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Abstract. The article discusses the formation of the India’s national innovation system (NIS),
which passes through the phases of protectionism, liberalism and duality. Special attention is
paid to the peculiarities of the India’s innovation system based on efficiency indicators, such
as gross domestic expenditures on research and development, exports of high-tech products,
as well as foreign direct investment in high technology sector. The paper notes that India is
one of the most attractive countries for investing in the innovation sector. The author also
highlights the negative aspects of NIS development in India, such as imbalances in income
and wages, low literacy and high levels of poverty, uneven inflow of foreign investment in
different regions, lack of innovation culture in manufactured products, etc. The article espe-
cially notes that India after the start of the process of economic liberalization has grown eco-
nomically in terms of GDP, exports, employment, investment, the inflow of foreign technolo-
gy and investment, the ICT industry, and the internationalization of investment in research
and development sphere.
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Introduction

As of today one of the key factors of economic growth is innovation and
new technology using. India is trying to use science and innovation to improve
the economic fields effectiveness and solve most of the social-economic problems.
The Indian national innovation system began to form slowly step-by-step. The speci-
fication of system becoming features and its characteristics with different figures
of effectiveness has special relevance in the national innovation system research
to deep and concretize the theory of national innovation system (NIS).

Due to India’s liberalization process at the beginning of 1990s there is a spe-
cial interest to the facts occurred in Indian economy, especially by the end of
1990s. Special attention is paid to the Indian innovation system evolution and ef-
fect of liberalization policy to the different economic issues, such as economic
growth rate, FDI flow, R&D investments from the foreign companies and etc.
The expectations are too high in India and in the other countries, where India may
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become a country with strong economy. As of today India’s growth is in the cen-
ter of global economy interest.

Indian researches reckons that India is ready to make a shift from develop-
ping to developed country. They suppose, that this level can be reached if eco-
nomic growth rate more than 8% is remain till 2021.

Literature review

The article is written on the basis of official materials from the World Bank,
Department of Science and Technology of India, Aalborg University, and the me-
dia. The author used official statistics from the Department of Science and Tech-
nology of India, the Department of Industrial policy and promotion, as well as of-
ficial annual reports and government documents such as Towards a Decade of In-
novation 2010-2020 made by the National Innovation Council in India, Research
and Development Statistics at a Glance 2017-2018 composed by Department of
Science and Technology.

The work also used the publications of foreign scientists and experts in the field
of development of national innovation systems, R & D, innovation and new techno-
logies, including the standpoint of the state influence. Thus, the works of R. Masca-
renhas (Mascarenhas, 1982) and C. Cooper (Cooper, 1988) are devoted to the achieve-
ment by the Indian government at the first stage of the NIS formation (1950-1980s) of
goals to protect the local innovation market. Cooper addressed supply and demand
factors in technology imports and technology absorption in Indian industry.

N. Kumar, A. Agarwal (Kumar, Agarwal, 2000) addressed issues such as
liberalization, outward orientation and in-house R & D activity of multinational
and local firms to understand the trends of the second phase of the India’s NIS
genesis. The study also used the works of such foreign scientists as S. Getty (Get-
ty, 2003), K. Khandelwal (Khandelwal, 1981), R. Bhojani (Bhojani, 1985) and others
whose publications were used in this article.

Methodology

There were methods of description, analysis and synthesis used during
the research. The paper emphasizes on the research of the India’s national innova-
tion system genesis process. The author divided the hole genesis process into three
phases with the following identification of the NIS special aspects at each stage of
the system formation. The special practical significance of the study is relating to
the analysis of key performance indicators of the India’s NIS based on official
data from Indian departments and agencies and other international databases.
The author used data from the World Bank, the Department of Science and Tech-
nology of India, annual reports of research organizations in India in order to create
a comprehensive system of performance indicators to establish the degree of Indi-
an NIS development at the present stage. Such data allow us to search for business
opportunities in the field of science, new technologies and innovations in India,
as well as to consider Indian NIS as a catalyst for the country's economic growth
in the face of rapidly growing demand for innovative and high-technology goods
in the world.
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The phases of the Indian innovation system development

Indian national innovation system have three crucial phases of its genesis
(Figure 1): protection (1950—1980s); liberalism (1980-2000s); and duality (2000 —
present).

Internal phase I
(1950-1980s)
Protection

Internal phase 11
(1980-2000s)
Liberalism

Current phase I1I
(2000-pr.)
Duality

Key areas: Key areas: Key areas:
- Expanding its own capacities - Infrastructure and stimulus - Growth rates acceleration
to maximize local demand mechanisms development - Global competitiveness and
- Import lowering - Social-economic problems solving export boost
due to NIS

Figure 1. Phases of the India’s national innovation system genesis

Source: composed by the author on the basis of: Development, Innovation and International Political
Economy Research, 2018. Denmark: Aalborg University, 2018.

Phase I (1950—-1980s). Indian national innovation system in 1950—-1980s years
had been developing by to main factors: believe in science and new technologies;
local protection policy. The main government concern was creating protective
conditions for the local producers form foreign companies. Jawaharlal Nehru,
the premier in past, said, that India cannot be economical or political independent,
if the country doesn’t strengthen its scientific and technological potential (Eise-
mon, 1984).

The government leaders warried about dominance and incidence of foreign
companies, if it is free market entry. So India tried to create the local innovation
potential to meet the internal demand and to decline the import dependence.
The Indian government didn’t emphasize on industry development to improve
the country’s competitiveness in the world. That fundamental factor shaped
the national innovation system on the first phase.

In order to reach the government goals in the first phase India had made se-
ries of actions, such as industrial policy that clearly define the roles of the private
and public sectors, the regulation of private investment through industrial licens-
ing, and the control of technology imports to encourage domestic R & D. It led to
the scientific research opportunities development on the local level (Cooper, 1988).

There were two main events in production sector during the first phase.
From one hand, India reached higher degree in local technology opportunities, but
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from the other hand, Indian companies still didn’t make any large innovations for
its products to create effective export market.

Indian companies produced cheap products to meet local demand and seve-
ral companies began to create its own R & D due to imported technologies adapta-
tion. By the beginning of the 1970s most of the R & D institutes in India were
mainly trying to catch up with research and development level in developed coun-
tries. Although they provided scientific knowledge and created a solid research base,
often they did not directly contribute to socio-economic problem solving (Masca-
renhas, 1982). The government attempt to force Indian companies to buy local
technologies in R & D organizations had been stopped in 1975 and by the 1980s
India began to liberalize its new technology import policy.

In 1974 Indian government accepted a S-year scientific and technical deve-
lopment plan worked upon the National Scientific and Technical Committee. This
plan had to facilitate the incorporation and adoption of new technologies and de-
velop its own production capacities. In fact, it was a government R & D program,
which combined the forces of more than 2 thousand scientists in new technology
field in many production sectors.

Phase II (1980-2000s). By the middle of 1980s the Indian government came
to a conclusion that the country need strong national innovation system to reach
the high level of competitiveness and improve the economy situation. This issue
was clear when production policy liberalization has been appointed in 1991 year.
It led to the crucial changes in such spheres like industry licensing, foreign in-
vestments, international technology agreements, the public sector and monopolies
and the Law on Restrictive Trade Practices. It meant that India changes its direc-
tions from import control to export promotion.

The liberalization process influenced the effectiveness of the Indian NIS.
The import of foreign technologies, production operations and investments had
increased from 1990s (Goldar, Ranganathan, 1998). One of the main result was
the opening of R & D centers in TNCs in India and fence-mending with Indian
S & T institutions. Another highlight is the operation outsourcing of many foreign
companies to India, mainly in the service sector. It helps foreign companies to re-
duce costs and increase their efficiency due to the highly skilled workforce avai-
lable in India (Getty, 2003). The structure and size of outsourcing is growing in
India. This is an important issue at the time of “knowledge economy”, because
skills are just as valuable as technologies and products.

If we are talking about export and competitiveness, the progress in many produc-
tion sectors was slow. Nevertheless, Indian IT sector, which appeared in 1980—-1990s
as the main sector, led to the extremely high export performance, especially in digital
solutions field. There is a common thing that the availability of skilled manpower
is the main reason for this. There were proceeded a range of significant measures
to promote and expand the IT industry in the beginning of 1980s. In 1984 year
there was an IT policy which lifted output restrictions in computer sphere, libera-
lized a licensing system and import duties to provide the economy of scale and
increase competitiveness.

The 1985 Electronics Policy states that “software is growing in electronics,
and India can be the best at this field” (Bhojani, 1985). The computer industry was
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largely introduced in the private sector, and hundreds of firms appeared in India
soon due to the competitive environment. Subsequently, India became a leading
player in the software market in the 1990s. India's success in this sector was large-
ly driven by intensive R & D efforts by companies and the availability of strong
basic research capabilities in the country. The 1990s liberalization in the 1990s
demonstrated the potential of the Indian innovation system to achieve higher
growth rates, despite the persistent weaknesses of the Indian innovation system,
such as continuing problems in establishing closer ties between research institu-
tions and companies.

The 1990s are the years in severe conditions of a budget deficit, high inflation,
and an unstable balance of payments for India. The country's economy was on the
verge of collapse. The IMF, in exchange for help, demanded economic liberalization.

The reforms had a major impact on the innovation sphere development.
The industrial licensing was canceled (it was retained in a reduced form in several
sectors), foreign investments of up to 51% of the authorized capital were automati-
cally approved, inefficient state enterprises were reorganized or privatized. Never-
theless, significant changes in the innovation sphere began to occur only a decade
later, and in the 1990s the state continued to finance up to 70% of scientific re-
search, R & D costs were below 1%, and foreign investment grew slowly.

An important factor in the NIS development was the reform of intellectual
property law. The Indian Law on Patents in 1970 underwent significant changes
in 1990, 2002, 2005 and now meets the requirements of international law.

Phase III (2000s — present). India came with a dualistic hangover by the be-
ginning of the 21% century. On the one hand economy liberalization and 1991 re-
form, the active capital raising, business and educational ties with the USA, gai-
ning world first places in the IT industry development, young people who speak
English and have more and more open access to education and work, a strong pri-
vate sector, developing legislative and financial system and an average GDP growth
of 9% per year. On the other hand, an extremely low living standards of the vast
majority of the population (80% of the Indian population live on 2 dollars a day),
infrastructure problems of access to water, food, medicine, ethnic problems, bu-
reaucracy and actively developing neighbors — China, Korea and Pakistan, in rela-
tions with which the technological lag is far from favorable for India.

Under these conditions, the development of science and technology for India
is vital, since it will contribute to the solution of many problems in internal deve-
lopment and will allow the country to become a world leader. The Indian economy
is growing at a rate of 6-8 % per year, and exports are growing at 30% (CAGR).
So innovation becomes the main success factor.

Main attention to the S & T sector development is given in the five-year
plans, which have been developed by the planning commission of India since
1947. These plans provide results assessment of the previous five-year period and
propose initiatives for the next five years. The five-year plan (2007-2012) pro-
poses a large-scale strategy for the S & T development. It is envisaged to increase
the number of scientists, stimulate the development of basic sciences, promote
industry and science connections, develop the educational system of India and in-
crease its openness and accessibility for all segments of the population. The cur-
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rent five-year plan identifies priority areas of S & T development: the aerospace
industry, pharmaceuticals, IT, biology, nuclear energy and ocean research.

Among the stated goals we can see an increase in R & D expenditures from
0.9 to 2% of GDP, and education expenditures from 4 to 8% of GDP (Webeco-
nomy.ru, 2017).

The current decade (2010-2020s) has been declared the “Decade of Innova-
tion” in India and the National Innovation Council (NIC) has been created to draw
up a “roadmap” for the decade as an urgent step. The National Innovation Council
is expected to create sustainable and cost-effective solutions for people at the bot-
tom of the pyramid. 1 billion US dollars is intended to promote new ideas for
the inclusive development of innovation in the country (National Innovation Council,
2018). One of these ideas includes the development of innovative mechanisms
within microcredit systems. India has already managed to show the effectiveness
of such mechanisms when local banks issued microloans to poor peasants under
the guarantee of the entire community, as a result of which the peasants received
financial assistance, and default on debts was minor. In the current situation, it is
necessary to develop such mechanisms from an innovative point of view in order
to increase their effectiveness and accessibility.

Key performance indicators of
the India’s national innovation system

Assessing the work of the India’s national innovation system, it is necessary
to take into account many indicators, including performance indicators of its ele-
ments. So, one of the main performance indicators is the gross expenditure on
R & D (GERD), including % of GDP.

As can be seen from the Table 1 national expenditures on R & D tripled
from 5 billion dollars in 2004—2005 up to 15 billion dollars in 2016-2017. R & D
expenditures as a percentage of GDP in 2016-2017 amounted to 0,75. The Govern-
ment of India plans to increase R & D costs to 2% of GDP. India's share of world
R & D spending is 2,7% in 2016-2017 (Government of India, 2017).

Table 1
National expenditure on R & D by sector in India, million dollars, % of GDP, 2004-2017

Sector 2004-2005 2013-2014 2014-2015 2015-2016 2016-2017
Central Sector 3331,07 6 644,21 7 069,42 7179,85 7 320,24
State Sector 428,87 1017,00 1 037,95 1089,10 1147,20
Private Sector 1333,97 5214,70 5337,70 5901,17 6 549,38
Higher Education Sector 233,44 685,28 552,09 571,47 593,83
Total 5 327,36 13561,18 13997,16 14741,58 15610,65
% of GDP 0,74 0,71 0,69 0,72 0,75

Source: Official statistics of R & D data 2017-2018 / Department of Science and Technology of India.
2017. http://dst.gov.in/research-and-development-statistics-2017-18-december-2017 (accessed: 01.02.2018).

In a country with an East Asian model of economic development, the state
is the main R & D investor. The distribution of costs for research in 20162017
looked like this: 54,24% of the expenditures were spent by the government, of which
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8% was spent by state sector, 41,9% by private sector, and 3,86% by educational
sector.
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Figure 2. Dynamics of R & D expenditures, million dollars, % of GDP, 2004-2017

Source: composed by the author on the basis of: Official statistics of R & D data 2017-2018 // De-
partment of Science and Technology of India. 2017. http://dst.gov.in/research-and-development-statistics-
2017-18-december-2017 (accessed: 01.02.2018).

It should be noted the investment growth by the private sector. Investments
of private enterprises in research and development have increased 7 times since
2004. Such a rapid growth of investments was probably associated with the publi-
cation in 2003 of an official government document “Science and Technology Po-
licy” where the private business sector plays a special role in the innovations and
high technologies development.

Higher education institutions still account for the smallest share of R & D
expenditures, but nevertheless, in absolute terms, their growth is noticeable: since
2004, investment in research has increased almost 4 times.

In comparison with developed countries, which restored their R & D indica-
tors in the post-crisis period rather quickly, for India this process took much lon-
ger, therefore, the positive dynamics of R & D expenses growth is observed only
from 2014-2015 (Figure 2).

In addition to the national budget for R & D, there is also funding that is pro-
vided by government research departments or agencies for research organizations
and universities. The Table 2 presents data on R & D financing by the largest
government agencies and departments of India in the field of science, technology
and innovation.

As we can see from the Table 2, the largest R & D investment comes from
Defense Research & Development Organisation (DRDO). It accounts for almost
40% of total expenditures among the organizations. In second place for R & D funding
is the Department of Space (DOS), which in 2014-2015 invested US 954 million
dollars in research. Oddly enough, but the Department of Science and Technolo-
gy, as part of extrabudgetary funding, provides very little support for R & D, which
as of 2014-2015 amounted to 443 million dollars (7,71%). Moreover, it is worth no-
ting that the DST R & D expenses began to decrease markedly, starting from 2012.
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Table 2
Expenditure on R & D by the major scientific organizations in India, million dollars, 2005-2015

Organization 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015

Council of Scientific &
Industrial Research (CSIR)

Defence Research & Develop-
ment Organisation (DRDO)

Department of
Atomic Energy (DAE)

Department of
Biotechnology (DBT)

Department of Science
& Technology (DST)

Department of Space (DOS) 855,93 978,10 805,85 905,82 883,33 954,46

Indian Council of Agricultural
Research (ICAR)

Indian Council of Medical
Research (ICMR)

Total 5210,28 5963,93 5872,95 5341,44 5328,91 5747,05

548,23 639,24 666,64 542,78 529,54 547,06

1742,58 2214,68 2103,24 1845,63 1857,39 2174,88

793,27 623,02 696,20 595,11 652,50 668,50

149,55 200,90 206,44 192,24 177,22 167,42

408,33 465,40 501,63 443,49 421,43 443,06

592,41 694,47 736,74 665,64 663,89 653,36

119,97 148,13 156,22 150,72 143,62 138,29

Source: Official statistics of R & D data 2017-2018 // Department of Science and Technology of India.
2017. http://dst.gov.in/research-and-development-statistics-2017-18-december-2017 (accessed: 01.02.2018).

Another important indicator of the effectiveness of India’s NIS is the export
of innovative products. High-tech products include goods with a high share of
R & D costs in such areas as aviation, space, computer technology, pharmaceuti-
cals, research instruments and electrical equipment. Exports of high-tech products
from India began to grow rapidly from 2002 to 2016, as evidenced by official data
from the World Bank (Figure 3).

10,00 20,0
9,00 9,09 17,316 18,0
8,00 7,13 16,0
7,00 14,0
6,00 13,336 12,0
5,00 10,0
4,00 10,728 8,0
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% of manufactured exports High-technology exports (current BUSD)

Figure 3. Exports of high-tech products in India, billion dollars,
% of total manufactured goods exports, 1995-2016

Source: composed by the author on the basis of: DataBank World Development Indicators. The World
Bank, 2018. http://databank.worldbank.org/data/reports.aspx?source=world-development-indicators&Type=
TABLE&preview=on# (accessed: 03.06.2018).

The global financial crisis has affected this indicator for India. But the coun-
try was able not only to restore her export volumes, but also to increase it many
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times. For the period from 2010 to 2014 India increased its performance by 6,5 bil-
lion dollars, reaching 17,3 billion dollars in 2014. But despite such a jump in abso-
lute terms, the share of high-tech goods in total exports of manufactured goods
after a sharp fall in 2010 could not reach the highest point of 9%, as in 2009.
The weighted average share of high technology in India's total exports from 1995
to 2016 was 6,73%, in 2016 this share was 7,13%. It is noteworthy that this indi-
cator, starting in 2014, just like the share in total exports, began to fall.

Table 3

The main investment sectors of FDI in India, million dollars, 2015-2018

Sector 2015-2016 2016-2017 2017-2018 % of total FDI
Service sector, including R&D 6, 889 8,684 6,709 18
Computer technology and software 5,904 3,652 6,153 8
Telecommunications 1,324 5,564 6,212 8
Building 113 105 540 7
Automotive industry 2,527 1,609 2,090 5
Trade 3,845 2,338 4,348 5
Pharmaceutical industry 754 857 1,010 4
Chemical industry 1,470 1,393 1,308 4
Energy 869 1,113 1,621 4

Source: Fact sheet on foreign direct investment (FDI) / Department of Industrial policy and promo-
tion, Government of India. 2018. http://dipp.nic.in/sites/default/files/FDI_FactSheet_29June2018.pdf (ac-
cessed: 29.06.2018).

Investments are noted as a separate element in the innovation system of In-
dia, which takes 8" place in the world in terms of investments to the innovation
sector. Since 1995, investment has grown by about 8% per year. India is conside-
red as one of the most attractive countries for investing in innovation. There are
main sectors that are most attractive to FDI in 2015-2018 in the Table 3.

According to the Table 3 the most attractive sector for FDI investments is
the high-tech services sector. The second place is the computer technology and
software sector, as well as the telecommunications sector.

Thus, we need to note that the innovative potential of India is based on
the support of government agencies, which account for almost half of the coun-
try's R & D expenses. Nevertheless, it is necessary to note the growth of invest-
ments from the private sector, which indicates the movement of the NIS of India
towards maturity and qualitative growth. Regarding the export of high-tech pro-
ducts, here India boasts a rapid growth rate, despite slight disruptions in the trend
due to economic crises. Moreover, India’s NIS is considered as one of the most
attractive innovative systems in terms of investment, especially in the field of
computer technology and software.

Conclusion

India began a large-scale economic liberalization at the beginning of 1990s.
There was significant growth in terms of GDP, exports, employment, investment,
the inflow of foreign technology and investments, the ICT industry growth, the inter-
nationalization of investment in R & D, etc. Over the years, the Indian NIS has
helped to create a high level of human resources thanks to a skilled workforce.
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Thus, India has become one of the major players in the field of IT software and
research services. Differences in wages and skilled human capital (including a large
number of English-speaking skilled labor) appear to be the main success factors in
these areas.

Otherwise it can be said that the Indian NIS also faces serious problems,
such as an imbalance in income and wages, a low literacy rate and a high level of
poverty, an uneven flow of foreign investment in different regions. Some of
the old problems also persist, such as a lack of an innovation culture in manufac-
tured products and weak connections between research institutions/universities
and the industry, the one-way growth of the ICT sector that dominates others,
and serious shortcomings in the education system.

The Indian NIS needs to solve and overcome these problems if India wants
to achieve its goal to become a developed economy. However, liberalization of
NIS may not be enough to realize the full potential of the Indian innovation sys-
tem. This requires fundamental changes in institutions (including private and pub-
lic companies) and the culture of research, as well as how they interact with each
other, as well as with industry and society.
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HayuyHas ctaTtbs

HauunoHanbHaq nHHOBaunoHHaa cuctema MHpun:
npouecc CTaHOBJIEHUS
N OCHOBHbI€e noka3satenn 3aPpPeKTMBHOCTHU

N.H. boxaueB

ITAO «Boemmnenkom-KoMmyHukanum»
Poccuiickas @edepayus, 127083, Mocksa, yn. 8§ Mapma, 0. 10, cmp. 14

B cratbe paccmarpuBaeTcs mpouecc (pOpMHUPOBAHUS HAIMOHAIBHON MHHOBAI[MOHHOM
cucteMbl VHANYU, KOTOPBIH MPOXOMUT dYepe3 (a3bl MPOTEKIHOHU3MA, JTHOepan3Ma U Tyab-
HocTH. Oco00e BHUMaHUE YAEIIETCsl OCOOCHHOCTSM HAIlMOHATbHOW MHHOBAI[MOHHOM cHCTe-
Mbl MHanu Ha 6a3e mokasareneil 3(pEeKTHBHOCTH, TAKUX KaK BaJIOBBIC BHYTPEHHUE PACXOJIBI
Ha HUOKP, skcropT BBICOKOTEXHOJOTHYHOW MPOAYKIMH, & TAK)KE MPSIMBIE WHOCTPAHHBIC
HWHBECTUIINHU B chepe BRICOKMX TeXHOJOrui. B padore otmeuaercs, uro Muans sBisieTcs of-
HOM M3 CaMBIX NMPHUBJIEKATENbHBIX CTPAH JUIsI HHBECTUPOBAHUS B MHHOBAIMOHHYIO cepy. AB-
TOP BBIACISIET TAKXKEe M HETaTHBHBIE CTOpOHH pa3Butus HUC Wuanu, Takue kak nucOanaHc B
J0XO/aX 1 3apa00THBIX IUIaTaX, HU3KUA YPOBEHb TPAMOTHOCTH U BBICOKHN YPOBEHD HUILETEHI,
HEPaBHOMEPHBII IPUTOK HMHOCTPAHHBIX WHBECTULUI B pa3HbIE PETHOHBI, OTCYTCTBUE KYJIbTY-
PBI MHHOBAIIMH B IIPOM3BOMMBIX TIPOIYKTaX M CJIa0BIe CBSA3HM MEXKIY HayIHO-HCCIIEIOBATEIHCKUMI
YUpEXKISHUSAMHI U OTPACIBIO, a TakkKe ogHOCTOpoHHUH pocT cektopa UKT. Tem He meHee B
CTaThe 0COOEHHO OTMedaeTcs, yTo MHaus mocie Hauana mnpolecca SKOHOMHUYECKOH nubepa-
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JIM3aIAA YKOHOMUYECKH BBIpOCia ¢ TOUkH 3peHust ypoBHsa BBII, sxkcnopra, 3anaTocTH, MHBE-
CTULIMM, IPUTOKA MHOCTPAHHBIX TEXHOJOTUM W MHBecTUIui, nuayctpun KT, a Takxke un-
TepHarronanu3anuu nasectuiuii B HMOKP.

KaroueBble cjioBa: HallMOHAJIbHAS HMHHOBAIITMOHHAA CHCTEMaA, I/IH,Z[I/I}I, OKOHOMHYECCKOC
pa3sBuTHA, HI/IOKP, MHHOBAIIMH, BBICOKHMEC TCXHOJOTMH, MHHOBAIIMOHHBIC IIOTCHII X AJI
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