74 87.56 

Malaysia 1.10 1.19 25.68 44.05 5.60 10.52 

Pakistan 1.20 1.36 5.03 12.49 1.26 1.65 

Singapore 1.12 1.20 48.65 70.72 23.77 32.40 

Thailand 1.04 1.17 14.13 32.14 4.04 5.13 

Turkey 1.00 1.00 19.70 33.74 10.19 19.39 

China 1.19 1.18 15.56 36.36 11.02 26.52 

Hong-Kong 1.12 1.29 58.63 87.10 22.30 34.18 

India 1.30 1.54 4.84 15.39 1.85 2.08 

*Base year is 1990=1Source: Author’s estimates 

 

Figure 6.2: The trends in average scores of indices (Panel-II). 

Source: Author’s estimates 
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From figure 6.2 the almost similar trend of TFP and innovative capacity can be seen 

which again confirms the close relationship between these two indicators. The ICT 

index also shows an increasing trend. All three indices have increasing trends over the 

period 1996 to 2015 in the case of Asian economies. However, in OECD case the 

trend of ICT is rapidly increasing as compared to Asian case. The TFP trend remained 

little slower during the period 2008-09 in this case. The table 6.5 reports the overall 

average estimates of TFP, ICT and IQ index. The given estimates reveal that over the 

period of time the difference of ICT adoption and innovative performance is 

decreasing between OECD and Asian economies over time which is the evidence of 

convergence. The information given in this table 6.5 reveals that Asian region has 

started to move toward knowledge based economy currently but the productive 

benefits can be achieved by sustaining this trend over time.  

Table 6.5: Panel average estimates of major three indices. 

Source: Author’s estimates 

6.2 Econometric Results 

The econometric results are based on major fourth parts. In the first part two models 

of Panel-I countries are presented which examine the determinants of national 

innovative capacity and TFP growth. The second part contains estimates of the same 

two models in the case panel-II. In the third part the causality between national 

innovative capacity and TFP growth is analyzed by using panel Granger causality test 

Region TFP index ICT index IQ index 

1996-2015 2015 1996-2015 2015 1996-2015 2015 

OECD 1.11 1.12 48.10 71.96 20.50 22.84 

ASIA 1.13 1.23 27.34 45.51 15.00 24.38 
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to explore the downstream effects of national innovative capacity on TFP growth.  

The long run impact of innovation on TFP growth is also examined in this section by 

using panel ARDL/PMG approach. Finally, the sensitivity analysis is given to check 

robustness of estimated results to alternative approaches. 

6.2.1Case Study of Panel-I 

This case study includes the countries of panel-I. The estimation of each case study is 

based on two models: The first analyses the national innovative capacity by 

estimating the knowledge production function and second model investigates the 

determinants of TFP growth The whole estimation is based on a comparison of three 

panel data estimation approaches: pooled, random effects and fixed effects for 

obtaining the most suitable, unbiased and consistent estimates. 

6.2.1.1 Model 1: Determinants of national innovative capacity 

The model 1 of this case study examines the determinants of national innovative 

capacity by estimating knowledge production function in the case of thirteen OECD 

advanced economies (Panel-I). Main objective of this model is to examine which 

variable affects innovative out by promoting national innovative capacity. 

The first step is pooled OLS estimation (without any effects). The Redundant Fixed 

Effects Tests is used to examine whether the fixed cross-section effects are redundant 

or necessary in the panel model regression. The null hypothesis of redundant fixed 

effects test is that the fixed effects are un-necessary and thus are redundant. 

Table 6.6: Redundant Fixed Effects Tests (Panel-I) 

 

Effects Test  

Model 1 Model 2 

Statistic Prob. Statistic Prob. 

Cross-section F 37.59* 0.00 49.09* 0.00 

Cross-section Chi-square 275.71* 0.00 323.86* 0.00 

Note: * indicates rejection of null hypothesis at 1% level of significance 

Source: Author’s estimates 
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According to the results of redundant fixed effects test of model 1 given in table 6.6, 

p-values of F-statistic (sum of squares) and likelihood ratio (chi squares statistic) also 

reject the null hypothesis strongly. The results of test indicate that the fixed effects are 

statistically significant. It indicates that the fixed effects estimation is appropriate.  

Table 6.7: Residual Cross-Section Dependence test in case of pooled OLS (Panel-I) 

Test Model 1 Model 2 

Statistic Prob. Statistic Prob. 

Breusch-Pagan LM 293.87* 0.00 379.91* 0.00 

Pesaran scaled LM 16.24* 0.00 23.13* 0.00 

Bias-corrected scaled LM 15.90* 0.00 22.79* 0.00 

Pesaran CD -0.64 0.52 1.25 0.21 

Note: * indicates statistical significance at 1% level. Source: Author’s estimates 

 

The results given in Table6.7 indicate that values of Breusch-Pagan LM, Pesaran 

scaled LM and Bias-corrected scaled LM tests’ statistics significantly reject the null 

hypothesis of absence of cross-section dependence in residuals. However, Pesaran CD 

fails to reject this hypothesis. This again indicates that pooled OLS estimates the 

model 1of this case study by hiding the heterogeneity of cross-sections which is not 

appropriate. 

Table 6.8: Lagrange Multiplier Tests for Random Effects (Panel-I& Model-I) 

Test Hypothesis Cross-section Time Both 

Breusch-Pagan 
798.62 7.13 805.75 

(0.00) (0.02) (0.00) 

Honda 
28.26 -2.67 18.09 

(0.00) -- (0.00) 

King-Wu 
28.26 -2.67 20.46 

(0.00) -- (0.00) 

Standardized Honda 
40.76 -2.49 17.82 

(0.00) -- (0.00) 

Standardized King-

Wu 

40.76 -2.49 21.55 

(0.00) -- (0.00) 

*Mixed chi-square asymptotic critical values: 1% (7.29), 5% (4.32), 10% (2.95). 

Source: Author’s estimates 
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The results of LM tests reported in table 6.8 show that there are unaccounted for 

random effects in the residuals of pooled estimators. The value of p statistic of all 

tests is well below the significance level. Therefore, the null hypothesis is strongly 

rejected which provide evidence that country specific effects should be retained in the 

model. The results of both types of tests, redundant fixed effects test and Lagrange 

Multiplier test (LM) provide strong evidence that this model should be estimated by 

retaining some effects and estimation without effects (pooled ordinary least squares) 

is inconsistent and inappropriate.  

Table 6.9: Correlated Random Effects-Hausman Test (Panel-I& Model-I) 

Variables Fixed 

effects 

( ̂FE
) 

Random 

effects 

( ̂RE
) 

Difference 

,   ( ̂  )

    ( ̂  )- 

R&D Expenditure 0.522472 0.14429 0.00678 

Information and Communication Technology 0.027346 0.017521 0.000374 

Governance -0.17296 -0.28921 0.005807 

Financial Deepening 0.230516 0.297576 0.001017 

Exposure to external technology 0.138296 0.162502 0.000443 

Human capital 0.521416 -0.12168 0.017416 

Per capita income -0.30218 0.410418 0.058163 

Population Growth -0.01718 -0.02933 0.000024 

H0: The RE estimator is consistent (Difference in coefficients is not systematic) 

χ   ( ̂    ̂  ) ,   ( ̂  )     ( ̂  )-  ( ̂    ̂  )         

Prob.> χ
2
 =0.00 

 Note: * indicates rejection of null hypothesis at 1% level of significance 

Source: Author’s estimates by using E-.views 9. 
 

The next step is to check whether the random effect or fixed effect is appropriate for 

estimation by using Hausman test. In Table 6.9 the result of Hausman test is given of 

model 1. According to results the null hypothesis is strongly rejected which indicates 

that the estimation through fixed effects model is appropriate and must be preferred 

over random effects model. On the basis of results of varieties of diagnostic test 

performed in the previous section, it can be concluded that only fixed effects with 
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robust standard errors estimation is appropriate for this model. Therefore model is 

estimated through fixed effects approach to examine the determinants of national 

innovative capacity. 

Table 6.10: The determinants of national innovative capacity (Panel-I) 

Dependent variable Innovative Output (IQ) index 

Explanatory variables Coefficient t-statistic p-value 

R&D Expenditure 0.52 7.76 0.000 

Information and Communication 

Technology 0.03 0.64 0.520 

Governance -0.17 -1.18 0.240 

Financial Deepening 0.23 4.41 0.000 

Exposure to external technology 0.14 1.96 0.051 

Human capital 0.52 3.56 0.000 

Per capita income -0.30 -1.41 0.159 

Population Growth -0.02 -0.69 0.492 

Intercept -4.44 -1.66 0.098 

R-squared:   0.81Adj. R-squared :   0.78F-statistic:  51.77*Prob. (F-stat): 0.00 

Source: Author’s estimates by using data discussed in section 6.1 

Table 6.10 reports the estimated results of knowledge production function by using 

fixed effects with robust standard errors approach having innovative output index as 

the dependent variable and its explanatory variables in the case of technologically 

advanced OECD countries. The estimated model gives the results of relationship 

between innovative output index and different sources of national innovative capacity. 

The factors that affect innovative output are known as determinants of innovative 

capacity. The reported results show that overall the results are robust and the model as 

a whole is good fit and significant as the value of R
2 

=0.81 and adjusted R
2
 is 0.78 

which means that 78% variation in innovative output index is explained by the 

independent variables. Research and Development expenditures and human capital 

that are input measures of innovation appear to be the most important determinants of 

innovative capacity with the highest coefficient values. The results reveal that both 
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the input measures of innovation improve the national innovative capacity by 

positively contributing to the innovative output. The both determinants have the same 

value of coefficients which is 0.52. It implies that 1 percent increase in value is 

associated with 0.52 percent increase in innovative output index. The results 

demonstrate that R&D expenditure and human capital play important role in 

determining innovative output as suggested by the proponents of the endogenous 

growth theory. It suggests that both R&D and human capital affect innovative output 

significantly with expected positive sign. This implies that economies with higher 

level of R&D expenditure have been able to achieve higher innovative output which 

is consistent with findings of Griffith et al. (2006) and Hall et al. (2009). They also 

suggested a significant and positive impact of R&D on innovative output. The 

financial sector development and exposure to the external technology also have 

positive and statistically significant impact on innovative output. The value of 

coefficient of FD index is 0.23 which implies that 1percent increase in value is 

associated with 0.23percent increase in IQ index and value of coefficient of EET 

index is 0.14 which implies that 1 percent increase in value is associated with 

0.14percent increase in IQ index. This suggests that these two variables also promote 

national innovative capacity of OECD countries. The adoption and usages of 

information and communication technology (ICT) is also a positive contributor to 

innovative output but its impact is not significant in this case. The overall results of 

estimated knowledge production function show that R&D, human capital, financial 

development and external technology play positive and key role in developing the 

national innovative capacity of OECD countries. 
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6.2.1.2 Model 2: Determinants of TFP growth 

The analysis has so far exclusively focused on determinants of national innovative 

capacity. Now the analysis is extended to demonstrate the impact of different sources 

of innovative capacity and technology on TFP growth. This is basically to understand 

the role of knowledge production for long term economic growth by enhancing TFP 

as discussed by Porter and Stern (2002) in detail. The model 2 of this case study 

analyzes the determinants of TFP growth of technologically advanced OECD 

economies. The results of redundant fixed effects test of model 2 are reported in 

previous section (Table 6.6). According to the results of redundant fixed effects test 

given in the Table 6.6, p-values of F-statistic (sum of squares) and likelihood ratio 

(chi square statistic) reject the null hypothesis strongly in this case too. The test 

indicates that the fixed effects are statistically significant and pooled OLS model is 

inconsistent. It indicates that the fixed effects estimation is appropriate for this model 

too. This test is also known as test for heterogeneity because it examines whether 

intercepts have common value or have different values. 

The results of Residual Cross-Section Dependence (panel diagnostic) tests in the case of 

pooled estimation of model 2 are reported in previous section (Table 6.7).The results given 

in Table 6.7 indicate that values of Breusch-Pagan LM, Pesaran scaled LM and Bias-

corrected scaled LM statistics significantly reject the null hypothesis of absence of 

cross-section dependence in residuals. However, Pesaran CD fails to reject this 

hypothesis. It indicates that pooled OLS estimates the model by hiding the 

heterogeneity of cross-sections which is not appropriate in this model too. 
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Table 6.11: Lagrange Multiplier Tests for Random Effects (Panel-I & Model-II) 

Test Hypothesis Cross-section Time Both 

Breusch-Pagan 52.46(0.00) 5.73(0.02) 58.19(0.00) 

   Honda 7.24(0.00) -2.39 3.43(0.00) 

   King-Wu 7.24(0.00) -2.39 4.18(0.00) 

Standardized Honda 13.06(0.00) -2.20 0.46(0.32) 

Standardized King-Wu 13.06(0.00) -2.20 1.65(0.049) 

   Gourierioux, et al.* -- -- 52.46(< 0.01) 
*Mixed chi-square asymptotic critical values: 1% (7.29), 5% (4.32), 10% (2.95). 

Source: Author’s estimates 

Lagrange Multiplier test (LM) helps decide between regression through simple pooled 

OLS and regression with some effects (random)
47

. The null hypothesis is values of 

variances of country specific effects are zero.   The results of LM tests are reported in 

Table 6.11which show that there are uncounted for random effects in the residuals of 

pooled estimators. The value of p of all tests is well below the significance level. 

Therefore, null hypothesis is strongly rejected which provides evidence that country 

specific effects should be retained in this case too. The results of both tests; redundant 

fixed effects test and Lagrange Multiplier (LM) test provide strong evidence that 

model should also be estimated by retaining some effects and estimation without 

effects (pooled ordinary least squares) is inconsistent and inappropriate. Further to 

decide what kinds of effects (fixed or random) should be retained in the model, 

Hausman test was performed. 

Table 6.12: Correlated Random Effects-Hausman Test (Panel-I & Model-II) 

Variables Fixed 
effects 
(�̂�FE) 

Random 
effects 
(�̂�RE) 

Difference 
,   (�̂�  )
    (�̂�  )- 

R&D Expenditure 0.111595 -0.04565 0.000848 
ICT 0.014837 0.075595 0.000025 
Gross Domestic Investment  0.023051 0.039321 0.000087 
Governance 0.139761 0.143177 0.000373 
Financial Deepening 0.021641 -0.07665 0.000186 

                                                           
47

Oscar Torres-Reyna (2007) 
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Table 6.12 (Continue)  

Exposure to external technology 0.274826 -0.03403 0.005504 
Human capital 0.281768 0.072032 0.000599 
Electric power consumption (kWh 
per capita) 0.166819 0.063584 0.001878 
Interaction term -0.02897 -0.0007 0.000052 
 H0: The RE estimator is consistent (Difference in coefficients is not systematic) 

    ( ̂    ̂  ) ,   ( ̂  )     ( ̂  )-  ( ̂    ̂  )          
Prob.>  2 =0.00 

 Note: * indicates rejection of null hypothesis at 1% level of significance 

Source: Author’s estimates 

In Table 6.12, the results of Hausman Test are given. The assumption of uncorrelated 

country specific effects is tested with the help of this test. According to results the null 

hypothesis is rejected which indicates that the estimation through fixed effects model 

is appropriate and must be preferred over random effects model. On the basis of 

results of varieties of diagnostic tests performed in the previous sections, it can be 

concluded that only the fixed effects with robust standard errors estimation is 

appropriate and consistent in this case too. 

Table 6.13: Determinants of Total Factor productivity Growth (Panel-I) 

Dependent variable: Total Factor productivity  (TFP) 

Explanatory variables Coefficient t-statistic p-value 

R&D Expenditure 0.11 5.86 0.000 

Information and Communication Technology 0.02 2.34 0.020 

Gross Domestic Investment (% of GDP) 0.02 1.15 0.250 

Governance 0.14 8.22 0.000 

Financial Deepening 0.02 1.95 0.052 

Exposure to external technology 0.27 4.58 0.000 

Human capital 0.28 6.72 0.000 

Electric power consumption (kWh per 

capita) 0.17 3.75 0.000 

Interaction term -0.03 -4.25 0.000 

Intercept -0.34 -0.53 0.593 

R-squared :   0.94     Adj. R-squared :   0.93      F-statistic:  176.49*      Prob. (F-stat): 

0.00 

Source: Author’s estimates by using data from different sources mentioned in section 6.1 and Table 6.2 

Table 6.13 reports estimation results of the fixed effects model having robust standard 

errors with TFP as the dependent variable. The reported results show that the model 
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as a whole is a good fit and is significant as the value of adjusted R
2
 is 0.93 which 

means that 93% variation in TFP growth is explained by the independent variables. 

Most of the explanatory variables yield significant impact on dependant variable with 

expected sign. Human capital and exposure to external technology appear to be the 

most important sources of TFP growth in the case of OECD advanced countries. The 

values of coefficients of HC and external technology index are 0.28 and 0.27, 

respectively which indicates that 1percent increase in these values are associated with 

0.28 and .27percentincreasein TFP, respectively. It reflects the fact that more 

enrollments in education indicate more accumulation of human capital which leads to 

accumulation and production of more new ideas and lower the cost of innovation. 

Imitation of new ideas becomes easier with large human capital stock which 

facilitates the acceleration of catch up process. The result is consistent with the 

findings of Loening (2005) and Bils & Klenow (2000). 

The adoption and usages of information and communication technology (ICT) also 

has positive and significant impact on TFP growth. The value of coefficient of ICT 

index is about 0.02 which indicates that 1percent increase in the value of index leads 

to 0.02 percent growth of TFP. There are multiple channels through which ICTs can 

have potential to transform economies. It has potential to boost the total factor 

productivity and to reduce information and transactions cost. The information and 

communication technology introduces new models of production and collaboration 

which enhances the efficiency of workers. Research &Development expenditure 

which measures the national innovative capacity is another important determinant of 

TFP growth is positively and significantly correlated with TFP growth in the case of 

OECD advanced economies. The value of coefficient of R&D is 0.11 which indicates 

that 1percent increase in its value is associated with 0.11percent growth of TFP. The 
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positive impact of R&D on TFP growth is consistent with the findings of Koellinger 

(2008). Gross domestic investment as percentage of GDP has positive but not 

significant in this case. The impact of Governance on TFP appears to be positive and 

significant. The value of coefficient of Governance index is 0.14 which indicates that 

1percent increase in the value of index leads to 0.14percent growth in TFP. The result 

is consistent with the previous findings by Everhart et al. (2009), Williams& Siddique 

(2008) and Kaufmann& Kraay (2002).The result confirms that the economies with 

quality of governance and better institutions have higher productivity growth. The 

financial sector also appears to promote productivity significantly. The impact of 

electric power consumption on TFP growth is positive and statistically significant 

which is consistent with the findings of Aschauer (1989), Fedderke& Bogetic 2006 

and Noumba et al., 2009). They concluded that public infrastructure including 

electricity is significant and important determinant of total factor productivity growth. 

The results of both estimated models suggest that R&D, human capital, financial 

sector development and external technology affect TFP growth directly as well as 

indirectly by enhancing national innovative capacity and promoting innovation 

whereas ICT and Governance appear to have direct impact on TFP growth in the case 

study of technologically advanced OECD countries. Table 6.13 and 6.10 report 

coefficients of fixed effects estimation with white standard errors that are robust to 

contemporaneous (cross-sectional) correlation, heteroskedasticity and serial 

correlation. It indicates that both models of this case study have panel corrected 

standard errors robust to contemporaneous correlation, heteroskedasticity and serial 

correlation.  
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Table 6.14: Country wise cross sectional effects (Panel-I) 

Sr. No. Country Cross-section effect 

Model 1 Model 2 

1 Australia 0.63  0.08 

2 Austria 1.45  0.39 

3 Canada -0.31 -0.14 

4 France -1.21 -0.18 

5 Germany -1.24 -0.26 

6 Japan -1.09 -0.59 

7 Norway 2.19  0.47 

8 Spain 0.19 -0.06 

9 UK -0.75 -0.03 

10 USA -2.59 -0.63 

11 Portugal 1.51  0.50 

12 Finland 1.78  0.50 

13 Italy -0.55 -0.06 
Source: Author’s estimates 

Table 6.14 reports the cross-sectional effects of each country in both models. From 

the table it can be seen that cross sectional effect of Australia, Austria, Norway, 

Portugal and Finland is positive in both the models whereas the remaining countries 

have negative cross sectional effect except Spain which has positive cross sectional 

effect in model 1 and negative in model 2.   

6.2.2 Case Study of panel-II 

This case study analyses 9 Asian growing economies: China, Hon-Kong, India, 

Korea, Malaysia, Pakistan, Singapore, Thailand and Turkey (Panel-II). The analysis 

of this study is also based on two models; for investigation of determinants of national 

innovative capacity and TFP growth by estimating two models. This study also makes 

a comparison of three panel data estimation approaches; pooled, random effects and 

fixed effects in order to obtain  the most suitable, unbiased and consistent estimates. 

6.2.2.1 Model 1: Determinants of national innovative capacity 

The National innovative capacity is the important driving force behind the 

productivity performance of a country. Present study provides distinctive contribution 

by including the maximum indicators of innovation and knowledge production like 
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patents, trademarks, industrial designs and S&E publication in the analysis. The 

model 1 of this case study again examines the determinants of national innovative 

capacity by estimating knowledge production function in the case of panel-II.  

Table 6.15: Redundant Fixed Effects Tests (Panel-II) 

Effects Test  Model 1           Model 2 

Statistic Prob. Statistic Prob. 

Cross-section F 51.59 0.00 7.54 0.00 

Cross-section Chi-square 227.13 0.00 57.00 0.00 
Source: Author’s estimates by using data from different sources mentioned in section 6.1 and Table 6.2 

The first step is pooled OLS estimation (without any effects) as in the previous case 

study. The redundant fixed effects test is used to compare the pooled and fixed effects 

estimation approach. The results of redundant fixed effects test are given in Table 

6.15which reveal that p-values of F-statistic (sum of squares) and likelihood ratio (chi 

squares statistic) reject the null hypothesis in this case too. The result of this case also 

gives the same information as in the previous models and indicates that the fixed 

effects are statistically significant.  

Table 6.16: Residual Cross-section Dependence Test in case of pooled OLS (Panel-II) 

Test Model 1 Model 2 

Statistic   Prob.   Statistic   Prob.   

Breusch-Pagan LM 117.86 0.00 133.78 0.00 

Pesaran scaled LM 8.59 0.00 10.46 0.00 

Bias-corrected scaled LM 8.35 0.00 10.23 0.00 

Pesaran CD 0.32 0.75 4.84 0.00 
Source: Author’s estimates by using data from different sources mentioned in section 6.1 and Table 6.2 

The result given in the Table6.16 indicates that value of Breusch-Pagan LM test 

statistic, Pesaran scaled LM test statistic and Bias-corrected scaled LM test statistic 

significantly reject the null hypothesis of absence of cross-section dependence in 

residuals. However, Pesaran CD fails to reject this hypothesis. This indicates that 

pooled OLS estimates the model by hiding the heterogeneity of cross-sections which 

is not appropriate. 
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Table 6.17: Lagrange Multiplier Tests for Random Effects (Panel-II & Model-I) 

Test Hypothesis  Cross-section  Time   Both 

Breusch-Pagan 
298.81 0.27 299.08 

(0.00) (0.60) (0.00) 

Honda 
17.29 -0.52 11.85 

(0.00) -- (0.00) 

King-Wu 
17.29 -0.52 14.22 

(0.00) -- (0.00) 

Standardized Honda 
33.83 -0.33 11.55 

(0.00) -- (0.00) 

Standardized King-

Wu 

33.83 -0.33 17.03 

(0.00) -- (0.00) 
*Mixed chi-square asymptotic critical values: 1% (7.29), 5% (4.32), 10% (2.95).Source: Author’s 

estimates by using data from different sources mentioned in section 6.1 and Table 6.2 
 

The result of LM tests is reported in Table 6.17 which shows that there are uncounted 

for random effects in the residuals of pooled estimators in this model. The p-value of 

all tests is again well below the significance levels. Therefore, the null hypothesis of 

pooled OLS model is strongly rejected. The results of all testes performed provide 

strong evidence that the models of Asian countries case study should also be 

estimated by retaining some effects and estimation without effects (pooled ordinary 

least squares) is inconsistent and inappropriate.  

Table 6.18: Correlated Random Effects-Hausman Test (Panel-II & Model-I) 

Variables Fixed effects 

(�̂�FE
) 

Random 

effects 

(�̂�RE
) 

Difference 

[   (�̂�  )

    (�̂�  )] 

R&D Expenditure 0.397268 0.392045 0.003508 

Information and Communication 

Technology -0.146692 -0.066797 0.000584 

Governance 0.39353 0.046641 0.019465 

Financial Deepening 0.141783 -0.006559 0.00415 

Exposure to external technology -0.158759 -0.277266 0.004059 

Human capital 0.643546 -0.095682 0.02553 

Per capita income 0.766943 1.176184 0.012916 

Population Growth -0.044759 -0.274765 0.000295 

H0: The RE estimator is consistent (Difference in coefficients is not systematic) 

χ   ( ̂    ̂  ) ,   ( ̂  )     ( ̂  )-  ( ̂    ̂  )          
Note: * indicates rejection of null hypothesis at 1% level of significance. Source: Author’s estimates by 

using data from different sources mentioned in section 6.1 and Table 6.2 
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In Table 6.18, the results of Hausman Test are given. The null hypothesis is again 

strongly rejected which indicates that the estimation through fixed effects approach is 

appropriate and must be preferred over random effects in this model too. On the basis 

of results of a variety of diagnostic tests performed in the previous sections, it can be 

concluded that only the fixed effects (robust standard errors) estimation is appropriate 

for this case study too. 

Table 6.19: The determinants of national innovative capacity (Panel-II) 

Dependent variable: Innovative Output (IQ) index   

Explanatory variables Coefficient t-statistic p-value 

R&D Expenditure 0.40 6.65 0.00 

Information and Communication Technology -0.15 -3.79 0.00 

Governance 
0.39 3.11 0.00 

Financial Deepening 0.14 1.69 0.09 

Exposure to external technology -0.16 -2.25 0.03 

Human capital 0.64 5.02 0.00 

Control variables    

Per capita income 0.77 6.37 0.00 

Population Growth -0.04 -1.29 0.20 

Intercept -13.80 -9.62 0.00 

R-squared:   0.97Adj. R-squared :   0.97F-statistic:  388.31*Prob. (F-stat): 0.00 

Source: Author’s estimates by using data from different sources mentioned in section 6.1 and Table 6.2 

The Table 6.19 reports the estimated results of knowledge production function by 

using fixed effects (robust standard errors) approach with innovative output index as 

the dependent variable and its explanatory variables in the case of Asian selected 

economies. The reported results show that the model as a whole is good fit and 

significant as the value of adjusted R
2
 is 0.97 which means that 97% variation in 

innovative output index is explained by the independent variables. In this case 

Research &Development expenditure and human capital again appear to be the 

positive and significant contributors to innovation. The value of coefficient of human 

capital is greater as compared to its value in the case of OECD countries which 
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indicates that 1percent increase in its value leads to 0.64percent increase in innovative 

output index in the case of Asian economies. It means that development of human 

capital has more innovative potential in Asian economies as compared to OECD 

countries. Research &Development which is another input measure of innovation also 

has positive and significant impact on innovative output of Asian growing economies 

which is again consistent with findings of Griffith et al. (2006) and Hall et al. (2009). 

The per capita income appears to be positive contributor to the innovative output with 

the highest coefficient value in all the determinants of national innovative capacity. It 

means that people with more income spend more on innovative activates suggesting 

that the role of demand in promoting innovation. This indicates that people of this 

region have more incentive to spend in innovative activities. It also reflects that higher 

per capita income leads to higher demand for more advanced goods and services 

encouraging innovation. The value of its coefficient is 0.77 which indicates that 

1percent increase in value leads to 0.77percent increase in innovative output index. 

The governance and financial sector development also have positive and statistically 

significant impact on innovative output. The adoption and usage of information and 

communication technology (ICT) and foreign technology negatively affect the 

innovative capacity in the case of Asian economies due to abuse of this technology 

and lack of absorptive capacity. The impact of population growth is not significant in 

this case. The overall results of estimated knowledge production function show that 

R&D, human capital, financial development, per capita income and governance play 

positive and key role in developing the national innovative capacity of Asian growing 

economies. 
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6.2.2.2 Model 2: Determinants of TFP growth 

The model 2 of this case study analyzes the determinants of TFP growth of Asian 

growing economies. The results of redundant fixed effects test of model 2 are reported 

in previous section (Table 6.15) as a first step. According to the results of redundant 

fixed effects test p-values of F-statistic (sum of squares) and likelihood ratio (chi 

squares statistic) reject the null hypothesis strongly. The results indicate that the fixed 

effects are statistically significant and pooled OLS model is inconsistent. This 

indicates that fixed effects estimation is appropriate for this model too. The results of 

Residual Cross-Section Dependence (panel diagnostic) tests in the case of pooled estimation 

of model 2 are reported in previous section (Table 6.16). The result again indicates that 

value of statistics of Breusch-Pagan LM, Pesaran scaled LM, Bias-corrected scaled 

LM and Pesaran CD significantly rejects the null hypothesis of absence of cross-

section dependence in residuals. It indicates that pooled OLS estimates the model by 

hiding the heterogeneity of cross-sections which is not appropriate. 

Table 6.20: Lagrange Multiplier Tests for Random Effects (Panel-II & Model-II) 

Test Hypothesis Cross-section Time Both 

Breusch-Pagan 
27.06 9.80 36.86 

(0.00) (0.00) (0.00) 

Honda 
5.20 3.13 5.89 

(0.00) (0.00) (0.00) 

King-Wu 
5.20 3.13 6.07 

(0.00) (0.00) (0.00) 

Standardized Honda 
12.43 3.39 4.01 

(0.00) (0.00) (0.00) 

Standardized King-Wu 
12.43 3.39 5.42 

(0.00) (0.00) (0.00) 

Source: Author’s estimates by using data from different sources described in section 6.1 and Table 6.2 

Lagrange Multiplier test (LM) is used to make decision between regression through 

simple OLS and regression with some effects (random)
48

. The null hypothesis is that 

                                                           
48

Oscar Torres-Reyna (2007) 
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values of variances of country specific effects are zero.   The result of LM tests is 

reported in table 6.20 which shows that there are uncounted for random effects in the 

residuals of pooled estimators. The p-value in all tests is well below the significance 

level. Therefore, the null hypothesis is strongly rejected which provides evidence that 

country specific effects are important and should be retained in the model. This again 

provides strong evidence that the model should be estimated by retaining some effects 

and estimation without effects (pooled ordinary least squares) is inconsistent and 

inappropriate.  

Table 6.21: Correlated Random Effects-Hausman Test (Panel-II & Model-II) 

Variables Fixed effects 

(�̂�FE
) 

Random 

effects 

(�̂�RE
) 

Difference 

[   (�̂�  )

    (�̂�  )] 

R&D Expenditure 0.0428358 0.029045 156813 

Information and Communication Technology 0.0489163 0.051334 0.0062979 

Gross Domestic Investment (% of GDP) 0.0687915 0.084347 0.0143962 

Governance 0.045734 0.054817 0.02862 

Financial Deepening -0.0182978 0.049106 0.0159163 

Exposure to external technology -0.1227505 -0.13646 0.0412488 

Human capital -0.0394796 -0.05972 0.0378016 

Electric power consumption (kWh per capita) -0.1917364 -0.22489 0.0351524 

Interaction term 0.0112425 0.013133 0.0045983 

H0: The RE estimator is consistent (Difference in coefficients is not systematic) 

    ( ̂    ̂  ) ,   ( ̂  )     ( ̂  )-  ( ̂    ̂  )         

Prob.> χ
2
 =0.01 

 
Note: * indicates rejection of null hypothesis at 1% level of significance. Source: Author’s estimate by 

using data from different sources mentioned in section 6.1 and Table 6.2 

 

Further, to decide what kinds of effects (fixed or random) should be retained in the 

model, Hausman test is performed. In Table 6.21, the result of Hausman Test is given. 

The assumption of uncorrelated country specific effects is tested with the help of this 

test. According to results the null hypothesis is strongly rejected which indicates that 

the estimation through fixed effect is appropriate and must be preferred over random 

effects in this case too. On the basis of results of a variety of diagnostic tests 
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performed, the same conclusion is drawn in model 2 of Asian case study i.e. fixed 

effects (robust standard errors) estimation is appropriate and consistent. Fixed effects 

panel model removes any time invariant and unobservable heterogeneity by 

estimating the effects of interest within cross-sectional units over time. 

Table 6.22: The determinants of Total Factor Productivity Growth (Panel-II) 

Dependent variable: Total Factor Productivity  (TFP) 

Explanatory variables Coefficient t-statistic p-

value 

R&D Expenditure 0.04 1.28 0.200 

Information and Communication Technology 0.05 3.07 0.000 

Gross Domestic Investment (% of GDP) 0.07 2.45 0.015 

Governance 0.05 1.93 0.055 

Financial Deepening -0.02 -1.21 0.230 

Exposure to external technology -0.12 -1.43 0.150 

Human capital -0.04 -0.95 0.342 

Electric power consumption (kWh per capita) -0.19 -4.45 0.000 

Interaction term 0.01 1.15 0.251 

Intercept 5.93 9.32 0.000 

R-squared:   0.78       Adj. R-squared:   0.75F-statistic:  33.42Prob. (F-stat): 0.00 

Source: Author’s estimates by using data from different sources mentioned in section 6.1 and Table 6.2 

The Table 6.22 reports the fixed effect robust standard errors estimation results with 

TFP as the dependent variable and its explanatory variables in the case of Asian 

selected countries. The reported results show that the model as a whole is a good fit 

and significant as the value of adjusted R
2
 is 0.75 which means that 75% variation in 

TFP growth is explained by the independent variables. According to results, the 

adoption and usages of information and communication technology (ICT) has positive 

and significant impact on TFP growth. The value of coefficient of ICT index is 0.05 

which indicates that 1percent increase in the value of index leads to 0.05percent 

growth of TFP. The result reflects the fact that presently, in knowledge based 

economies, the most effective tools for raising the productivity are ICT based. The 

information and communication technology has generated a number of tools which 
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work on information in the digital form. Its impact is impressive as it is being used in 

every sector of the economy from agriculture to manufacturing, industries, services 

sector and the Government. It is a key determinant of TFP because it represents a 

system of new technology that affects everything including ―what to produce by 

economies, how economies produce and how this production is to be organized and 

managed.  

 Research &Development expenditure which measures the national innovative 

capacity is another important determinant of TFP growth which is positively 

correlated with TFP growth but is not significant. The result also suggests no 

significant impact of human capital on TFP growth which is consistent with the 

finding of Miller and Upadhyay (2000).Gross domestic investment as percentage of 

GDP has positive and significant effect on TFP growth. Gross domestic investment 

represents not only addition to the capital stock of the economy but also captures the 

improvement in the quality of capital stock. The coefficient has expected sign in 

accordance with theory as new machinery and equipment is more productive, 

therefore, it plays a positive and significant role in enhancing total factor productivity 

growth. The value of the coefficient is 0.07 which indicates that 1percent growth in 

gross domestic investment leads to 0.07percent growth in TFP.  This result is 

consistent with the findings of Farrokh and Martin (1995) and Ahmad (2011). The 

impact of Governance on TFP also appears to be positive and significant. The value 

of coefficient of Governance index is 0.05 which indicates that 1percent increase in 

the value of index leads to 0.05percent growth in TFP. The result is consistent with 

the previous findings. The result confirms that the economies with quality of 

governance and better institutions have higher productivity growth. The impact of 

electric power consumption on TFP growth is negative which is consistent with the 
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findings of Straub, Warlter and Vellutini (2008). The rapid population growth along 

with high economic growth has led to high domestic demand for electric power in 

most of the Asian economies. With fixed supply of electricity, the increased domestic 

demand is causing shortage of electric power in production sector and therefore, it 

appears to be negatively related with productivity growth. The variable, exposure to 

external technology and its interaction with R&D have no significant effect on TFP 

growth. This reflects the fact that these economies have not yet achieved a threshold 

level of internal capacity building like R&D and education attainment sufficient to 

learn and absorb external technology. Most of technologies have site specificity 

characteristics which mean that all technologies cannot be adopted by the host country 

that is why the adopters of technology mostly stay behind the leaders or innovators of 

technology. Most of technologies produced in technological advanced countries are 

not necessarily relevant to the adopter’s needs therefore; local needs require 

innovations at local level in many fields. 

In the case of Asian selected countries, the overall results of both models suggest that 

Governance affects TFP growth directly as well as indirectly by enhancing national 

innovative capacity and promoting innovation whereas ICT and domestic investment 

appear to have direct impact on TFP growth. The R&D and financial deepening 

although promote innovation in this region but are not enough to convert it into 

productivity gains. The Table 6.19 and 6.22 report coefficients of fixed effects 

estimation with white standard errors that are robust to contemporaneous (cross-

sectional) correlation, heteroskedasticity and serial correlation. It indicates that both 

models of Asian case study also have panel corrected standard errors robust to 

contemporaneous correlation, heteroskedasticity and serial correlation.  
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Table 6.23: Country wise cross sectional effects (Panel-II) 

Sr. No. Countries Cross-section effect 

  

Model 1 Model 2 

1 China -2.01 -0.06 

2 Hon-Kong 1.92 0.13 

3 India -2.93 -0.05 

4 Malaysia 0.16 0.08 

5 Pakistan -0.25 -0.03 

6 Korea 0.91 -0.02 

7 Singapore 1.89 0.05 

8 Thailand 0.09 0.03 

9 Turkey 0.22 -0.13 

Source: Author’s estimates by using data from different sources mentioned in section 6.1 and Table 6.2 

The Table 6.23 reports the cross-sectional effects of each country in both models. 

From the table it can be seen that cross-sectional effect of Hong Kong, Malaysia, 

Singapore and Thailand is positive whereas in the case of China, India and Pakistan it 

is negative in both the models. In the remaining countries Korea and Turkey have 

positive cross-sectional effect in model 1 and negative in model 2. 

6.2.3The case of whole sample 

The whole sample includes panel of all selected countries. In this case, both the 

models are estimated as a second check to analyze the national innovative capacity 

and TFP growth. The pre-estimation panel diagnostic tests for both models are given 

in table A13 (Appendix-V). The results of varieties of these tests suggest that models 

should be estimated through fixed effects approach in this case too. The table 6.24 

reports the results of first model in the case of panel of whole selected countries. The 

result demonstrates that R&D Expenditure, Financial Deepening, Human capital and 

per capita income promote innovation significantly. However, ICT influence 

innovation negatively as in the case Asian tested economies. The impact of ICT on 

innovation is positive in the case of technologically advanced OECD countries.   
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Table 6.24: Estimation of Model-I 

Dependent variable: Innovative Output (IQ) index 

Explanatory variables Coefficient t-statistic p-value 

R&D Expenditure 0.44 8.87 0.000 

Information and Communication 

Technology -0.12 -7.00 0.000 

Governance 
0.05 0.47 0.638 

Financial Deepening 0.26 5.23 0.000 

Exposure to external technology -0.06 -0.90 0.369 

Human capital 0.42 5.58 0.000 

Control variables 

Per capita income 0.61 5.38 0.000 

Population Growth -0.03 -1.64 0.102 

Intercept -11.52 -11.60 0.000 

R-squared:   0.96Adj. R-squared:   0.96F-statistic:  381.09Prob. (F-stat): 0.00 

Source: Author’s estimation by using data discussed in section 6.1 

The result of second model to examine the determinants of TFP growth in the case of 

panel of whole selected countries is given in the table 6.25. The result demonstrates 

that R&D Expenditure, Information and Communication Technology, Governance, 

Human capital and Gross Domestic Investment yield positive and statistically 

significant impact on TFP growth. As expected, the results of this model further 

confirm that above mentioned indicators are important determinants of TFP growth. 

Table 6.25: Estimation of Model-II 

Explanatory variables Coefficient t-statistic p-value 

R&D Expenditure 0.05 3.03 0.003 

Information and Communication Technology 0.03 5.45 0.000 

Gross Domestic Investment (% of GDP) 0.07 7.71 0.000 

Governance 0.05 6.16 0.000 

Financial Deepening -0.03 -3.02 0.003 

Exposure to external technology -0.02 -0.45 0.655 

Human capital 0.08 8.38 0.000 

Electric power consumption (kWh per capita) -0.13 -5.88 0.000 

Interaction term 0.002 0.37 0.714 

Intercept 4.38 22.09 0.000 

R-squared:   0.86,   Adj. R-squared:   0.85F-statistic:  85.04Prob. (F-stat): 0.00 

Source: Author’s estimation by using data discussed in section 6.1 
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6.2.4 A panel Granger causality test and association between IQ & TFP 

Although there has been a hot debate and discussion in the previous growth literature 

on endogenous versus exogenous growth theory but unluckily the role of TFP growth 

has been neglected whether it is exogenous or endogenous? Solow (1957) suggested 

that economic growth is exogenous. Models alternative to the Solow model emerged 

as endogenous economic growth models in 1980s (Romer, 1993 and Lucas, 1988). 

The previous research only confined to economic growth and work on test of TFP 

growth as endogenous versus exogenous remained neglected. This section of research 

is intended to examine whether TFP growth is exogenous or endogenous? Similarly 

the process of innovation and technological advancement is tested whether it is 

exogenous or endogenous? 

This section presents the contribution to the literature by investigating the direction of 

causality between innovation and TFP growth. The framework allows to examine 

causality between national innovative capacity and TFP growth.  The overall results 

suggest that there is a close relationship between innovative capacity and TFP growth. 

The theoretical evidence also shows that innovation leads to higher productivity 

growth. For further checking whether the direction of causality runs from innovation 

to TFP growth, a panel Granger causality analysis is used to verify which variable is 

endogenous and which is exogenous? The result of panel Granger causality test is 

given in the Table 6.26 below. 
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Table 6. 26: The panel Granger causality test and association between IQ & TFP 

Country panel  Null Hypothesis  F-Statistic  Prob.  

Panel-I*  
IQ does not Granger Cause TFP  11.2290  0.001  

TFP does not Granger Cause IQ   0.07364  0.786  

Panel-II  
IQ does not Granger Cause TFP   0.30463  0.582  

TFP does not Granger Cause IQ   2.03536  0.156  

Combined*  

IQ does not Granger Cause TFP   3.94321  0.048  

TFP does not Granger Cause IQ   0.33166  0.565  

The impact of innovative output on TFP  

Estimation approach  Coefficient  t-Statistic  Prob.  

Fixed Effects  
0.046654  

5.492377  0.000  

PMG/ARDL  

Long run  
0.324754  

12.17602  0.000  

Short run (ECM)  
-0.108295  -3.34062  0.000  

Source: Author’s estimates by using data from different sources mentioned in section 6.1 & Table 6.2. 

*The impact of IQ on TFP is also positive and significant. 

According to results reported in Table 6.26 the null hypothesis of no causality running 

from innovative capacity to TFP growth is rejected in the case of whole sample as 

well as panel-I which confirms that innovation Granger causes to TFP growth and the 

null hypothesis of TFP growth does not Granger cause innovation is accepted. The 

result of Granger causality test suggests that causality is running from innovation to 

TFP growth. The results suggest that national innovative capacity Granger causes TFP 

growth and appears to have significant role in boosting TFP. The Granger causality 

test just gives information about the direction of causality and it does not tell about 

the nature of relationship whether it is positive or negative? For example, in this case 

the test found that the causality is running from innovation to TFP growth but it is not 

clear whether this causality is positive significant or negative? For confirmation of 

expected positive impact of innovation on TFP growth model is estimated through 

fixed effects (robust standard errors estimation) approach with TFP growth as the 
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endogenous variable and innovative output index as explanatory (exogenous) 

variable. The results of estimation given in Table 6.26 demonstrate that causality 

running from innovation to TFP growth is positive and statistically significant and 

coefficient of innovative output index has the expected sign. Furthermore, the model 

is also estimated through PMG/ARDL approach to examine the long run association 

between national innovative capacity and TFP
49

. The result of PMG/ARDL approach 

given in table 6.26 confirms that innovative output has significant positive influence 

on TFP over long run. The error correction coefficient having significant negative 

value shows convergence to equilibrium suggesting stable long run relationship.  The 

findings of this analysis clearly support the idea of endogenous TFP growth and it is 

consistent with endogenous growth theory. The results are also consistent with the 

idea of indigenizing technological advancement and TFP by focusing on innovation 

and R&D. Innovation means development of a new or improved product, a new 

production process, a new method of marketing or new method in a business 

practices, or in external relations. Product innovation affects the productivity by 

affecting the product markets or by affecting the output side of the economy while 

process innovation affects the input side of the TFP.  

The overall results suggest that R&D and human capital are two most important 

drivers of national innovative capacity and TFP growth. According to results, R&D 

expenditure and human capital contribute to TFP growth by enhancing the national 

innovative capacity in the case of OECD countries. Similarly, financial sector 

development and external sources of technology also appear to be the significant 

contributors to the national innovative capacity and TFP growth in the case of OECD 

countries. The results demonstrate that OECD advanced economies have sufficient 
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 Results of Pre- test are given in appendix-V 
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innovative and absorptive capacity to accelerate productivity.  In the case Asian 

selected economies, R&D expenditure and human capital appeared to be significant 

contributors to the national innovative capacity but have no significant impact on TFP 

growth. It was revealed that innovative capacity of Asian economies is not stronger 

enough to influence the TFP growth. The Asian economies have not still achieved that 

level of R&D and human capital development which can affect productivity 

significantly. The financial sector development and foreign technology diffusion have 

positive and statistically significant impact on TFP growth and both variables also 

appeared to improve the national innovative capacity in the case of OECD countries. 

This suggests that financial sector development and foreign technology diffusion 

promote TFP growth by improving the innovative capacity.  But in the case of Asian 

economies only financial development appeared to enhance the national innovative 

capacity and no significance influence on TFP growth. The foreign technology 

appeared to have no significance influence on productivity and innovation in this case 

which reflects the fact of lack of appropriate absorptive capacity in this region. The 

governance also appeared to influence both productivity and innovative capacity 

positively and significantly in the case of Asian economies but it contributes to 

productivity of OECD economies directly without affecting the innovation. This 

reveals that good governance has potential to improve the efficiency of factors of 

production directly. The information and communication technology also appear to 

have positive and significant impact on TFP growth of both groups of countries. The 

results demonstrate that ICT also influences productivity by improving the efficiency 

directly. It appears to be the promoter of TFP growth always irrespective of the panel 

of countries. ICT found to be more productive rather innovative. This confirms that 

ICT acts as general purpose technology (GPT) and has long term impact on economic 
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growth by contributing to productivity. The results are consistent with previous 

findings
50

.  

In the case of benchmark countries (Panel-I), the core variables of both models remain 

significant with expected sings. The results demonstrate that main drivers of national 

innovative capacity are also critical determinants of TFP growth suggesting that 

enhancement in TFP growth is closely associated with the improvement of national 

innovative capacity.   

6.3 Sensitivity Check 

Sensitivity check is performed to investigate how sensitive are estimated results to 

alternative estimation techniques. The robust check is not necessary in this study as 

the estimation is already with robust standard error but it is used as a sufficient 

condition. The latest tools for estimating the asymptotically unbiased long run 

relationships are provided in the framework of residual based Fully Modified 

Ordinary Least Squares (FMOLS) and Dynamic Ordinary Least Squares (DOLS)[Kao 

and Chiang, 2000, Pedroni, 2001 and Mark and Sul, 2003].The FMOLS and DOLS 

estimators not only yield consistent and unbiased estimates but also allow us to 

control for potential endogeneity and serial correlation. One reason of using FMOLS 

as an alternative technique is that various tests performed in pervious sections 

suggested that fixed effects estimation is more appropriate and according to Pedroni 

(2000), the FMOLS method also allows for the fixed effects to be heterogeneous in 

estimating the long run relationships. 

 

                                                           
50

Bresnahan and Trajtenberg, 1995 constituted the ICT as a General purpose Technologies Which is 

applicable on several production processes and facilitate innovation, generate improvements and allow 

experimentation in ICT using sectors. Lipsey and Carlow (2001) also confirm the basic role of ICT is 

as GPT. 
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Therefore, FMOLS estimator is based on the following panel 

                  

Where               and  i allows for the fixed effects to be heterogeneous. 

On the other hand DOLS makes parametric adjustment to the errors by augmenting 

the static regression with lags, leads and contemporaneous values firs difference 

regressors to correct for endogeneity bias and obtain unbiased consistent estimators. 

Therefore, both techniques are best check to obtain consistent estimates. These 

alternative techniques are applied just as a long run sensitivity check to the results 

estimated in the previous sections. 

According to results given in appendix-v (Table A14) the null hypothesis of Kao 

(Engle Granger based) test is rejected which provides basis to estimate the model by 

using FMOLS and DOLS. The results of FMOLS and DOLS estimators for three 

cases are given in appendix-v (Table A15 & Table A16). These results appear to have 

nominal differences with the results of previous sections suggesting that the estimates 

reported in previous sections are consistent and robust to alternative techniques over 

long run.  
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CHAPTER7 

CONCLUSION AND POLICY IMPLICATIONS 

7.1 Conclusion 

The main objectives of this study were to measure national innovative capacity and 

total factor productivity, to examine their potential determinants and causality. The 

special focus of this research was to investigate the role of knowledge based and 

intangible factors in enhancing innovation and TFP growth. In order to investigated 

knowledge and innovation based factors, a knowledge production function was 

estimated. The innovative output index (IQ) was estimated to judge and analyze the 

national innovative capacity of selected countries. In this era of knowledge based 

economies having rapidly changing technology, innovation and digitization it was 

very important to re-visit the sources of total factor productivity growth and national 

innovative capacity. For this purpose, the impact of Information and Communication 

Technology, Exposure to external technology, R&D Expenditure, Human capital, 

Governance and Financial deepening, on national innovative capacity and total factor 

productivity growth were examined empirically. The indices of innovative output 

(IQ), TFP, information & communication technology (ICT), exposure to external 

technology (EET) and financial deepening (FD) were constructed by using the 

appropriate statistical and mathematical procedure. The weights used for calculating 

the indices were determined by the method of Principal Components Analysis (PCA) 

and Sphericity Bartlett’s test. The research used a panel of 22 countries in two groups 

for the 1996 to 2015 period to make comparative analysis with particular emphasis to 

learn from experiences of high-tech OECD economies. The first panel consisted of 

technologically advanced OECD countries and the second consisted of Asian growing 
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economies. The fixed effects with robust standard errors estimation technique was 

used for estimation of the models. The estimates obtained through this method were 

robust and arbitrary accommodate to contemporaneously (cross sectional) correlation, 

within cross-section serial correlation and heteroskedasticity. Redundant fixed effects 

test, Lagrange Multiplier Tests for Random Effects and Correlated Random Effects - 

Hausman Test are used for selection of the best and appropriate model and estimation 

technique. The long run association between national innovative capacity and TFP 

was judged by applying panel PMG/ARDL approach. Moreover, the sensitivity of 

estimated results was checked by using Fully Modified Least Squares (FMOLS) and 

Dynamic Least Squares (DOLS). 

The construction of indices in the present research was an essential step for 

understanding relative position of tested economies. The average values of IQ, ICT 

and TFP indices showed increasing trends over the 1996-2015 period. According to 

the results of indices, the most of low scoring countries were from Asia as compared 

to OECD countries. Among the whole group of 22 countries included in the study, 

most of Asian economies, such as Pakistan, India, Thailand, China, Turkey and 

Malaysia had low value of ICT and IQ indices as compared to OECD economies. The 

increasing trend of ICT index showed rapid penetration rate of this technology in 

OECD countries as compared to Asian economies. The given estimates of three 

indices also revealed that difference of ICT adoption and innovative performance 

between OECD and Asian economies decreased over time which bears the evidence 

of convergence. Almost similar and increasing trend of these three indices confirmed 

the close association among national innovative capacity, technological advancement 

and productivity. 
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The research also examined the innovative and technological capabilities of selected 

countries by analyzing the intellectual property indicators (patent, trademark, 

industrial design and scientific and technical publication), innovative efficiency, ICT 

indicators (ICT penetration and adoption) and high-technology exports as a 

percentage of total manufacturing exports. A comprehensive and inclusive 

measurement of technological and innovative capabilities was very crucial to analyze 

the national innovative capacity and to explore its impact on productivity. The 

particular emphasis of analysis was placed on intangible and knowledge based factors.  

 The regional trends of patents, trademarks and industrial designs demonstrated that 

the Asia was the leading region having rapidly growing trend especially during last 

two decades. The Japan and USA were leading countries from panel-I and China was 

leading country from panel-II in terms of innovative indicators. 

The econometrics results suggested that the core variables of estimated models 

remained significant with expected sings. The results demonstrated that main drivers 

of national innovative capacity were also critical determinants of TFP growth 

suggesting that enhancement in TFP is closely associated with the improvement of 

national innovative capacity. In the case of technologically advanced OECD 

countries, results of knowledge production function revealed that Research 

&Development expenditure and human capital that are input measures of innovation 

appeared to be the most important determinants of national innovative capacity with 

the highest coefficient values. The result revealed that both the input measures of 

innovation improved the national innovative capacity by positively contributing to the 

innovative output. This implies that economies with higher level of education and 

R&D expenditure have been able to achieve higher innovative output. Education 

improves efficiency of factors of production and strengthens research for 
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technological advancement. The financial sector development and exposure to the 

external technology also had positive and statistically significant impact on innovative 

output in this case. Financial sector facilitates people to invest more in innovative 

activities and foreign technology brings new technology, know-how, knowledge and 

its positive externalities. The adoption and usage of information and communication 

technology (ICT) was also found to be a positive contributor to innovative output but 

its impact was not significant.  

The result of second model revealed that advancement in Information 

&Communication Technology (ICT), R&D expenditure, Human capital, Exposure to 

external technology, Governance, Financial deepening and Electric power 

consumption yielded positive and statistically significant impact on total factor 

productivity growth. This established the significance of knowledge based economic 

development for promoting total factor productivity growth. The above mentioned 

sources of productivity are the essential ingredients of knowledge based development. 

In the case of Asian growing economies, results of knowledge production function 

revealed that Research &Development expenditure and human capital again appeared 

to be the positive and significant contributors to the national innovation. The value of 

coefficient of human capital was greater as compared to its value in the case of panel-

I. Per capita income appeared to be a positive contributor to the innovation with the 

highest coefficient value among the determinants of national innovative capacity. The 

governance and financial sector development also yielded positive and statistically 

significant impact on innovative output in this case. The adoption and usage of 

information and communication technology (ICT) and exposure to external 

technology negatively affected the national innovation due to abuse of this technology 

and lack of absorptive capacity in these countries. The result of second model 
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suggested that Information & Communication Technology, Governance and capital 

augmentation as a result of gross domestic investment had positive and statistically 

significant impact on TFP growth and Electric power consumption had negative 

impact on TFP growth while the coefficient of R&D expenditure, although had 

positive sign but did not appear to be significant. The variable, exposure to external 

technology had no significant effect on TFP growth in this case. This reflects the fact 

that these economies had not yet achieved internal capacity building like R&D and 

education attainment sufficient to learn and absorb the external technology. The 

utilization capacity of KBE factors is also different in each country that yields 

difference in TFP growth. As countries have different characteristics, resources and 

dissimilar capacity to utilize KBE that influence the national innovation capacity.  

The overall results demonstrated that R&D expenditure, Human capital, Exposure to 

external technology and financial development were found to be the important 

determinants of national innovative capacity and TFP growth. Exposure to external 

technology also plays a vital role in promoting innovation and productivity if it is 

properly absorbed and utilized by the host countries. The Information and 

Communication Technology and Governance were always found to be important 

determinants of TFP growth irrespective of whether the countries were OECD or 

Asian growing economies. The governance and per capita income were found to be 

more important sources of innovation for Asian growing economies as compare to 

OECD economies. The information and communication technology yielded 

significant contribution to TFP growth of both panels of countries. Many features of 

knowledge and technological advancement have been created by fast use of ICT. It 

has become more accessible, more widespread and more powerful which is playing 

vital role in improving the productivity. It represents the system of new technology 
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that brought comprehensive changes in everything including what to produce, how to 

produce and how it is organize and managed. By any measurement ICT is ranks well 

and fulfill the definition of General purpose technology. 

This research also contributes to the literature by investigating the direction of 

causality between innovation and TFP to examine whether TFP is exogenous or 

endogenous? The overall results suggested that there was a close relationship between 

innovative capacity and TFP. For further confirmation of the direction of causality 

between innovation and TFP a panel Granger causality analysis was used to verify 

which variable is endogenous and which is exogenous? The result of panel Granger 

causality test suggested that national innovative capacity Granger caused TFP and 

appeared to have significant role in boosting TFP over the long run rejected in the 

case of whole sample as well as panel-I. The result of PMG/ARDL approach also 

confirmed that innovative output had significant positive influence on TFP over long 

run. The error correction coefficient having significant negative value showed 

convergence to equilibrium suggested stable long run relationship. National 

innovative capacity enhances the productivity growth by create new technology and 

knowledge. Innovation improves products, method of production, a new method of 

marketing or a new method of business practices or external relation all that helps in 

promoting productivity. Estimated results of all models found stable and robust to 

alternative estimation approaches. 

7.2 Policy Recommendations 

On the basis of findings of this research, the following policy recommendations/ 

measures are suggested in order to achieve sustainable economic growth by 

enhancing Total Factor Productivity and innovative capacity of developing countries 

in general and Asian emerging economies in specific. The empirical findings of 
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research enable us to suggest a number of policy implications and recommendations 

with a general relevance as well as specific to Asian emerging economies. 

The overall estimated results revealed that Information &Communication Technology 

(ICT), R&D expenditure, Human capital and Governance which are four pillars of 

knowledge based economies (KBE) appeared to have positive and significant impact 

on total factor productivity growth of OECD countries. The Asian growing economies 

need to make substantial investments in above mentioned pillars of knowledge based 

economies (KBE) in order to go along the path similar to OECD advanced economies. 

Knowledge based economic development will uniquely serve the future needs of 

rapidly growing emerging economies. Knowledge based economic development 

requires that Government and private sectors must commit greater investment in 

R&D, ICT infrastructure, applications and education & training. Policy attention must 

be committed to understanding and tracking the new advancement in different fields 

of technology. The key areas for learning from the experiences of OECD advanced 

economies are to build R&D capability, provide universal information & 

communication technology coupled with broadband connectivity and improved 

education system needed to enhance TFP growth. Similarly, governance also plays a 

very crucial role in productivity of country, therefore, policy making authorities 

should also focus on improving the overall governance. 

For effective and rapid development of knowledge based factors of TFP growth, there 

is a strong need to address all these factors in a coordinated way. To encourage 

innovation, the policy makers must boost public investment, accelerate economic 

liberalization and closely work with national and international business stack holders. 

A best knowledge based framework is based on four pillars i.e. innovation or R&D, 

human capital, ICT, and governance. Most of Asian countries have their individual 
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pillars
51

 but the performance of most of these economies is not impressive in terms of 

contribution of these pillars in productivity as estimated results demonstrated. The 

pillars of knowledge based economy particularly R&D and human capital 

development can be made more effective sources of productivity only through 

massive allocation of funds, focused governance and coordinated allocation of 

resources in each pillars as the technologically advanced economies have achieved 

during previous three decades. I this regards, both public and private sector need to 

focus their attention on developing suitable mechanism for innovative financing to 

ensure proper funds allocation for knowledge based sources of TFP. 

The estimated results show that human capital measured as education enrolment is a 

key source of total factors productivity growth and it played an important role in 

improving the innovative capacity. The positive impact of human capital on TFP 

growth and innovative output in the case of OECD countries showed that education 

enhances efficiency of factors of production. On the basis of these findings it is 

strongly suggested that education should be on the priority agenda for policy makers 

and necessary steps in this regards should be taken for its promotion. To achieve the 

objective of economic and industrial competitiveness there is a need to increase 

tertiary enrollment along with vocational and technical education enrollments and 

skills development. The establishment of university campuses with maximum 

administrative and financial autonomy is necessary to fulfill the requirements of 

knowledge based economy. The development of universities of the World standards 

along with collaboration with the top-class universities of the World and development 

of centers of excellence in main disciplines of science and technology are needed by 

Asian economies as well as other developing economies. The benefits of latest 

                                                           
51

  According to Asian Development Bank report. 
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technology can be acquired in education by introducing online blended models of 

education delivery. University-industry collaboration is necessary for faster 

commercialization of innovations and human resource development. The education 

system needs to be diversified through introducing online education delivery system, 

such as simulation based, game based and mobile phone based teaching & learning 

models. The Asian developing countries need to increase the use of ICT for 

transformation of education pedagogy from traditional system to more creative and 

more student centered system for anytime, anywhere learning. The results in the case 

of both group of countries confirm the importance of human capital for innovation. 

Human capital is not only vital for increasing TFP growth directly but also indirectly 

by enhancing innovative capacity. The coming years are the years of apps developers, 

software engineers and coming employment opportunities are in these fields. The 

policy makers especially education and skill training policy makers of developing 

countries should re-frame their policies in accordance with coming global changes 

especially in ICT areas. Therefore, investment in human capital development has 

become more central and obvious policy option. 

The penetration of ICT also appeared to be a significant contributor to the TFP growth 

in the case of both groups of countries. It has important policy implications for 

economies, especially for developing countries to get benefits from ICT. Several steps 

can be taken to increase the penetration rate of ICT where it is lower. In this regard, 

the investment in ICT infrastructure and improvement in network readiness are 

important steps for universal coverage and access. Investment in mobile broadband 

infrastructure will ensure broadband high speed connectivity and framing and 

implementation of ―National digital literacy plans‖ to enhance the digital skills of 

workforce with the help of public-private collaboration. It will ensure the required up-
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gradation of IT skills. Similarly, liberalization of telecom sector with competitive 

market structure, specifically in mobile phone sector can ensure extensive ICT 

benefits. Asia needs to develop and expand high-tech ICT related innovation and 

commercialization to emerge as a global leader in high-order ICT goods and services. 

Efforts for connecting the people of rural areas of LDCs to broadband network must 

be on priority basis. The rural areas of World lack in basic facilities, such as ICTs. 

Provision of such facilities will cast significant impact on the productivity of rural 

areas. 

Digitization should be accepted, improved and properly utilized rather than repressed 

and ignored. The history of GPT technologies show that with short run disruption, 

adapting these revolutionary technologies created huge long-run benefits. Therefore, 

at the time of technologies revolution, sensible and smart policies are required. With 

sensible policies and across borders cooperation we can utilize digital technology to 

improve living standards by minimizing disruptions. 

The index of ―exposure to external technology‖ which assesses external technology 

through importing advanced machinery and capital goods, foreign technology 

licensing and foreign direct investment (FDI) appeared to be significant determinants 

of TFP growth of OECD countries. Asian economies should benefit from the 

knowledge developed in advanced countries through pursuing economic liberalization 

policy. They can tap into the global advanced knowledge of technologically advanced 

countries through openness of trade and foreign direct investment along with focusing 

to enhance internal absorptive capacity. The absorptive capacity measured in terms of 

well-educated and skilled labor force plays a pervasive role in both the internal 

creativity as well as absorption of external knowledge. Absorptive capacity can also 

be enhanced by internal research and development through collaboration with 
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research institutions and universities. The absorptive capacity is lower in most of 

developing countries because of insufficient internal knowledge base which leads to 

difficulty in understanding the sophistications of external technologies imported from 

advanced countries. The absorptive capacity of the country should be strengthened for 

successful exploitation of foreign technology. It means that before foreign technology 

transformation, the investment in R&D and human capital is necessary to fully exploit 

these external sources of technology. Openness to external technology, particularly in 

trade and FDI are important channels for increasing such foreign technological 

transformation. The imports of capital goods and machinery that embody foreign 

technology and knowledge can be used in the production process directly. 

Government can encourage the inflow of FDI by giving special offers, such as tax 

grace period and for business promotion the different support schemes can be 

introduced.  

Innovation and technology creation occur in technologically frontier OECD countries 

where capital intensity is high. Therefore, developing economies need to spend on 

capital formation and capital up-gradation before focusing on innovation. However, 

not only the quantity of capital matters but the quality should also be improved 

because more recent and modern capital and machinery is more productive. Hence 

policy should be focused on increasing the spending to improve the quality of existing 

capital. 

The governance which captures the institutional quality and law and order situation 

and corruption etc. was also found to have profound and significant impact on both 

TFP growth and innovative capacity. Good governance is considered as a vital to 

productivity growth for developing economies by the World Bank and other global 

institutions. Kaufmann and Kraay (2002) concluded that good governance is very 
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important to increase investment levels, trade flows and to enhance productivity in 

Asian developing countries. Governance affects productivity by maintaining political 

stability, rule of law, protection of property rights and control of corruption in the 

country. Policies to improve the governance are required for creation and 

strengthening of state institutions. Good governance is a complex framework based on 

instruments, institutions and incentives and its creation requires the involvement of all 

stakeholders of the economy. Therefore, steps to increase transparency, 

accountability, reducing corruption, bringing the political stability should be taken on 

priority basis. 

The investment also appeared as an important contributor to the productivity growth. 

Therefore measures should be taken to promote both public and private investment 

which will be helpful in achieving sustainable economic growth by promoting 

innovative capacity, technological advancement and TFP growth.  

The rapid population growth along with high economic growth has led to high 

demand for electric power in Asian economies. To fulfill the increasing demand for 

electricity the public funds are needed to be allocated for up-gradation and 

enhancement of electricity generation capacity. Financial sector development 

measured by the index of financial deepening also appeared to be the significant 

contributor to productivity and innovation. Therefore, financial sector reforms for 

increasing savings and better allocation of these savings to investment are also vital 

for TFP growth and innovation. 

The policy measures discussed above will surely be helpful in enhancing innovative 

capacity, technological advancement and in this way in raising the productivity. This 

will lead to achieve sustainable economic growth and helpful to reduce the incidence 

of poverty in developing countries. These policies are critical particular for Asia 
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economies to sustain their growth and to compete with technologically advanced 

countries in high-tech products and services effectively.  

The forces behind growth are innovation and knowledge based which influence 

growth by enhancing TFP. The previous efforts for assessing the association between 

national innovative capacity, technological advancement and TFP growth are very 

little. If we want to understand the sources of economics growth over long run beyond 

factor accumulation, the focus should be on efforts to analyze and understand this 

association. In this era of knowledge based economy, the countries have to compete in 

terms of innovative capacity, technology and productivity like R&D, patents, 

trademarks, penetration of ICT, publication of Scientific and technical articles and 

industrial designs. However, data on these indicators is available only for limited 

countries which restricted the analysis of this research to specific panel of countries. 

Therefore, the analysis can be extended to other economies of the World if the data is 

available. The efforts still need toward developing methods to quantify and analyze 

the innovative, technological and other knowledge based capabilities more close to 

true values particularly in developing and low income countries. These efforts are 

likely to be very important future research priority in this area. Although, watchful 

checks have been made to ensure robust findings, the research closes with 

acknowledgment of any weaknesses.  
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Appendix-I 

Figure A 1:Trends in S&T Journal Articles Published Per Million Persons (Panel-I) 

 
 Source: WDI 

 

 

Figure A 2:Trends in S&T Journal Articles Published Per Million Persons (Panel-II) 

 
 Source: WDI 
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Figure A 3: Trends in Patent Grants per Million Persons (Panel-I) 

 
 Source: WIPO 

 

 

 

 

Figure A 4: Trends in Patent Grants per Million Persons (Panel-II) 

 
  Source: WIPO 
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Figure A 5: Trends in Trademarks Registration per Million Persons (Panel-I) 

 
 Source: WIPO 

 

 

 

Figure A 6: Trends in Trademarks Registration per Million Persons (Panel-II) 

 
 Source: WIPO 
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Figure A 7: Trends in Design Registrations per Million Persons (Panel-I) 

 
  Source: WIPO 

 

 

 

 

Figure A 8: Trends in Design Registrations per Million Persons (Panel-II) 

 
  Source: WIPO 
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Appendix-II 

Table A 1: Average Penetration Rate in Asian growing economies 

Year 
Internet 

users 

Mobile 

cellular 

subscriptions 

Fixed 

telephone 

subscriptions 

Fixed 

broadband 

subscriptions 

Number 

of PC's 

1996 1.77 5.90 22.10 0.03 7.36 

1997 3.43 9.98 23.39 0.05 8.98 

1998 5.53 14.36 23.85 0.05 10.36 

1999 9.67 21.23 25.81 0.30 12.61 

2000 15.72 29.74 26.42 1.86 17.43 

2001 19.89 34.09 26.60 3.46 19.11 

2002 23.27 40.10 26.53 4.93 21.46 

2003 26.79 45.38 26.38 5.98 23.92 

2004 30.45 52.55 26.09 7.11 26.05 

2005 31.97 59.48 26.31 8.07 27.19 

2006 33.86 67.53 25.81 9.45 28.87 

2007 38.29 81.05 26.13 10.65 31.13 

2008 39.89 90.25 25.93 11.68 32.75 

2009 41.55 96.55 26.23 12.81 35.08 

2010 43.89 104.67 26.36 13.93 37.29 

2011 45.78 112.63 25.98 14.88 39.61 

2012 47.91 118.74 25.57 15.33 42.15 

2013 50.44 123.51 25.19 15.77 44.28 

2014 52.82 126.79 24.27 16.08 46.51 

2015 57.26 124.08 23.38 16.67 48.84 
Sources: WDI & ECONSTATS 

(TM)
, TekCarta, www.nakono.com and Interpolation/extrapolation of 

missing values by the Author 
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Table A 2: Average Penetration Rate in technologically advanced OECD Economies 

Year Internet 

users  

Mobile 

cellular 

subscriptions 

Fixed 

telephone 

subscriptions 

Fixed 

broadband 

subscriptions 

Number 

of PC's 

1996 6.76 14.28 51.34 0.12 20.39 

1997 10.77 20.41 52.91 0.18 23.45 

1998 16.25 29.28 52.86 0.24 26.65 

1999 24.39 42.69 53.58 0.46 30.12 

2000 32.20 58.78 54.20 1.02 36.54 

2001 38.59 67.98 54.00 2.51 40.23 

2002 45.95 72.73 53.43 4.47 43.38 

2003 52.13 78.95 52.42 7.22 47.23 

2004 56.65 85.49 51.33 11.08 52.92 

2005 60.27 92.76 49.69 15.70 58.77 

2006 62.77 99.11 48.77 19.87 63.31 

2007 67.95 106.24 46.68 24.23 66.62 

2008 70.79 110.95 45.62 25.04 70.31 

2009 72.71 112.11 47.29 26.32 73.08 

2010 75.29 114.12 46.41 27.67 76.92 

2011 76.46 117.86 45.20 28.76 81.23 

2012 78.66 119.63 43.91 29.63 85.38 

2013 81.39 117.90 42.37 30.63 89.60 

2014 83.35 119.94 41.17 31.46 94.03 

2015 83.92 121.43 40.57 32.49 98.67 
Sources: WDI & ECONSTATS 

(TM)
, TekCarta, www.nakono.com and Interpolation/extrapolation of 

missing values by the Author 
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Table A 3: High Technology Exports (% of Manufactured Exports) 

 Countries Average (1996-2015) 2015 

United States 26.73 19.01 

United Kingdom 25.37 20.81 

France 22.49 26.85 

Japan 21.83 16.78 

Finland 17.55 8.73 

Norway 17.12 20.52 

Germany 16.06 16.66 

Canada 14.46 13.83 

Austria 12.93 13.51 

Australia 12.83 13.35 

Italy 7.76 7.34 

Spain 6.95 7.15 

Portugal 5.89 4.59 

Singapore 53.6 49.28 

Malaysia 50.35 42.80 

Korea, Rep. 29.26 26.84 

Thailand 26.9 21.44 

China 23.9 25.75 

Hong Kong  15.65 10.71 

India 6.76 7.52 

Turkey 2.23 2.16 

Pakistan 1.1 1.56 
Source: World Development Indicator
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Appendix-III 

Table A 4:Number of Internet Users per 100 Inhabitants in Asian growing economies 

Year Pakistan China Thailand Malaysia India Hon Kong Singapore Korea Rep Turkey 

1996 0.003 0.013 0.115 0.852 0.046 4.749 8.350 1.624 0.193 

1997 0.028 0.032 0.361 2.307 0.071 10.519 13.472 3.601 0.474 

1998 0.044 0.169 1.091 6.752 0.139 14.546 19.591 6.782 0.699 

1999 0.055 0.708 2.426 12.306 0.273 21.231 24.155 23.552 2.292 

2000 1.850 1.776 3.689 21.385 0.528 27.828 36.000 44.700 3.762 

2001 1.319 2.640 5.556 26.696 0.660 38.671 41.670 56.600 5.189 

2002 2.577 4.596 7.531 32.338 1.538 43.082 47.000 59.400 11.380 

2003 5.041 6.200 9.299 34.971 1.686 52.200 53.838 65.500 12.330 

2004 6.164 7.300 10.677 42.252 1.976 56.400 62.000 72.700 14.580 

2005 6.332 8.523 15.026 48.629 2.388 56.900 61.000 73.500 15.460 

2006 6.500 10.523 17.161 51.638 2.805 60.800 59.000 78.100 18.240 

2007 6.800 16.000 20.030 55.700 3.950 64.800 69.900 78.800 28.630 

2008 7.000 22.600 18.200 55.800 4.380 66.700 69.000 81.000 34.370 

2009 7.500 28.900 20.100 55.900 5.120 69.400 69.000 81.600 36.400 

2010 8.000 34.300 22.400 56.300 7.500 72.000 71.000 83.700 39.820 

2011 9.000 38.300 23.670 61.000 10.070 72.200 71.000 83.759 43.066 

2012 9.960 42.300 26.460 65.800 12.580 72.900 72.000 84.070 45.130 

2013 10.900 45.800 28.940 66.970 15.100 74.200 81.000 84.770 46.250 

2014 13.800 49.300 34.890 67.500 18.000 74.560 82.000 84.330 51.040 

2015 18.000 50.300 39.316 71.064 26.000 84.948 82.103 89.896 53.745 
Source: World Development Indicators 
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Table A 5: Number of Internet Users per 100 Inhabitants in technologically advanced OECD Economies 

Year France UK USA Japan Norway Portugal Spain Canada Australia Austria Italy Germany Finland 

1996 2.584 4.124 16.419 4.373 18.250 2.981 1.332 6.760 3.275 6.909 1.023 3.055 16.780 

1997 4.255 7.385 21.616 9.163 20.418 4.953 2.803 15.072 16.369 9.534 2.277 6.711 19.459 

1998 6.320 13.670 30.093 13.414 22.560 9.870 4.362 24.897 30.813 15.421 4.559 9.878 25.453 

1999 9.125 21.294 35.849 21.391 40.000 14.742 7.085 36.186 40.784 23.044 14.378 20.846 32.295 

2000 14.308 26.822 43.079 29.991 52.000 16.430 13.625 51.300 46.756 33.730 23.111 30.216 37.248 

2001 26.326 33.481 49.081 38.532 64.000 18.087 18.149 60.200 52.689 39.185 27.222 31.651 43.105 

2002 30.180 56.480 58.785 46.594 72.840 19.370 20.390 61.593 55.270 36.560 28.040 48.820 62.430 

2003 36.140 64.820 61.697 48.435 78.130 29.670 39.930 64.200 57.840 42.700 29.040 55.900 69.220 

2004 39.150 65.610 64.758 62.394 77.690 31.780 44.010 65.956 60.420 54.280 33.240 64.730 72.390 

2005 42.870 70.000 67.968 66.921 81.990 34.990 47.880 71.660 63.000 58.000 35.000 68.710 74.480 

2006 46.870 68.820 68.931 68.685 82.550 38.010 50.370 72.400 66.000 63.600 37.990 72.160 79.660 

2007 66.090 75.090 75.000 74.300 86.930 42.090 55.110 73.200 69.450 69.370 40.790 75.160 80.780 

2008 70.680 78.390 74.000 75.400 90.570 44.130 59.600 76.700 71.670 72.870 44.530 78.000 83.670 

2009 71.580 83.560 71.000 78.000 92.080 48.270 62.400 80.300 74.250 73.450 48.830 79.000 82.490 

2010 77.280 85.000 71.690 78.210 93.390 53.300 65.800 80.300 76.000 75.170 53.680 82.000 86.890 

2011 77.820 85.380 69.729 79.054 93.490 55.250 67.600 83.000 79.488 78.740 54.390 81.270 88.710 

2012 81.440 87.480 79.300 79.496 94.650 60.340 69.810 83.000 79.000 80.030 55.830 82.350 89.880 

2013 81.920 89.844 84.200 89.710 95.053 62.096 71.635 85.800 83.000 80.619 58.459 84.170 91.514 

2014 83.750 91.610 87.360 90.580 96.300 64.590 76.190 87.120 84.560 81.000 61.960 86.190 92.380 

2015 84.695 92.000 74.550 93.329 96.300 68.633 78.690 88.470 84.561 83.926 65.572 87.590 92.651 
Source: World Development Indicators 
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Table A 6:Mobile Cellular Subscriptions per 100 Inhabitants in Asian growing economies 

Year Pakistan China Thailand Malaysia India Hon Kong Singapore Korea Rep Turkey 

1996 0.05 0.55 3.10 7.15 0.03 21.70 12.07 7.08 1.36 

1997 0.10 1.05 3.66 9.17 0.09 34.68 23.23 15.21 2.67 

1998 0.14 1.89 3.25 9.84 0.12 48.16 29.31 30.82 5.72 

1999 0.19 3.40 3.80 13.06 0.18 63.50 42.66 51.25 13.05 

2000 0.21 6.66 4.90 21.87 0.34 79.69 70.12 58.33 25.54 

2001 0.51 11.24 11.97 30.87 0.62 83.80 74.36 62.88 30.53 

2002 1.13 15.90 27.35 37.08 1.21 92.53 80.10 69.71 35.87 

2003 1.58 20.72 33.52 44.69 3.08 106.41 84.07 72.10 42.29 

2004 3.24 25.55 41.43 57.60 4.70 119.10 91.21 78.17 51.92 

2005 8.08 29.84 46.46 75.63 8.00 123.89 97.53 81.52 64.37 

2006 21.45 34.77 60.90 73.93 14.52 136.66 103.78 85.00 76.74 

2007 38.34 41.02 80.17 87.07 20.16 155.04 125.19 93.27 89.18 

2008 52.70 47.76 93.43 101.50 29.53 166.19 132.30 95.28 93.55 

2009 55.46 55.30 99.51 108.47 44.12 179.78 138.69 99.54 88.12 

2010 57.28 63.17 108.02 119.74 62.39 195.67 145.40 104.77 85.63 

2011 61.81 72.07 116.33 127.48 73.20 215.50 150.12 107.74 89.41 

2012 67.06 80.76 127.29 141.33 69.92 229.24 152.13 109.43 91.46 

2013 70.13 88.71 140.05 144.72 70.78 237.35 155.92 111.00 92.96 

2014 73.33 92.27 144.44 148.83 74.48 239.30 158.13 115.54 94.79 

2015 66.92 93.16 144.44 143.91 78.84 228.83 146.14 118.46 96.02 
Source: World Development Indicators 
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Table A 7:Mobile Cellular Subscriptions per 100 Inhabitants in technologically advanced OECD Economies 

Year France UK USA Japan Norway Portugal Spain Canada Australia Austria Italy Germany Finland 

1996 4.23 12.46 16.24 21.56 28.76 6.54 7.59 11.82 21.76 7.48 11.28 6.61 29.30 

1997 9.96 15.15 20.14 30.59 38.00 14.80 10.95 14.05 24.66 14.47 20.63 9.91 42.07 

1998 19.12 25.42 24.89 37.77 46.67 30.08 16.20 17.74 26.17 28.63 36.04 16.66 55.23 

1999 36.39 46.28 30.58 45.30 59.64 45.52 37.56 22.72 33.19 53.08 53.27 28.08 63.38 

2000 49.06 73.71 38.47 53.12 71.78 64.67 60.24 28.43 44.46 76.27 74.13 57.72 72.03 

2001 62.08 78.20 44.69 59.39 79.58 77.07 72.76 34.37 57.12 81.26 89.59 67.15 80.48 

2002 64.26 82.83 48.85 64.25 83.54 83.40 81.10 37.95 64.27 83.24 94.26 70.66 86.86 

2003 68.90 90.88 54.85 68.49 89.05 95.82 88.59 42.07 71.90 89.34 98.10 77.34 91.06 

2004 73.02 99.51 62.55 72.16 98.61 100.89 90.43 47.06 81.51 97.54 107.69 85.06 95.40 

2005 78.26 108.59 68.32 75.98 102.81 108.91 98.40 52.76 89.76 105.18 121.86 94.55 100.45 

2006 83.53 115.60 76.29 78.52 104.28 116.04 103.76 57.49 94.70 112.12 136.12 102.28 107.63 

2007 88.98 121.10 82.06 84.35 106.71 127.68 108.41 61.47 100.06 119.26 150.96 115.14 114.88 

2008 92.68 122.19 85.21 86.71 109.07 132.92 109.68 66.20 102.19 129.66 150.89 126.56 128.42 

2009 92.10 123.95 88.62 91.32 110.73 111.48 111.58 70.55 100.74 136.58 149.51 126.23 144.09 

2010 91.39 123.63 91.31 96.81 114.48 115.30 111.28 75.68 100.43 145.69 154.80 106.48 156.31 

2011 94.08 123.60 94.44 104.27 115.81 116.39 113.06 77.83 104.61 154.43 158.15 109.66 165.89 

2012 97.38 124.76 96.01 110.91 116.09 112.39 108.36 79.57 105.59 160.54 159.63 111.59 172.32 

2013 98.50 124.61 97.08 116.32 116.27 113.04 106.89 80.61 106.84 156.23 158.82 120.92 136.58 

2014 100.36 123.58 98.41 120.23 116.51 111.80 107.85 82.98 131.23 151.91 154.25 120.42 139.66 

2015 102.61 125.75 117.59 125.05 113.58 110.41 107.90 81.93 132.80 157.41 151.32 116.71 135.50 
Source: World Development Indicators 
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Table A 8:Number of Personal Computers per 100 Inhabitants in Asian growing economies 

Year Korea Malaysia Pakistan Singapore Thailand Turkey China Hong Kong India 

1996 13.85 3.60 0.37 25.88 1.65 1.77 0.37 18.65 0.16 

1997 15.08 4.75 0.37 32.67 1.97 2.05 0.61 23.12 0.21 

1998 17.86 6.12 0.43 36.92 2.12 2.64 0.90 25.98 0.27 

1999 24.73 7.91 0.43 42.94 2.24 3.36 1.24 30.27 0.33 

2000 40.00 9.00 0.43 46.00 3.00 6.00 3.00 49.00 0.45 

2001 48.00 13.00 0.42 49.00 4.00 7.00 3.00 47.00 0.58 

2002 50.00 15.00 0.47 54.00 4.00 7.00 4.00 58.00 0.72 

2003 51.00 17.00 1.36 59.00 5.00 8.00 6.00 67.00 0.88 

2004 52.00 19.00 2.24 63.00 7.00 9.00 7.00 74.00 1.21 

2005 54.00 22.00 3.13 66.00 8.00 9.00 8.00 73.00 1.55 

2006 54.00 23.00 4.02 70.00 9.00 10.00 9.00 78.00 2.79 

2007 58.00 26.00 4.90 73.00 11.00 11.00 10.00 83.00 3.29 

2008 60.00 28.00 5.79 74.00 12.00 14.00 13.00 84.00 4.00 

2009 64.00 31.00 6.68 76.00 15.00 16.00 15.00 87.00 5.00 

2010 66.00 34.00 7.57 79.00 18.00 17.00 17.00 91.00 6.00 

2011 69.00 36.00 8.45 85.00 21.00 18.00 18.00 94.00 7.00 

2012 71.00 39.00 9.34 91.00 23.00 19.00 20.00 98.00 9.00 

2013 74.51 40.93 10.23 95.50 24.14 19.94 20.99 102.84 9.44 

2014 78.19 42.95 11.11 100.21 25.33 20.92 22.02 107.92 9.91 

2015 82.05 45.07 12.00 105.16 26.58 21.96 23.11 113.25 10.40 
Sources: ECONSTATS 

(TM)
, TekCarta, www.nakono.com and Interpolation/extrapolation of missing values by the Author 
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TableA 9:Number of Personal Computers per 100 Inhabitants in technologically advanced OECD Economies 

Year Australia Austria Canada Norway Finland France Germany UK USA Italy Japan Portugal Spain 

1996 28.94 17.58 24.60 31.77 27.32 16.20 20.88 21.83 35.86 9.32 16.22 6.66 7.85 

1997 32.94 21.33 27.35 36.08 31.13 19.38 23.88 24.18 39.98 11.42 20.22 7.33 9.60 

1998 36.88 23.80 31.08 40.61 34.93 23.22 27.91 27.19 44.95 13.35 23.73 8.00 10.83 

1999 42.27 28.74 36.39 44.84 36.01 26.75 29.72 30.67 50.53 15.81 28.66 9.14 12.02 

2000 49.00 41.00 42.00 49.00 41.00 30.00 34.00 31.00 58.00 18.00 38.00 28.00 16.00 

2001 53.00 48.00 46.00 51.00 44.00 33.00 39.00 34.00 63.00 20.00 43.00 29.00 20.00 

2002 59.00 55.00 49.00 53.00 46.00 35.00 44.00 37.00 68.00 23.00 46.00 31.00 18.00 

2003 62.00 63.00 52.00 55.00 48.00 42.00 49.00 40.00 72.00 27.00 49.00 34.00 21.00 

2004 67.00 66.00 70.00 57.00 50.00 49.00 55.00 54.00 77.00 31.00 52.00 36.00 24.00 

2005 71.00 69.00 88.00 59.00 52.00 57.00 62.00 69.00 79.00 37.00 56.00 39.00 26.00 

2006 76.00 73.00 94.00 63.00 54.00 65.00 66.00 73.00 81.00 43.00 60.00 41.00 34.00 

2007 81.00 75.00 96.00 67.00 58.00 66.00 72.00 77.00 84.00 46.00 63.00 44.00 37.00 

2008 86.00 78.00 96.00 70.00 62.00 72.00 75.00 83.00 87.00 49.00 69.00 47.00 40.00 

2009 90.00 79.00 100.00 72.00 62.00 77.00 80.00 82.00 89.00 52.00 74.00 51.00 42.00 

2010 95.00 82.00 103.00 76.00 67.00 81.00 85.00 85.00 94.00 54.00 78.00 54.00 46.00 

2011 100.00 84.00 107.00 80.00 71.00 84.00 88.00 89.00 104.00 56.00 83.00 60.00 50.00 

2012 104.00 86.00 111.00 84.00 76.00 88.00 89.00 93.00 113.00 59.00 87.00 66.00 54.00 

2013 109.14 90.25 116.48 88.15 79.75 92.35 93.40 97.59 118.58 61.91 91.30 69.26 56.67 

2014 114.53 94.71 122.24 92.50 83.69 96.91 98.01 102.41 124.44 64.97 95.81 72.68 59.47 

2015 120.19 99.38 128.27 97.07 87.83 101.70 102.85 107.47 130.59 68.18 100.54 76.27 62.40 
Sources: ECONSTATS 

(TM)
, TekCarta, www.nakono.com and Interpolation/extrapolation of missing values by the Author 
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Appendix-IV 

Table A 10: Total Patent Grants by region (Direct and PCT National Phase Entries) 

Regions 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Africa 1209 1142 1015 1056 1138 1105 949 360 352 283 1259 1282 1430 

Asia 53793 35427 84992 85548 84330 106314 200605 149295 166755 184329 145105 140754 148543 

Europe 127420 52706 62015 67769 85917 83371 85565 93891 81997 78066 74123 83782 90099 

Latin America 

& Caribbean 
1035 772 805 1804 1816 1124 884 1129 948 812 981 1074 1081 

North 

America 
48502 52293 53559 54292 56919 56482 61813 62355 81241 85254 86177 88837 88215 

Oceania 206 140 154 166 165 1067 1065 1172 1552 1324 1578 1324 1371 

 

(Continue... Table A 10) 

Regions 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Africa 1370 1439 1547 1407 1476 1459 1355 1315 1197 1273 1484 1492 1058 

Asia 156971 175019 196502 255386 287024 281360 290040 335612 399135 469988 480187 453024 502597 

Europe 108521 100910 93726 101167 93510 101165 108584 103531 94713 98252 100720 102936 104930 

Latin America 

& Caribbean 
981 725 815 1076 1023 933 1126 982 1128 1161 1290 1286 1410 

North 

America 
89134 85711 76137 91391 81321 79398 84390 109682 110791 123442 136363 147593 143823 

Oceania 2040 1594 1556 1335 1573 1356 1387 1576 1596 1652 1407 1585 1959 
Source: WIPO statistics database 
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Table A 11:Total Trademark Registrations by region (Direct and Via the Madrid System) 

 Regions 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Africa 6176 6082 6040 12018 11641 11435 11266 4118 8933 9368 9782 10669 15086 

Asia 177976 167341 242026 235467 246936 251103 316218 468061 266940 266775 267900 313538 344492 

Europe 136038 162469 206554 187595 208497 197337 186809 189318 210044 224650 251736 269300 256243 

Latin America & 

Caribbean 
54206 44051 68407 61254 78019 69755 75300 62489 98853 95022 108230 78104 111820 

North America 58301 46535 75571 75040 62365 80384 88802 118310 108857 84048 104910 102746 132261 

Oceania 7165 6327 7242 5734 7004 7803 12030 18673 18229 16216 15090 23966 24063 

 

(Continue... Table A 11) 

  Regions 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Africa 11297 6627 15774 19086 16820 19518 16174 44235 34631 31633 37647 33121 34935 

Asia 393560 425280 436154 465861 455970 587981 974333 1497608 1303176 1250312 1295125 1638204 2072165 

Europe 232783 234487 272101 288427 297997 332315 364579 405727 363622 337498 344116 361793 367860 

Latin America & 

Caribbean 
100933 66223 122808 149369 240615 173195 174738 220775 188346 202993 187359 253368 245512 

North America 118912 107119 112111 135136 150494 170569 153058 147115 158766 162655 169767 176651 183890 

Oceania 24599 24954 25275 25642 28437 32450 29236 28334 27344 31197 32090 30306 33405 

Source: WIPO statistics database 
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Table A 12: Total Design Registrations by region (Direct and Via the Hague System) 

  Regions 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Africa 458 617 570 1725 843 865 1645 33 729 388 787 1016 1194 

Asia 50130 47822 57924 61091 56241 63965 69131 79677 88105 95229 94819 96909 113908 

Europe 28028 25066 18554 23559 20266 20031 24208 26855 24315 28614 27746 23839 25882 

Latin America & 

Caribbean 
503 520 1045 2747 2926 1323 1976 900 995 1245 3174 4164 4240 

North America 5732 6614 6587 7765 8158 8751 8314 8566 10588 10332 11776 10825 9824 

Oceania 2507 2343 2351 2467 2456 2566 2808 2561 2613 2144 2281 2575 2622 

 

(Continue... Table A 12) 

  Regions 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Africa 1488 1430 2044 2664 2372 1905 1899 1746 2285 1889 3651 1918 2386 

Asia 135525 133998 148551 167072 199819 208078 302574 393391 448289 539293 490074 444835 561501 

Europe 28234 31328 32145 32042 34594 37361 31737 32552 36612 37674 38811 38363 39601 

Latin America & 

Caribbean 
4904 4504 5576 4567 4071 4962 4685 5915 5333 4353 3569 4112 3712 

North America 10505 9816 8034 12102 14100 14326 12680 13457 12476 13027 13889 14313 15128 

Oceania 2669 2008 2950 3803 2723 2860 2956 2836 2761 2743 3223 2778 2811 
Source: WIPO statistics database 
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Appendix-V 

Table A 13: Panel Diagnostic Tests (pre-estimation) 

Tests 
Model 1 (IQ) Model 2 (TFP) 

Statistic  Prob. Statistic  Prob. 

Redundant Fixed Effects Test 

 

F 

 

83.18147 0.00 

 

79.33 0.00 

 

Χ
2 

 

730.5007 0.00 

 

714.53 0.00 

Hausman Test 63.36 0.00 64.15 0.00 

Breusch-Pagan Test 1849.63 0.00 1618.99 0.00 

Honda Test 29.07 0.00 31.79 0.00 

King-Wu Test 28.27 0.00 31.16 0.00 

Standardized Honda Test 28.54 0.00 32.07 0.00 

Standardized King-Wu Test 27.51 0.00 31.18 0.00 

Source: Author’s estimates by using the data discussed in section 6.1 

 

Table A 14: The summary statistics of Kao (Engle Granger based) Test 

  
Whole Sample 

Technologically 

Advanced OECD 

Economies 

Asian Growing 

Economies 

Statistics Prob. Statistics Prob. Statistics Prob. 

Model 1 -1.659 0.048 -1.466 0.071 -1.95 0.026 

Model 2 -2.507 0.006 -1.800 0.036 -2.068 0.019 

Source: Author’s estimates by using the data discussed in section 6.1 
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Table A 15: The dependent variable is Innovative Output index (Model 1) 

Regressors 
Whole Sample 

Technologically 

Advanced OECD 

Economies 

Asian Growing 

Economies 

FMOLS DOLS FMOLS DOLS FMOLS DOLS 

RD 
0.485 

(0.000) 

0.443 

(0.000) 

0.535 

(0.001) 

0.522 

(0.000) 

0.426 

(0.000) 

0.397 

(0.000) 

ICT 
-0.135 

(0.000) 

-0.122 

(0.000) 

0.057 

(0.504) 

0.027 

(0.613) 

-0.172 

(0.001) 

-0.147 

(0.000) 

G 
0.007 

(0.909) 

0.046 

(0.617) 

-0.149 

(0.516) 

-0.173 

(0.254) 

0.428 

(0.000) 

0.394 

(0.008) 

FD 
0.295 

(0.000) 

0.262 

(0.000) 

0.247 

(0.053) 

0.231 

(0.007) 

0.102 

(0.042) 

0.142 

(0.024) 

EET 
-0.066 

(0.123) 

-0.061 

(0.261) 

0.150 

(0.233) 

0.138 

(0.095) 

-0.152 

(0.025) 

-0.159 

(0.032) 

HC 
0.398 

(0.000) 

0.422 

(0.000) 

0.403 

(0.096) 

0.521 

(0.000) 

0.735 

(0.000) 

0.644 

(0.000) 

Y 
0.493 

(0.000) 

0.611 

(0.000) 

-0.540 

(0.331) 

-0.302 

(0.403) 

0.699 

(0.000) 

0.767 

(0.000) 

POP 
-0.041 

(0.004) 

-0.032 

(0.105) 

-0.021 

(0.631) 

-0.017 

(0.560) 

-0.051 

(0.025) 

-0.045 

(0.129) 

Source: Author’s estimates by using the data discussed in section 6.1 

Note: Numbers in parentheses are probabilities  
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Table A 16: The dependent variable is Total Factor Productivity Growth (Model 2) 

Regressors 
Whole Sample 

Technologically 

Advanced OECD 

Economies 

Asian Growing 

Economies 

FMOLS DOLS FMOLS DOLS FMOLS DOLS 

RD 
0.058 

(0.000) 

0.055 

(0.013) 

0.149 

(0.000) 

0.112 

(0.013) 

      0.018 

(0.171) 

0.043 

(0.169) 

ICT 
0.038 

(0.000) 

0.031 

(0.000) 

0.007 

(0.125) 

0.015 

(0.040) 

0.072 

(0.000) 

0.049 

(0.000) 

I 
0.042 

(0.000) 

0.074 

(0.000) 

-0.014 

(0.239) 

0.023 

(0.255) 

0.039 

(0.013) 

0.069 

(0.015) 

G 
0.054 

(0.000) 

0.048 

(0.014) 

0.149 

(0.000) 

0.140 

(0.000) 

0.055 

(0.057) 

0.046 

(0.207) 

FD 
-0.039 

(0.000) 

-0.031 

(0.002) 

0.036 

(0.000) 

0.022 

(0.173) 

-0.011 

(0.271) 

-0.018 

(0.330) 

EET 
-0.004 

(0.868) 

-0.021 

(0.692) 

0.432 

(0.000) 

0.275 

(0.037) 

-0.195 

(0.000) 

-0.123 

(0.090) 

HC 
0.088 

(0.000) 

0.084 

(0.000) 

0.277 

(0.000) 

0.282 

(0.000) 

-0.097 

(0.000) 

-0.039 

(0.320) 

EC 
-0.146 

(0.000) 

-0.134 

(0.000) 

0.194 

(0.000) 

0.167 

(0.000) 

-0.228 

(0.000) 

-0.192 

(0.000) 

INT 
0.000 

(0.875) 

0.002 

(0.731) 

-0.045 

(0.000) 

-0.029 

(0.029) 

0.018 

(0.000) 

0.011 

(0.162) 

Source: Author’s estimates by using the data discussed in section 6.1 

Note: Numbers in parentheses are probabilities  

Table A 17: Pedroni Residual Co-integration Test 

Model including 
(within-dimension) 

Statistic Prob. 

Panel v-Statistic  0.906496  0.1823 

Panel rho-Statistic -1.01895  0.1541 

Panel PP-Statistic -1.782016  0.0374 

Panel ADF-Statistic -1.548393  0.0608 

  (between-dimension) 

Group rho-Statistic  0.870058  0.8079 

Group PP-Statistic -1.456293  0.0727 

Group ADF-Statistic -2.312362  0.0104 

Source: Author’s estimates by using the data discussed in section 6.1 
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Table A 18:Comparative Summary 

Explanatory variables 
Panel-I Panel-II Whole Panel 

Coeff. 
t-stat. 

Coeff. 
t-stat. 

Coeff. 
t-stat. 

The determinants of national innovative capacity (Model-I) 

R&D Expenditure 0.52 7.76 0.4 6.65 0.44 8.87 

ICT index 0.03 0.64 -0.15 -3.79 -0.12 -7 

Governance -0.17 -1.18 0.39 3.11 0.05 0.47 

Financial Deepening 0.23 4.41 0.14 1.69 0.26 5.23 

EET index 0.14 1.96 -0.16 -2.25 -0.06 -0.9 

Human capital 0.52 3.56 0.64 5.02 0.42 5.58 

Per capita income -0.3 -1.41 0.77 6.37 0.61 5.38 

Population Growth -0.02 -0.69 -0.04 -1.29 -0.03 -1.64 

Intercept -4.44 -1.66 -13.8 -9.62 -11.52 -11.6 

Determinants of Total Factor productivity Growth  (Model-II) 

R&D Expenditure 0.11 5.86 0.04 1.28 0.05 3.03 

ICT index 0.02 2.34 0.05 3.07 0.03 5.45 

Governance 0.14 8.22 0.05 1.93 0.07 7.71 

Financial Deepening 0.02 1.95 -0.02 -1.21 0.05 6.16 

EET index 0.27 4.58 -0.12 -1.43 -0.03 -3.02 

Human capital 0.28 6.72 -0.04 -0.95 -0.02 -0.45 

GDI 0.02 1.15 0.07 2.45 0.08 8.38 

EPC 0.17 3.75 -0.19 -4.45 -0.13 -5.88 

Interaction term -0.03 -4.25 0.01 1.15 0.002 0.37 

Intercept -0.34 -0.53 5.93 9.32 4.38 22.09 
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Abstract. The paper empirically examines the potential determinants 

of total factor productivity (TFP) growth in order to assess the role of 

technological advancement in promoting productivity. The particular 

emphasis is placed on intangible sources such as research and 

development and information and communication technology in 

defining the TFP growth. Fixed effect with robust standard errors 

panel data approach is applied for estimation in the case of nine Asian 

growing and emerging economies over the period 1996 to 2015. The 

results indicate that information & communication technology, 

Governance and gross domestic investment as a percentage of GDP 

yield positive and statistically significant impact on TFP growth of 

selected countries. The research and development expenditure 

although yield positive impact but not statistically significant. Policy 

attention must be committed to provide universal information & 

communication technology coupled with broadband connectivity to 

facilitate the ICT use, make substantial investments to improve R&D 

capability and quality of capital stock and necessary steps should also 

be taken to improve Governance and education system to enhance 

TFP growth. 
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I.  INTRODUCTION 

The developing countries are suffering from a number of economic 

problems like low output growth, poverty, inflation, unemployment, high 

trade and budget deficit, low saving and investment rate. Therefore, the 

living standard of people in developing countries is poor as compared to 

developed countries. The only way to improve the living standard is the 

sustainable output growth. The sustained economic growth can be 

achieved either by increasing the growth of factors of production or by 

improving the total factor productivity (TFP). Total factor productivity 

growth is the part of overall growth which is not because of increase in 

inputs but is due to better technology, innovation, specialization and 

better organization (World Bank, 1993). It is a change in overall growth 

at given quantity of inputs. The enhancement of TFP means the 

enhancement of a country’s capability of producing more output with the 

same level of inputs. Through the enhancement of TFP, the long run 

output growth is possible even with scarcity of real factors of production. 

The TFP growth leads to the better and efficient use of available 

resources. The developing countries having limited factors of production 

can achieve sustainable growth through advancement of total factor 

productivity and its advancement is dependent on technological 

advancement. It is the most important indicator of long-run economic 

prospects. Increasing the total factor productivity can raise living 

standard because it increases real income of people which enhances their 

ability to purchase goods and services, improve housing and education, 

enjoy leisure and contribute to social and environmental programs. This 

study is aimed to investigate the ways of enhancing TFP growth.  

 It is a bitter reality that almost all developing countries face the 

scarcity of technology crucial to boost the productivity of factors of 

production. On the other hand, high-tech developed countries seriously 

invest on R & D that is why most of technology is clustered in developed 

counties. The role of improved technology has been a central part of the 

growth strategies of technologically advanced countries. The import of 
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high-tech products, Technology embodied machinery and intermediate 

goods and foreign direct investment (FDI) are channels of external 

technology exposures. The MNCs import modern machinery along with 

the ideas and knowledge generated through cumulated domestic R & D 

capital stock of parent country. Knowledge and technology were treated 

as significant endogenous determinants of economic development and as 

drivers of TFP growth by the endogenous growth theory originated and 

advocated by Romer (1990), Lucas (1988), Grossman and Helpman 

(1991) and Aghion and Howitt, 1998. 

 In this era of digitization, more than 3.2 billion people of the World 

are users of the internet and digital communication between citizens, 

companies and countries considered as a critical driver of productivity 

growth. It is referred to as post-industrial revolution and also referred to 

comprehensive changes brought by digital computing and ICT1 

revolution which includes computer, mobile phones, smart phones, 

tablets, digital cellular phones and internet connectivity. Digital 

revolution and ICT have affected the productivity by changing the 

working conditions and workplaces altogether2. The advances in 

transportation, communication, financial services, Governance, energy 

system and variety of other technological advances have affected the 

productivity. Therefore, revisiting the potential determinants of TFP 

growth is very important and crucial in this present era.  

 Over the last few decades, Asia has been the major contributor to the 

World economy which is driven by its cheap labor. The high GDP 

growth of Asian economies during the last few decades has transformed 

Asia from low to middle income region but the real challenge for Asian 

growing economies is to sustain growth which mainly depends on 

improvement in total factor productivity. According to the ADB report 

2016 “The Asia 2050” if the Asia continues with the same growth 

trajectory, it could achieve 52% share of World GDP by 2050. The report 

concluded that this achievement is only possible if Asian economies 

transform their economies into knowledge based economies as the 

knowledge is significant promoter of TFP. The poverty level in the 

                                                 

1 The index of information and communication technology 
2 ICT usage enhances the innovation which induces higher total factor productivity 

growth. 
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region remains high and resources are insufficient to tackle the 

challenges. Therefore, it is essential for Asia to seek a different strategy 

not only for sustainability of economic growth but also to accelerate it. 

The enhancement of TFP growth through innovation and technological 

advancement is the only option to meet region’s challenges. Human 

capital, R&D, ICT and Governance are the four main pillars of TFP 

growth. 

 Rapidly advancing technology has brought big changes in the whole 

structures of the economies and has affected the total factor productivity. 

Information and communication technology has a number of 

measurements and interpretations but the past studies on ICT and 

productivity concentrated only on a single dimension like hardware side 

which just includes computers and computing related equipments. 

Therefore, productivity paradox remained unresolved and the impact of 

ICT on productivity growth needs to be examined by taking usage side of 

ICT and this study aims to do that. In this era of knowledge based 

economies having rapidly changing technology, innovation and 

digitization it is very important to re-visit the sources of total factor 

productivity growth. This study aims to contribute to the growth literature 

by empirically investigating the determinants of TFP growth. 

 In order to assess the role of technological advancement and 

innovation in promoting TFP growth, the objective of this study is to 

investigate the potential determinants of TFP growth by empirically 

examining the impact of increased use of ICT3, Human capital, R&D, 

Governance, exposure to external technology, Financial deepening and 

other control variables on TFP growth of nine Asian growing economies 

and recommend the suitable policies for its enhancement. For this 

purpose, the study constructed the indices of TFP, information & 

communication technology (ICT), exposure to external technology (EET) 

and financial deepening (FD) by using the appropriate statistical and 

mathematical procedure. The specific emphasis of present study is to 

examine the knowledge based determinants of TFP growth which is 

unique contribution to the growth literature. Therefore, this study has 

                                                 

3The use of information communication technology is measured by the Mobile cellular 

subscriptions, number of internet users, number of PCs, fixed broad band subscription 

and fixed telephone subscription. 
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very important implication for the achievement of long-term sustainable 

output growth and better living standard of developing countries. 

II.  LITERATURE REVIEW 

A lot of literature has shown that the countries which have low growth 

performance are those which are unable to develop appropriate 

technological capacities. There are also debates in literature regarding 

measurements of total factor productivity, its potential determinants and 

specification issues or methodology to be used. In this section a 

comprehensive review of the theoretical and empirical literature is 

provided. 

 The technology and knowledge has been considered as a significant 

determinant of growth since the endogenous growth theory by Lucas 

(1988), Romer (1986, 1990) and Grossman and Helpman (1991). 

Advancement in technology is crucial for developing economies to catch 

up with high-tech economies. Since the 1960s, technological differences 

have gained support to be the main determinant of growth and 

development differentials (Abramovitz, 1986). The technology as a 

driver of TFP growth was also advocated by Aghion and Howitt (1998.) 

 Previous studies examined the impact of ICT investment on 

productivity and they found productivity paradox of ICT. In other words, 

it was expected that ICT investment has the key role in boosting 

productivity but they found unexpected results and no major contribution 

from ICT investment in productivity growth was found. The studies on 

productivity paradox include Zachary (1991), Brynjolfsson (1993, 1994) 

and Greenwood and Yorukoglu. (1996). According to Sichel (1997) there 

was no clear finding and consensus among the researchers regarding the 

contribution of ICT investment to the productivity. 

 Ulku (2004) suggested that innovations measured by the proxy of 

patent application were important determinant of GDP per capita and 

TFP. Only large OECD countries were found to be able to stimulate their 

innovation by investing in R&D and small OECD countries were found 

to be in the learning stage to promote their own innovation. It was also 

found that innovation affects the growth rate only for short period of time 

which is opposite to the findings of many studies, such as, Romer (1990). 

Potterie and Guellec (2001) investigated the impact of R&D on TFP 



236 Pakistan Economic and Social Review 

growth of 16 OECD economies over the period 1980 to 1998. The results 

showed that R&D had important role for TFP growth. 

 Drucker (2007) analyzed the difference between the traditional 

economies and today’s evolving knowledge based economy in 21st 

century; mega projects of investment will be in knowledge management, 

scientific and technological advances and innovations in which human 

capital will be the sole factor and knowledge will be a transferable source 

on different prices at different places. Thus effective application and 

efficacious use of knowledge, skills and attitudes will be a pre-requisite 

condition to meet with national and international competition in order to 

achieve economic development. 

 Krammer (2008) examined the role of knowledge spillover via FDI 

and international trade on growth in the case of European and transition 

countries from 1990 to 2006 by using panel co-integration test. The result 

of study showed that FDI and trade both were main source of foreign 

technology transformation. The impact of technology through trade was 

significant as compare to FDI. The absorption capacity of host countries 

measured with domestic R&D and human capital found to be crucial for 

productivity. The study concluded that technology transfer via 

liberalization was very beneficial for developing countries but effective 

utilization of this technology depends on absorption capacity of these 

countries. However, the role of some important sources of external 

technology, like imports of high tech machinery and capital good and 

licensing have not been examined by this study. 

 Saba (2016) estimated the total factor productivity of Indian 

economy by using growth accounting approach for the period 1961 to 

2008. The study found that the average growth of TFP was 1.5% over the 

period 1961-2008. The TFP growth from 1961 to 1970 was although 

positive but very low and zero. The study also observed that TFP growth 

of manufacturing sector remained negative during 1971 to 1980 

suggesting technological regress during this period. The reactions of low 

productivity were due to external shocks like oil price, war, drought 

along with stick and rigid regulations. 

 Alves, R.P (2017) analyzed the main reasons of showdown in 

productivity of Portugal since 1990s by examining its major 

determinations. Because of economic integration of the Portugal into 
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growing markets its productivity was expected to converge to the 

developed economics but it did not happen paradoxically. The study 

identified that the main reasons for this slowdown in productivity was the 

misallocation of resource and market inefficiencies. The policy focus 

remained in job creation without sustainable improvement in resource 

allocation. The study proposed stable and effective economic policies 

with continuous evaluation both the public and private sectors. It was 

also found that there were too small, dependent and too indebted firms in 

Portugal and heavily dependent on domestic demand. Therefore, these 

firms need to be integrated into global value chains to catch up with the 

global prettier of productivity. 

 Bergeaud, A et al. (2017) analyzed the long terms trends in GDP 

growth and TFP growth over the period 1890-2015 in the case of four 

most developed areas of the world: The US, the Europe, the British and 

Japan, The GDP growth was decomposed into its components which 

were working time employment, capital intensity. TFP growth and 

population found to be the main determinant of changes in GDP growth. 

The study also attempted to investigate the factors affecting the TFP 

growth therefore the impact of quality of factors and technology diffusion 

on TFP growth was examined. The quality of factors was measured by 

average age of capital machinery and average level of education. The 

shocks of technology were measured by ICT and electricity. The result 

showed that both ICT and electricity waves had positive and significant 

association with TFP growth but the impact of ICT wave was smaller 

than the impact of electricity However, this study accepted that the large 

part of productivity still remained unexplained and further future research 

is required to explain the drivers of TFP growth. It concluded that the 

accurate fore-casting of growth was difficult because of lack of 

understanding and knowledge about the drivers of GDP and TFP growth. 

The study recommended that innovations should be promoted and 

opportunities of new technology shocks like ICT revolution should not be 

missed in order to enhance TFP growth. 

 Exposure to the foreign technology through various channels of 

technology transformation is a widely explored topic in economic 

literature. Bulk of studies agreed on the key findings that the major 

channels of technology diffusion are foreign direct investment, trade in 

products, transmission of techniques, knowledge and people movement 
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of human resource from one country to other. Foreign R&D capital stock 

is an effective channel of technology transmission via capital and 

technology imports. The impact of foreign technology depends on 

absorption capacity of the host country which is measured by level of 

human capital and R&D. The work on foreign technology transformation 

includes the studies by Coe and Helpman (1995), Eaton and Kortum 

(1996), XU and Wang (2000), Melitz (2003), Hoekman, et al. (2005), and 

Boermans (2010). However, the impact of exposure to external 

technology on TFP growth has not been examined empirically. 

 The studies review above suffered some serious shortcomings. The 

mostly previous studies used total labor force or employed labour force 

as an input in TFP measurement which is inappropriate. The employed 

labour force after adjusting with number of hours worked is appropriate 

measure. The adjustment of labour force matters for accurate 

measurement of TFP. Secondly most of previous studies used gross 

capital stock as an input in TFP calculation. This measure of input is also 

not appropriate. The real capital stock which represents actual number of 

machinery in physical form instead of nominal term is accurate measure 

of capital input for TFP estimation. Third most of studies used nominal 

GDP for measuring TFP which is also not appropriate because real GDP 

reflects the actual performance of economy by excluding the inflationary 

factor. Therefore, real GDP should be used in TFP measurement. All 

mentioned shortcomings have been addressed in present study. 

 All past studies vary in their definition of ICT in their method of 

measuring ICT. Due to rapidly developing technology higher 

productivity is expected but previous studies have mixed finding and 

have no clear cut evidence regarding the impact of this enormous 

improvement in ICT on productivity. Information and communication 

technology has a number of measurements and interpretations but the 

past studies on ICT and productivity concentrated only on a single 

dimension like hardware side which just includes computers and 

computing related equipment. Therefore, productivity paradox remained 

unresolved and the impact of ICT on productivity growth needs to be 

examined by taking usage side of ICT and this study aims to do that. 
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III. THEORETICAL FOUNDATION 

The theoretical foundation is a structure which supports exiting theories 

and concepts related to particular research topic. It describes the existing 

and previous theories which enlightens why research problem of specific 

topic of interest is exist.  The existing theories are framed to predict, 

explain and understand phenomenon in order to extend the knowledge 

within particular assumptions. 

PRODUCTIVITY INDEX 

 Generally, the index of productivity can be represented as a ratio of 

output index to input index which measures the ability of inputs to 

produce output that is: 

t

t

t
X

Q
A    For t  = 0, …. T 

 Where At is productivity index, Qt and Xt are output and inputs 

quantity indices, respectively. If the input index Xt contains single input 

then the productivity index At will be partial productivity index, for 

example, labor productivity or capital productivity index. However, there 

are limitations of partial productivity index like omitted inputs bias. For 

example, increase in productivity of labor may be because of increase in 

the quantity of capital per worker which is an omitted input in the labor 

productivity measurement rather than the actual increase in labor 

productivity. If input index Xt contains two or more inputs, then 

productivity index At becomes the total factor productivity (TFP) index. 

Mostly it is constructed using two inputs labor and capital. Total factor 

productivity index is constructed by using disaggregated quantities of 

inputs. The inputs quantities are needed to be weighted by their 

respective shares in output while developing the inputs indices. Most 

commonly used concept of TFP growth in literature is as under4. 

TFP growth = Output growth – input(s) growth 

                                                 

4Kathuria et al., (2013). 
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This measure of TFP growth includes all the residuals after accounting 

for the growth of inputs that is why it is also known as “the index of 

ignorance”5. 

GROWTH ACCOUNTING APPROACH 

 The growth accounting approach is based on Cobb-Douglas 

aggregate production function which assumes constant returns to scale 

and Hicks neutral technical progress6. The production function for 

aggregate output can be written as under. 

   LKFtAQ
t

,        1 

 The above equation reveals that aggregate output (Qt) is the function 

of capital (K), labor (L) and TFP (At). Total Factor Productivity A(t) 

accounts for the shift of production function over time and capture the 

effect of long term technological advancement or technical change in 

total output. Taking the logarithmic differential of equation (1) both side. 
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Dividing the both side of equation 3 by Q 

Q

L

L

L

L

F
A

Q

K

K

K

K

F
A

A

A

Q

Q ˆˆˆˆ









    4 

By putting 
L

F
A

L

Q
and

K

F
A

K

Q


















 then equation 4 become 

                                                 

5Abramovitz (1956). 
6 See Solow (1957). 
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Where FK and FL are the relative output factor shares of capital and labor 

respectively 
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 In equation 6 TFPG is the growth of total factor productivity, q 

represents the growth of real GDP, k is growth rate of capital stock and  

growth rate of labor input. If the data on real GDP growth, growth rate of 

capital stock and labor and their factor shares is available then TFP 

growth can be measured by equation 6. 

 The TFP index can be written as a ratio of output index and inputs 

index as under: 

t

t

t
X

Q
TFP          7 

Where Qt is output index which is based on growth of real GDP 

relative to base year and Xt is combined index of labor and capital based 

growth rates of both factors of production relative to base year and 

weighted with their respective shares in gross output. 

 Equation 7 can be written as: 
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Taking the natural logarithm on both side of equation 8 

tLtKtt
LFKFQTFP lnlnlnln      9 

Taking lag on both sides of equation 9 
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Subtracting equation 10 from equation 9 
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 TFPG is the growth of total factor productivity, q represents the 

growth of real GDP, k is growth rate of capital stock and l growth rate of 

labor input replacing in equation 11. 

lFkFqTFPG
LK

      12 

 The equation 12 shows that the index number approach derives the 

same results as drawn through the growth accounting approach in 

equation 6. Therefore, the index number approach of TFP measurement 

is an extension and complement of the growth accounting approach. 

 Growth accounting approach to measure the TFP has the following 

merits. First, growth accounting or Solow residual approach has been 

extensively used in the productivity growth literature as it is easy and 

simple to apply. Second, it can also be applied even in the case of 

missing data for some time periods. Thirdly, when data is available only 

for small number of years then the growth accounting and index number 

approach are the only methods which can be applied for TFP estimation. 

Last, it gives TFP estimates in detail for each period in order to monitor 

the growth performance of the economy regularly 

IV.  DATA AND METHODOLOGY 

The study includes panel of nine Asian growing and emerging economies 

(China, Hong Kong, India, Korea, Malaysia, Singapore, Pakistan, 
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Thailand and Turkey) over the period: 1996 to 2015.  The growing and 

emerging   countries having data available on all the variables used in the 

analysis have been selected from Asian region. Turkey is one of the top 

emerging economies of Western Asia in terms of annual growth rate of 

GDP (7.4%) ahead of Korea, Rep. (3.1%) Malaysia (5.9%), Singapore 

(3.6%), China (6.9%), India (6.6%), Pakistan (5.7%), Thailand (3.9%) 

and Hong Kong (3.8%) according to World bank data 2017. Despite 

slowdown of Gross Domestic Product by 4.7% in 2009 due to financial 

scarcity, Turkey achieved 8.5% growth rate in 2010 very next year to the 

crisis and 11.11% in 2011. The GDP of Turkey increase by 105%, from 

2004 to 2014 i.e. it doubled according to the International Monetary 

Fund’s report (2015). That is the reason for including Turkey in the 

productivity analysis of emerging markets of Asia. The purpose of study 

is to analyze the productivity growth and therefore difference in 

economies not mater in this regard. A balanced panel data on yearly basis 

is used. The data on different variable is collected from Penn World 

Tables, OECD’s Main Science and Technology Indicators and World 

Development Indicators (WDI). The other sources of data are given in 

Table 1. All data is expressed as percentage of GDP, percentage of 

population or as percentage of imports/exports in order to maximize the 

cross-country comparability of panel data. In this way the influence of 

data outliers can also be minimized. All the variables are used in 

logarithm form except Governance. Data on All the indicators used in the 

construction of indices are normalized and converted into a uniform scale 

ranging from 0 to 100 through mini-max method of normalization. The 

weights used for calculating the indices are determined by the method of 

Principal Components Analysis (PCA). The detail of indices is given in 

the Table 1. 

 The index number approach as an extension of growth accounting 

approach has been used to estimate TFP index. An alternative measure of 

two factors of production (labour and capital has been used) instead of 

traditional measures of these input factors. In traditional method which 

was mostly used in previous studies the labour is measured as total 

number of employed workers and capital is measured as gross capital 

stock in monetary terms such as dollars or rupees. In this study the 

employed workers after adjusting for hours of worked is used as an 

alternative input measure to estimate TFP index. Similarly, real capital 
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stock which is adjusted for inflation is used as an alternative measure of 

this input. The TFP index is measured at based year of 1990. The Shares 

of respective compensation in GDP of labour and capital has been used 

as weights to measure the TFP index7. However, in the case of Pakistan 

the weights of labour and capital measured by Ahmad, H.K. (2011) have 

been used. 

 The data of real GDP, capital stock, employed labour force, average 

annual hours worked and share of labour compensation in gross domestic 

product  taken from 9.0 version of Penn World Table (PWT)  is based on 

latest World Bank International Comparison Program (ICP), 2011 also 

known as benchmark year8. The data of capital stock is built up on the 

basis of investment assets having major four categories: structures, 

machinery, transport and other assets. Structures include residential and 

non-residential, machinery includes computer, printer, communication 

equipment and other assets contain software, intellectual property and 

other intangible assets. The data of real GDP has been revised and 

improved because of incorporation of latest ICP 2011 as a benchmark. 

This revision of real GDP data is very important for cross country 

comparison and analysis. The data of Gross R&D expenditure is taken 

from the database of OECD: Science, technology and innovation. It 

expresses the total expenditure on R&D including R&D within a country 

and funding from abroad but it excludes payments made by country for 

R&D to abroad. It consists of R&D expenditure in government sector, 

business sector, non-profit firms and higher education. The missing 

values in data are interpolated by the method of averaging the 

observations of preceding and succeeding years. However, in 

construction of an index if more observations are missing then zero 

weight is assigned to missing entries.9The variables are used in logarithm 

form in estimation. 

                                                 

7 For detail see Robert C. Feenstra, Robert Inklaar and Marcel Timmer (2013) 
8 For detail see Feenstra et al. (2015) also visit: 

“http://www.rug.nl/research/ggdc/data/pwt/v81/the_next_generation_of_the_penn_world_ta

ble.pdf” and “(http://www.rug.nl/research/ggdc/data/pwt/pwt-8.0)”. 

9Dreher, (2006)  
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TABLE 1 

The Detail of Indicators Used in Indexes 

Indicator Sources of data Variable weights (%) 

Information & Communication Technology 

Internet users (per 100 people) World Development Indicators 23 

Mobile cellular subscriptions (per 

100 people) 

World Development Indicators 20 

Personal Computer (per 100 people) ECONSTATSTM and 

www.nakono.com 

23 

Fixed telephone subscriptions (per 

100 people) 

World Development Indicators 

and ITU 

13 

Fixed broadband subscriptions (per 

100 people) 

World Development Indicators 21 

Exposure to external technology 

Imports of high-tech Manufactures 

(% of total Imports) 

UNCTAD 30 

Technology imports intensity (% of 

total imports) 

UNCTAD 30 

Foreign direct investment, net 

inflows (% of GDP) 

World Development Indicators 25 

Royalties and license fee payments 

(% of total services Imports) 

UNCTAD and WDI 15 

Financial deepening 

Domestic Credit by the Financial 

sector (% of GDP) 

World Development Indicators 35 

Financial system deposits (% of 

GDP) 

World Development Indicators 35 

Liquid liabilities (% of GDP) World Development Indicators 30 

Governance 

Government effectiveness World Governance Indicators 16.7 

Voice and accountability World Governance Indicators 16.7 

Regulatory quality World Governance Indicators 16.6 

Control of corruption World Governance Indicators 16.6 

Rule of law Kaufmann World Governance Indicators 16.7 

Political stability World Governance Indicators 16.7 

 Source: Author’s own calculation 

 In panel data analysis across autocorrelation of disturbances is likely 

to be present which leads to biased estimation of standard errors. To 

overcome this problem, the robust standard errors is used. Therefore, 

fixed effects with robust standard errors estimation technique is used in 

this study for estimation of model. The estimates obtained through this 

method are robust and arbitrary accommodate to contemporaneously 

(cross sectional) correlation, within cross-section serial correlation and 
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heteroskedasticity10. It indicates that estimated model has panel corrected 

standard errors robust to contemporaneous correlation, heteroskedasticity 

and serial correlation11. Redundant fixed effects test, Lagrange Multiplier 

Tests for Random Effects and Correlated Random Effects - Hausman 

Test are used for selection of the best and appropriate model and 

estimation technique. 

V.  MODEL SPECIFICATION 

A lot of literature has shown that the countries which have low growth 

performance are those which are unable in developing appropriate 

technological capacities. The technology as a driver of TFP growth was 

advocated by Lucas (1988); Romer (1990); Aghion and Howitt (1998). 

Education and human capital are very important for productivity growth 

(Nelson and Phelps, 1966; Benhabib and Spiegel, 1994, 2005). Training, 

higher education and R&D help to enhance the productivity. 

 The financial deepening index indicates maturity of financial and 

banking sector which helps to improve the productivity by promoting the 

investment in all sectors of the economy. Olson et al. (1998), Kaufmann 

& Kraay (2002), Maurice and Wang (2004), Williams & Siddique (2008) 

and Everhart et al. (2009) concluded that there is positive and significant 

role of Governance in raising the level of productivity growth. Similarly, 

gross domestic investment-to-GDP ratio represents not only addition to 

the capital stock of the economy but also captures the improvement in the 

quality of capital stock. It is measured by the gross domestic investment 

as percentage of GDP. Ahmad, H.K. (2011) found positive and 

significant relationship between investment to GDP ratio and TFP 

growth. The most of literature examining the impact of electricity on TFP 

found that the overall effect varies across countries12. 

 Foreign technology imported through trade openness is assumed to 

have positive impact on TFP because it has potential to acquire 

knowledge of production in the form of machinery and capital goods 

(Madsen and Philip, 2006). Similarly, FDI which is also one of the 

                                                 

10Wooldridge 2002, p.148-153, Arellano, 1987 and E-views user Guide Ix. 

11NihatTas, EmarahOnder and Ali Hepsen (2013) 

12Fedderke and Bogetic, 2006 and Noumba Um, Vellutini and Straub (2009). 
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indicators of technological diffusion is also positively related to TFP 

because FDI brings new technology, know-how, knowledge and its 

positive externalities (Savvides and Zachariadis, 2005; Keller, 2001). For 

assessing the impact of all sources of external technology on TFP growth 

jointly, the index of “exposure to external technology” is developed13. 

 Information and communication technology revolution which 

includes computer, mobile phones, smart phones, tablets, digital cellular 

phones and internet connectivity positively affects the productivity by 

changing the working conditions and workplaces. The positive 

contribution of ICT has also been advocated in pervious literature14. For 

assessing its impact on TFP growth the index of ICT has been developed 

in present study. Research and development can affect TFP growth in 

two ways, first it directly stimulates innovation and second it improves 

the ability to learn and imitate external technology. The second role of 

R&D is captured through its interaction with exposure to external 

technology. The role of interaction between imported technology and 

domestic capacity building, such as, R&D in boosting productivity has 

been advocated by Mayer, (2001).  On the basis of above discussion, the 

following model is specified for analysis: 
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 The country dummies φi are included in order to capture the country-

specific fixed conditions which may affect the long-run growth. 

Countries specific fixed effects are, such as, institutional, geographical 

and ethnic heterogeneity that do not change during the selected period of 

time. Social characteristics such as language, religion, colonial legacy 

and ethnic division are time invariant and hardly change (Acemoglue et 

al., 2012; Alesina et al., 2003). The time dummies φt are for taking 

account of the exogenous shocks that are common to all countries like 

                                                 

13Global Economic prospects 2008. 
14Stiroh (2002) found that in ICT using industries the productivity is higher as 

compare to non-ICT industries. Piatkowski (2004) also analyzed the contribution of 

ICT to productivity growth in the case of eight transition economies of Easter and 

central Europe. He found large contribution of ICT to productivity growth. 
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exchange rate changes or oil price changes and εit is stochastic error term. 

The description of variables is given in the Table 2. 

TABLE 2 

Variables Description 

Variables  Description 

TFP  Index of Total Factor Productivity 

RD  R&D expenditure (in millions $)   

ICT Index of Information and Communication Technology 

I Gross domestic investment as percentage of GDP 

G index of Governance  

FD  Index of Financial Deepening 

EET  Index of exposure to external technology 

HC Human Capital measured by Secondary enrollment with 3 year lag  

EC Electric power consumption (kWh per capita) 

φi Country dummy 

φt Time dummy 

εit Stochastic Error term. 

VI.  EMPIRICAL RESULTS 

Empirical analysis has great importance in the field of economics. The 

empirical work examines the economic issues and problems deeply and 

watchfully and on the basis of its findings existing theories can be 

falsified or validated. This section contains the empirical analysis of this 

study. 

 First, the Redundant Fixed Effects Tests is used to examine whether 

the fixed cross-section effects are redundant or necessary in the panel 

model regression. The null hypothesis of redundant fixed effects test is 

that the fixed effects are un-necessary and thus are redundant. The result 

of this test is given in Table 3. 

TABLE 3 

Redundant Fixed Effects Tests (Test Cross-Section Fixed Effects) 

Effects Test Statistic Df. Prob. 

Cross-section F 7.54* (8,162) 0.00 

Cross-section Chi-square 57.00* 8 0.00 

Note: * indicates significance at 1% level 

Source: Author’s estimates 
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 According to the results of redundant fixed effects test the p-values 

of F-statistic (sum of squares) and likelihood ratio (chi squares statistic) 

reject the null hypothesis strongly. The results of test indicate that the 

fixed effects are statistically significant. It can be concluded that fixed 

effects estimation is appropriate. Results also indicate that pooled OLS 

estimates the model by hiding the heterogeneity of cross-sections which 

is not appropriate. 

TABLE 4 

Lagrange Multiplier Tests for Random Effects 

Test Hypothesis Cross-section Time Both 

Breusch-Pagan 
27.06 9.80 36.86 

(0.00) (0.00) (0.00) 

Honda 
5.20 3.13 5.89 

(0.00) (0.00) (0.00) 

King-Wu 
5.20 3.13 6.07 

(0.00) (0.00) (0.00) 

Standardized Honda 
12.43 3.39 4.01 

(0.00) (0.00) (0.00) 

Standardized King-Wu 
12.43 3.39 5.42 

(0.00) (0.00) (0.00) 

Source: Author’s estimates 

 Lagrange Multiplier (LM) helps to decide between regression 

through simple OLS and regression with some effects (random)15. The 

result of LM tests is reported in Table 4 which shows that there are 

uncounted for random effects in the residuals of pooled estimators. The 

value of p of all tests is well below the significance levels. Therefore, null 

hypothesis of pooled OLS model is adequately and strongly rejected. 

                                                 

15Oscar Torres-Reyna (2007) 
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TABLE 5 

Correlated Random Effects-Hausman Test  

(Test Cross-Section Random Effects) 

Variables Fixed effects 

(FE) 

Random effects 

(RE) 

Difference 

    REFE
VarVar  ˆˆ   

R&D Expenditure 0.0428358 0.029045 156813 

Information and 

Communication Technology 0.0489163 0.0513346 0.0062979 

Gross Domestic Investment 

(% of GDP) 0.0687915 0.0843477 0.0143962 

Governance 0.045734 0.0548176 0.0286200 

Financial Deepening -0.0182978 0.049106 0.0159163 

Exposure to external 

technology -0.1227505 -0.1364684 0.0412488 

Human capital -0.0394796 -0.0597235 0.0378016 

Electric power consumption 

(kWh per capita) -0.1917364 -0.2248995 0.0351524 

Interaction term 0.0112425 0.0131335 0.0045983 

H0: The RE estimator is consistent (Difference in coefficients is not systematic) 

         *1'2
27.23ˆˆˆˆˆˆ 

 REFEREFEREFE
VarVarx   

Prob.> χ2 =0.01 

Note: * indicates rejection of null hypothesis at 1% level of significance 

Source: Author’s estimates 

 In the above Table 5, the result of Hausman Test is given. The 

assumption of uncorrelated country specific effects is tested with help of 

this test. According to result the null hypothesis is strongly rejected 

which indicates that the estimation through fixed effects model is 

appropriate and must be preferred over random effects model. On the 

basis of results of varieties of diagnostic test performed in previously, it 

can be concluded that only the fixed effects (robust standard errors) 

estimation is appropriate. 
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TABLE 6 

Fixed effects robust standard errors estimation results 

Dependent variable  Total Factor Productivity (TFP)  

Explanatory variables Coefficient t-statistic p-value 

R&D Expenditure 0.04 1.28 0.200 

Information and Communication Technology 0.05* 3.07 0.000 

Gross Domestic Investment (% of GDP) 0.07** 2.45 0.015 

Governance 0.05*** 1.93 0.055 

Financial Deepening -0.02 -1.21 0.230 

Exposure to external technology -0.12 -1.43 0.150 

Human capital -0.04 -0.95 0.342 

Electric power consumption (kWh per capita) -0.19* -4.45 0.000 

Interaction term 0.01 1.15 0.251 

Intercept 5.93* 9.32 0.000 

R-squared=0.78     Adjusted R-squared=0.75    F-statistic=33.42*      Prob.(F-stat): 0.00 

Note: * indicates significance at 1% level, ** at 5% level and *** at 10% level. 

Source: Author’s estimates  

 The Table 6 reports the fixed effects robust standard errors 

estimation results with TFP as the dependent variable and its explanatory 

variables. The reported results show that the model as a whole is good fit 

and significant as the value of R2 =0.78 and adjusted R2 is 0.75 which 

means that 75% variation in TFP growth is explained by independent 

variables. According to results, the adoption and usages of information 

and communication technology (ICT) has positive and significant impact 

on TFP growth. The value of coefficient of ICT index is about 0.05 

which indicates that 10% increase in the value of index leads to 0.5% 

growth of TFP. The result reflects the facts that presently, in knowledge 

based economies, the most effective tools for raising the productivity are 

ICT based. ICT has generated number of tools which work on 

information in digital form. Its impact is impressive as it is being used in 

every sector of the economy from agriculture to manufacturing and 

industries to services sector to Government. It is a key determinant of 

TFP because it represents a system of new technology that affects 

everything including “what to produce by economies, how economies 

produce and how this production is to organize and manage. It has 

important policy implication for economies especially for developing 
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countries to get benefit from ICT. Several steps can be taken to increase 

the penetration rate of ICT where it is low. 

 Research &Development expenditure which measures the national 

innovative capacity is another important determinant of TFP growth 

which is positively correlated with TFP growth but is not significant. The 

Asian economies need to build R&D capability in order to make it a 

significance contributor to TFP growth. Gross domestic investment as 

percentage of GDP has positive and significant effect on TFP growth. 

Gross domestic investment represents not only addition to the capital 

stock of the economy but also captures the improvement in the quality of 

capital stock. The coefficient has expected sign in accordance with theory 

as new machinery and equipment is more productive, therefore, it plays 

positive and significant role in enhancing the total factor productivity 

growth. The value of the coefficient is about 0.07 which indicates that 

10% growth in gross domestic investment leads to 0.7% growth in TFP.  

This result is consistent with the findings of Ahmad (2011) and Farrokh 

and Martin (1995). Therefore, measures should be taken to promote both 

public and private investment which will be helpful in achieving 

sustainable economic growth by promoting TFP growth. 

 The impact of Governance on TFP also appears to be positive and 

significant. The value of coefficient of Governance index is about 0.05 

which indicates that 10% increase in the value of index leads to 0.5% 

growth in TFP. The result is consistent with the previous findings. The 

result confirms that the economies with quality of governance and better 

institutions have higher productivity growth. Governance affects the 

productivity positively and significantly. Growth enhancing governance 

affects the productive by maintaining political stability rule of law, 

protection of property rights and control of corruption in the country. The 

impact of electric power consumption on TFP growth is negative which 

is consistent with the findings of Straub, Warlter and Vellutini (2008). 

The rapid population growth along with high economic growth has led to 

high domestic demand for electric power in most of the Asian economies. 

With fixed supply of electricity, the increasing domestic demand is 

causing shortage of electric power in production sector and therefore it 

appears to be negatively related with productivity growth. 
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 The variable exposure to external technology and its interaction with 

R&D have no significant effect on TFP growth. This reflects the fact that 

these economies have not yet achieved a threshold level of internal 

capacity building like R&D and education attainment that is sufficient to 

learn and absorb external technology. 

VII.  CONCLUSION 

The main objective of this study was to estimate total factor productivity 

and investigate its potential determinants in the sample countries. In this 

era of knowledge based economies having rapidly changing technology, 

innovation and digitization, it is very important to re-visit the sources of 

total factor productivity growth. For this purpose, the impact of 

increasing use of information & communication technology (ICT), 

human capital (HC), R&D, Governance (G), exposure to external 

technology (EET), financial deepening (FD) and other control variables 

on total factor productivity growth has been examined empirically by 

using Fixed Effect with Robust Standard errors estimation method.  The 

indices of TFP, information & communication technology (ICT), 

exposure to external technology (EET), financial deepening (FD) and 

Governance (G) have been developed by using the appropriate statistical 

and mathematical procedure. This study analyzed a panel of 9 Asian 

emerging and growing economies for the period 1996 to 2015. 

 The results indicated that information & communication technology, 

Governance and capital augmentation as a result of gross domestic 

investment had positive and statistically significant impact on TFP 

growth of selected Asian economies. Research & development 

expenditure which measures the national innovative capacity is another 

important determinant of TFP growth which was positively correlated 

with TFP growth but not significant. 

 Policy attention must be committed to provide universal information 

& communication technology coupled with broadband connectivity to 

facilitate the ICT use, make substantial investments to improve R&D 

capability and quality of capital stock and improve Governance and 

education system to enhance TFP growth. Similarly, as good governance 

plays a very crucial role for enhancing productivity of country, therefore, 

policy making authorities should also focus on improving the overall 

quality of governance. 
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