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India and Knowledge Economy
Prospects for Development

Surjit Singh

1. Introduction

Knowledge has been of decisive importance in mankind's development and has been always an
essential force in economic developmentl. But in present day's increasingly knowledge-based
world, more and more countries are embracing knowledge and innovation-related policies to
spurgrowth and competitiveness. At the same time as their institutions are weak, many deveioping
countries are struggling to find ways to produce relevant knowledge and transform it into wealth,
as well as to adopt disseminate existing knowledge for their development (World Bank 2OO7).
There is link to traditions in building knowledge base. For instance, traditional knowledge of nomads
helps in explaining the movements of dunes and meteorological change. Humans have used
restlessness of animalto predict earthquakes. Convergences of traditional and modern equipment
like computers and satellites create synergies for advancement. Globalisation and rapid
technological change have made knowledge' a critical determinant of competitiveness in the
world economy. In both developing and developed countries there is an increasing institutional
awareness of the importance of knowledge for business performance, economic growth and
development (Navaretti and Tarr 2000). With globalisation, the information revolution, and
increasing demands for a highly skilled work force, it is clear that nations must accord high priority
to building the capacity to effectively utilise technology in education. In the recent times, the
study of the forces that shape the rate of economic growth has become one of the most active
areas of research in economics (Rebelo 1998)3. India had made tremendous strides in its economic
and social development in the recent decades or so and lost traditional knowledge base too.
Despite its poor show in agriculture sectoL growth in industry and services r".torc h.uu shown
significant potential. Sustained acceleration in growth is required to provide opportunities for
India's growing population and its even faster-growing workforce (Dahlman and Utz 2005).
Knowledge- base is increasingly determining the future course of growth process of Indian economy.
India has a rich choice set in determining its future growth path. Like lreland and south Korea that
have used knowledge effectively to enhance the growth, India too would have to rely much more
on knowledge to strengthen the growth trajectories. Knowledge can make a difference berween
poverty and wealth (Dahlman and Utz 2005). The present paper tries to look at few pertinent
issues that relate to knowledge economy and ascertain India's position in this context.

2. Knowledge, Resources and Rent
Knowledge is difficult to get, whether through creation or purchase. Knowledge involves
combination of facts that interact in tangible ways. Because of this, it constitute, un untry barrier
to growth. The entry barriers then create the rent earned from knowledge, which include
technological, human resources, organizational, and marketing and design. These are, however,

1



transitory in nature, but require regular renewal. The table below does show that all sectors would
gain from advances in knowledge, be it a traditional sector or a modern sector. Since the theoretical
constructs of Adam Smith and Schumpeter; the role of innovation in economic growth has become
vital' Technological progress is important for economic growth, which Solow amply demonstrated.

Knowledge and Natural Resource Rents

Type of rent Previous areas of renl New and emerging areas of rent
Noturol resources

Knowledge
Technology

Human resources

Orga n isationa I

Marketing and design

Relationa I

High grade copper deposits

Copy lathes

lnternal combustion engines

Tool making artisans

Mass production organized by managers,
quality inspectors

Levi-Stra uss(man ufactu rer,brand )

Short-term and arms-length buyer-supplier
inte ractions

High grade platinum deposits

Computer aided design

Fuel cells
Biotechnological applications

Software engineers

Continuous learning management of just-in-
time supply chains, single-unit flow, and quality
aI source

The Gap (retail chain)

Long-term discussion-rich relationships within
supply chains

Source : Adapted from Kaplinsky {2005).

we have modern theories that help in justifying government action and investment in public
goods such as education and infrastructure, which facilitate the use of knowledge and innovation
(World Bank 2007). The whole gamut of literature on explanation of growth performance and
role of total factor productivities leads us to contribution of knowledge. How effective is the
use of both human and physical capital is paramount.

3. A Knowledge- based Economy
Knowledge improves nutritiona, cures epidemics and protects against natural dangers. All
economies are knowledge- based, be it traditional or modern depending upon what they have
preserved and what they have lost. However, the difference today is that rapidly growing
economies depend more on the creation, acquisition, distribution, and use of knowledge. The
effective use of knowledge is becoming the most important factor for international
competitiveness and for creating wealth and improving social welfare (Dhesi 19g9). This does
not mean that a country must simply develop high technology. lt means that a country must
encourage its organisations and people to acquire, create, disseminate, and use knowledge
more effectively for greater economic and social development'. There are four pillars of a
knowledge-based economy (Dahlman and Aubert 2001) viz., (i) an economic and institutional
regime that provides incentives for the efficient use of existing knowledge and, the creation of
new knowledge and entrepreneurship; (ii) an educated and skilled populace that can create
and use knowledge; (iii) a dynamic information infrastructure that can facilitate the effective
communication, dissemination, and processing of information; and (iv) an effective innovation
system comprising a network of firms, research centres, universities, consultants, and other
organisations that can tap into the growing stock of global knowledge, assimilate and adapt it
to local needs, and create new knowledge and technology. The economic institutional regime
allows organisations and people to adjust to changing opportunities and demands in flexible



and innovative ways". In a selrse, it is tlrc lrrrrrlarrrcnt.rl pillar <lf the knowledge-based economy,
since only strong economic incentives arrrJ irrstitutions can deploy these resources to productive
uses and take advantage of a strong r:ducational base and a highly developed ICT (information,
communication and technology) and research and development (R&D) infrastructure.

Education is the pre-condition and an enabler for knowledge economy. Any economy essentially
requires a well-educated and skilled people for creating, sharing, disseminating, and using
knowledge effectively. The knowledge economy of the twenty-first century demands a set of
new competencies, which includes not only ICT skills, but also such soft skills as problem solving,
analytical skills, group learning, working in a team-based environment, and effective
communication' These skills were early expected only of managers, but now they are important
for all workers. Fostering such skills requires an education system that is flexible; basic education
should provide the foundation for learning, and secondary and tertiary education should develop
core skills that encourage creative and critical thinking (Singh 1,gg2).In addition, it is necessary
to develop an effective lifelong learning system to provide continuing education and skill
upgrading to persons after they have left formal education in order to provide the changing
skilfs necessary to be competitive in the new global economy (Dahlman and Aubert 2OOt).

A strong basic education system is a necessary precondition to underpinning India's efforts to
enhance further the productivity and efficiency of its economy (Singh and Sagar ZOO4). China,s
experience in this area is useful, as its emphasis on secondary education has provided it with a
firm basis for expansion of manufacturing activities on a global scale. Investments in basic
education are thus fundamental for countries to improve the productivity and the quality of
labour and deliver the manpower needed for their development efforts {Singh tggT). india has
made substantial progress in increasing literacy and increasing primary and secondary enrolments
and overall educational attainment (Table 1). But the country still accounts for one-quarter of
the world's ch ildren out of school. The participation of girls, 6-14 years age group, in elementary
education is lowT and progressively goes down as they move up the schooling grades. There are
considerable gaps in access to secondary education, particularly for girls and marginalised
sections of the society. There are wide regional differences too. ln case of China, the average
years of schooling increased from 1.535 in L950 to 8.167 in 20L0 while in case of India the
corresponding increase has been from 0.985 to 5.13. This means that educational attainment
of population age L5 plus in India has been lower than China throughout. Besides, the lndia:
China ratio was L:1.56 in 1950, which marginally increased to L:1.59 in 2010. As regards the
female educational attainment, in case of China, the average years of schooling increased from
0.954 in 1'950 to 7.606 in 2010 while in case of India the corresponding increase has been from
0'397 to 4.073. This means that female educational attainment of population age 15 plus in
India has been lower than China throughout. Besides, the India: China ratio was 1:2.40 in 1950,
which declined to 1:1.86 in 2010. Thus, in case of female educational attainment, the gap
between India and China has reduced over the years. The percentage of population of age 15
pf us with no schooling stood at 747 percent in 1950 in India, which declined to 32J percent in
20L0 and the decline has been faster after 1980; almost halved. ln China, in 1950 the percentage
of population of age 15 plus with no schooling stood at 69.8 percent (lower than India). tt
significantly declined to mere 6.5 percent in 2010. Thus, the record of China compared to India



has been remarkable in removing illiteracy from its population. In both India and China, the
improvement in average years of schooling is mostly on account of higher primary completion
and enrolment ratios. The higher secondary and tertiary completion and enrolment ratios are

still low in both the countries, though China is performing better than India.

The percentage of female population of age 1.5 plus with no schooling stood at 89.4 percent in

1950 in India, which declined to 44.7 percent in 2010 and the decline has been gradual over the
years (appendix table 1). In China, in 1950 the percentage of female population of age 15 plus

with no schooling stood at 79.4 percent (lower than India), which significantly declined to mere

10.3 percent in 2010. Thus, the record of China compared to India has been remarkable in

removing female illiteracy. The difference, however, is that in China; the improvement in average

years of schooling is mostly on account of higher secondary and primary completion and

enrolment ratios when in India it is through mostly the higher primary completion and enrolment
ratios. The tertiary completion and enrolment ratios are still low in both the countries, though
China is performing better than India.

Table 1: Educational Attainment of the Population Age 15 plus: India and China

Population No

over age schooling
1s (000's) %

First level

%Ci compiaea
Second level

Total Completed

Post-secondary

Totai compErA" Average
years

of schooling

Total India

1950

1955

1960

1965

1970

t975
1980

1985

1990

1995

2000

2005

2010

Total China

1950

1955

1960

196s

L970

r975
1980

1985

1990

1995

2000

2005

20ro

2r8405
240942

266423

zv)u)o
330552

373640

423306

478056

54239L

538715

600511

672684

749620

3687L5

383044

401694

436196

s00636

561430

644245

745898

835430

896920

958307

LO34076

3687 15

Percentage ofthe population age 15 plus

74.7

/J.O

70.9

66.2

65.9

oo.J

58.5

51.6

47.4

43.0

37.7

32.7

69.8

64.6

58.3

50.9

4r.9
3s.4

27.L

t3-6

22.2

15.9

11.0

4.4

6.5

27.6

23.6

24.8

24.O

2t.L
20.6

L2.O

ao.)

L8.7

19.4

L9.7

21.7

20.9

zt.9
25.5

28.7

32.7

50.v

38.5

38.4

36.9

34.5

32.9

30.4

27.5

24.7

o.+

7.O

8.1

8.9

rf.o

10.4

11.0

L5. /

f ).5

L6.4

18.4

18.9

5.3

6.6

9.7

t2.6
L6.7

1.8.7

20.r

20.5

19.9

L9.4

18.3

t7.o
15.0

z.L

2.2

2.5
A1

).o

lL.7
L8.7

2r.8

25.6

29.7

32.9

3h. I

40.7

8.0

9.4
1? ?

15.5

20.3

55.O

38.0

47.3

47.9

54.1

57.7

60.4

0.1

0.1

o.2

0.1

o.2
n2

0.5

0.5

o.7

0.9

1.0

1?

r.7
2.1

2.1

3.5

4.6

5.9

9.3

f+.)

2L.8
?q6

36.2

4r. b

46.0

0.6

0.6

0.6

0.9

1.1

1.8

3.2

4.0

4.t
4.)

),r
5.8

0.3

0.5

o.7

0.8

0.8

0.9

0.9

1.5

1.9

3.3

+.o

6.3

9.0

0.3

0.3

0.3

0.5

0.6

0.9

!.2
r.7
2.t
2.2

2.4

2.7

3.1

u.z

0.3

o.4

o.4

0.4

0.4

0.5

0.8

1.0

1.8

2.6

3.6

J.Z

0.985

7.O32

1.111

r.287
L.574

L.972

2,339

2.893

3.444

3.800

4.207

4.688

5.130

1.535

7.825

2.287

2.779

3.432

3.965

4.748

5.248

5.624

6.407

7.LO6

t.h22

8.167

Source : Barro and Lee (2001; 2010)



Table 2 shows that the average years of schooling in India is still below the level which Australia,
UK, USA, Sweden, Canada and Japan achieved in 1950. In 201,0, compared to India's average
years of schooling of 5.13, the corresponding figures for Australia, UK, USA, Sweden, Canada,
Japan, China and Brazil were 12.'J.'J,g,9.754, 1,3.097,1,L.567,12.083, 1.L.582,8.167 and 7.539
respectively.

Table 2: Average years of Schooling of the Population Age 15 plus

Years Australia Canada Jaoan Sweden USA China Brazil lndia

1vf,u

1955

1960

1965

L970

\Jt5

1980

198s

1990

1995

2000

2005

2010

8.636 7.603 6.894 6.750

8.982 1 .956 7.386 6.979

9.296 8.362 8.007 7.270

9.609 8.663 7.825 7.633

10.156 8.883 8.199 8.079

10.857 9.312 8.743 8.82t

II.541 9.702 9.25L 9.419

11.541 10.000 9.753 9.767

Lr.602 10.400 9.965 10.198

11.680 LO.7t8 10.559 LO.779

Lr.77L 11.030 10.923 11..061

IL.872 72.730 tI.26L 1.1.505

72.512 72.L26 1.1..362 1r.727

8.412

8.777

9.L79

10.037

10.789

LL,477

12.027

12.o92

12.237

72.635

12.706

12.9rr

r5. r>1

5.904

6.704

6.299

6.830

7.297

7.599

7.749

7.998

8.2L4

8.554

8.930

9.345

9.980

1.535

1.825

2.24r

2.779

5,+32

5.voJ

4.748

5.248

5.624

6.407

7.106

7.622

7.606

I.499

1.758

2.O54

2.371

2.81r

2.570

2.768

3.702

4.463

5.350

o.+f f

7.L68

7.690

0.985

L.O32

1.1 11

L.287

L.574

r.972

2.339

2.893

3.444

3.800

4.20r

4.688

4.O73

Source : Barro and Lee (2001; 2010).

Table 3 shows that the average years of schooling in India for females is still below the level
which Australia, UK, USA, Sweden, Canada and Japan achieved in 1950. In 2010, compared to
lndia's average years of schooling of 4.073, the corresponding figures for Australia, UK, USA,

Sweden, Canada, Japan, China and Brazil were 'J.2.5I2,9.98, 13.152 , 1-1-.727, 12.\26, L1,.362,
7.61 and 7.69 respectively.

The performance of India compared to other countries like Australia, Canada, Sweden, USA, UK

and Japan in removing female illiteracy is very poor (table 4). In 1950, Australia, Canada, Japan,
Sweden, USA and UK had percentage of female population of 15 plus illiterate of L.5,I.9,7.1-,
2.6,2.2 and 2.8 respectivelyas against India's percentage of 89.4, China's 79.4and Brazil's 66.2
percent. In 2010, Australia, Canada, Japan, Sweden, USA and UK had percentage of female
popufation of 15 plus illiterate of 0.9,0.8,0.1-, I.L,O.4 and 1.8 respectively as against India's
percentage of 44.7, China's 10.3 and Brazil's L0.L percent. Thus, it is really sorry state of affairs
and India still has to travel a long distance to even reach 1950 position of these countries,
though China and Brazil would achieve the targets much early.

The performance of lndia in removing illiteracy compared to others countries like Australia,
Canada, Sweden, USA, UK and Japan is very poor (table 4). In 1950, Australia, Canada, Japan,
Sweden, USA and UK had percentage of population of 15 plus illiterate of L.0, 2.0,4.4, L8,2.2
and 2.8 respectively as against India's percentage of 74.7, China's 69.8 and Brazil's 62.8 percent.
In 201.0, Australia, Canada, Japan, Sweden, USA and UK had percentage of population of 15 plus
ifliterate of 0.9, O.7, O.1,, 1,.4, O.4 and 3.3 respectively as against India's percentage of 32.7,
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China's 6.5 and Brazil's 1"0.1 percent. Thus, India still has to go a long distance to even reach

1950 position of these countries, though China and Brazilwould achieve the targets much early.

But, India is very committed to increasing educational attainments. The RTE Act (right to
education) is a step towards universalisation of basic education.

Table 4: Percentage of Population Age 15 plus with No Schooling

Australia Canada IndiaUK Brazil

Female

1950

1955

1960

1965

7970

r975

1980

1985

1990

1995

2000

2005

2010

Total

Yea rs

1950

1955

1-960

1965

r970

L975

1980

1985

1990

1995

2000

2005

2010

r,) f.v

1.3 1.6

1.1 1.3

0.8 L.2

0.8 1.1

a.J a.J

0.9 7.7

0.8 7.r

o.7 0.9

0.8 1.0

o.7 1.0

o.7 0.8

0.9 0.8

Australia Canada

1,1 2.O

1.0 r.1

0.9 !.4

0.8 1.3

0.8 1.1

1.1 L.4

0.8 1.6

0.8 1.0

o.7 0.8

o.7 0.9

o.7 0.9

o.7 0.8

0.9 0.7

7.t 2.6

qt )1

3.7 2.O

1.8 L.5

1.0 1.1

o.t 1.7

0.5 1.5

o.4 L.7

0.3 1.9

n1 11

o.2 1.5

o.2 1.2

0.1 1.1

Japan Sweden

4.4 1.8

a.+ f.o

2.4 1.4

r.4 L.2

o.7 1.1

0.5 L.7

o.4 1.6

0.3 2.L

o.2 2.5

o.7 2.O

o.2 2.L

0.1 r.7

0.1 !.4

2.2

2.L

1.9

r.6
1A

1.1

0.9

0.9

0.8

n(

0.4

0.5

o.4

2.8

2.5

2.2

1.9

1.6

1.5

1.6

L.7

1.8

1.9

1.8

1.8

UK

2.8

)q

2.L

2.O

2.O

2.0

3.0

3.0

5,2

3.4

3.4

3.4

5,5

79.4

73.7

66.7

57.3

46.6

39.1

31.1

2s.0

20.8

18.1

L0. a

12,9

10.3

China

69.8

64.6

58.3

50.9

4r.9

35.4

27.1

23.6

22.2

15.9

11.0

8.4

b.)

66.2

60.9

54.9

47.8

40.6

28.8

28.6

23.7

20.0

lo.6

L4.9

L 2.5

10.1

Brazil

62.8

57.6

51.8

45,3

Jt.a

27.O

27.4

24.7

tz.5

f v.)

16.0

a1 A

10.1

89.4

88.3

86.7

84.4

80.9

80.5

79,O

7)a

66.3

61.8

56.7

50.2

44,7

lndia

74.7

73.6

72.r

70.9

oo.z

b5.v

66.3

58.5

51.6

47.4

43.0

37.2

USA

2.2

2.2

2.O

l.o

L,2

0.8

I.U

1.l"

0.6

0.4

o.4

0.4

Source : Barro and Lee (2001; 2010).

India, however, does possess a large pool of highly educated and vocationally qualified people

who are making their presence felt, domestically and globally, in science, engineering,
information technology (lT), and research and development (R&D). Howeve4 they make up of
only a small fraction of the population. To create a sustained cadre of knowledge workers, India

will need to develop a more relevant educational system and reorient classroom teaching and
learning objectives, starting from primary school. Howeve4 the elitist bias in education is getting
reinforced through enhanced privatisation of education.The newsystem of schooling isfocussed



on learning, rather than on schooling, and promoting creativity. lt is expected to improve the
quality of tertiary education and provide opportunities for lifelong learning.

India does lag behind the top-notch countries in producing tertiary educated population, but its
tertiary education is also critical for the construction of knowledge economy. India currently
produces a solid core of knowledge workers in tertiary and scientific and technical educatione.
The country needs to do more to create a larger cadre of educated and agile workers who can
adapt and use knowledge, shortage of skilled work forces is staring the country across the
board. Efforts have been put into establishing a top-quality university system that includes many
world-class institutions of higher learning that are competitive and meritocratic, such as Indian
Institutes of Technology (llTs), Indian Institutes of Management, Indian Institute of Science, and
the Regional Engineering Colleges (RECs) and new set of central universities. There had been
mushrooming of management and engineering institutes in the private sector all over the
country, which recently have faced a set back; more than half of them are on verge of closure as
per some estimates. This is a result of lack innovation and vision. Not all publicly funded
universities or other educational institutions in India have been able to maintain high-quality
standards or keep pace with developments in knowledge and technology. Major steps are thus
needed to ensure that Indian institutions meet high-quality national (and if such services are
exported, international) standards. Measures are also needed to enhance the quality and
relevance of higher education so that the education system is more demand driven, quality
conscious, and forward looking, especially to retain highly qualified people and meet the new
and emerging needs of the economy (Chadha 2004; Singh and Sagar 2004).

In the area of scientific and technical education, even though India produces more than 2.0
lakh scientists, engineers, and technicians a yeai it has not been obtaining the full economic
benefit from this skill base, because of the mismatch between education and the labour market.
The professional workforce that is emerging from lndia's higher education system often cannot
find suitable employment due to a growing gap between their knowledge and real practice and
to limited job opportunities in their fields, coupled with low salaries. Many professionals also
leave the country in search of better opportunities, which leads to brain drain (Singh 2OO5a).
This calls for an effort to promote policy and institutional reforms in scientific and technical
education for both public and private institutions to improve the quality and skills of India's
current and future pool of technical manpowerto.

Skills matter more than ever in present day's more competitive global market. ln large countries
such as India and Brazil, where the vast majority of people are unskilled and uneducated, the
capabilities of the majority of the population must be enhanced for the economy to show
substantial improvements. Firms and farmers alike must be able to learn and develop new
skills. While not losing sight of the need for secondary and tertiary education, governments
should improve the skill and education levels of the mass of people through primary and
vocational education. The success of countries such as China and South Korea in achieving
higher growth reveals the importance of a workforce with a basic education that can be trained.
This leads to the issue of skills development and training. When technology is changing,
enterprises must invest in worker training to remain competitive. India too has to develop various
job-training programmes to be globally competitive (Singh 2OO2l. These programmes must be



flexible, cost-effective, and able to adapt quickly to new skill demands generated by changing
markets and technologies. The National Skill Development Mission initiated in 11th plan is
expected to yield good results and since April 2013 National Rural Livelihood Programme has
been started, is also based on skill development.

4. The Advances Made

Fast paced development in lCTs in India in the recent years has affected economic and social
activities. lt has affected acquisition, creation, dissemination and use of knowledge. The innovation
system in any country consists of institutions, rules, and procedures that affect how it acquires,
creates, disseminates, and uses knowledge. Innovation in a developing country concerns not just
the domestic development of frontier-based knowledge (Singh 201,2). lt relates also to the
application and use of new and existing knowledge in the local context. Innovation requires a

climate favourable to entrepreneurs, one that is free from bureaucratic, regulatory and other
obstacles and fosters interactions between the local and outside business world and with different
sources of knowledge, including private firms, universities, research institutes, think tanks,
consulting firms, and other sources (Dalhman and Utz 2005). Tapping global knowledge is another
powerful way to facilitate technological change through channels such as foreign direct investment
(FDl), technology transfe; trade, and technology licensing (Djankov and Hoekman 2000)".

In India, with its relatively small organised sector, a very important part of its innovation system
relates to how modern and more efficient practices can be diffused to the greatest number of
users. This applies to both domestic and foreign knowledge. India has performed remarkbly
well in diffusing knowledge and technology, especially in agriculture in the past. Green Revolution
transformed India from a net importer to a net exporter of food grains. India's White Revolution
in the production of milk has helped it to achieve the twin goals of raising incomes of rural poor
families and raising the nutrition status of the population (Singh 2005b). India needs to build on
its innovative domestic strengths and undertake efforts to improve the prod uctivity of agriculture,
industry, and services even further. This includes strengthening technology diffusion institutions,
such as those related to agricultural extension and industrial extension, productivity-enhancing
organisations, and technical information agencies. In India, where large disparity exists between
the most and least efficient producers in any sector, considerable economic gains can also be
harnessed from moving the average domestic practice to the best domestic practice, not to
mention best international practice. This will require a host of efforts, including improving the
system for technical norms and standards, such as product quality, work safety, and
environmental protection, which can facilitate the proper diffusion of know-how (Dahlman and
Utz 2005). Efforts are required to be made to improve the dissemination of technology by
strengthening competition so that the most efficient firms expand and improve performance,
establishing and enforcing appropriate laws, encouraging more trade among Indian states,
allowing for economies of scale and scope, and facilitating the diffusion of best products through
price- and quality-based competition.

India also needs to increase its efforts to tap into the rapidly growing stock of global knowledge
through channels such as FDl, technology licensing, importation of capital goods that embody
knowledge, as well as advanced products, components, and servicest'. lnternational trade



leads to faster technological diffusion and higher rates of productivity growth compared with
countries such as China (Table 5). India has performed poorly at making effective use of these
resources. These channels are important, given the rapid expansion of global knowledge. Even
large advanced economies such as the United States are increasingly acquiring knowledge
through cross-border transfers. Creditably, India has overtime taken bold steps to strengthen
its R&D infrastructure, developing technological innovations and altering the mind-set of its
people toward better creation, acquisition, and use of technologyt'. lt is endowed with a critical
mass of scientists, engineers, and technicians in R&D and is home to dynamic hubs of innovation,
such as Bangalore and Hyderabad. lt also has vast and diversified publicly funded R&D institutions,
as well as world- class institutions of higher learning, all of which provide critical human capital.
India is also emerging as a major global R&D platform; more than 1OO multinational corporations
(MNCs) have already set up R&D centres in the country, leading to the deepening of technological
and innovative capabilities among Indian firms (Dalhman and Utz 2005). Several Indian
companies are becoming part of R&D alliances with global firms. These collaborations present
several benefits for Indian industry, because the linkages among local firms, universities, and
research institutes and the worldwide R&D network of multinationals further integrate India
into global technology development. Such R&D activities have also been useful in inculcating a

commercial culture among scientists, helping them to apply knowledge for productive ends.
The outsourcing of high-end R&D to India is yet another new trend that is evident from the
large number of established R&D, outsourcing centres in India, from lT and telecom to
automotive and pharmaceuticals sectors. India is also developing publib-private partnerships
to harness the potential of tradition-al knowledge to meet health and welfare needs and to
reduce poverty.

Despite these accomplishments, India spends only a small fraction of its GDp on R&D (Singh,
1997).lt gets very little in worldwide royalty and license fee receipts. Regarding scientific and
technical articles in mainstream journals (per million people), India matches the performance
of China, but the contributions of both countries are very low compared with those of developed
countries (table 5). FDl, although increasing, is also rather low by global standards; India is way
behind China in this regard. The majority of the R&D related inward FDt in India materialised
only after the economy had been liberalised. This FDl, however small, has been creating a new
competitive advantage for the country, especially in the lT domain and in industries, such as
automotive. Venture capital availability is also very limited in India. Howeve4 there are some
signs of vibrancy. A notable venture capital investment market is emerging. Institutions are in
place to facilitate this.

Besides, India's share of global patenting is also small. This is despite having a strong R&D
infrastructure. India is weak on turning its research into profitable applications. But, an increasing
trend is discernible in the number of patents granted to companies by the Indian patent Office,
indicating greater awareness of the importance of knowledge and the value of protecting it
through patents. Of the Indian patents, the drugs and electronics industries have shown a sharp
increase in patenting irt recent years. In addition, several Indian firms have registered their
innovations with the United States Patent and Trademark Office (USPTO). This shows that the
focus of research is shifting to patentable innovations, indicating better conceptualisation of



research. The recent amendments to the Indian Patent Act adopted in a move toward adhering

to the intellectual property norms under Trade-Related Aspects of Intellectual Property Rights

(TRIPS) have also boosted confidence among international players.

Tabte 5: Innovation Performance: Select Variables

Va ria bles India

Gross FDI as % of GDP (average 1993-2002)

Royalty and license fees payments per million population (2003)

Royalty and license fees receipts per million population (2002)

Science & engineering enrolment ratio (% of tertiary level students, 2002)

Researchers in R&D per million (2009)

Total expenditure for R&D as % of GDP (2009)

Private sector spending on R&D (2003)

Manufactured trade as % of GDP (2003)

High-technology exports as % of manufactured exports (2007)

Scientific & Technicaljournal articles per million population (1999)

Availability of venture capital, scale of 1 to 7 (2003)

University/ company research collaboration, scale of 1 to 7 (2003)

State of cluster development, scale of 1 to 7 (2003)

Telephone mainlines (2009) per 1000 people

Cellular mobile subscribers (2009) per 1000 people

Internet users (2009) per 1000 people

0.60

0.33

0.01

25.00

137.00

0.80

J.)U

L3.O2

5.00

9.23

3.80

3.20

4.10

30.00

300.00

45.00

5.40

2.43

0.10

43.00

1071.00

1.50

3.80

41.84

30.00

9.31

3.00

4,20

3.70

260.00

480.00

225.OO

Source: World Bank "Knowledge Assessment Methodology", http://www.worldbank.org./KAM

It appears that globalisation and the knowledge revolution present challenges and opportunities

to developing countries. The knowledge gap has to reduce. Mobile telephone subscribers per

10O inhabitants has grown, though, at a much higher rate in developing would compared to
developed world. We do observe that digital gap is reducing internationally (table 6) and it is
contributed by global capital and technology flow.

Table 6: Mobile Telephone Subscribers per 100 Inhabitants

Years Developed World Developing World

1994

1995

1996

L997

1998

1999

2000

2001

2002

2003

2004

CGR%

s.20

8.20

L2.70

17.60

24.60

35.30

49.60

58.50

64.70

69.60

76.80

27.28

0.19

0.40

0.60

1.10

1.90

5.40

8.00

10.80

74.20

18.80

46.30

1.00

1.60

2.50

3.70

5.40

8.20

L2.20

15.1O

18.80

22.60

27.40

33.55

Source: International Telecommunication Union, http://www.itu.int/lTU-D/ict/statistics/ict/index.html

The role played by mobile phones in poorest parts of the world is significant. ln India, this has

been the biggest equalizer. Communication network improved significantly. Even in remote
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villages, mobile phone is in use. lt is enabling fishermen and farmers to check prices, receive
information, makes it easier to look for jobs and reduce travel costs and time. The transaction
cost gets lowered and broadens trade networks. Consequently the economy has observed
positive impact.

In India, about 70 percent of R&D is performed by the central and state governments, an
additional 27 percent by enterprises (both public and private sector industries), and less than 3
percent by universities and other higher education institutions. In contrast, in most countries in
the Organisation for Economic Co-operation and Development (OECD), the private sector
finances 50-60 percent of R&D, because it increasingly has the finance, knowledge, and personnel
needed for technological innovation (Dalhman and Utz 2OO5). Firms play an even bigger role in
R&D in lreland, Japan, South Korea, and Sweden. Universities also undertake research to a

much larger extent in developed countries and have stronger linkages with the corporate world.
University research is hardly linked to industry in India and the main reason for this is that
corporate sector hardly sponsors projects in the universities.

Information Technology Sector: India's software industry has become vibrant since the 1990s.
India has a lot to gain from the new technologies and is putting efforts to do so. The large pool
of skilled manpower in this sector has contributed to both domestic industry and industry abroad.
India's recent success in the software and electronics industry is largely due to its vast poolof
English speaking engineers, who earn much less than their counterparts in developed countries
(20% of the US wage levels, Thomas 2005). The quality of their service is high. In the initial
years, most of the work by India n lT firms was in the form of body shopping, but of late, foreign
companies have been outsourcing jobs. Tables 7 through 13 detail the progress made by India
in this sector. The fixed line and mobile subscribers (per 1000 people) rose from mere 6 in 1990
to 7L in 2003, while cost of 3- minute local call (in $ terms) has stood around 0.02. The penetration
of computers is linked to education level of population and the march in this regard is from 0.3
(personal computers per L000 people) in 1990 to 8.2 in 2002. The weak infrastructure on
communications affected lnternet usage. In L990 India had negligible Internet users (per 1000
people), but it touched 17 by 2003. There is rapid increase in internet use in the last few years
and would go up significantly, at least, in urban centres in future. The major hindrance to this is
the limited availability of bandwidth. Recently it is improving.

Table 7: Telecommunication Infrastructure

l-990 2002 2003 2007

Fixed-line and mobile subscribers (per 1000 persons)

Cost of 3-minute local call (S)

Personal computers (per 1000 persons)

Internet users (per 1000 persons)

High-technology exports (% of manufactured exports)

GDP (S billion)

0.60

0.0s

0.30

0.00

2.00

317.00

52.00

0.02

7.20

16.00

s.00

510.00

71.00

0.02

17.00

5.00

601..00

4l2L#

3#

7.2tt

5.00

L7r7*
Note: *- for 2008. #- per 1OO persons.

Source: The World Bank, Little Doto Book 2005.
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The people with computer knowledge increased from 1.58 crore in 2000 to 7.2 crore in 2008

recording a growth rate of 22.78 percent. The active users of computers went up during the

same period from O.O2 crore to 3.93 crore, observing growth rate of 48.92 percent (table 8).

The share of people with computer knowledge in active users of computers was l-3.9 percent in

2000 that increased to 54.6 percent by 2008. Thus, there is significant improvement in users of

computers in India. By December2O!2, there were 2,4O1"crore internet users with 1.498 crore

broadband users. This number was 0.80 crore and 0.20 crore respectively in December 2006.

Table 8: Growth in Knowledge and Usage of Computers (crore)

People with computer Active users of
knowledge computers

2as%of3

2000

2001.

2003

2004

2006

2006

2008

CARG %

1.58

3.08

s.29

5.90

6.s0

7.20

22.78

o.22

0.43

o.75

r.r2
2.IL

3.20

3.93

48.92

13.90

14.00

17.80

2t.zo

35.80

49.20

54.60

LO. LJ

Source: Stotisticol O utline of lndio 2004-2005 ond 2009-10 Tata Services Limited, Bombay.

India, though improving, lags behind in internet connectivity. The International
Telecommunication Union estimated bandwidth availability in India in 2001 at 1475 Mbit/sec

compared to 2639 in Singapore,5432 in South Korea,5308 in Hong Kong and 7598 in China

(table g). This situation has improved since then, though India still has to catch up with its

neighbours. India had 0.32 crore internet subscribers (484.6 crore in 2007-08) and 0.7 crore

internet users. In terms of internet spread or the number of users per 100 inhabitants, India

with 0.7 was behind China (2.6) and way behind Hong Kong (38.5), Korea (52.1) and Singapore

(36.3). Then there are disparities regionally in India- rural-urban and within urban areas. There

still is inadequate spread of connectivity. Urban tele-density by March end 2012 was 169.55

while the rural tele-density was mere 39.22. The share of urban subscribers was 65.23 percent

compared to just 34.77 percent of rural subscribers. The broadband subscribers reached 1.379

crore in March 2012. The total number of telephone subscribers in March 2012 stood at 65.134

crore. The overall tele-density varied between a low of 46.61 in Assam to a high of 120.67 in

Delhi (11.6.47 in Himachal Pradesh).

The electronics production in lndia improved from Rs.52450 crore in 1999-00 to Rs.58850 crore

in 2000-01 but increased to Rs.273530 crore in 2008-09; multiplied more than 4 times in 8
years (table 10). The contribution of computer software improved significantly from 45.43

percent in 1999-00 to74.28 percent in 2008-09. Within computer software group, software for

exports constituted 70.43 percent in 1999-00, but went up to 78.33 percent in 2003-04 and

then to 79.L percent in 2008-09. Consumer electronics form a major group among electronic

hardware. Thus, Indian electronics industry has done remarkably well since 1990-00.
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Table 9: Asia- Pacific lnternet Economy {2001)

countries No. oI
lSPs

Total
(000s)

Per 100
inha bitants

No. of Broadband
subscri bers

(000s)

I nternationa I

internet
bandwidth
(Mbit/sec)

I
I

Australia

Bangladesh

China

Hong Kong China

India

Indonesia

Japan

South Korea

Malaysia

New Zealand

Pa kistan

Philippines

Singapore

Sri Lanka

Taiwan

Thailand

Vietnam

Asia- Pacific

ou5

60

936

258

90

60

4000

99

o

80
-/o

51

42

fa

185

18

4

6654

7200

250

33700

2601

7000

4000

55930

24380

6500

1,092

500

2000

1500

150

7820

3536

1010

160217

37.L

o.2

2.6

38.s

o.7

1.9

43.9
qf 1

27.3

28.6

0.3

2.6

36.3

0.8

34.9

5.8

1,2

4.6

4181

100

t7364

2631

3200

600

24062

89s6

2115

660

200

600

927

62

D5 IO

1500

z>t

74290

t23

203

623

50

15

3835

7806

4

17

1"0

151

1130

z

L3979

7000

40

7598

6308

I475

343

72705

5432

733

1900

22s

237

2639

18

7228

642

34

64955

Source:www.itu.int/itunews/issuep002/10/indicators.html,accessedFebruary2Ol3,

Table 10: Electronic Production Profile (Rs. crore)

1999 00 2000-01 200r-02 2002-03 2003-04

Electronic Hardware

Consumer electronics

Industrial electronics

Computers

Communication & broadcast
equipment

Strategic electronics

Total*

Computer software

Software for exports

Domestic software

Grand total

11.200

3750

2500

4000

1450

28100

17 r.s0

7200

52450

11950

4000

3400

4500

7750

31100

28350

9400

58850

1.2700

4500

3550

4500

1800

32750

36s00

10874

80124

13800
qqqn

42sO

4800

2500

37500

46100

13400

97000

15200

6100

6800

s350

2750

43800

55500

114650

25990

I2740

13490

26000

6840

94690

216300

57230

368220

Note: *- Includes figures for componenls- 5200, 5500, 5700,6600,7600 and 9630 respectivelyfor years under consideration.
source : Stotlsticol outline of tndio 2004 z)os dnd 2oo9-,t0Tata services Limited, Bombav.

As India has done well in software component of electronics goods sector, it is pertinent to look
at the size of software and services industry in India in the recent times. Table 11 shows that
since the mid-nineties, software and services industry has continuously grown from Rs.6594
crore to Rs.346567 crore in 2009-1-O; almost 53 times increase in size. Increasingly Indian software
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and services industry is gearing towards export market. ln 1.gg6-g7,the share of export marketwas 59 percent and it went up to 68'54 percent by 200g-10, u ,gniri.rn, increase. on the otherhand, the domestic market has shrunk 
'from 

41,to 31 percent d-uring the period.
Table 1l: Growth of Indian Software and Services Industry

Industry Size
Domestic Market

Years Rs. crore USS billion Rs. crore USS billion

-

Rs. crore USS biltion
1996-97

7997-98

1998_99

1999-00

2000-01

2007-O2

2002-03

2003-04

2004-O5

2005-06

2006-07

2007-O8

2008-09

2009-10

CGR%

6594

L0899

L6879

23980

55730

63905

77924

98879

L26254

165569

202378

253 1 10

318685

346567

29.82

1.859

2.936

4.O1,1

s.539

12.200

13.400

16.100

21.600

28.100

37.400

47.900

62.900

69.400

73.100

28.68

3900

6530

10940

L71"50

28322

36244

47976

6Lr14

87773

ro7r33

133933

L64582

218r20

237524

30.80

1.100

1.759

2.600

3.962

6.200

7.600

9.900

L3.300

18.200

24.200

3 1.700

40.900

47.500

50.100

29.67

2694

4369

s939

6830

27408

27660

30008

37465

44487

s8436

68445

88528

100565

109043

28.24

0.759

L.L77

L47!

r.577

6.000

5.800

6.200

8.300

9.900

13.200

r.6.200

22.OOO

27.900

23.000

27.TL
Note : Figures for 2009_10 are provrsronal
50urce:stot*frcor outtine ofrndio 2004-2005 0nd 2009--1o'ata Services Limited, Bombay.

As software exports have become important for Indian industry, table 12 reveals that of the
:ffi".:ff"J::Jir:,., onsite ,"ruice, off shore service 

"nj proor.ts & packages, onsite
t o t a I s o rt wa * 

" " 
o 

" 
i.! ",1',1^;# :l;:"', ifi T # li ?l ?r; 

j n ;| il rff# f ;; f :.*ilservices in quantum terms during the period increased uv.rrort r.5 times. off- shore services:il:,T:;J::ffi:lJ:ffi#::;;:t*:::::*', i*" o,'"d up in rvo*rr america and
abroad. rnoia is . u"iy suitabre site with ,;i,ilffi:f,[.:";;Hl';"^::',j"fiil,lt;"[T
much f ower wages' The share or onsrrore services improuuJr, om 22.6percent in 1995-96 to59'5 percent in 2003-04' In absolute terms, the increase is more than 4r. times. India has tofurther capitalise on this trend and .r..i" ."n,res other than Bangarore, Hyderabad and pune.For this both central and state gou.,,nr.na, have to .r".* ,J"*r," infrastructure and growthoriented policy regime. Recenily, foreign companies are showing interest in chandigarh as itlii ffJI ff|l,|:tj"i:?kinr,''t;,;;;;; ;; ed ucationa r institutions, hospita rs, e nviro n me nt
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Table 12: Profile of Software Exports (Rs. crore)

Onsite Service Offshore Service Products & PackaScs

1995-96

1996-97

1997-98

1998-99

1 aaa-nn

2000-01

200r-o2

2002-o3

2003-04

CGR%

tszo (43.2)

2289 ls8.7l

38s3 (s9.0)

636s (s8.2)

98s0 (s7.4)

1s900 (s6.1)

16s00 (4s.2)

L97OO (42.71

22s00 (40.s)

35.10

7s7 (22.61

1178 (30.2)

2ro3 (32.21

3710 (33.9)

s9s0 (34.7)

r.09so (38.6)

18s00 (s0.0)

24900 (s9.s)

33010 (s9.s)

49.13

203 (s.8)

433 (11.1)

s7s (8.8)

86s (7.9)

13s0 (7.9)

1s00 (s.3)

1s00 (4.1)

1s00 (3.3)

NA

28.O2

3520

3900

6530

10940

17150

28350

36500

46100

555 10

38.06

Note : FiBUres in ( ) are share of total. Fagures for 2003'04 are provisional.

Source : same as table 1.1-.

Table 13 shows the manpower in Indian lT industry. lt is estimated that in 2001-02 there were
5.22 lakh knowledge professionals employed in Indian lT industry and this number stood at
22.86 lakh in 2009-10. Most of these knowledge professionals are employed in software exports
sector (32.57% in 2001-02 and 43.44% in 2009-10). The next important employer is software
captive in user organisations. In case of new entrants, the number has stood around L.58 lakh
in 2001-02 and most of them are lT graduates and diploma holders. By 2009-10, the number
went up to 3.69 lakh. So there is a steady addition to knowledge professionals and this has held
promise for expanding lT industry in India.

Table 13: lT Manpower Estimates (000's)

2001-02 2002-o3 2003-04 2006-07 2009-10

Knowledge professionals employed

Software exports sector

Software captive in user organisations and
Software domestic sector

lT enabled services

Total

New entrants

lT graduates

lT diplomas

Others

Total

r7o (32.s7\ 20s (31.01) 260 (31.94)

246 (47.r31 28s (43.721 308 (37.84)

690 (42.s7) 9s3 (43.44)

378 (23.32) s2s (22.97]'

ss3 (34.11) 768 (33.60)

L6Zr 2286

106 (20.3U

522

s7 (36.08)

34 (2L.s2].

67(42.4O1

1s8

L7L (2s.811 246 (30.22l

661 814

47 (3L.97]'

2s (17.01)

7s (s1.02)

r47

ss (36.67) 143 (s1.07)

2s (16.67) 76 (27.L41

70 (46.66) 67 (2r.7sl

150 280

204 (ss.28)

92 (24.931

73 (19.79]'

369

Note: (l percentages of respective total.
Source: same as table 11.

Knowledge Management for Enterprises: Individual industry and firms have played a major
role in creating knowledge and diffusion of new knowledge. Firms have captured knowledge
for years, but there has not always been an emphasis on accessibility, dissemination, and use of
knowledge within the enterprise. The issue here is how successful knowledge management can
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be accomplished' Studies show that strategies are independent of industry or firm size. Firmsthat use a top-down approach are generally unsuccessfut. ii".tiuu organisations create demandfor knowredge through financiar ,,ia o,r,",. ,.uwards f";;;;;;y"es to create, tap and use internaland external knowledge resources- t<nowteoge rrnug"r"* is most effective when it is a partof the corporate culture' tno 
"uu'y 

run.tion orar,. .oipan-y maximises efficiency of knowledgecreation, distribution, and apprication; and storage or knowteogu i, .on..ron ;'.;r, a, firms,but distribution and application 
";;;i knowredgl .ru noa. successfur companies create cross-::HI"IHH:::H iy#:Ta*ifject tea ms in"u,n*n,.on ise rirm srratesies a n d goa rs

c rea te u se r_f ri e n d ry, reg u I a rr y ;;; ;.#.::ffiffi i: ;r; t Jli:, il:; ;:*n m *;il:
HJ::;*ffiknowled'e 

(Hauschild, ,-i..r', q10 r*'n ioobi. vurtinationar companies are theorroyatyo,u'"""Xii:''i[:ff::Hilll;T;i#iT,?!i",,,}:",:";::*t:#*#'":ffiT:
parent firm' These companies often have high R&D expenditures rerative to sares, a rarger revelof scientists and technicians, new anJllcnnicarry ."ro^- oi"ducts, and high revers of product:iTT::::ffH:l#;JHiiI:i1i"' u"a rai, zooor in," ,. the enterprise reversynergies

5. ICT and Knowledge: Correfates of Development
lndicators for knowledge and lcr measure the rerative position of each country with respect toothers in these keyareas of development. In orderto unoerstlno the whore process, Ferrantietor' (2002) anarysed the nexus net*een-rcr and deveropmeni. ,r,n, eight most appropriateindicators' Among these eight i"oi.utoo, four refrectei ,"no"r,,o" activity and R&D in eacheconomy' and four revealed the level of rcr development. il;;" indicators were: research anddevelopment as share of gross national income (GNr); scienlists in R&D per mirion peopre;patent applications by residents and non-residents p"i rooop"opre; patent apprications in theUnited States by country per 1000 O"opf e;-t1t^"flon"rnu,nt,,iu!ier 

rO0O peopte; mobite phonesper 1000 people; personal computers p",. roooo peopre; .nJ ,niurn., hosts with active internetProtocol (lP) addresses per 1000 p"opi". The definition, ,no r.ellmost of these variables. Mobite phones ano tetephones;;;r;ffi: ffi*:il::l?Jilil"jcountry' The other two lcr variables were personar computers and Internet hosts. In theknowledge area' R&D as share orgrorr-nationat income and scientists working in R&D wasincluded' Patent applications 
'r"a 

[u 
"liionals and non -,Ln.rs were an indicator of bothtnnovation activity and a meas"" oithe need and abirity orii" state to protect interectualproperty' Patent applications in the United states ny .ountry of origin of the inventor was a

variable that helps control for the variability in the previo* u.riuntu caused by differences inthe institutionar deveropment of uu.; ;;ntry. Grossman and Herpman (1991) had herd thatpatent applications are also determined i, arru size of the oor"rti. market where the patentedproducts are sold' consequently, neither indicator *r, 
" ourr* proxy for innovation output.

Based on averages for 1995 to 2000 or 1990 to 1999 (Ferranti et or.2oo2),tabre j.4 shows thecountry variables expressed as a percentage of the U.s. revers. iie most striking feature is that
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for development in knowledge and ICT is very shallow in China, Thailand and India compared to
other countries. South Korea almost spends as much as United States of America on R&D despite
the fact that the number of scientists in R&D in South Korea is about half that in the United
States. In China and India, knowledge and lCTare almost exclusively led by R&D, which in both
cases is about 25 percent of that in the United States. India has meagre 4 percent of scientists
in R&D, which is one-third of China's scientists' manpower in R&D. Patent applications in the
United States are minimal across countries and India, Thailand and China fare very badly on this
count. India has only 3.66 telephone mainlines compared to 1"1.73 in China. In case of mobile
phones, the number is just 0.34 in India, 0.0L in case of Internet host, and only 0.50 personal
computers per L000 people. Thus the relative position of India vis-d-vis its important competitors
are poor in both knowledge and lCT.

Table 14: tndicators of tcr and Knowledge as percentage of the united states Lev€ls

Cou ntry Information & Communication Technology Knowledge

Telcphones Mobilc Intcrnct personal

mainlines phones nost computers
R&D as %

of GNI

R&D

scientists
(per

m illion
people)

Patent
residents

& non
residents

(per 1000
people)

Patent

application
in US

(per 1000
people)

China

India

South Korea

Thailand

Germany

,apan

USA

17.73

3.66

65.74

12.77

83.29

79.03

100.00

5.O2

0.34

73.70

16.08

21.08

1"8.40

100.00

0.02

0.01

4.O4

0.38

70.72

l)r.ob

100.00

1.34

0.50

35.11

4.6r

67.14

51.83

100.00

24.85

28.35

87.76

5.63

87.76

L08.02

100.00

ru.55

3.89

56.18

3.01

t 5.52

138.52

L00.00

5.50

1.08

285.36

9.61

232.99

37L.80

100.00

0.03

0.04

20.88

0.09

34.86

72.87

100.00
Source : Adapted from Ferranti et ot. l2OOZl.

Literature also reports that there is a positive and non-linear relationship between knowledge
and lcT and the level of development as measured by GDP per capita across countries Ferranti
et al. (2002). Communications, computer penetration, and access to the Internet are highly
correlated with income per capita'o. Table 15 explicitly supports this. India lags behind all listed
countries in the table. lt has the lowest per capita income and lowest cellular subscribers,

Productivity Reloted lssues: Overthe last half a century, the world has increasingly being divided
into two clubs, those of rich and of poor countries. The increasing bimodal distribution of income
is due primarily to knowledge rather than concentration of factors of production (Ferranti et o/.
2003). New technologies drive economic growth. The study From Naturol Resources to the
Knowledge Economy (Ferranti et ol. 2OO2) did brings out explicitly that successful resource-
abundant countries (Australia, Canada, and the Scandinavian countries) marched ahead of others
because of ability to learn from abroad, their national innovative capacity. These countries
engaged themselves in one of the most rapid and dramatic build-ups of national human capital
in human history. Education has been critical complement to technological advance.
Technologicalchange in the 2Oth century has been increasingly biased in favour of skilled workers.
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Skills upgrading, technological change and their interaction are major factors behind total factor
productivity growth (Ferranti et al. 2003\.

Table 15: Cellular Subscribers Statistics (Select Countries)

Countries Cellular subscribers (000s)

1995 2003 2009

As % of total telephone
subscribers

1995 2003

World

South Korea

India

China

USA

Japan

Germany

UK

France

Canada

Australia

90695

L64L

76

3629

3378s

LL7L2

3t/>

5735

L302

2589

2242

1340668

33s92

26L54

269000

158722

86659

64800

49677

41683

13222

L4347

4676774

47944

52s090

747000

298404

tt49t7
105000

80375

59543

23081

24220

12,2

qqn

9.9

37.2

36.3

47.3

49.4

55.3

46.O

29.6

46.O

)5.Y

59.5

34.8

50.6

4b.b

54.9

54.4

58.7

55.1

39.9

57.0

Source : same as table 8.

Also literature argues that imports and openness to trade are vital to learning, which is achieved
through reverse-engineering, direct inputs into production, and communication with foreign
partners (Djankov and Hoekman 2OO0). Foreign investment is associated with the transfer of
both hard and soft technologies. Policy regime in a given country is also responsible for
technology flow and adoption. Gill (2002) in the Latin American context (Brazil, Costa Rica,
Chile, Peru and Mexico) and five non-Latin American countries (China, South Korea, Finland,
Spain and Singapore) illustrated how and why some policy regimes have proven to be more
successful than others in capturing the complementary environment in which skills and
technology can boost productivity. He concluded that countries that neither increase education
levels nor approach the technological transition in a sequenced manner suffer poor productivity
outcomes. The opening up to foreign technology in this situation will not help much in aggregate
productivity, if education levels are kept low (or highly skewed), given the complementarities
between technology and skills. These countries run the risk of not only facing skill bottlenecks,
but also of exacerbating earnings inequality. Besides, heavily investing and subsidising R&D
would not pay back in higher productivity growth either in closed economies (which do not
provide competitive pressures for firms to innovate and do not facilitate transfer of technologies
through trade and FDI or in those with low levels of education of most of the working force
(Brazil's past history is a prime example of such an imbalanced educational and technological
policy that did not payoff in the last decades). Gill (2002) also reported that countries that have
increased their average education levels but do not institute policies that facilitate technology
transfers also experience low productivity growth. Howeve; it is easier for such countries to
increase productivity, an opening up of the economy to foreign trade, investment, and knowledge
flow results in increased productivity growth almost immediately. The contrasting experience
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of Peru in the 1980s and 1990s is a case in point. Countries that both increase education levels
and increase technology transfers, but do so mostly through direct public sector provisions (of
education, training, and R&D) also appear to do poorly in productivity outcomes. These countries
face a difficult challenge of increasing private sector participation in developing new technologies
and delivering education and training. Mexico is a prime example, where the main challenge
today is to effectively link the high levels of public R&D with a boost to private R&D. Countries
that have increased education levels and that have done so by building a broad base of primary
and secondary schooling, and at the same time have encouraged the adoption and adaptation
of new technologies by private sector firms through openness, should focus most of their
attention on strengthening their support to private R&D and stimulating knowledge networks,
through improved linkages between universities and firms and among firms, both within the
country and internationally, extending tertiary schooling, and supporting post-graduate
programmes, particularly in sciences and engineering. Chile is a good example of a country in
this stage. India is beginning to pick up its threads. lt was for long caught in low growth path in
controlled policy regime. The improved growth rate has been the result of improvements in
labour productivity.

6. India and KEI Ranking

The KEI is based on a simple average of four sub-indexes, which represent the four pillars of the
knowledge economy viz., economic incentive and institutional regime (ElR); innovation and
technological adoption; education and training; and information and communications
technologies (lCT) infrastructure. India's KEI fell4 spots to 11Oth in the 2012 KEI ranking, mainly
because of growth in USPTO patents (table 16). India's innovation pillar has leaped up 20 places
to 76th. India's EIR and ICT pillars have registered slight declines, falling 4 and 8 spots respectively.
With significant improvements in its ElR, innovation and education pillars, China has jumped 7
spots to a KEI rank of 84th. lts innovation pillar has made the largest gains because of rapid
increases in all three key indicators. Howevel its ICT pillar dropped 14 positions because of
relatively slow progress on all three indicators since 2000 compared to other countries. Sweden
tops the list of 146 countries in KEI rankin gin20l2.lt had 4th rank in ElR, 2nd in innovation, 6th
in education and 2nd in lCT. On the other hand, USA does not figure in the top 10 countries in
KEI ranking. lt has a rank of 12. lt fell 8 spots down from 2000 position of 4th ranktt. The most
significant change is observed by Serbia, which improved its KEI rank from 144th in 20OO to
49th rank in 2oL2. All this indicates that India has to improve its performance in case of secondary
and tertiary education (gross enrolment has to go up significantly) and do remarkably well on
innovation front in terms of royalty payments and receipts, science and engineering (S&E)journal
articles and patents. on ICT front, telephone and computer penetration requires quantum jump
and efforts have to be made to improve this in rural India.

Singapore with strong performance in all three indicators, took l-st place in the EIR rankings.
Singapore's normalized scores for tariff and non- tariff barriers and regulatory quality are l-0.0
(table 17). Switzerland, ranking number 1 in the innovation pillar index, took the lead mainly
because of the number of S&E journal articles published per million people: 121g, the highest
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of any country. Australia and New Zealand are strong performers in the education pillar. The

former has the highest gross secondary enrolment rate of 133 percent, and the latter registered

the highest average years of schooling (12.7 years) of all countries in 2012. ICT pillar's top spot

was taken by Bahrain, as its number of internet users per 1000 population was 820 in 2012. lts

telephone and computer penetration stood at2290 and 750 respectively.

Table 16: KEI in India and China

lndex 1995
lndia

2072
China

KEI

Economic Incentive Regime index

lnnovation Index

Education lndex

ICT lndex

3.s7 (106)

3.57

3.70

2.5L

4.50

3.99 (100)

3.46

4.O7

5.O6

4.7-l

3.14 (104)

3.s6 (ss)

3.83 (e6)

2.30

2.8s (114)

3.83 (e1)

2.82

4.35

3.36

4.80 (80)

3.06 (110) 4.37 (841

3.s7 (ee) 3.7s (97)

4.s0 (76) s.se (s4)

2.26 (Lr\ 3.93 (9s)

r.9o (r22\ 3.79 (94l.

Note : 0 ranks.

Source : World Bank- www.worldbank.org/kam.

Table 17: Top Ten Economies in Each Pillar: 2012

EIR I nnovation Education

1

2

A

6

7

8

9

10

Singapore

Finland

Denmark

Sweden

Hong Kong China

Switzerland

Canada

Norway

Luxemburg

Austria

Switzerland

Sweden

Finland

Singa pore

Dcnmark

USA

Nctherla nd s

lsrael

Taiwan China

Canada

New Zealand

Austra lia

Norway

Rcpublic of Korca

Grecce

Sweden

lceland

Taiwan China

lreland

Spain

Bahrain

Sweden

Luxen,bu rg

UK

Netherlands

F in land

Switzerland

Germany

Taiwan China

Hong Kong China

Source :World Bank www.worldbank.org/kam.

7. Conclusions

India has a long way to go to fully cherish the fruits of knowledge. There is great potential for
increasing productivity by shifting labour from low productivity and subsistence activities in

agriculture, informal secto6 both industry and services, to more productive modern sectors, as

well as to new knowledge based activities. This would help in reduction of poverty and enhance

societal welfare. lndia should concentrate its strengths to become a leader in knowledge creation

and use. This may require promoting new institutions and strengthening the existing ones.

Policy shift may also be necessary especially in the case of education sector. The policy regime

has to focus on strengthening the economic and institutional regime, developing educated and

skilled workforce, creating an efficient innovation system and building a dynamic information
infrastructure. The select growth path India treads in future will depend on how government,
private sector, and civil society can synergise their efforts to create a common understanding of
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where the economy should be headed. They have to decide on what is required to get there.
India is in a position to reap significant economic gains by developing policies and strategies
that focus on making effective use of knowledge to increase the overall productivity of the
economy and welfare of people. In this process, India will be able to perk up its international
competitiveness. lt can join the ranks of countries that are making a successful transition to the
knowledge economy, an economy that creates, disseminates and uses knowledge to enhance
its growth and development. India has to build on its critical mass of skilled, English-speaking
knowledge workers, especially in sciences. Secondary and tertiary education requires attention
so that average years of schooling goes up; gross secondary enrolment rate goes up; gross
tertiary enrolment rate goes up; telephones and computers penetration improves; internet
users increase manifolds; S&E journal articles publication (performance of CSIR alone would
not help)goes up; innovations get patents enhancement and regulatory quality improvement
and re-look at its tariffs & non-tariff barriers regime. India has a long way to go before it can
rest. China has surged ahead in the recent times. Knowledge creation and its effective use would
lead to higher growth and development. The hindrances to knowledge creation have to be
reduced. R&D and innovation are the main drivers of the growth and to achieve these,
investments in quality human capital is necessary along with correct and effective incentive
system. India would have to use judiciously globalisation, outsourcing, off shoring, FDI and so
on. lt would also require strengthening the institutional regime and improvement in governance.
This would mean strengthening the rule of law and IPR protection; establishment of a monitoring
system to enhance government accountability and transparency (RTl is right foot forward);
improvement in labour market flexibility (encourage free flow of labour and better allocation
of human capital and reduce income gap etc); boost innovation capacity (improve efficiency
and quality of domestic R&D, strengthen technology diffusion, strengthen financial support for
innovation) and promote greater use of lCTs (more than AADHAR).
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Notes

1. The Greeks had developed investigative approach to nature that led to important discoveries in astronomy,
physics and mathematics.

Knowledge is a public good with property rights that are rarely enforceable. lt is seldom quantified or priced; it is
sometimes codified, but more f requently tacit; a nd in any case it is difficu lt or impossible to observe. All measures
of knowledge are indirect, either inputs to (years of schooling, manuals) or outputs of (human capital, patenrs,
the unexplained residual in growth accounting) its accumulation (Navaretti and Tarr 2000).

See for instance, Earro and Sala-i-Martin (1995), Aghion and Howitt (1998), Grossman and Helpman (j.99j.),
Jones (1988) among others.

The best example is of green revolution in India.

The knowledge economy is usually taken to mean only high-technology industries or information ano
communlcation technologies (lCTs). The broader concept should cover how any economy harnesses and uses
new a nd existing knowledge to improve the productivity of agricultu re, industry and services a nd increase overa ll
welfare.

3.

4.

5.

2t



6 There is a serious literature on learning and growth. The models look at learnrng as essentially a domestic affalr
and also knowledge imported from abroad (see Grossman and Helpman 1995 for comprehensive surveyl.

7 ' Human Resource Ministry supports single girlfamilies in terms of tuition fee scholarships and is being implemented
in CBSE schools.

8' The national programme for universal elementary education, Sarva Shiksha Abhiyan or Education for All, was
initiated in 2001, and the constitution was amended in 2002 to make elementary education a fundamental right
of every child. In addition, some private lndian companies such as Tata are using advances in lcrs to deliver
education more efficiently. University Grants commission also has a daily programme on education. Distance
education is increasingly finding place in Indian education sector

9' In India, the plan-wise ratio of investment in physical capitalto investment in education and R&D has continuously
increased since the First Plan till the Sixth Plan and declined thereafter. Investment in human capital (education
plus expenditure on health and family planning) more than doubled since the First plan.

10. The classical example is of CSIR. Between 1997 and 2002, CSIR reduced its laboratories from 40 to 3g and its
manpower from 24000 to 20000. At the same time, its output increased noticeably. Technical and scientific
publications in internationally recognized journals tracked by the Science citation Index rose from 1576 in 1995
too 2900 in 2005; their average impact factor increased from 1.5 to 2.2. patent filings in India increased from 264
in 1997-98 to 418 in 2004-05. Patent filings abroad increased from 94 in 1997-98 to 500 in 2004-05. CStR accounted
for 50-60% of US patents gra nted to resident Indian inventors. contract income grew from Rs.1.g billion in 1995-
96 to Rs.3.1 billion in 2005-06 (Bhojwani 2006).

11' The recent debate of FDI in retail sector articulated use of modern technologies to reduce food wastage.
12' There are strong views on this. Keller (2000) argues that countries benefit more from domestic R&D than from

R&D of the average foreign country.

13. Government of lndia has set up a Knowledge commission headed by prime Minister.
14. As per the estimations of International Telecommunications Union, bandwidth available for connectivity to the

Internet in India was 1475 megabits per second in 2001. This was 2639 Mbps in Singapore, 5432 Mbps in South
Korea, 6308 Mbps in Hong Kong and 7598 Mbps in china (chandrasekhar 2003).

15. The regression between knowledge index and development is: Y= 0.42S7X sq - 5.5257X + 16.436; R sq= g.6246,

The regression between developmentand lcTis: Y=0.2882X cube -6.2365Xsq+44.96gX-10g.89; Rsq =
0.7936 (Source: Ferranti et al.2O0Zl.

16. Forinstanceiflndiahastoget4thrankin2000,then:averageyearsofschoolinghastobeS,Z.2;grossseconoary
enrolment rate of 93.57; gross tertiary enrolment rate of 85.93; telephones per 1000 people of 1"a7o p0%);
computers per 1000 people of 810; internet users per 1000 people of 780; S&E journal articles/ million people of
695'99; patents granted by UPSTO/ million people of 308.84; royalty payments and receipts (USg/ population) of
374.65; rule of law of L.53 points; regulatory quality of 1.36 points and tariffs & non-tariff barriers of g6.4 (USA
had these points in 2000 to rank 4th).
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Appendix Table 1: Educational Attainment of tho populdrion ABc t!; plus: India and China

I rr',1 lovr'l

l,,i.,f (ontl)l('tr,(l

5r'cotrd lr,vol Post- seconda ry

Population No
over age schoolint;

1s (000's) %

lrrl,rl ( onll)l('t(.d Total Completed Average
years of

schooling

Fcmales: P()rccnt.rgc of thc population age 15 plus

I

India

1950

1955

1960

1965

1-970

7915

1980

1"985

1990

1qqr,

2000

2005

2010

China

1950

Lv55

1960

1965

r970

1975

1980

1985

1990

1995

2000

2005

2010

ro5423

L16521

129083

1"43057

160013

180533

204436

23L749

260669

29rO52

32tOLO

365710

405900

779224

185816

195095

2rL574

243360

27271O

312588

362165

406309

437770

46929L

50672.9

535035

u9.4

8tt.3

116. /
84.4

tto.9

uo.5

79.O

72.9

66.3

61.r1

56.7

50.2

44./

79.4

aaa

66.7

57.3

46.6

39.1

31.1

25.O

20.8

18. L

76.2

72.9

10.3

9.tl

I0.tt

t).1

I J.l.l

16. I

77.O

9.0

11.9

14.6

16.0

11 .4

19.7

20.3

1E T

20.5

25.3

32.2

38.8

42.6

43.r

42.6

4L.3

37.7

30.0

2.6.7

3.I

J.t

4.7

6.0

5.0

4.L

6.1

8.4

10.2

12.O

tb.u

1.3

2.O

4.)

7.1

11.6

L6.7

18.7

19.8

19.3

t7.9

L7.6

r6.5

0.I

0.ti

0.9

't-.6

2.5

6.6

10.8

rJ,o

ro. /

19.6

22.s

25.9

30.0

qn

5.6

7.6

10.1

1A I

17.8

25.3

31.5

4L.7

41 .5

51.8

55.4

o.2

0.3

o.7.

o.4

0.5

0.5

0.3

0.3

0.3

o.4

0.5

0.6

o.7

r.7

1.8

2.3

5.U

3.9

4.9

8.0

13.1

20.1

26.4

32.2

37.5

42.3

0.2

o.2

o.2

0.3

0.5

0.9

r.2

r.7

2.3

z,i

3.3

5.r

0.1

o.2

0.3

o.4

0.4

0.5

0.5

0.9

1.5

2.4

3.6

5.2

7.6

0.1 0.397

0.1 0.445

0.1 0.501

0.1- 0.642

o.2 0.834

0.4 1.101

0.6 t.370

0.8 7.783

1.2 2.250

1.3 2.607

1.8 3.034

z,z J.)br

2.7 4.073

0.1 0.954

0.1 1.L82

o.2 1.590

o.2 2.ro2

o.2 2.779

o.2 3.294

o.2 4.039

0.5 4.743

0.8 5.341

1.3 5.879

2.O 6.420

3.0 7.006

4.3 7.606

Source: Co[rputed lroilr lJ,rrr(,,rilrl tco (.r001) ilnd (2010)
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Appendix Table 2: Educational Attainment Across Age Groups- India: 2010

Sroup

Population No
(000's) schooling %

First level

Total Completed

Sccond lt'vr'l

iilJ- c.,*'r'ili,,,t
I'l.l .r'r rrrrrl,tr y n vi.t.tll

lll,rl I rrrrrplr t, rl V,,,1\ 0[
',r lti){)ltng

Ail

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60-64

65-69

70-74

75+

25+

15+

Female

15-19

20-24

2s-29

30-34

35-39

40-44

45-49

50-54

s5-59

60-64

65-69

70-74

75+

25+

15+

11s383

109275

100009

6OJJd

81433

73015

64010

547L2

44012

33839

2s69t

L8170

22588

6044L7

829075

55959

5287!

48373

4!759

39403

3537s

31037

zo)to

zLs69

17IO9

L3404

10040

12425

297070

405900

10.13

9.04

23.48

28.62

40.65

42.2r

47.94

50.69

52.O7

56.78

59.74

64.22

66.96

42.22

33.38

I1.62

17.68

33.23

40.45

50.67

56.11

6t.69

o).+r

67.74

/J.ba

77.43

81.03

83.76

55.70

44.67

L7.31

28.59

20.90

zu.o)

TO.JY

18.29

r.9.58

18.54

20.25

18.24

20.29

II.Ib

77.87

79.L4

20.1.3

18.68

29.90

24.L4

22.22

17.53

16.03

16.66

15.05

16.28

fJ.JI

13.61

11.00

10.23

17.74

19.45

!7.31.

28.s9

20.90

20.65

IO.JY

L8.29

lq lq

L5.2L

15. /o

10.27

9.46

6.63

5.49

16.60

18.18

18.68

29.90

24.74

20.50

L+.5 t

f a.ov

10.80

8.67

8.34

6.O7

5.52

3.96

J. I5

72.67

15.38

66.96

46.59

45.44

43.08

37.37

33.93

26.32

24.93

LZ,>3

70.29

16.51

15.39

12.94

32.28

38.99

65.61

39.33

JJ.)+

30.11

26.99

23.43

17.74

L6.O2

13.40

10.96

7.75

6.90

5.39

zt.lo

30.10

l) l((l

', lr4

" 
lll{

,t 
"l

i {r'l

4 l{)

J tt.)

|.4 I

].1(,

)),
) .14

7.47

4.O7

4.01

0.55

J.5U

5.48

4.42

3.25

2.94

2.52

7.29

1.56

1.31

o.74

0.66

o.37

3.04

3.09

/04

/.53

6.27

s.68

4.64

4.45

3.98

3.69

t.42

302

2.58

2.30

1.95

4.43

5.20

6.78

6.60

s.29

4.59

3.66

J.LL

2.67

2.39

2.06

I.O I

1 28

1.09

0.86

3.22

4.'J.4

o.44 ., Inl

1.1!, 1,, /lr

L12 lO lrl

LO1 /.t,"

O.92 5.(,(r

0.84 l;.trl{

0.65 6. 1(r

0.62 5.ti3

0.60 5.20

0.54 4.69

0.61 3.46

0.57 3.22

0.40 2.24

0.84 6.37

0.91 7.50

0.28 4.09

0.58 13. r.0

0.51 9.10

0.48 7.22

0.45 4.82

0.40 4.38

o.32 3.91

0.28 3.53

0.33 2.59

o.27 2.72

0.28 t.zL

o.25 1.O7

o.zt 0.61

o.44 4.41

o.52 5.79

Source; computed from Barro and Lee (2010).
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