Trends and Patterns of Technology Acquisition
in Indian Organised Manufacturing :
An Inter-Industry Exploration

Jaya Prakash Pradhan’
and
Puttaswamaiah S.

*

Abstract

With liberalization of foreign technology import policy in the 1990s,
India has seen declining R&D intensity at national level. This has generated
a general concerm on how Indian industries are doing in technology
accumulation under the new policy regime. The present study has made a
preliminary attempt to analyze different modes of technology acquisition
including R&D for Indian Manufacturing Industries by National Industrial
Classification (NIC) Revision 1998 at 3-digit level. It has constructed a new
technology indicators database for Indian Industries at NIC (1998) and also
constructed a composite technology index for Indian manufacturing to
examine how high-technology industries have performed during the period
1991-2002. The research revealed many interesting facts about the nature and
character of technology accumulation in Indian manufacturing, which has
important policy implications.

1. Introduction

In the area of globalising world economy, competitiveness of nations depend
crucially on the speed of acquiring, absorbing and effectively utilising new
technology vis-a-vis their global competitors. Technology in the form of creative
application of existing technical knowledge or generation and application of new
technical knowledge results in productivity improvements. In the process, it endows
the nations a competitive advantage by infusing technical improvements in product
or production process. The Indian Science and Technology Policy (ISTP)-2001
clearly recognizing this role of technology, aims ‘to encourage in highest level of
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innovation and research and development in industry’ and ‘to integrate sdienss and
technology with all spheres of national activity in order to enhance India’' g plibal
competitiveness’,

The present study attempts to examine how have Indian industries perforied
in acquiring and stengthening their lechnological capabilities during the refoim
period. The period between 1991 and 2001 has seen dramatic changes in the indian
techuclogy policy as compared to prereform peried. As a part of the import- sub-
stituting development strategy pursued by India, the pre-reform Indian technology
policy was meant to reduce dependence on foreign technology and skills. The
indigenisation of technological capacity building was to be achieved by :

(i) protecting local technology and skills from imported ones wherever local
skills were available and

{ii) permiiting foreign technology including investment in cases where local
alternatives were inadequate or not available with strong emphasize
on indigenisation and absorption of imported knowledge and skills.

The Technology policy regime was more selective and restrictive towards
foreign technology imports during this phase {Panchamukhi et al. 1994). Foreign
collaborations were barred for majority of industries and wherever permitied were
subjected to complex approval procedures, policy-led ceilling on foreign
investment, royalty payments, etc. Technology imports were required to
demonstrate necessity. of the importing technology and required o give a firm
assurance on indicentsation and subsequent development of inporied know-how

e pebien bethey disaliowed  foveign brand-nomes for sales in Indian
Wit sphisieed on gselusive use of Indian consultancy relative to foreign
ponddney, aid msiisd for a fimit on renewals or extension of foreign
callabwation, Technglopy Import through foreign investment was restricted to
relatively high technology and capital-intensive industries. Imports of capital goods
witre banned it locally available and a small list of others was allowed through Open
(ieneral Licenses (OGL) subject to ceilling and the satisfaction of authorities
regarding local unavailability.

The Indian technology policy has undergone sea change in character duving
1990s when India adopted outward looking development strategy in. 1991
Technology imports through foreign direct investment (FDI} are now freely
permitted in all sectors including services, except a small negative list on
environmental, small-scale sectors and security concerns. For faster approval of
foreion imvesiment Reserve Bank of Indin (RAD Based aotomitic ronte wis vremed
Capl Manared on fovelnn owiesbin wan mbed or eompletely. Bed dee many
i IR o sl e alag
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accorded automatic approval route in the case of all industries if rovalty involved is
limited to a total payment of 8 per cent on sales. The period of royalty payment has
been extended to 10 years from the date of agreement or 7 years from the date of
commencement of commercial production, whichever is earlier. In the case of
foreign financial collaboration (without technology transfer) a royaity payment up
to 2 per cent for exports and 1 per cent for domestic sales on use of trademarks and
brand name under automatic route is permitted. The wholly owned subsidiaries
(WOS) are permitted under automatic route to make royalty payment up to 8 per
cent on exports and § per cent on domestic sales to their parent companies without
any restriction on the duration of royalty payments {Secretary of Industrial
Approval, 2003).

Quantitative restrictions on import of capital goods intermediates were
removed and tariff rates were significantly reduced during this phase. The average
import coverage ratio for capital goods declined from 77 per cent in 1986-90 to 21
per cent in 1991-95 and further to 8 per cent in [996-00. The average effective rate
of protection was brought down by more than half to 33 per cent in 1996-00 from
79 per cent in 1986-90 (See Das, 2002, Table 3, pp. 18). The policy permits import
of second-hand capital goods provided they have a minimum residual life of 5 years.
Under the Export Promotion Capital Goods (EPCG) Scheme, exporters from
manufacturing sector are allowed to import capital goods (including computer
systems) at concessionary customs duty and service industries enjoy the facility of
zero import duty.

As the technology policy of India has significantly liberalised foreign
technology fmport, both embodied and disembodied, it may be interesting to
examine the changes in the pattern of technology acquisition by Indian industries.
(e may presume that under a liberalising policy regime with increasing access to
foreign technologies at a lower transaction costs, Indian industries might more rely
on foreign technology (embodied and disembodied) vis-a-vis in-house R&D and
domestic capital gnods, However, the nature of relationship between different
channels of technology acquisition is complex to make such a simplistic proposition
{I3asant, 2001). The exact nature of relationship between foreign and domestic
technologies may not necessarily be a substituting type and it could even be a
complenentary or independent type. In the case the same competitive advantages
can be derived from foreign and domestic technologies then they involve
substinution as industries can substitute one against other depending on their relative
costs and uncertainty consideration, If advantages are different then industries need
1o invest independently on them and if advantages obtained complement each other
in strengthening industries’ competitiveness then investment in such channels are
comptementary, However, the present study confined to trends and patierns of
different ways of technology acquisition only and does not deal with issues of
somplexaelationships among them'.

The saper i stractuved dnthe following wiy 1 Section: 2 conceptualizes
tohnolons and die abtb difisent wodes of e hegnesiion. Seotion 3 dealy
watle B i piepeation o 1he daniael) The nest Sadtion 4 providel tenay
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patterns of different modes of technology acquisition. Section 5 outlines the
methodology of constructing a composite technology index and presents the results
obtained. Section 6 concludes the paper.

Z, Tethnology and Modes of Acquisition

Technology can be defined as the application of knowlddge; existing or newly
created, in transforming factors of production into owtput. Technological change
involves a new product development or relates to improvement of the product
characteristics, modifications in produetion process or changes in existing
organisational patterns.

In the neoclassical economics althaugh teshnology i the main factor affecting
fong-run economic growth, it has been assigned with an cxogenous role. 1t is
assumed to occur effortlessly at some constant tate of thne, The Grm-the black box
that ransforms inputs of labour and capital nto oufpd of poods and services is
assumed to possess free knowledge on available teclmolopy. Given the perfectly
competitive situation prevailing in factor and product miarkel, the black box select
the best technology to produce output dictated by the market signals, )

The neoclassical depiction of technology, howsver, hus little resemblance to
the real world situation, Firms operate In imperfectly competitive world, Let alone
developing and assimilating new technology; evenknowing the existing technology
and using it in production is not cost-free: For accumulating technological
capabilities, whether be in mastering the existing technology or infusing minor
improvements in existing processes and producls of déveloping entirely new
products, firms are required to make Intangible and tangible investments like
research and development (R&D}, technology Heensing, capital goods accumulation
ete. Technical change is a function of these investments and not a simple function
of time as in the neoclassical framework. The endogencns growth models, which
appeared since late 1980s, clearly recognised the fact production and or access to
technology involves costs and it is not an exogenous phenomenon to firms and
industries (Grossman and Helpman 1990; Romer 1990).

Given the fact that acquiring technology is costly, an Indian industry has to
make consciousdnvestment in improving its technological capabilities. This may
ivilves different types of investment as required by different modes of technology
guguisition, The source of technology can be internal to an industry or can be
inturial Giee Figure 1)

Phe sector can strengthen its technological prowess by indigenous
Peliedoirien]l offorts Lo investing in in-house R&D for new product and process
desa bt eveme dnpineering cor absorbing and improving imported foreign
Phememreny ol pet fechnolopy esternally fromedifferent sources,

feahiiahae
Couhnhe
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here is that new innovation is embodied in these new capital goods. Depending upon
the source of location, the embodied mode can be further divided into procuring
capital goods domestically or importing from overseas. The disembodied channel
includes investment in acquiring technology in the form of licenses, patents,
knowhow, trademarks, designs, etc.

Technology

Internal Sources

Externat Sources

Embodied Form 1 ] Disembodied Form ] [ in-house R&D [

v , v

Purchase of Foreign Purchase of Domestic Foreiglj: Technology
Capital Goods Capitat Goods Licenses

Fig. 1 : Modes of Technology Acquisition ’

For developing countries tagged as technology-laggards, import of foreign
technology has been a major source of their technological capability building.
However, given a restrictive technology policy followed by India in the pre-1990s
period, this mode of technology accumulation was moderate for Indian

manufacturing (Lall 1996).

3, Database Construction

For Indian manufacturing obtaining data on different modes of technology
acyuisivion at sectoral level is hard to come by. The principal source of industrial
wiatistics in India, the Annual Survey of Industries (ASI), published by Central
Statigtical Organisation (CSO) does not provide any information on the
fechnological activities, The Department of Science and Technelogy (D8T),
CGovernment of India in its annual publication ‘R&D Statistics” provides R&D
expenses at sectoral level. However, it suffers from sample bias as it includes only
those R&D units, Which are recognised by the DST. Moreover. among the
recopnised in-house R&D units in private sector not all participate in the DST
survey. For cxample, 1130 private sector units included in the survey for 1996-97
about 121 units did not respended and 19 units reported to have zero R&D

i 3
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indian Economy (CMIE). This database provides firm-level financial indicators

£ iz G2 j ‘ 1 covering ail the required technology Indicators, an about 4000 manufacturing

e ! N ! . . . . . > .

C g % = *%' 3 2 Z 2 f A 2337 enterprises. The in-house R&D expenditure incurred is faken as a measure of the
g ﬁgﬁw R R AL R A e e e sector’s indigenous technology acquisition. The technology payments made
§g overseas for licenses, patents, knowhow, and technical assistance is used as the
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undertake R & D. With opening up of the economy, many technologically advanced
Indian firms have increased their R & D activities to keep their strength in domestic
market as well to expand their position in global market, while many
technologically less competent firms were forced to undertake R & D) functions to
survive in the growing conoetition. The strategic interventions by government in
expanding scientific infrastructure, skill formation, provision of grants-in-aid and
soft foan for R & DU, and other fiscal incentives like enhanced depreciation
allowance on plant and machinery, customs duty exemiption on government funded
research, tax deduction for sponsored research programmes in approved national
laboratories and for donations for scientific research #i¢, alsg seemed 1o have played
role in encouraging R & D intensity of the manufacturing sector. However, in
comparison to developed countries” manufacturing sevtor -like the United States
which spend more than 3 per cent of sales, the R & D intensity performance of
Indian manufacturing is not satisfactory®. As -competition in internal and
internatiopal market is becoming increasingly technology driven, Indian
manufacturing has to increase #s productive R & D in tandem with .global
competitors.

3.0
25
20

1.5 4

81017 sacdmy U]

1.0

As a Percent of Gross Value Added

0.5+

0.0 o i £ fros 5 5 ek = o <
1991 1992 1983 1984 1985 1996 1987 1998 1909 2000 2001

WEWRED Bpenses T T T R Todhnology baymen Abroad
o Hal intensiy .. =0 Teohaology Pavnent Abroad infansity.

Fig. 2 : R&D and Technology Payment Abroad, 1891-2001
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Figure 2). Another important point to note that Indian manufacturing seems to be
relying more on foreign disembodied technology than in-house R&D as 2 }&fay of
technology acquisition. Over 1991-2001, except for two years, it had consastent%y
invested more per unit of value added in acquiring foreign technology than in
conducting in-house R & D. This disproportionate reliance on foreign teghnology
by Indian manufacturing is in tune with the literature which emphasized t?}at
technology follower developing couniries rely significantly on import of foreign
technology to strengthen their technological capacity.

This simultaneously upward trend of investments in R & D and foreign
disembodied technology per unit of valug added also suggests that liberahisation of
technology import policy has not resulted in the neglect of in-house R & DIt
appears that Indian manufacturing is increasing its technological ;apa‘m%:t}' by
investing more in R&D as well as in importing foreign technology in the 1990s.
Katrak (2002) has also reached at the same conclusion for a sample of electrical and
electronics and automobile industries where he found that in these indusiries, firms
making products based on in-house R & D have achieved growth comparable to
those enterprises using imported technologies over the period 1991 to 1998-99. This
means that liberalisation has not generated any relative disadvantage to the
enterprises that market products based on in-house R & D as compared to those
hased on imported technologies. Therefore, indigenous technological developments
and foreign technology imports have moved together without harming each other.
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Table 2
Industrial Composition of Cumulative R&D Investment in Indian Manufacturing,

1981-200f
3 NIC R&D (In Rs, Crore) As a per cent of Total As asz;uie;;ggross
kndustry 1998 1981- 1991-
: 1991-95 | 1996-01 01 1991-95 | §996-01 | 1991-01 | 1991-95) 1996-01 01
- Production, processing and
| preservation of meat, fish, fruit 151 6 27 33 0.25 0.24 0.25 0.43 0.84 0.71
E,;wegetahlcs, oils and )
Nanufacture of dairy products 152 5 21 26 0.19 0.19 0.19 0.32 0.42 0.39
- {Manufacture of grain mill products,
_St&!ChSS and starch products, and - 153 3 13 16 0.12 0.11 0.12 0.39 0.64 0.37
repared an
Mdanufacture of other food products 154 16 95 itl 0.67 0.86 0.83 0.23 0.50 0.42 .
Manufacture of beverages 155 l 8 9 0.04 0.08 0.07 0.04 0.19 0.14
Manufacture of tobacco products 160 13 34 67 0.52 0.49 0.50 0.37 0.52 0.49
Spinning, weaving and finishing of | 191 | 46 | 474 | 520 | 190 | 431 | 387 | 025 | 133 | 096
Manufacture of other textiles 172 7 2 | 28 0.2@ 020 | 021 | 191 | 182 | 134
Manufacture of wearing apparcl, 181 8 18 26 1 032 | 017 | 020 | 0312 | 014 | 013
except fur apparel
Tanning and dressing of leather;
manufacture of luggage, Handbags 161 0 0 ] 0.60 0.00 0.60 0.02 0.13 0.08
saddlery & hamn
Manufacture of footwear 192 3 16 19 | 012 | o014 | 014 | 037 | 072 | 0463
Saw milling and planning of wood 201 0 0 0 0.00 0.00 0.00 0.00 0.00 | 0.00
Manufacture of products of
food,cork,straw and plaiting 202 1 5 6 0.04 0.04 0.04 0.21 0.4] 0.36
maternals ]

Merionire of paper =50 peper ) ]
produet e 210 12 44 55 049" | 040 0.41 024 | 042 | 036
g?ﬁbﬁshiﬂg 221 U 0 0 0.00 0.00 0.00 0.00 0.06 0.00
* Printing and service activities
gm!aind 0 printing 222 0 0 0 0.00 0.00 0.00 0.60 0.00 04.00
Reproduction of recorded media 223 0 0 0 0.00 0.00 0.00 0.00 0.00 0.00
Maqufacmre of coke oven products 231 3 16 18 011 .14 0.14 0.35 0.60 0.54
Mr;d";‘ﬁfm“e of refined petroleum | 3, 107 882 | 990 | 441 | 803 | 737 | 023 | 066 | 0.55
[uCEs
Manufacture of basic chemicals 241 173 533 706 7.13 4.85 5.26 0.61 0.84 0.77
Manufacture of other chemical
products 242 444 2215 2658 18.27 20.15 19.81 3.01 4.99 ~| 4.50
Manufacture of manmade fibers 243 0 0 ] 0.00 0.00 0.00 0.26 0.31 (.28
Manufacture of rubber products 251 90 186 276 3.70 1.65 2.06 1.85 1.80 1.82
Manufacture of plastic products 252 6 79 85 0.24 0.72 0.63 0.20 0.91 | 0.73
I Manufacture of glass and glass
| products 261 2 8 10 06.10 0.07 0.07 0.27 0.35 0.33
Manufacture of non metallic )
mineral products n.e.c. 269 36 249 285 1.49 2.27 2.13 0.35 1.16 0.89
Manufacture of Basic Iron and steel 27! 77777 239 398 635 923 3.60 4.73 0.81 0.62 0.68
Manufacture of basic precious and | 5, 28 125 | 154 | 116 | 114 | 14 | 026 | 049 | 042
non ferrous metals B
Casting of metals 273 -5 5 10 0.20 0.03 0.07 0.74 0.28 0.50
Manufacture of struétural metal
products, tanks, reservoirs and 281 15 31 63 0.60 0.46 0.49 0.50 0.68 0.63
steam generators
Manufacture of other fabricated . -
metal products; metal working 28? 77777 4 9 14 6.17 0.0 0.i0 0.27 0.23 .25
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Table 2 {contd)

service aclivities

Manuofacture of general purpose
machinery

291

212

686

898

6.24

6.69

Manufacture of special purpose
machinery

292

148

500

648

4.55

4.83

- Manufacture of domestic
_iamlianccs 0.e.C

263

31

36

0.28

0.27

{Manufacture of office, accounting
‘and compyting machinery

300

25

52

.47

.58

2.80

Manufacture of electric motors,

3in

59

1.22

1.44

223

. Manufacture of electricity

generators and transformers
* i distribution and control apparatus

312

0.05

6.07

2.08

;E—ﬁfanu_facmre of insulated wire and
cable

313

24

0.22

0.24

0.33

. Manufacture of accurulators,
rimary cells and primary batteries

314

91

0.83

1.25

_ Mlmufacture of electric lamps and
 iphting equipment

315

0.00

0.25

. anufacture of other elecirical

318

66

169

1.54

2.33

. sobomentnec

Lanufacture of electronic valves
=4 tubes and other electronic
somiponents

321

48

561

Hdanufactare of television and radio
mwismitters and apparatus for line
Lielinhone

322

12

58

1.97

0.88

0.50

0.53

0.52

1.45

= P
- Talle T friady

- Mewiiive of television #ad radis | P . ’
| Boccivers, sound or video recording 323 27 £50 177 [ ] 1.36 1.32 0.98 2.02 174
E o senrod S
 Mhsifacture of medical appliances |
2w mstruments and appliances for 331 2 11 13 0.08 .10 0.10 0.52 1.63 1.24
- Miaaufacture of optical instruments o ]
. and photographic equipment 332 ) 0 0 { 0.02 .00 0.00 Wmimj;f 009 0.30
- hf{gnufacme of watches and clocks 333 i 9 9 0.03 7___9:{38 0.07 0.22 0.81 0.66
Hintor vehicles 341 1 GQ 1242 1402 6.60 1130 10.45 1.66 445 3.73
Munufacture of parts & accessories | . o | . | .. |
_ 5 metor vehicles and their engines | 343 100 464 264 412 .22 4.20 154 777777777 ?'44 2.2]
' g;;gmg and repair of ships and 351 0 0 0 | 000 | 000 | 000 | 000 | 000 | 0.00
- Manufacture of raitway and T
tramway locomotives and rolling 352 i 2 3 6.03 0.02 0.02 0.14 0.41 0.28
stock
Panufacture of aircrafl and
| spagicraft 353 0 """"" M() 0 {){30 0.00 0.00 "'§,00 0.00 0.00
]?ﬂ“gﬁmm of ransport equipment| 5 o 65 396 | 461 | 268 | 360 | 343 | 178 | 325 | 291
Manufacture of furniture 361 | 0 0 0 | 000 | 000 | 600 | 000 | 000 | 000
Manufacturing n.e.c 369 198 847 1044 | §.14 7.0 7.78 0.71 1.03 0.96

Note:  Due to rounding-0ff, the value of some of the v

ariables is zero for certain industries. But it may not be in actual term,

: Source:  Authors’ estimation based on Prowess Database, CMIE {2002).
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The accumulation of technology through capita goods, both Afoa‘eing and
domestic, has been quite disappearing in 1990s. Leaving few spocadic jumps in the
acquisition of domestic capital goods as a percent of gross'ﬁxed asset, a maﬂr:ed
declining trend can be noted during 1691-2001. The investment of Indian
manufacturing in domestic capital goods declined by 6-percentage pgint'from 962
per cent in 1991 to 3.54 per cent in 2001 (Table 1, Figure 3} Likewise, lnvestn?ﬁnt
in foreign capital goods that had marginally improved during 199'1%994,’ declined
in the period 1995-2001. There have been hardly any changes in Ehe import of
capital goods as a percent of gross fixed asset between 1991 and 20f3i, Contrary to
what was observed between R&D and importing foreign disembodied te:cfmc;lf)g}j3
among these two channels of embodied technology acquisition, the per un‘n
investment of Indian manufacturing was consistently higher in the case of domestic
capital goods than in foreign capital goads.

Overall these trends indicate that imports of disembodied technology followed
by in-house R & D have emerged as the most preferred modes of technolqu
acquisition for Indian manufacturing during 1991-2001 as compared to employing
indigenous or foreign capital goods.

4.2 Inter-industry Patterns of Technology Aequisition : The industrial
composition of R&D investment by Indian manufacturing thrfaw a skewed
distribution during 1991-2001 as over 75 per cent of aggregate R&D is concentrated
in just 10 industries out of a total of 56 (3-digit) industries (Table 2).

Manufacture of other chemical products that include drugs and
pharmaceutical products stood as the top contributor with 20 per clent.of‘
manufacturing R&D. It is followed by motor vehicles (10 per cent), magufactunng
n.e.c. (8 per cent), refined petroleum products and general purpose machinery (7 per
cent each), basic chemicals, special purpose machinery, basic iron ;and steel, and
electronic components (5 per cent each), and parts and aceessories for motor
vehicles and their engines (4 per cent). About 11 indusmes‘hac} nearly zero
percentage share indicating very little contribution or nothing to the total
manufacturing R&D. Other industries’ share ranges from | per cent to 4 per cent of
the aggregate R&D investment.

In terms of R&D intensity the same skewed pattern of innovative activity
Indian manufacturing can be observed, There are about 40 industriesieat of total 56
which have either spend one per cent of value added or less during 1991-2001
(Table 2). Among others, 13 industries estimated to have invested about 2-3 per
cent, 2 industries about 4 per cent and only one industry about 5 per cent. Therf:farfs,
“t can be concluded that R&D activity as a means of technolegy accumulation in

indian - manufacturing has not been widespread among industries and a few

industries that do R&D spend very little in terms of value added. The observed

R&D intensity of Indian industries is alio very less m comparison to global level.

Por example, (he R&D intensity. of the Pt perfartning bling industey, aiher
it il i it oy alat & pee deil whors e the

inial
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L1 B.pharmaceutical industry alone is investing more than 10 per cent of sales in
R&D activities.

In Table 2, period-wise average R&D intensity between 1991-1995 and
1996-2001 also has been provided. Comparing the R&D intensities over these
periods might capture the impact of liberalisation process. Between these periods,
Ré&D investment per unit of value added has been markedly increased for a number
of industries. There are about 26 industries out of 56 for whom R&D intensity has
grown at least by twice. The highest growth has been noted for 2 industries,
glectronic valves, tubes and other electronic components and ‘leather, luggage,
handbags saddlery’ where R&D intensity became seven-times in 1996-2001 as
compared to 1991-95. It has grown five-times for 3 industries (*spinning, weaving
and finishing of textiles, beverages, and plastic products), four-times for 1 industry
{watches and clocks), three-times for 6 industries {non metallic mineral products
n.e.c., medjcal appliances and instruments and appliances, railway and tramway
locomotives and rolling stock, refined petroleum products, motor vehicles, and
doinestic appliances n.e.c.), two- times for another 14 industries’. For about 16
indhustries R&D intensity remained nearly at the same level in both the periods. The
infensity has declined in the case of 7 industries where it became nearly half or even
less for office, accounting and computing machinery, casting of metals and optical
mstruments and photographic equipment.

The highly concentrated character of Indian manufacturing in terms of
fschaology accumulation has been further revealed by the inter-industry investment
grittern of foreign disembodied technology, As summarized in Table 3, a sub-total
of & industries accounted for about 77 per cent of investment devoted to acquire
{areign-disembodied technology during 1991-2001. The refined petroleum product
g been the top acquirer of foreign technology with 30 per cent of aggregate
fchoolopy payment made abroad. The other five industries in the pack are
mnpfacturing n.e.c. with 16 per cent, basic chemicals with 11 per cent, basic iron
and miesl with 9 per cent, motor vehicles with 5 per cent, and other chemical
prerdints with 3 per cent. Another sub-total of 35 industries out of total 56 industries
i fnelian manufacturing have either spent less than | per cent of their value added
i aeruiring foreign technology or have spent nothing. The remaining 10 industries
have speil in the range of about 1-2 per cent of their value added.

{'xpressing disembodied technology purchase by Indian industries as a per

ol pross value-added has shown some interesting observations. For instance,

relined petroleam product, top purchaser of foreign technology by absolute amount

of teelmolopy: payment, now stands at seventh position in terms of intensity.

Mimade (ibers: los omerged asthe single largest importer of foreign technology in

g tndn i Pactioeing investing ghout 18 per cent of its value added in acquiring

foetien lowhow dirine 19912001 ¢lable 53 With investing 6 per cent of value

Bl sleente Badp el Dobine sdipiment By et the steomd largest Torgign

CHhneloey ey BMesy Ddasiias e ondiy die sole oven . prodinets amd
ad duiey




Industrial Composition of Cumlative Technology Payment Abroad by

Table 3

Indian Manufucturing 1991-2001

Technology Payment

As & per cent of Total

As » per cent of Gross

Tadustry NIC {In Rs. Crore) Value Added
i 1998|1900 19601 11 | 199195 1996-01] 199101 | 1991.95 1996~ | 199101
Production, processing and preservation of
ymeat, fish, fruit, vegetables, oils and i51 3 7 12 0.13 0.05 0.07 0.35 ,_?’23 0.27
Manufactare of dairy preducts 152 435 170 214 1.20 1.16 117 3.04 | 331 3.23
| Manufacture of grain mill products,
i starches and starch products, and prepared 153 8 12 20 0.22 0.08 0.11 1.07 | 035% | 072
15
| Manufacture of other food products 154 | 8 | 27 | 35 | 021 | 019 | 019 | 011 | 014 | 013
- Manufacture of beverages 155 4 i 5 0.16 0.01 0.03 0.16 0.03 0.67
Manufacture of tobacco products 160 13 20 33 0.35 0.14 018 039 | 019 | 024
 Spinning, weaving and finishing of textiles | 171 | 121 | 256 ¢ 377 | 3.25 | 175 | 206 066 | 072 | 0.70
- Adanufacture of other textiles 172 4 4 8 0.9 | 0.03 0.04 097 | 037 | 0.5
[ Menufucture of knitted and crocheted 73 |12 13 Uo2s | 033 | 009 | o014 | 193 | 054 | 083
abries and articles .
5?"*?;’2*"‘“"8 of wearing apparel, except fur| o) |y | 47 | 57 | 026 | 032 | 031 | 015 | 037 | 029
%”I‘;mmng and dressing of leather;
 manfacture of luggage, Handbags 191 | 0 2 2 | 000 | 001 | ool | 000 | 141 | 080
%mddlery & harn I S
. misfacture of footwear 152 4 iz 16 0.10 0.08 0.0% 0.46 0.55 0.53
Saw ntilling and planning of wood 201 0 g 0 0.00 0.00 (.00 0.00 0.00 | 000
202 1 0 i 6.02 0.00 0.01 0.12 0.04 0.06
;é‘,‘,‘}i@;wz‘zx:mrc of paper and paper product 210 6 171 177 0.17 17 0.97 0.13 1.65 1.16
uhllanine 221 0 5 5 0.01 0.03 0.03 0.03 0.16 | 0.12
- Proning and service activities related to
%‘ﬁmi?"% 222 0 0 & 0.00 0.00 0.00 0.00 0.00 0.06
;%R&g}mﬁiacﬂw of recorded media 223 0 4 4 000 | 0.03 0.02 0.00 1.03 1.03
iiM-anufm:mre of coke oven products 231 5 126 141 0.40 0.86 0.77 1.94 4.81 4.16
- lanufacture of refined petroleum products | 232 59 | 5519 | 5578 158 | 37.76 | 3041 0.13 414 | 3.11
tanufactire of basic chemicals 241 658 | 1377 | 2034 | 17.67 9.42 11.09 2,33 2.16 | 221
- Klanufactore of other chemical products 242 146 | 398 544 393 272 2.97 0.99 0.90 § 092
gih%anﬁfacturc of menmade fibers 243 2 0 2 0.06 1 0.00 0.01 26.65 | 1.09 | 15.07
Manufacture of rubber products 251 72 &0 152 1.93 0.55 0.83 148 0.77 1 140
Manufacture of plastic producis 252 21 63 83 0.55 0.43 0.45 0.70 072 | 071
Manufacture of glass and glass products 261 43 28 71 .15 0.19 0.39 4.94 1.26 1 2.30
Manufacture of non metallic mineral
products n.c.c. 269 35 102 140 1.04 0.70 0.77 0.37 047 | 044
Mmufactum of Basic Iron and stee! 271 676 1 956 1626 17.98 6.54 8.86 2.26 1.50 1.74
Manufacture of basic precious and non
Fitrisins metals 272 107 1 276 7”77384 2.88 1.89 2.0¢ 0.98 7 1.07 1,03
Sa&tﬁﬂg of metals 273 4 6 10 0.10 0.04 0.05 9.59 047 | 0.51
Manufacture of structural metal products, |  ao: | ax | ax | a9 |
tanks, reservoirs and steam generators 281 44 24 67 117 0.16 0.37 1.49 032 1 065
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Table 3 (comd.)

. Maﬂuﬁac{ure of other fabricated metal U o ) T
Ipm’ducts* metal working service activities 289 2 34 56 039 | 023 030 146 | 088 ) 104
Eanfacture of general purpose machinery | 291 138 | 316 455 3.72 2.16 248 1.25 127 | 126

Manufacture of special purpose machinery | 292 120 | 149 269 3.23 1.02 1.47 144 1 091 | 109
Manufacture of domestic appliances n.e.c 293 22 52 74 0.60 0.35 0.40 1.67 1.58 | 1.60

: Manufacturc of office, accounting and .

. ﬁom uting machinery 300 18 112 130 0.49 0.77 a.71 2.02 1.61 325
‘Manufacture of electric motors, generators

. and transformers 3in 28 67 94 0.74 (.46 0.31 1.04 1.30 1.21

Manufacture of slectricity distribution and ' '
control apparatus 312 17 1 18 0.45 0.03 G.10 8.38 0.47 | 354

. Manufacture of insulated wire and cable 313 16 H 27 0.44 0.07 015 0.74 0.20 1 0.36

~ anufacture of accumulators, primary ;

. ?-.Cf'fl's and primary batteries 314 14 41 35 0.38 0.28 .30 1.36 1.21 1.24
?Mii‘“;-a:;‘t“" of electric lamps and lighting | 5,5 | ¢ | 7 | 015 | 001 | 004 | 825 | 218 574

i‘l:i‘;“fw“w of other slectrical equipment | 319 | 3g | 4g | 83 | 101 | 031 | 045 | 134 | o071 | 090
'333::?4: Fivomg |

- Nisnufaciure of electronic vaives and fubes

Land other electronic components 321 73 132 203 1.97 0.90 112 1.35 140 | 1.38

- Masafacture of television and radio

: %mmmers and apparatus for line 322 15 24 39 0.40 .18 0.21 1.78 0.78 1.00

selashone

- nimmufacture of television and radio

: fm’}vers,- sound or video recording or 323 45 180 225 1.20 1.23 1.23 1.61 2441 224

e

- Mamifacture of medical appliances and :

. mmmms and appliances for measuring 331 3 4 7 0.08 0.03 0.04 0.78 058 065

Manufsewre of optical instruments and 1 55 | |4 1 4 | g0z | 003 | 002 | 244 |259] 256

 photographic equipment

_ %Manufagmre of watches and clocks 333 5 I 6 G.14 0.01 0.03 149 10,107 045

 L%fator vehicles 341 267 1 690 957 7.16 4.72 5.22 2.76 247 2.55
ggi&n.ufacmm of parts & accessories for i

?mmor vehicles and their engines 343 82 334 416 2,20 2.29 2.27 1.26 1.76 1 1.63
‘Building and repair of ships and boats 351 I8 69 38 0.49 0.48 0.48 097 (2261 1.77
Menufacture of railway and tramway ‘ :

e 32 | 1| 1 | 2 | o003 | 0o | oo1 | 020 |022] 021
Manufacmrc of aircrafl and spacecraft 353 0 46 46 0.00 0.31 0.25 0.00 1147 0.72
M&nufacture of transport equipment n.e.c. 359 33 1 308 361 142 | 211 1.97 145 12531 2.28

. Banufacture of furniture 361 0 0 0 000 | 000 | 0.00 700 [072] 133
g?ﬁg’ﬁamtfacturing ne.c 369 604 | 2286 | 2891 16.23 | 15.64 15,76 2.16 2831 2.66

Nate: Due to rounding-off, the value of seme of the variables is zero for certain industries. But it may not be in actual term.

Source: Authors’ estimation based on Prowess Database, CMIE (2002).

98¢

SOINONODT 40 TYNYNOE NYIAN!

e je NYHOVHd

T ADOTONHOIL 40 SNMELIVA 8 SONIML ©

182



288 INDIAN JOURNAL OF ECONOMICS PRADHAN et al. - TRENDS & PATTERNS OF TECHNOLOGY .. 289

products, office, accounting and computing machinery, refined petroleum,
manufacturing n.e.c., optical instruments and photographic equipments, and motor

vehicles with 3 per cent each. Of the total 56 industries about 13 industries had a ’ Sl o = o |lolmhal g lel e | = | = ‘J
technology import intensity of less than | per cent, 25 had nearly | per cent, and 2 iz 2 2 2 gz daale) v g
another & about 2 per cent. é < =

- .

Between 1991-95 and 1996-2001, the disembodied technology intensity E’S 2 5 8 518 - R RN o = = B S 3
increased noticeably, at least two fold, for about |2 industries such as refined R L o B Ll B R BT R Bl B R R
petroleum products, paper and paper product, publishing, coke oven products, §"" o -
wearing apparel, ships and boats, office, accounting and computing machinery, g = & 18 8 55 8l5la & 8 7
transport equipment n.e.c., television and radio receivers, sound or video recording, S R R gl it A e B B IR
aircraft and spacecraft, reproduction of recorded media, and leather, luggage, =
handbags saddlery. For 30 industries it remained more or less same while declined zl=1 8 & = FEg gl e €08
for 14 industries®. Therefore, only a small sub-set of industries in Indian E & RO el B e Il It B el B B O
manufacturing were observed to have increased their foreign technology intensity g -
during the reference period. As compared to R&D where 26 industries reported S E13 8 |2l 8 R8s NIgls 5 19
increased intensity, this further dismay the apprehension that liberalised technology 3 5 g ° S ° SIS ® eS| S 9
import policy will lead to greater reliance on foreign technology vis-a-vis in-house § gl g |
R&D activities. P R O N b A A IR LIS - =

20 N o ol o |(odiolm s - =

The industry wise investment made by Indian manufacturing in accumulating §§ -
foreign capital goods has been presented in Table 4. As found in the case of R&D =3 g = = = 18 g 2zl g P =) § SR
and disembodied foreign technology, purchase of foreign capital goods by Indian EQ |83 = IR o RANEE-CHE Rl B ™
manufacturing has also been highly concentrated in a few industries as top ten §§3 ;&f -
industries z}cceunted for as much as 78 per cent of the aggregate foreign capital - §§ ‘é_% § % 2l = g = % & g § % o |R
purchase. From 1991 to 2081, refined petroleum products imported the largest =R [ ¢ -
amount of foreign capital goods accounting for about 21 per cent. While basic iron e %E‘ &
and stee! accounted for 11 per cent, spinning, weaving and finishing of textiles, EE £ E g 2 vl o glaalTlgle % - |
motor vehicles, manufacturing n.e.¢., and basic chemicals, each imported about 9 S = & T A -
per cent of the total foreign capital goods purchased. The share of 31 industries out ‘@§ O U S R B IO D R N R e
of 56 was very negligible, less than 1 per cent of the total foreign capital goods. R PO AT B AT Al bl Dl BN Sl B i Bt AN =
However, capital goods accumulation as a per cent of gross fixed asset shows that é
industries have added foreign capital goods to their capital stock worth at least | per g =
cent of their gross fixed asset except 4 industries-saw milling and planning of S 4 - § wlB 2 .
wood, beverages, other food products, and railway and tramway locomotives and 3 s | 288 |8 |8 %ﬂ " é T | 2
rolling stock. é 2 J':‘ 25€ 5. §§ == |& |58

3 &5 Sz 2 o o = AR Ao o

Reproduction of recorded media had the highest intensity of foreign capital = ‘é‘”f,, ? E ‘g i %ﬁ g g § § %) go %’ fé
goods at 37 per cent, followed by electric lamps and lighting equipment with about § 353 EIEEs |£ 88l (EEsd 2 § &
9 per cent, motor vehicles with 7 per cent, footwear with 6 per cent, knitted and 2525l g 1gl%sl%s :%‘ S8 ‘g 5 3|55 Bl s
crocheted fabrics and articles, printing and services other textiles, plastic products, g 5 % % g % 5 &E‘f- g ;»3 ] g E - S %‘E S :,; §
wearing apparel, and transport equipment nie.c. each with about 4 per cent, : g . % 12?% _ % %ﬁ g % % _ % és # @; c%; § % g o % & %g

The percentage distribution of total investment in purchasing domestic capital 2 § % % §, .:%: :@‘ gg :% §; E?g g :‘g ;é .}% gig g %_ é _
goods provides further evidence of skewed industial coniconimbion i techinology L mhmRR e o

el Dl 5 shows Han b e ven ot sl dodieda dapiiel anads

i
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Tabled {contd)

?Saw milling and planning of wood 201 0 0 0 000 | 600 | 000 | 000 | 000 | 000
Manufacture of products of food, cork,
trany and plalting materials 202 | 31 69 99 | 014 | o1 | 012 | 216 | 152 | 167
 Manufacture of d
ner T paperandpaper 210 | 458 | 858 | 1315 | 205 | 135 | 153 | 208 | 141 | 159
Publishing 221 | 51 112 | 162 | 023 | 018 | 0.19 | 343 | 134 | 165
.. Printing and service activities related t
: dnﬁng VIHES Telalec 101 999 7 2 9 003 | 000 | 001 | 1122] 1.19 | 400
Reproduction of recorded media 223 ) 437 492 0.03 0.77 0.57 10.11 + 37.66 | 36.51
. Manufacture of coke oven products 231 4 18 | 122 | 002 | 019 | 014 | 044 | 238 | 2.09
Manufaciure of refined petroleum
|btoducts P 232 | 5049 | 12777 | 17826 | 2259 | 2009 | 2074 | 251 | 195 | 2.08
. Marwifacture of basic chemicals 241 2188 5235 7423 9.79 8.23 8.64 1.60 1.54 1.56
Manufacture of other chernical
| otother chemic 242 | 399 | 1676 | 2075 | 178 | 264 | 241 | 137 | 154 | 150
:%Manafacture of manmade fibers 243 3 i 4 0.01 0.00 0.00 3.02 (.95 1.79
- Manufacture of rubber products 251 | 291 548 | 839 | 130 | 086 | 098 | 18 | 1.63 | L70
Manufacture of plastic products 252 | 589 | 1592 | 2181 | 263 | 250 | 254 | 535 | 327 | 3.65
 Aanufacture of glass and gl
_ gﬂfoﬁﬂﬁat; ¢ ol glass and giass 261 { 197 | 270 | 466 | 088 | 042 | 054 | 514 | 190 | 2.58
L Mmufacturc of nen metallic mineral
ndetsnes 269 | 280 | 1452 | 1732 | 125 | 228 | 202 | 660 | 119 | 1.03
anufaciure of Bavic romand steel | 271 | 2545 | 6725 | 9271 | 1139 | 1058 | 106 | 130 | 144 | 140
’Manufacfurﬁ of basic precious and nen
oS metsls P 272 1 392 | 2200 | 2592 | 175 | 346 | 3.02 | 074 | 184 | 150
Casting of metals 273 | 37 89 125 | 016 | 014 | 015 | 189 | 124 | 137
e ponid) _
~ o Bt of structural metal )
eoducs tanks, reservoirsand steam | 281 | 194 | 269 | 463 | 087 | 042 | 054 ) 200 | 085 | L2
seeralors
s Beotere of other fabricated metal
=edistsometal working service 289 134 266 400 0.60 0.42 0.47 3.71 1741 212
' g%ﬁ%m of general purpose 291 | s61 | 1005 | 1566 | 251 | 158 | 182 | 284 | 225 | 243
200 | 239 | s16 | 755 | 107 | o081 | 088 | 143 | 139 | 140
**gﬁﬂf*‘?“”ﬁ of domestic appliances | 203 | o | 247 | 309 | 028 | 039 | 036 | 202 | 210 | 2.08
 Meiwre of office, accountingand | 550 | 54 g1 | 1s | oas L ooas | 013 | 316 | 205 | 228
 computing machinery
- Manufacture of clectric motors, 311 | 49 195 | 244 | 022 | 031 | 028 | 1211 177 | 162
ﬁ'zﬂm’s and transformers ]
iﬁémwfacmm of electricity distribution 312 2 10 1 0.01 8.02 0.01 1.04 326 249
| =28 control apparafus .
Membeure of insulated wire and 33 | 210 | 411 | 621 | 094 | 065 | 072 | 342 | 239 | 266
 Manufacture of acoumulators, primary | 3y, | 45 | 225 | 273 | 022 | 035 | 032 | 232 | 208 | 212
emis and primary batteries ‘
 Manfacture of electric lamps and 35 | 15 45 | 60 | 007 | 007 | 007 | 595 | 1052 | 881
_phiingequipment
Mmaficare of other clectrical st ] 97 | 214 | 311 | 044 | 03¢ | 036 | 214 | 149 | 164
- ﬂipmf-:nt 7.6.C. ’
 Manufacture of electronic valves and | 551 | g | o6 | 885 | 129 | 094 | 103 | 315 | 300 | 304
_tubes and other glectronic components
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Notably, 11 industries each had a share of about 1 per cent and another 33 industries

‘ had a share of less than 1 per cent. The domestic capital goods purchased as a per
o |l vl e | p pital goods p P
B o R e B B SR S SR A b cent of gross fixed asset shows that almost all Indian industries had spent over 2 per
o o - e e | O < 3 . p
« S A B R cent of their fixed assets. In this sense investment in domestic capital goods as a
channel of technology acquisition is broad-based in Indian manufacturing. This
8 A & 288 T 258 98X higher intensity of domestic capital goods observed in the case of several Indian
™ s - — P . . . . . . .
o CAE AN B A i industries might partly be explained by the government policy of self-reliance in
- - developing domestic capital goods sector. For long time Indian capital goods sector
o0 e- . » . . . . . -
& = = a8 R a8 was provided with high level of import protection compelling industries to use
- ool Ll o3 o v e - , .
il it domestic capital goods. It seems that this trend has not changed to a large extent
- - - even in reform period as many industries continue to use Indian made capital goods.
S S g 2= & i =g P A Another factor could be that the Indian made capital goods are relatively more
- o3 o <> s [l B s . ) ryx » » -y . .
suitable to the prevailing domestic factor price conditions than foreign capital goods
and enterprises oriented towards domestic market might have preferred domestic
3 P S i % L& 2 @ 84 capital goods.
et E @ ol o @ e - o]
&, Developing a Composite Technology Acquisition Index
s o = EER R R R s R R e R A o B S Bt B R ] - - o - . R .
- ok = pul Bl B I Bl B el IR Dl B From policy perspective it is useful to know how Indian industries have
parformed in overall technology accumulation taking all the different measures of
~ - - g ol = o sequisition into consideration. The increasing global competition requires Indian
e e B . - . . . s
& & N I R - A e = A R indushries R&D to diversify, particularly towards more knowledge-based industries.
@ & = 2 p y &
§ These industries, known as strategic sectors, provide higher rates of return o
@ = © alel 2| - B 2 o domestic labour and capitel than other industries, generate knowledge and
— = o L Eo S R el A == Rl - % productivity spillovers, create new markets and improve productivity growth in
o long-run. As & result industrial policies of advanced countries like the U.S., Japan,
= g o jn| & = -] % % § France, Germany and others are oriented towards these industries with heavy
- & el T Y e TS e 2 gavermment interventions like cheap credit allocation, R&D subsidies, and other
2 fizseal incentives. Hence, developing a composite index of technology acquisition
= a - Qo2 Il Y izield gart help us to understand the performance of technology-intensive sectors in India
oy faa) e ey Jenlen) e fmm o s e {en e . - . . .
zZ aind o identify the sectors to be targeted by government policies for boosting
B . 2 woe
] o " " P wehinglogical activities.
< § g '32 1N = [
2, 18 ¥ iz @ I % S g = ° X o . . . . .
BE |RE 2 = % B 1RE 1 g T For classifying Indian manufacturing industiies according to technology
EE [E% |2 |E |8 |5g=§ |EE g \ s ac
gé g g %uc_:: B 5 2.8 818« =8 3 infensity we have made use of technology classification developed by the
e (2
g4 |z ";’ 8 |2 |8 |g5 %g g '% g 3 Crzanisation for Economic Co-operation and Development (OECD) and prov ided
(=] — -~ ofr Py
% 8 _c;_’ £ 8§ |=& ::3 Q5| &l & §_ ia‘i g W EIRE T Selsncd, Technology and Industry Scoreboard 2003, The OECD? util ising
= &> P Eiin ] b = =
”§ g % ‘:-, 'é g % ‘% 2 ’3% = % = 5 g E| o|F varipe rzaxiﬁu_%l,.y--leyve_:l aggregate .OE%CD R&D ;nten@ues over 1891 to 1999 had
3l .g % T s g % g. % " %» § §.% § g % § ia “ slasuttied 1810 Revision 3 indusiries into four categories !
£le g3 |e p2loisiedizeglele o8
S et R WB@-"—‘:*":--%SD:‘“ EeE N
SlEseld, |EswaagigEs a8 gle 232 {x)lmghwlu.._!maf_m,z,y,
TISG25SbEEEE RS Ze BBl &8 |88y
ZiH E,@“ 9 g %E 8 g2 gl s %% = § £ slg ol Bl EIE ik aediv i iﬁh;mi%}
ClZEEEZe RS e B RIS SIS Elaz B s 8253
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Table s

Industrial Composition of Cumulative Investment in Domestic Capital Goods

in fndian Mamgacturing 1991-2001

Domestic Capital Goods (In N As a per cenf of Gross

Piudustry NIC Rs. Crore) As a per cont of Total Fixed Asset

- ; 1% | 1ggn.os | 199601 [ 199101 | 1920 1196 | yo91 91 11991 sogg 01 | 199101

Production, processing and .

Apreservation of meat, fish, fruit, 15} 852 940 17¢1 0.66 | 047 0.54 118201 569 8.45

vegetables, oils and N e
[ Manufacture of dairy products 152 351 586 1137 0.43 ;029 0.34  138%1 4.9 7.15
Manufacture of grain mill products,
starches and starch products, and 153 158 719 878 0.12 0.36 0.27 993 12.77 12.14
repared an ' .
- IManufacture of other food products 154 1730 3214 4944 1.34 .60 1.50 18971 359} 671
. IManufacture of beverages 155 | 682 619 | 1301 | 033 | 031 | 039 |1285] 397 | 622 |
Manufacture of tobacco products 160 | 361 738 1099 028 | 037 6.33 8941 574 6.51
ifgg’g* weaving and finishing of | 1) | 9306 | gs46 | 15942 | 571 | 426 | 483 |1226] 454 | 642
g;_ﬁ@gfamm of other textiles 172 | 150 176 326 | 012 | 609 | 0.10 1699 434 | 660
Manufacture of knitted and crocheted | | 44 442 724 1166 | 034 | 036 035 1542 6.12 7.94
 fabrics and articles / ,
Manufacture of wearing apparel, 181 | 1556 | 2327 | 3883 | 120 | 116 | 118 [1126] 462 | 6.05

- igxeept fur apparel B -

. Tanning and dressing of ieather;

- manufacture of luggage, Handbags 191 58 55 113 004 | 0.03 0.03 2384 6.53 13.76
Isaddlery & harn :
Manufacture of footwear 192 34 139 172 | 003 {007 ] 005 309 300 | 302
ESaw milling and planning of wood 2018 I 1 I 0.00 | 6.00 006 1330 236 2.72

- MeaErers SForodudis of Tood,

Bk stvaw and it materinls 202 | 213 274 487 | 016 | 0.14 | 0.5 |1506] 606 | 821
Wladterere of paper and pape
e paper and paper 210 | 1894 | 5260 | 7154 | 146 | 262 | 217 |s62| 863 | se3
{Pobisting 221 148 463 612 | 031 | 023 | 0.9 |1003| 555 | 623
= inp and service activities related
e 222 2 13 15 1000 | 001 ] 000 [277] 792 | 648
& mduction of recorded media 223 19 26 45 0.01 | 0.01 0.01 [33.66] 2.04 336

. W of coke oven products | 231 128 456 584 | 010 | 023 | 018 [14.53] 921 | 1001

. acture of refin~d petrol

. geuducts TOPSOINT 232 | 39312 | 50235 | 89547 | 3035 | 25.06 | 2744 |19.50| 7.68 | 1046

 Mamafecure of basic chemicals 241 113388 | 20720 | 34108 | 1034 | 1034 | 1034 |9.82| 610 | 716

: nafacmure of other chemical
e 242 | 3316 | 7610 | 10927 | 256 | 3.80 | 331 11139] 699 | 7.9
 Msnufsewre of rubber products 251 | 1214 | 2320 | 3534 | 094 | 116 | 107 | 776 638 | 7.16
: Z?«&mggfac’{um of plastic products 252 2091 3229 53319 i.61 1.61 1.61 19007 6.62 8.90
amuiscture of glass and glas
i colE glass 261 | 665 1021 | 1686 | 051 | 051 051 {1738 718 | 935
Faafacture of metallic mineral
sisnee RESHCTRSE Y 60 | 3671 | 8472 | 12143 | 283 | 423 | 368 |794| 696 | 723
 Manofaoure of Basic Ironand stecl | 271 | 21705 | 22804 | 44514 | 16.76 | 1138 | 1340 |1111] 480 | 673
| Masulaetyre of basic preci d : ‘
e precious an 272 | 4680 | 5522 | 10202 | 361 | 275 | 3.00 |88 | 461 | 591
 Cusing of metals 273 | 349 | 646 | 995 | 027 | 032 | 030 [1799] 902 | 1093
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Table 5 (comtd.)

¥

;Mzmtzfaemre of structural metal

| products, tanks, reservoirs and steam | 281 1654 2557 4211 1.28 1 1.28 128 |17.07] &1l 10.22
ﬁeﬂmm
Mamataciure of other fabricated metal | 289 | 514 | 1026 | 1540 | 040 | 0.51 | 047 J1425) 671 | 8.14

< products; metal working service

activities )

Manufacture of gencral purpose a9t | 1314 | 1657 | 2971 | 101 | 0831 090 {666 371 | 46l =
_mchmery w]
Manufacture of special purpose o0 | 1157 | 1525 | 2682 | 089 | 076 | 0.81 |695| 409 | 497 =
_iachinery B =
Manafacture of domestic appliances | g3 | 433 | 972 | 1404 | 033 1049 | 043 |1408) 824 | 945 S
LR

; - 5
Muufacture of office, accounting | 350 | ysp | 274 | 424 | 012 | 004 | 013 |1411] 692 | 845 z
~and computing machinery B ~
{Manuficuyre of electric motors, sit | o200 | 404 | 702 | 023 | 020 | 021 732 366 | 465 o
|2enerators and transformers ) -
- Loanafacture of electricity distribution 112 6 4 10 0.00 0.00 0.00 375 {47 216 8
~wred contrpl apparatus - | - =
ohctre of nsulated wireand 1 y3 |55y | ag04 | 2157 | 043 | 080 | 065|901 932 | 924 S

H “W o o . - ~ _6

- Manufacture of accumulators, 314 | 264 | se1 | 825 | 020 [ 028 | 025 [1271] 518 | 639 2
ey pells and primary batieries

|1 dacture of electric Jamps and 35 | 42 15 s7 | oo3 | oo1 | 00z |1634] 347 | 828

it eguipment ‘ :

 Masufacture of other electrical 219 | 473 | sge | 1161 | 037 | 034 | 035 |1040] 479 | 6.14

epuipmenine . i

“anuficture of electronic valvesand | 4y 1 ygig | gg7 | j306 | 079 | 0.14 | 040 |1L09] 145 | 449
e and other electronic components

K,

]

- 35

322 185 51 676 (.13 .25 0.20 338 909 8.491 %

o i P z

S oo ol wievision and radio &

e, Sound or ¥ideo recording or | 323 806 2139 2945 0.62 167 (.89 12.48, 797 385 ;:

e o wedieal appliances

2 eveents and appliances for 331 58 83 140 004 | 004 0.04 1176 606 7.57

se-of aptical instruments
stncranhic cquipment 332 | 34 1 45 0.03 | 001 | 001 11538 230 | 634

. eseeofwalchesandclocks | 333 | 181 89 276 | 0.14 | 004 | 008 |1555] 289 | 635

St yenicley 341 | 1568 | 7538 | 9106 | 121 | 376 | 275 |717] 791 | 778
e soare of pants & accessories
it vebicles and ther engines | 0% | 1379 | 3213 | 4593 | 107 | 160 | 139 971 | 678 | 745
- 244 repair of shipsand boats | 351 | 180 | 618 | 798 | 0.4 | 031 | 024 [519] 1427 | 10.23

T ADOTCNHDEL 40 SNYHLIYA % SONZHL

: w**aé:%g‘a Liure of railway and tramway -

ot and rolling stock 352 | 54 43 97 0.04 | 0.02 | 003 |764| 446 | 580

hiseles of giroraft and spacecraft | 353 44 Q25 969 0.03 1 046 02% 1092 1517 894
B eereof transport equipment

.. POTLEQUIPMENt | 359 | 572 | 2036 | 2607 | 044 | 102 | 079 | 73%3| 848 | 822
: & msmelenme of furnitare 361 2 i0 12 0.00 | 6,00 000 |26271 1355 14.77
- Bsoareniec 369 9300 23828 1 33628 7.57 11.89 10.19 110.88) 7.85 8.55

st Suthors”estimation based on Prowess Database, CMIE (2002).
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However, by collapsing these four OECD technological classifications we
have categorised Indian industries into two groups, i.e., high-technology and low-
technology industries. The high-technology group includes OECD high-technology
and medium-high-technology industries whereas the low-technology group covers
OECD medium-low-technology and low-technology industries'?. Out of the total
56 industries 24 are classified as high technology-intensive industries and the rest
32 as low technology-intensive industries.

5,1 The PCA Approach to Composite Technology Index : Construction of
an overall technology acquisition index for Indian manufacturing involves two types
of issues : first, freeing different technology indicators from scale of measurement
and second, aggregating the scale-freed indicators by assigning appropriate weights
to arrive at a composite index.

This study has used principal component analysis (PCA) method to construct
the composite technology index. The PCA removes the problem of measurements
by standardizing individual indicators and then objectively provides weights to
standardized variables in aggregating them into the composite index'!. The weights
assigned are known as ‘factor loadings’ and are in fact correlation coefficients of the
variables with the constructed principal component.

However, there is a difficulty in employing the PCA for the purpose of
composite index making. This is concerned with the way PCA method is structured.
One can have as many principal components as the number of indicators. The first
principal component explains the maximum variance in the set of standardized
indicators while the second component explicates the maximum in the residual
variance (i.e., variance not explained by the first component) and so on. In many
instances the first principal component which is normally used as the composite
index may explain only about a moderate percentage of total variance in the
indicator matrix.

For example, in the present study the first principal explained only about
one-thirds of the total variance. Since much of the variance is left unexplained,
using first principal component as composite index is not reasonable. In order to
overcome this difficulty and account for 100 per cent of the total variance in the
composite index, we have extracted all principal components. Then these principal
components were aggregated by using eigen values as weights to obtain the
composite index. The composite index, thus, devoted is as follows :

n
21 P M
X
1 !
where P; and [; respectively denote the i principal component and its eigen value,

Using eigen values as weights in aggerepation is jsutihable ax fhey provide lower
weight 1o successive factors extracted in pecordance with their varinee explaining

Composite Technology Acquisition Index =

Py al
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The composite technology acquisition index (CTAI) has been constructed
using four technology measures such as R&D intensity, foreign disembodied
tcchnology intensity, foreign capital goods intensity and domestic capital goods
intensity. All these indicators are averages over the period 1991-2001. For example,
R&D intensity is the cumulative R&D investment over 1991-2001 as a per cent of
cumulative gross value added over the same period. As most of the developing
countries, including India, are increasingly considering foreign direct investment as
n means of new technology acquisition the study has broaden the concept of
technology acquisition to include FDI as another indicator. The study has
constructed CTAI in two variants, one excluding FDI and another including FDI.

‘I'he industry wise average foreign ownership participation during 1991-2001
has been employed to capture the effort of an Indian industry in acquiring
technology through FDI route!?. It should be noted that the share of foreign
vontrolled firms in industry sales or output has been used as the measure of FDI role
in Indian manufacturing by several studies (Chandra, 1977; Kumar, 1994; Arthreye
and Kapur, 1999).

’

However, these studies in identifying foreign firms usually employed some
arbitrary cut-off of ownership share like least 25 per cent or 10 per cent of the
ownership resting with foreign entity. But the present study has used actual average
foreign ownership share, which has the advantage of removing these arbitrary
I“I(‘;”VIHS as well as indicating exact level of foreign ownership in a particular
industry.

A notable feature of the average foreign ownership participation in Indian
manufacturing during 1991-2001 can be mentioned here'. The highest incidence of
foreign ownership in Indian manufacturing during 1990s is observed in manmade
lihers where foreign promoters, on an average, contributed about 38 per cent of total
industry ownership. Motor vehicle emerged as the second most FDI participated
mdustry with 18 per cent ownership share. The foreign ownership share in other
industries ranged from 0 to 15 per cent. Out of the total 56 industries, while 15
industries had torcign ownership share ot at least 10 per cent, 13 reported between
v und 9 per cent, 23 industries had less than 5 per cent and 5 industries reportedly
had no foreign ownership share.

I herelore, this suggests that irrespective of liberalisation measures undertaken
during 1990s, incidence of FDI in Indian manufacturing is not so dominant and
excepl manmade fibers, foreign ownership share in Indian manufacturing varies
moderately among individual industries.

5.2 I"CA Results and Discussion : The cigen values, factor loading and
constincted Composite Technology Acquisition Indices (CTAIls) are provided in the
Pabide 6, 7 and 8" With or without inelusion of FDI, the first and second principal
corponents explain only about 34 and 27 per cont ol ol variance respectively
Elalile &)
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o These two components together cover around 60 per cent of the total variance,
% 8 - & i - wiintl suggests that the first component alone or even taking the second component
'é g = = bt o a8 lta sonsideration also does not lead to a composite index wholly representative of
3% « = i @ the individual technology indicators, Hence, it is appropriate to construct a
= comnposite index as shown in equation 1, which takes into account the influence of
Ly 5 <
E all prncipal components,
W
0
E . Table 7 shows that weights attached to individual variables across different
i1 ° § “ - o o principal.components vary as they assume sometimes positive or negative signs. It
& g - o o i = shokd be noted that weight or factor loading of R&D intensity is crucially
5 s> 7% dupendent upon inclusion of FDI in the indicator matrix. The weights of R&D
g inteesity in the first and second components, which are most dominant explanators
o by construction, mim out to be negative excluding FDI but when FDI is included
2 g B&Fr came out with positive weights. This could be due to the fact that the in-house
o 8 £ of Indian enterprises tends to benefit from knowledge-spillovers generated by
& § o & 3 £ = the intangible assets brought in by foreign firms and/or their R&D activity.
- = = ” = i e including or excluding FDI, the weight of disembodied foreign technology has been
Y] - - ; . . . N
5 L%ﬂ obunerved to be positively contributing to the two most dominant components, first
:3@ and sgcond principal components,
< ‘T'he constructed Coposite Technology Acquisition Indices (CTAls) along with
B . {héir tankings have been furnished in Table 8 To know whether the inclusion of
. ~ g £ ® 2 o - {121 significantly changes the ranking of Indian industries in the overall technology
é lgf EQ « 2 w 2 mgsition index the non-parametric Spearman rank correlation test was conducted.
= a 3% Phe Spearman’s rho which equals-0.016 was found to be statistically not different
§ g frm zero'?.
8 8
§ E This indicates that the industrial ranking of CTAI including FDI has little
2 g g, rienihlance with that of CTAT excluding FDI. The inter-industry scores of overall
é S = § %@ % < o techuology acquisition index excluding FDI varies between a minimum of - 0.92
5 g § 5 ) 8 el < and aomaximum of 2.2 as can be seen from the Table 6. Of the total 56 industries,
= B &7 ihe index score is equally divided between two opposite numerical signs e.g.
= bk 5 ; . - - * .
£ = posibive Tor 28 industries and negative for another 28 industries. Among the top 15
2 techimakopy aoquiters in Indian manufacturing ondy four high-technology industries
§ - sueh wa mummade fibers, electric lamps and lighting equipment, office, accounting
; k| aved sormputing machinery, domestic appliances (n.e.c.) featured in the list, while the
% § 2 e e vt |1 e owetechnology industries.
& i s -, &
2 Ao the bottom 15 industries in terms of scoring magnitude more number
ol Bightechiitlopy Industvies ave seen, Nine high-technology industries such as
slediromic vadves and wbes and other clectronic components’, ‘electric motors,
, gpnerntors and nonsformers’,  speeind purpose  machinery, pgeneral purpose
gg L Ry, :in[ns iy ‘imfi;*}izu:m m:el control apparaius, unlwav and tramway
g % . . o Lo e _ tmmsz;mvw sml mE g w‘mk ather slectiie al e ;s:q‘;zt;usl ln ; 1 ather ;iwlmtéﬁ
g f . o §zsmim 5 L 3&3 _.wgmgm!_ }E]L. it 1“!!\3 m H‘"‘H’% e;mt ;sz’mmiy h*xl‘ll‘t W falr [3{3 figg:,}h’ﬂ leI.
fud o l_;“si{_mjja o




Table 7
Principal Components and Factor Loadings, 1991-2004

Principal Components

Variables Without Foreign Direct Investment With Foteign Direct Investment
{ 2 3 4 . I 2 . 3 4 5
R.& D intensity {per cent) =0.500 | ~06359 0‘43.5 (1335 G910 0.094 | 0.005 | ~0.0i5 | ~0403
Disembedied Foreign Technology 0.326 0:22¢ 0.894 | ~0206 | 0325 0576 ¢ <0635 0365 | 0164

intensity (per cent)

Embodied Foreign Technology - 0517 5 0.760 0:108 0379 0853 | <0462 0276 | -~ 085 | 0367
Intensity (per cent) |

Embodied Domestic Technology 0857 | -0014 | 0021 | 0314 | —0:042 | 0518 0.765 0380 | 3E03
Intensity (per cent)

£ participation (per cent) 0.133 - 0847 | ~0016 | 0514 | 3.E-05

Tabb &
Flwriy Teolnicey degieition Jndfsr fov Tnvdion Misfaeneing, 1991-2001
o Without Foreign Direct| With Foreign Direet
Industr Investment Iavestment |
WiC1aes ¥ Composite Composite
Rank Rank
index Index
223 |Reproduction of recorded media 0.69% 6 2.085 i
243 {Manufacture of manmade fibers 2.199 ] 1.808 2
341 Imotor vehicles 0.089 21 0.971 3
315 |Manufacture of electric lamps and lighting equipment 0.979 3 0.664 4
3] Manufac.:tum of electronic valves and tubes and other 0.704 55 0.536 5
electronic components
242 |Manufacture of other chemical products -0.389 46 0.383 65 |
291 |Manufacture of general purpose machinery -0.592 51 0.367 7
359 [ Manufacture of transport equipment n.e.c. 0.059 23 0.293 8
343 Man ufa'ciure fof parts & accessories for motor vehicles 0.093 29 0.29] 9
and their engines
gk Toch 312 Manufacture of electricity distribution and control 0.538 50 0.274 10
. = apparatus
15t ek 314 Manufaciare of accumulators, primary cells and primary 0351 43 027 1
batteries .
ign Tech 319 |Manufacture of other electrical equipment n.e.c. -0.467 48 0.198 12
ow Tech 231 Manufacture of coke oven products 0.715 5 0.185 13
- i Tech 292 {Manufacture of special purpose machinery -0.617 52 0.182 14
éitgﬁ Tech 300 Maanacture of office, accounting and computing 0261 12 0.166 15
machinery
12k Tech 373 N‘lanufacturelof television and radio receivers, sound or 0.198 16 0.165 16
video recording or reprod

zoe
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Table 8 (contd)

. High Tech 312 zzz;iﬁf::i?rc of optical instruments and photographic 0.053 25 0.159 17
LowTech 172 |Manufacture of other textiles -0.313 42 0,143 i3
High Tech 311 ﬁiﬁﬁig of elecmc‘ motors, generators and 0.625 23 0.135 19
Low Tech 192 |Manufactore of foorwear -0.627 54 0.115 e
High Tech 322 g‘éﬁ‘aﬁfﬂ‘“& ?f;;ﬁ‘]’;;fgni”é radio transmitters and 0.027 27 0.073 21
Low Tech 160 |Manufacture of tobaceo products -0.27 38 -0.415 22
LowTech 261 Mamufacture of glass and glass products 0.395 9 -0.02 23
Low Tech 251  {Manufacture of rubber products -0.25 35 -(.028 24
High Tech 293 | Manufacture of domestic appliances n.e.c 0.232 14 -4.036 25
High Tech 333 Manufacture of watches and clocks -0.288 39 -0.046 26
Low Tech 369  |Manufacturing ne.c 0.258 13 -0.040 27
Low Tech 152 |Manufacture of dairy products 0.163 17 -0.08 28

“iLow Tech 232 |Manufacture of refined petroleum products 0.626 7 -0.087 26
High Tech 241 Manufactore of basic chemicals 0.006 28 -0.089 30
. Law Tech 289 xgggizrgézéiziii?:;caif:d metal products; metal 0.039 2% 0118 1
o Lm’s Tech 232 | Manufacture of plastic products 0.113 18 -0.139 32
L me Tech 171 Spinning, weaving and finishing of textiles ~(.266 36 -0.149 33
: Livw Tech 173 [Manufacture of knitted and crocheted fabrics and articles 0.056 24 -0.164 34
High Tech 331 ?p;f;iac":fé f;‘:;f;?fj;pp“mes and instruments and -0.204 33 0175 35
Lorw Tech 271 Manufacture of Basic Iron and stee! -0.119 32 -0.198 36
Law Tech 272 | Manufacture of basic precious and non ferrous metals -0.303 41 -0.277 37
i g of viwaring apparel, except fur apparel -0.29 40 0277 38
b Bimmiezure of non metallic mineral products n.e.c. -0.268 37 <0.307 39
23 wre of paper and paper producs 0.092 20 -0.314 40
E o Sanufacture of furniture .988 2 0379 )
X3 Printing and service activities related to printing -0.247 34 -0.337 47
313 Manufacture of insulated wire and cable 0.098 19 -0.34 43
221 Publishing .0.353 44 037 v
151  {Production, processing and preservation of meat, fish,
fruit, vegetables, oils and -0.108 30 -0.376 45
281 Manufacture of structura! metal products, tanks,
reservoirs and steam generators 0.198 i5 -0.408 46
154 |Manufacture of other food products -0.368 43 -0.41 47
273 | Casting of metals 0.296 11 -0.419 48
153 Manufacture of grain mill products, starches and starch
products, and prepared an 0.482 S -0.43 49
Man it
207 mate:if::lcsmre of products of food, cork, straw and plaiting 0138 3 0434 5
351 Building and repair of ships and boats 0.391 10 -0.458 51
Tanming and dressi f .
H 191 Lot &ggs a fdl :f;rzg% ga::ather, manufacture of luggage, 0.772 4 0.485 53
M N .
352 ~ ﬁrll::gfasiz,;r; of raitway and tramway locomotives and 0,469 45 0509 5
333 |Manufacture of aircraft and spacecraft 0.078 22 (.52 34
_ <:i’.mv Sech 155 |Manofacture of beverages -0.426 47 -(.52 55
o Tech 201 Saw milling and planning of wood -0.915 36 -0.548 56

' ?ﬁiﬁiﬁ: Technological classification of industries is based on OECD Science, Tec
- @i cAnnex 1.2, Classification of manufacturing industries based on technol

ogy.

hnology and Industry Seoreboard
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Overall this result suggests that the high-technology industries in ‘Indian
manufacturing have not done well in accumulating new technology during 1990s.
Low-technology industries such as furniture, ‘tanning and dressing of leather,
manufacture of luggage, handbags and saddlery’, coke oven products, reproduction - :
of recorded media, refined petroleum products, ‘grain mill products, starches and 5 FI2FFSIRFS I 2 SRAS FE |
starch products’, glass and glass products, building and repair of ships and boats, 2 %
casting of metals, manufacturing n.e.c., and ‘structural metal products, tanks, N -
reservoirs and steam generators’, seem to have been the leading industries in the S I D e = e e I R S S A RS I
overall technology acquisition by Indian manufacturing. This is a matter of concern EE |3|s|S9 9 |59 s 3 :; = R o > ;j =
because Indian high-technology industries who supposed to lead India’s global “
competitiveness are lagging behind their low-technology counterparts in terms of B
overall technology acquisition, ) . § wiglglizml & olgiel » (gl o lelaigliglal 2~
The industrial ranking of CTAI including FDI, however, indicates that the %
above concerns may not be so high once FDI as ancther indicator of technology z F o lalalolel o [=~le ~ I I U I
acquisition is taken into consideration. The inter-industry scores of overall ~1 2% 83|87 & |23 Bl Big 8 l8lslg|nl = 2 |5
technology acquisition index with FDI suggests that among the top 15 technology é— SIFISIF| @ |FIS|sl S (g @ (S(F|F|SF | S |~

acquirers in Indian manufacturing only two low-technology industries such as
reproduction of recorded media and coke oven products featured in the list (Table

2 £
8). The rest top 13 industries are high-technology industries, which, in the order of % § g % _

index scoring are manmade fibers, motor vehicles, electric lamps and lighting Eig 2 1EE glS e

equipment, electronic valves and tubes and other electronic components, other % £ % 5 & o % =

chemical products, general purpose machinery, transport equipment n.e.c., parts and [ & E : EE 3 § 2 %
aceessories for motor vehicles and their engines, electricity distribution and control g @l g 2lgle ol | E > SIS ;
apparatus, "accumulators, primary cells and primary batteries", other electrical ? i 22 |glE|Y g § g é 2 8 § -
equipment n.e.c., special purpose machinery, and "office, accounting and computing W E . R g &5 Bk I8 g
machinery”. Among the bottom 15 industries in terms of scoring only three 3 & E 2| ‘% g |& g gz |3 £ |8 g E » -é £ iE
high-technology industries such as aircraft and spacecrafl, railway and tramway (;g T} ! é :‘j 8“;6 8 g ‘g % 7 ¥ |3 K 2 glg % o
locomotives and rolling stock, and insulated wire and cable appeared. % 34 & 2 é 22 g g, g § ;; g g gv 3 i—::
i o E ElS Si®l e I w2 = 2 2l Y
This divergent pictures depicted by CTAI excluding FDI and CTAL including gl gl \EIEE5 8 g'j% SIE 15lel 5813 88 |3
FDI may not be surprising as the Spearman’s rank correlation test indicated that the <| Bl B2 §§ Eﬂ Eia 218 |28 #5255 |5
ranking of both these indices differ significantly from each other. Taking all the five AHEIHEE  HHH E g§ E :5, “3" :é; T 8% |5
modes of technology acquisition namely R&D, disembodied technology import, EIEIEIR: 2o g ek gg EENEIEE £% £ - £t
capital goods import, investment in domestic capital goods and FDI, the Indian SIE| 2 ElE :’é E1g|E)S %Q &R 8l3|8 &l8|s 8|3 28
high-technology industries appears to have done well relative to low-technology Al 51215182 5|8/ 585 SR %é 55 %i
industries. Therefore, the study brings out the fact that in the construction of any #|=|E|l2 232 S| SEFZEEZ 55553 21
composite technology index inclusion of al} the relevant technology indicators is giglizlel o lgizial o ol = - ol | N%
very crucial for inter-industry comparisons. '!;? @ e P e S g el RAd R G o e N L -t D=4 B S N G et
To see how have technology-intensive Indian industries performed in the late i ) i
1990s as compared to early 1990s, the CTAJ including FDI has been comptited for LB TELEL g g 5 eleig 7
both the periods. - * .y 1 L e Bhtiminl e 2 Ef
LRl i e | m

Pable o inthe ek sudman s the anstholed e senin s Tor el o
petiaids of G I g Be Sien that dnter ey plikange Bl cluniml s miioantly
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Table 9 (corrd)

o G
High Tech 311 |Manufacture of electric motors, generators and transformers -0.151 32 0.946 . 2
tow Tech 192 |Manufacture of footweoar 0.196 14 0.436 5
High Tech 322 gf};n;af{ajgugr ?; tji\{; zssna:d radio transmitters and 0,269 40 0.05 24
Low Tech 160 | Manufacture of tobacco products ~0.035 27 0224 16
Low Tech 261 |Manufacture of glass and glass products 1.277 2 1.484 1
Low Tech 231 | Manufacture of rubber products -0.267 39 -0.094 30
Hiph Tech 293 | Manufacture of domestic appliances n.ec 0.479 5 -0.196 34 g
High Tech 333 | Manufacture of watches and clocks 0.518 g 0.097 21 %
Low Tech 369  [Manufactaring n.e.c -0.54 §2 -0.314 42 -
Low Tech 152 [Manufacture of dairy products -0.233 38 -0.,224 36 ?_-
Low Tech 232 | Manufacture of refined petroleum products -(.475 50 -0.284 38 ;:g
High Tech 241 |Manofacture of basic chemicals 0.121 i7 -0.406 45 E’E
{ ow Tech 289 Mam.?facturc f)f chq 'f'fxbrieated metal products; metal 0.083 19 0,446 49 %
working service activities ) m
Low Tech 252 |Manufacture of plastic products 0.153 16 -0.002 26 2
Low Tech 171 |Spinning, weaving and finishing of textiles -0.18 34 0.398 8 %
Low Tech 173 | Manufacture of knitted and crocheted fabrics and articles ~0.334 44 0.068 23 %
- gi:izgh Tech 331 Man}zt'acture of medic_aj appliamcs and instraments and 0031 25 0.205 14 0
- § appliances for measuring
..g Low Tech 271 iIManufacture of Basic Iron and steel 0.243 13 0.379 9
Low Tech 272 |Manufacture of basic precious and non ferrous metals -0.332 43 0.019 25
Low Tech 181 |Manufacture of wearing apparel, except fur apparel -0.36 48 -0.456 51
.. Low Tech 269 | Manufacture of non metallic mineral products n.e.c. 0.2 37 -0.384 44
i ipeniaion e < N ]
oduit 0.015 23 0.351 2| 2
0.62 7 0.258 I5 ¥
Hiek related to printing 0,033 26 0.087 22 %
E Slanulag insalated wire and cable -0.04 28 0376 19 2
231 (Publishing -0.273 41 0,136 20 2
' l 41 iiifa?;:g g;s(;isé;ing and preservation of meat, fish, fruit, 0.037 71 - 0.43 6 ?
28] Manufacture of struciural metal products, tanks, reserveolrs 0,352 46 0211 35 %
and steam generators s
154 Manufacture of other food products 0.775 4 0.358 I o0
273 | Casting of metals 0.365 i -0.038 29 g
153 ;:Eigi Eiztgdo;%;ﬁ;;nﬁ products, starches and starch 0.068 20 1982 2 %
200 Manufacturc of products of food, cork, straw and platting (.069 1 0399 7 {:”;):
materials _ o
351 | Building and repair of ships and boats -5 54 0052 o 28 AL
191 ;thgfgziiﬁéfs@ig ggzmhcr; manufacture of luggage, 0.594 53 0663 | 58 g
352 xﬁ?:ég?;ﬁ of railway and tramway locomotives and 0.934 56 0.067 37 g
353 | Manufacture of aircraft and spacecraft -(3.344 A5 0319 | 13 8
155 | Manufacture of beverages (.453 10 0,206 i7 <
[ 20 | Saw milling and planning of wood 3185 36 1 047 E 18

%{ﬁ:e Technological classification of industries is based on OECD Science, Technology and Industry Scoreboard
FeE, Agnex 1.2, Classification of manufacturing industries based on technology.
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Of the total 24 high technology industries, exactly half have moved
downward in industry rankings because of their low level of investment in
technology acquisition during 1996-2001. Significant downward movements
include other electrical equipment n.e.c. (from rank 3™ in 1991-95 to 39" rank in
1996-2000), parts and accessories for motor vehicies and their engines (from 5 1o
43" rank), transport equipment n.e.c. (from 6™ to 31% rank), watches and clocks
(from 81 to 21 rank), domestic appliances n.e.c. (from 9 to 34" rank),
accumulators, primary cells and primary batteries gfrom 12 10 33™ rank), optical
instruments and photographic equipment (from 15 to 54t rank), basic chemicals
(from 17 to 45% rank), general purpose machinery (from 22" to 41% rank),
electricity distribution and control apparatus (from 24™ 1o 47t rank), special
purpose machinery {from 30" o 52M rank), and television and radio receivers,
sound or video recording (from 35 to 46 rank}. Of the 32 low technology
industries only 12 industries have witnessed & downward movements in their
rankings. This suggests that only 38 per cent of low technology industries have seen
downward movements in their rankings whereas 50 per cent of India’s
knowledge-based industries seen adverse rankings in the late 1990s. The fact that
relatively more number of high technology industries have done poorly in acquiring
new technology than low technology industries raises a serious concern on the
technological activity in Indian industries. The policy makers should put more focus
on these high-technology industries that have slided back in the 1990s.

8. Conclusion and Implications

This study examined the wends and patterns of technology acquisition in
Indian manufacturing during the period 1991-2001. As compared to the previous
period, the 1990s has seen dramatic liberalisation in Indian technology policy with
a view to withstand global competitiveness. Liberalisation measures, among many
others, include free imports of capital goods, lifting of foreign ownership restriction
in majority of the industries and putting in place automatic approval procedures for
FDI, and liberal policy regime for foreign technology collaborations. The present
scenario of increased reforms towards integrating India with the global economy
necessitates a clear analysis of the technological activities of Indian indusiries as
technology forms the basis for global competition.

The study, to begin with, distinguished four modes of technology acquisition
for Indian manufacturing such as in-house R&D, import of disembodied
technology, foreign capital goods™ import and investment in domestic capital goods.
Later on, FDI has been added as another mode of technology acquisition, As far as
Indian manufacturing is concerned information on all the technology indicators are
not available at standard industrial classification, hence, this study constructed a
new technology indicator database for Indian manufacturing. First, a concordance
was developed between Prowess database of CMIE-and SIC Revision-1998; Second,
using: the coneordance fechnological measures were derived from: the Prowess
database: for 56 Judian cndostriesab theee sdigits fevel Ui e annlvain. wis

eI (’:‘?ﬂil'!li?li!éi;;'i[ité&r'r'i}l{hié‘lll“}; ML
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technology measures, their intensities and then by constructing a composite
technology acquisition index.

A few pertinent conclusion from the research can be summarized here.

First, the R&D intensity and dis-embodied technology intensity of Indian
manufacturing have been rising during the period 1991-2001
contrary to the national level trend of declining R&D intensity. This
increasing trend of manufacturing R&D intensity is observed to be
broad-based among Indian industries between the periods 1991-95
and 1996-2001 whereas increase in dis-embodied technology
intensity is limited to a small number of industries. The results
indicate that liberalisation of technology import policy does not have
any adverse impact on in-house R&D activity in  Indian
menufacturing vis-2-vis foreign disembodied technology import,

wecond, the technological activities in Indian manufacturing is highly
concentrated in character, The analysis revealed that large chunk of
technological activity is confined to a small set of industries either in
terms of R&D, import of disembodied technology or investment in
foreign and domestic capital goods.

F'hard, the investment of Indian manufacturing in accumulating capital
goods, foreign as well as domestic, has seen dramatic decline in the
1990s.

Fouarth, the FDI participation in Indian manufacturing is quite moderate (less
than 18 per cent) over 19912001 except the manmade fibers where
38 per cent of industrial ownership rest with foreign promoter,

Fifth, the overall technology acquisition index over 1991-2001 which
includes FDIL suggests that high-technology industries in Indian
manufacturing are doing well in technology accumulation,

Huwiver, poliey makers should not be complacent on the fact high-
tedhuligy ndustrics have done better in the overall technology acquisition index
ore i PIE i low-technology industries. The higher technology acquisition

dwel i epleieehnology vis-a-vis low-technology industries may be merely
el e the sectoral differences, Given the definition of high technology

Bl e ilide tht intensively produced and used technology, it may not be
g i ey are also more technology acquires in Indian manufacturing than
B hiedng e industeies. Accomposition of detatled industry- Jevel technology
S e natyies wilhe plabakpieng iy dhresemore: lsights on how
L b andi s e werlonininp s better i dhe mleeational. coiress The
Sha b Bad the aé‘zm_iilf preriod fin 1o --"35‘%.?!].!_1; fung o) 5%3;;&,5;::‘%&:&!1%1!
o Bd badodedlieleey dndieiien teve stided downwnd n inter
o bl the el 19U Tl b aniah e sasieed i echinoliey
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relative term. Targeting these low performing industries with appropriate policies
are hence called for.

The fact that technology activities are concentrated in a small number of
industries in Indian manufacturing, possess another concern for policy makers, The @
sectors which are not doing well in total manufacturing technological activities |
should be given more special focus and incentives for innovation. The rising |
technology intensities are surely encouraging trends but are not enough for serving -
India’s long term strategic advantages in the global market. The technclogy
intensity of Indian knowledge-based industries must be pushed forward to the levels |
of global competitors. The declining intensity of capital goods employment, foreign
and domestic, is another area which need to looked into. Slower rate of employing
new vintages of capital goods can put Indian industries at a disadvantageous |
position vis-a-vis their competitors, '
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