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The National Innovation System (NIS) constitutes a set of entities that coordinate towards converting patents
into business proposals and hence Small and Medium Enterprises (SMEs) establishment. NIS consists of a
government supported technological environment where research in universities and other nodal
institutes/laboratories is converted into products through licensing. Countries like China and South Korea
are now big players as far as patents filing is concerned and these countries have a good NIS in place.
Countries like Japan and United States are technologically advanced and maximum patents are filed from
these countries. Though Japan lags behind in the chemical and pharmaceutical industry patenting still there
are niche areas where it has made great strides. South Korea is catching up with Japan as far as patents in
electronics are concerned. In India, 18% of the total patents filed during 2006 to 2007 were by Indian
companies/individuals while the remaining were by foreign multinationals/individuals. The present paper
makes an attempt to explore and understand and hence suggest a NIS that can give a platform to researchers
for patenting their knowledge and licensing the technology to SMEs. An attempt has also been made to
suggest the ingredients of a technology incubation centre for automobile research.

INTRODUCTION
According to Organization for Economic-Cooperation and Development (OECD, 1997),

the measurement and assessment of national innovation systems is centered on four types of
knowledge or information flows viz. interactions among enterprises – primarily joint research
activities and other technical collaborations; interactions among enterprises, universities and
public research institutes including joint research, co-patenting, co-publications; diffusion of
knowledge and technology to enterprises including industry adoption rates for new technologies
and diffusion through machinery and equipment; personnel mobility focusing on movement of
technical personnel within and between public and private sectors.

Figure 1 shows the various entities that constitute the National Innovation System (NIS) in a
country. A coordination among these entities is a must for the success of the NIS.



© Apeejay Journal of Management and Technology
January 20010 ,Vol.5 ,No:1

FIGURE 1
Players in the National Innovation System

Table 1 illustrates the spending on R&D as percentage of GDP for select countries.
Incidentally there is a strong correlation between spending on R&D and the success of national
innovation system in a country.
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TABLE 1
Spending on R&D as Percentage of GDP for select countries

Country Approximate Spending on R&D
as % of GDP

Israel 4.5%

Sweden 3.8%

Japan 3.4%

Germany 2.5%

US 2.6%

Canada 2.0%

France 2.1%

China 1.5%

Source: R&D Statistics, Published by Department of Science & Technology

In India, the patent offices work under the Ministry of Commerce and Industry. During
2006 to 2007, 28,940 patents were filed in Indian patent offices of which only 5,314 originated
in India, which is just 18% of the total filing. The maximum patents were filed by Maharashtra,
Delhi, Andhra Pradesh and Gujarat in that order. Country wise, United States (6955), Germany
(1933) and Japan (1409) were the three countries which filed for maximum number of patents in
India.

TABLE 2
Patents Filed in India from 2004-05 to 2006-07

Number of Patent Applications Filed in India

Year Chemical Drug Food Electrical Mechanical Computer /
Electronics

Biotechnology General Total

2004-05 3916 2316 190 1079 3304 2787 1214 2659 17466

2005-06 5810 2211 101 1274 4734 5700 1525 3150 24505

2006-07 6354 3239 1223 2371 5536 5822 2774 1621 28940

Source: IPO Annual report 2006-07, Office of the Controller General of India
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FIGURE 2
R&D Agencies Supporting Government Departments in India

Source: Prepared from www.dst.gov.in and www.dsir.gov.in
Legend: CDC is Consultancy Development Center, CEL is Central Electronics Limited, CSIR is Council of

Scientific & Industrial Research, DSIR is Department of Scientific & Industrial Research, DST is
Department of Science & Technology, NCSTC is National Council for Science & Technology
Communication, NEB is National Entrepreneurship Board, NRDC is National Research Development
Council, NRDMS is National Resources Data Management Services, NSTMIS is National Science and
Technology Management Information System, SERC is Science & Engineering Research Council, TDB is
Technology Development Board, TIFAC is Technology Information, Forecasting & Assessment Council

REVIEW OF LITERATURE

According to Hemmert (2008), in 2004, Japan spent 26.2% of its R&D budget on
electronics and microelectronics and 15.9% on automobiles, whereas South Korea spent 48.8%
on electronics and microelectronics and 14.7% on automobiles. The author brings out the fact
that sourcing technology from outside the country and payment of royalty is much higher for
South Korean firms. Kathryn (2008) compares the innovation system in United States of
America (USA) and Japan. Japan enacted the Law on Special Measures for Industrial
Revitalization also called the Industrial Revitalization Law (IRL) in 1999, which was modeled
on the Bahy-Dole Act in USA. The Technology Licensing Organization (TLO) law was enacted
in 1998 promoting technology transfer from universities to industry. The author brings out the
importance of Technology Licensing Organization (TLO) and University Spin Offs (USO) in the
two countries. Tsukagoshi (2008) brings out the importance of business angels as venture capital
providers in the USA and provides figures for USOs in Japan. In Japan, USOs are increasing at
the rate of 200 per year and the most popular field is biotechnology followed by information
technology. In the USA, the business angels provide equity capital in the initial stages ranging
from US$ 50,000 to US$ 5,00,000. There is also a need for separate courts which can handle
litigation arising out of patenting. Taplin (2008) gives the structure of the Intellectual Property
(IP) court in Japan as consisting of 18 judges in four divisions who are supported by 11 research
officials. Ten of the research officials have experience in the field of machinery, chemistry or
electricity as an examiner or appeal examiner of the Japan Patent Office (JPO) and one has
experience as a patent attorney. Yan & Hu (2008) have tried to analyze the growth of Taiwan’s
bicycle company Giant’s growth in the industry and at the same time the whole industry
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reporting increase in number of patents for bicycle and components from 96 in 1990 to 420 in
2005. Thus, as a whole, innovation has led to increased exports of bicycles. Martinelli et al.
(2008) have tried to map the university entrepreneurship with activities like royalty from patents,
consultancy, collaborative research, research contract, research grant, research students, and
knowledge transfer scheme. Matsuda (2008) report on the Japanese Ministry of Economy, Trade
and Industry (METI) has emphasized the importance of angel investors in building the
innovation system in Japan. In United States and Europe there are more than 200 angel networks,
whereas in Japan there are approximately 12 angel forums, the main being Nippon Angels
Forum. In order to promote angel investors suitable tax sops have been offered by governments.
Tucker (2008) report on University of California (the university filing the maximum number of
patents in the world) provides the details of the University’s income from licensing in 2008. It
earned US$ 104 million from technology licensing with 35% of the income going to the
researcher/inventor, 25% going to the general fund, 15% to the research fund, and rest to the
campus.
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FIGURE 3
Laws Enacted in Japan related to Corporate and University

Laws related to Universities

Laws related to Corporate
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Source: Higashino (2005)

Figure 3 shows the various laws enacted in Japan to facilitate and encourage innovation.
Of particular importance is the law under which the universities have been given corporate status.
The European Commission (2004) defines the Technology Transfer Institutions (TTIs) as
institutions which provide, continuously and systematically, services to publicly funded or co-
funded research organizations in order to commercialize their research results and capacities.
The tasks performed by TTIs are: patenting assistance, technology transfer, liaison for contract
research, spin off assistance and spin off financing. The Department of Science and Technology,
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Government of Republic of South Africa proposes the following key indicators, as shown in
Figure 4, for the innovation system in South Africa.

FIGURE 4
Key Indicators for Innovation System as proposed by Government of South Africa

Source: Moagi (2002)

According to Watkins (2002) report for World Intellectual Property Organization (WIPO)
there are various models of University-Industry relationships, namely sponsored research,
collaborative research, consortia, technology licensing and spin offs. In India, technology
incubation centers are mostly associated with IITs as they have the necessary technical expertise
in developing and nurturing technology incubation centers. At present, in India, there are
approximately 40 software technology parks.

RESEARCH METHODOLOGY

Data was collected on innovation systems from various websites related to the subject
and also from research journals. Reports of WIPO, Europe Commission, US Government, patent
offices were downloaded from the internet and were referred to, to arrive at the proposed
innovation system in India. An attempt was made to ascertain the strengths and weaknesses in
terms of technology areas where we can start technology incubation centers. The current level of
research was ascertained from policy documents.
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Figure 5 illustrates the proposed University-Industry Interface policy framework for India.
The basic premise is that Universities will become centers for creating knowledge that can be
converted to commercial products. The intellectual property framework will play a major role in
supporting the interface. Technology licensing rules need to be framed which will clearly state
the procedure for licensing with overall powers vested in intellectual property courts to handle
litigation related to technology licensing.

FIGURE 5
Proposed University-Industry Interface Policy Framework for India
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PROPOSED NATIONAL INNOVATION SYSTEM FOR INDIA
In this section, two models of innovation system are discussed for India. The innovation

systems are called System 1 and System 2. Figure 6 illustrates the System 1, which is a highly
centralized system with the controlling authority coordinating the activities of all the entities.
The controlling authority would be under the aegis of Department of Science & Technology
(DST).

Proposed National Innovation System 1 Setup for India
The factors that favor the National Innovation System 1 are: all the possible players form

a tightly integrated network, and private sector can contribute its expertise and work with
government funded institutions and universities. The factors that do not favor the National
Innovation System-1 are that the system is too complex as the number of players is very large
and in India, there is bound to be policy clashes and funding problem; also the system requires a
strong controlling authority which has powers to take decisions.

Policy Formulation
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FIGURE 6
Proposed National Innovation System 1 Setup for India

Legend: AICTE is All India Council of Technical Education, CII is Confederation of Indian Industry, DST is
Department of Science & Technology, FICCI is Federation of Indian Chambers of Commerce & Industry,
IDBI is Industrial Development Bank of India, IP Office is Intellectual Property Office, NSTEDB is
National Science & Technology Entrepreneurship Development Board, SEBI is Securities & Exchange
Board of India, SIDBI is Small Industries Development Bank of India, SME is Small and Medium
Enterprise, STEP is Science & Technology Entrepreneurship Park, TBI is Technology Business Incubators,
UGC is University Grants Commission
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FIGURE 7
The Members Constituting the Controlling Authority in National Innovation System-1

Legend: CA is Chartered Accountants; IIM is Indian Institute of Management; IIT is Indian Institute of Technology

In India the National Innovation System-1 is bound to face hurdles as our funding and
technology transfer mechanisms are not in place. The universities do not have the technical know
how and the necessary infrastructure for creating globally competitive technologies. The science
departments in the universities namely physics, microbiology, biotechnology, chemistry,
pharmacy etc. do not have access to funds even though the faculty may be highly competent.
This is in the face of Central Government constantly reducing funding to universities and thus
making them start self financing courses. The innovation system with universities as the central
focus cannot function in India. It is important that the number of patents filed and granted should
increase but at the same time there is a need to license the technology and form SMEs. If the
patents cannot be converted to viable business proposals then innovation system will not give the
desired results.

The constraint of funding can be overcome but we must also have globally competitive
technology. For this, it is necessary that we access the global business environment and see our
own strengths. For example, it would not be proper at this point to invest in consumer electronics
because companies like Sony, Samsung etc. are far ahead in the field. These companies are now
investing heavily into research in the field of Liquid Crystal Displays (LCDs) and other
technologies and competing for market share globally.

Proposed National Innovation System 2 Setup for India
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System 2 as illustrated in Figure 8 works under direct supervision of a Cabinet Minister.
This system is based on identification of high technology areas. Figure 8 illustrates the Proposed
National Innovation System – 2 for India. This system identifies the research areas and treats
them as separate entities as far as inputs and revenue generation is concerned. The funding in this
system is from a common pool of resources.

FIGURE 8
Proposed National Innovation System-2 Setup in India
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Foreign Collaborators Foreign Collaborators Foreign Collaborators

As per World Intellectual Property Organisation (WIPO, 2008), India has relative
specialization in the field of pharmaceuticals, organic fine chemistry, medical technology and
food chemistry only. This is because maximum patents are being filed in these areas. The new
and upcoming research areas are related to fuel cell, solar energy, bio fuels and wind energy.

The technology incubation centers as shown in Figure 8 would be independent units
spread over a large area with massive investments in infrastructure, technology, equipment and
personnel. These technology centers will be collaboration between Government of India, foreign
technology providers and private sector in India. One incubation center will relate to one
particular technology with the aim of producing technology intensive products. For example, the
incubation center for solar energy will work in all areas related to it. The controlling authority
would consist of representatives of government, private sector, banks and universities and
research institutions. The controlling authority would be directly reporting to the cabinet minister
so that communication channels are always open and decisions can be taken immediately.

SETTING UP A TECHNOLOGY INCUBATION CENTER FOR AUTOMOBILE
RESEARCH

In setting up technology incubation center, it is important that investment in the
technology research area can give returns in the long run. Automobile is selected as a product for
research because automobile is widely used and would continue to be used over a long time span.
The individual components of the automobile also have been an aspect of research worldwide.
The automobile companies world wide are working on better tires, better safety, robust design,
better body fabrication, better transmission to name a few.

Figure 9 depicts the various technologies which could constitute a technology incubation
center for automobiles. The international standard of technology in automobiles is very high with
the field dominated by Japanese, German and US companies. The purpose of establishing the
technology incubation center would not be to produce a technologically superior automobile but
to work on and develop individual components constituting the automobile like steering, solar
battery, enhanced safety features with robust design etc. The patented technology could be
licensed to automobile makers worldwide. The question that arises is as to how to give an initial
fillip to the incubation center. We have to initially buy the technology by paying heavy
royalties/license fees. This at least would make us somewhat current in technology. Additionally,
Foreign Direct Investment (FDI) has to be encouraged for the venture. Through Mergers and
Acquisitions (M&As) in strategic areas, technology can be absorbed at a rapid pace. These
M&As would however require backing by the government as the amount involved would be
huge.
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FIGURE 9
Technology Incubation Centre for Automobile Research
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FUTURE RESEARCH DIRECTIONS

The area of technology licensing and feasibility study of establishment of technology
incubators is a grey area where research studies can be made. Technology absorption and
strategic merger and acquisition activity can also be studied. If incubation centers are to be
established related to pharmaceuticals and chemical engineering then we need to study the
business environment and technology related to these fields.

CONCLUSIONS
Setting up of technology incubation centers needs huge investments. At the initial stage

there is a need for collaboration with foreign technology providers who are willing to invest in
India. These technology providers can enter the Indian market through mergers and acquisitions.
The Indian government can also take steps to invite increased foreign direct investment in the
technology area earmarked. The emphasis has to be on creating patented technology and using
that in establishing successful business ventures. Small and medium enterprises can be
established with government support. There is urgent need to establish an innovation system
which will support and encourage creativity in the country. There is also a need to have better
patent system. Technology licensing organizations need to be there to support licensing of
technology. Proper infrastructure in the form of incubation centers is needed where researchers
can work and produce world class technology.

As a policy decision, the government has to take stock of the present R&D set up in the
country and areas where growth is expected. A task group can be formed which will ascertain,
area wise, the manpower and technological inputs required versus those present. As a policy
decision it has to be ascertained whether universities, government research laboratories,
technology incubation centers, private sector research labs or government-private sector joint
research centers should be developed. Once the decision is taken regarding the nodal area which
will support research in the country, investment is to be made and infrastructure is to be created.
Keeping in mind the present status of funding to research institutions in the country, it is strongly
suggested that highly focused incubation centers be developed.
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