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Liberalization, Firm Size and R& D performance:
A Firm Leve Study of Indian Pharmaceutical Industry

Abgtract: In the present paper, it is attempted to empirically verify the impact of
economic liberalization on the R&D behaviour of Indian pharmaceutical firms
controlling for the effects of several firm specific characteristics including firm size. The
results from the Tobit analysis for a sample of firms over the period 1989-90 to 2000-01
indicate that competitive pressure generated by liberalization has worked effectively in
pushing Indian pharmaceutical firms into R&D activity. A host of firm characteristics
like firm age, Size, profitability, intangible assets, export orientation and outward foreign
direct investment are also found to be important determinants of innovative activity in
the industry. The study suggests several policy measures to further indigenous
technological efforts of pharmaceutical firms, which include, removing obstacles that
inhibit outward orientation of firms, providing special scheme for small size firms in the
overall technology policy for the industry, intensifying collaborative research efforts
between private sectors and government research institution, and utilizing flexibilities in
the TRIMs agreements to persuade foreign firms to relocate their R&D units into the
country.
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|. Introduction

Indids pharmacautica indudry today dands among the technologicdly most
vibrant segments of Indian manufacturing. It is wel understood in the literature that the
levd of growth and technologicd development exhibited by the indudry is a success of
drategic policy interventions conscioudy underteken snce late 1960s with the specific
objectives of sdf-aufficiency in drugs production, sdf-rdiance in drugs technology and
accesshility o qudity drugs a ressonable prices. These interventions induded
encouraging indigenous  production and technologicd  devdopments  through  locd
content and linkage requirements, incentives to loca R&D, encouraging generics over
branded products, subddizing smdl-scde sectors, Drug Prices Control Order (DPCO)

! See Kumar and Pradhan (2002) for detals of policy changes and its impact on the growth of Indian
pharmaceutical industry.



and contaning the activities of foreign multinationd enterprises (MNEs)  through
Foreign Exchange Regulation Act (FERA) and discriminatory licensng sysem. The <oft
Intellectuad Property Protection (IPR) regime as envisaged in the Patent Act 1970 was a
tuning point in the growth of indigenous pharmeceutical indudry. The provisons of
process patents with a maximum duration of patenting reduced to seven years and the
compulsory licensing after three years from the grant of the patent had boosted locd
innovation, mainly in process and formulaion development’. The avalability of life
saving and other drugs in India a a fraction of prices prevaling internationdly and
donificatly a a lower time gap between its introduction in the domestic market and
introduction in the world maket underscore the success of favorable policy
interventions®. At the dawvn of Independence, the indusry hardly had any technological
base to dat locd production ad weas only processng imported bulk drugs into
formulaions. By the eghties the industry had accumulated technologica capability to
produce bulk drugs from as basc dage as possble and achieved a high degree of sdf-
aufficiency concerning its requirements of basc raw maerids and intermediates. This
risng domedtic technologica capability in the indudry is dso reflected in the favorable
trade baance that the country is enjoying in pharmaceuticd products since late eighties
as compared to huge deficits of Sixties and seventies.

However, as a pat of the ongoing economic reforms many of the favorable
policies that had nurtured this industry through decades after Independence are radicdly
changing. TRIPs agreements seek to completdly undermine the exising process patent
regime-the heart of growth impetus of the industry. The country has a 10-year trangtion
period to implement a 20 years paent protection for an innovation, irrespective of the
fact that the product is locdly manufactured or inported. With the amendments of Indian
Paent Act, 1970 in December 1999 in Paliament, the mechanism of excusve
marketing rights (EMRs) and a malbox sysem of accepting product patent are dready
in place as trandtory meesures to shift to the product petent regime. As per rule, Indian
companies will not be aile to reverse engineer any patented product in the post 2005

scenario. Even though they have the freedom to do so in the case of dl molecules

% Fikkert (1993), Haksar (19%) and Kumar and Sagib (1996) have argued in their quantitative exploraions
into the R&D activity of Indian firms that the innovative activity of these enterprises has been stimulated
by the soft patent regime under the 1970 Patent Act.

® For example the prices of Ranitidine, Famotidine, Astemizole, Ondansetron in the US market are a about
50 times the Indian prices and most of these drugs had been introduced in the domestic market within 45
years of their introduction in the world market (see Table-2in Kumar and Pradhan, 2002)).



regigered until December 1994, their scope for adgptaions and process developments
will progressvely reduce in the long run. Therefore this emerging policy regime has
sgnificant implications for the future technologica deveopmentsin the industry.

The phamaceutical indusry is a ressarch and development intensve indudry.
Therefore, a continuous flow of R&D efforts is essentid for the development of
pharmeceuticd  indugtry. In the backdrop of the recent policy reforms, the most
important question therefore is how has the indigenous technologicd activity of the
industry been affected by the new policy regime The primary objective of the present
dudy is to empiricaly examine the impact of liberdization on the innovetive activity in
Indian pharmeceutical indudry. It will dso andyze the role of severd firmspecific
characteridics like firm sze, age, knowledge acquistion from doroad, export orientation,
outward investment, multinationd affiliations etc which literature on R&D had identified
as important determinants of R&D behaviour a the firm leve. The man purpose of such
a quantitative andyss is to derive some draegic policy options tha can hdp to
grengthen the technologicd lifeblood of the industry to mantain its competitiveness in
aliberdizing regime coupled with product patent system.

The paper is dructured as follows. Section |l presents recent trends and patterns
of R&D in Indian pharmeceuticd indusry.  Section 11l formulates the empiricd
framework and hypotheses on the determinants of R&D activity. It dso discusses
methodologica issues. The empiricd results and discusson are presented in Section V.
Section V provides conduding remarks with underlying policy implications.

I1. R&D activity in Indian Pharmaceutical Industry: Recent trends and patterns

R&D activity in Indian pharmaceutica industry has increased subgantidly in the
latter half of the nineties, both in absolute amount of rupees spent and as a proportion of
totd turnover. The esimated R&D expenditure by the sample firms has risen from mere
Rs. 8 crores in 1990 to an impressve figure of Rs 515 crore in 2001 (Table-1). The
trend in R&D intendty indicate that the sample firms have spend around 2.2 percent of
sdes in 2001 as compared to 0.2 percent in 1990. In tems of R&D intensty the
performance of foreign firms is however observed to be contrary to the expectation when
compared to domedtic firms. The observed R&D intensty of domegtic firms, 2.6 percent,
is three and hdf times higher than that of foreign firms, which is low a 0.74 percent. The
R&D intendty curve of domedic firms is continuoudy lying above the sample average



gnce 1994 and has been more or less risng (Figurel). While that of foreign firms is
continudly lying bdow sample average after 1994 and gopear to be dedining snce
1997.

The advocates of drict patent regime generdly argued that product patent would
leed to an increase in the internationd technology transfer to India by encouraging
foreign firms to introduce ther new products and reocating their R&D units into the
country because of its chegp personnd codts. The trends in R&D intendty however
gopear to be not supportive of this view. Foreign firms given ther captive access to the
laboretories of ther parents ae incurring minimad R&D expenditure in the naure of
locd adaptation of their product in the country. This is in accordance with the trend in
R&D activity of MNEs to be concentrated in the home country because of the economies
of scde in innovaive edtivities, agglomeration economies, and a need to protect firm-
gpecific technology. The country had bitter experience of the Paent and Desgns Adt,
1911 where grong patent regime led foreign firms to be merdy engaging in trading
ativities by processing imported bulk drugs into formulaions and virtudly holding back
indigenous  efforts towards technologicd  self  sufficiency®.  Empiricd  studies on  the
relationship between patent protection and location of R&D activity by MNCs fals to
detect any sgnificant correlaion in the case of developing countries’. Therefore, the low
R&D intendty of foreign firms as compared to domedtic firms should not surprise us.
Nor should we expect that ther R&D intendty is going to be changed subgtantidly after
the product paent regime come into force Given ther monopoly Status enjoyed under
TRIPs and dso the provison tha imports of the product is &kin to loca production the
hope on foreign firms as a source of R& D activity may be unredistic.

* Desa (1980) documented two cases where foreign patent owner neither had used their paents for
domestic manufacturing nor alowing them to be used by locd firms These are (1) Hoeshst preventing
Unichem Laboratories from producing tolbutamide and (2) Thereupon Excd Indudtries being prevented
from producing the fumigant by ancther foreign firm.

® Kumar (1996) found that R&D intensty of US dffiliates is positively and significantly dependent upon
the strength of patent protection (Rapp and Rozek index) in the case of developed countries but not
datigticdly different from zero for developing countries. Kumar (2001) in a more recent study confirmed



Table-1 R& D intengty in Indian Pharmaceutical Industry, 1990-2001

Sample Firms Domestic Firms Foreign Firms
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Note: Data are for fiscal year ending March 31 of the year shown
Source: Authors computation based on RISDSIR database (2002)
Figure-1: R&D in Indian Pharmaceutical Industry, 1990-2001
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that the strength of patent protection (Ginarte and Park index) is not a sgnificant factor in explaining R&D




Even though it is encouraging to find that R&D intengty of the industry has risen
subgantidly in the later pat of the nindies it is vey low compaed to exising
internationd levd of 1015 percent of sdes The fact tha there are only one-thirds of
sample firms incurring R&D expenses in the industry need aitention. Further, most of the
research efforts are confined to the process improvements and to a limited extent
ressarch on drug ddivery sysem. Baring few firms the industry has not yet made
progress in channding research activity into basic ressarch wherein the god is to invent
new drugs. The resource condraints gppear to explain this inability of private sector
firms to meet the huge cost entailed in developing a new drug. This is clear from the fact
that from Independence to 2001, only 14 new drugs have been developed in the country
and out of which 11 have come from CSIR, a public funded research institution®.

Tdde-2 gives the didribution of firms over different dze classficaion of R&D
intengty in 1999-2000 (ds0 see figure2). The number of firms is unevenly distributed
across different classes with a strong concentration in the lower end. There are 139 firms
in the industry who do not underteke any R&D activity (0.00.0 sze) and another 47
firms who engage in R&D but amount to less than 1 percent of ther totd sdes (0.01.0
g9ze). Only in case of 16 firms the observed R&D intengty is found to be a respectable
intengty of 3 percent and above. Therefore, the peatern of R&D activity in Indian
pharmaceuticd  indudry reveds that mgority of firms do not engage in innovaive
activities and mgjority of those engage spent margindly as proportion of their sdes,

Table-2: Digtribution of firmsaccording to R& D intensity, 1999-2000

R& D intensity (%) Number of firms Percent Cumulative Percent
0.0-0.0 139 62.3 62.3
0.0-1.0 a7 21.1 834
1030 21 94 92.8
3.0-5.0 9 40 96.9
5.0 - above 7 31 1000

Source: Authors compuitation based on RISDSIR database (2002)

intensity of US and Japanese effiliates.
® GO, 2001, pp.140



Figure-2 Didribution of Firms based on R&D intensty in Indian Pharmaceutical
Industry, 1999-2000
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A lig of twenty firms with lages R&D expenses incurred during the period
19992000 has been provided in Table-3. Ranbaxy Laboratories Ltd. has spent around
Rs. 55 crore in R&D activity and tops the rank. It is one of the few research based
inernationd  pharmeceuticd  companies to drive the compeitiveness of the indudry in
internationa market with subsdiaries in more than 20 countries across the globe. The
company has a strong presence in the antkinfective segment with 12 brands in the tgp
250 in the domestic market. The Indian company that has ranked second in terms of
R&D expenses is Wockhardt Ltd. which has very drong presence in antibiotics and
andgescs. Even though the company stood second in absolute amount of R&D it is &
the top conddering R&D expenses in reation to sdes. There are only two foreign firms
namedy Novatis India Ltd. and Glaxosmithkline Pharmaceuticals Ltd, which make into
the lig by virtue of ther absolute amount of R&D expenditure. It is important to note
thet these two foreign firms, even though has spent substantid amount on R&D in
absolute sensg, it is in fact very nomind in terms of R&D intendty and these two firms
gtood last in the rank series based on R&D intensity.




coefficients and u; isanormdly digtributed error term.

The important reason for esimating a Tobit moded is the fact that the dependent
vaidble R&D intendty takes on the vadue of zero for a large proportion of cases and



hence smple OLS edimation will produce biased edimate. As there are two types of
effects associated with each independent variable in the Tobit modd — (1) the effects on
the vdue of R&D intengty for cases a the limit vaue (i.e zero) and (2) another for
cases above the limit, the sngle ordinary Tobit coefficient is not directly interpretable.
Ressarchers often meke mistake by interpreting Tobit coefficients as the effects of
independent variables on the dependent variable for cases aove the limit. McDondd and
Moffitt's (1980, P. 318) decompostion is therefore highly useful by the fact that it
disaggregates Tobit effects into these two types of effects

TE(R& D) HAE(R& D’ ) oAF(2) 6
———=F(Z +E(R& D’ 1.2
X, 2 . ( )rﬂ (1.-2)

Where HZ) is the cumulative normd didribution function for the proportion of
cases above the limit. E(R&D) is the expected vdue of R&D intendty for dl cases
(firms with and without R&D). E(R&D) is the expected vaue of R&D for cases above
the limit (firms with R&D). E(R&D’)/ X is the change in the expected vaue of R&D
intengty for cases above the limit (with R&D). F(2)/ X« is the change in the
cumuldive probability of being above the limit (having R&D) associaed with an
independent varigble.

Thus, eguaion (12) dates that the totd change in R&D consds of two
interesting effects (1) the change in R&D intensty of firms incurring R&D, weighted by
the probability of doing R&D; and (2) the change in the probability of doing R&D,
weighted by the expected vadue of R&D of firms if incurring R&D. The sudy will
edimate this decompostion for deiving more informetion then wha ordinary Tobit
coefficient commonly provide.

Fdlowing the ealier theoreticd and empirica literature on the determinants of
R&D activity a firmlevd for India and other countries the study envisage tha R&D
activity of pharmaceutica firms may depend upon a number of factors (X it) as discussed
below.

Firm Sze
Most of the empiricd literaiure on the determinants of R&D following the
Schumpeterian  perspective of innovetion dresses firm Sze as an important  factor

10



influencing R&D behaviour of firms (for recent surveys see Cohen, 1995 Kumar and
Sddhathen, 1997). The basc Schumpeeian hypothess visudizes a direct podtive
raionship between firm sze and innovation. Larger the firm dze the larger its market
power and larger its capacity to agppropriste economic rent from innovative activity. By
nature R&D activities involve huge financid resources, contain congderable risks and
the outcome is unpredictable (Ldl, 1992). Frm sze, which is conddered to proxy for the
resource base of the firm, risk perception and scade economies, is thus predicted to be
favorably affecting the R&D behaviour of firms. The empiricd findings on the role of
firm dze however is observed to be mixed in the case of Indian manufacturing. Ldl
(1983) for a sample of 100 Indian engineering firms for the year 1978 found that R&D
intendty of the sample firms depend postivdy on ther Sze. For a crosssection of
indudries for the year 1978-79 Karak (1985) reported a less than proportionate incresse
in R&D expenditure with an increase in firm dze. There are another group of dudies,
which detected a norHinear rddionship between firm dze and R&D behaviour.
Sddharthan (1988) for a sample of 166 manufacturing firms over the period 1982-85
found that the rdationship between R&D intendgty and firm sze is U-shaped. The R&D
intengty of firms decreases until firm sSze, as measured by sdes reached a threshold
limit of Rs 600 million and theresfter it increases with sdes volume. Kumar and Sagib
(1996) have edimated both Probit and Tobit modds for a sample of 291 Indian
marufecturing firms for the period 1977-78 to 1980-81 to examine the deerminants of
probability and intendty of R&D expenditure repectively. They found an inverted‘U’
sheped rdaionship between firm sSze and probability to underteke R&D  activity
whereas the R&D intendty of firms is pogtivdly and linearly rdated to firm sze In a
recent sudy, Kumar and Agawad (20000 for a much larger sample of Indian
manufacturing firms over the period 1992-93 to 199899 have reported a horizontd S
sheped rdationship between firm sze and R&D intensty. In the pooled OLS estimétion,
firm dze and its cubic tem have a dgnificat negaive coefficient wheress quadratic
teem has a dgnificat pogtive coefficient. In view of the incondusve findings on the
role of firm dze in innovative adtivity in Indian manufacturing the present study will dso
examine for possble nonlinear rdaionship. Spedficdly firm sze (SIZE) as wel as its
quadratic term (Sl ZE?) will beinduded in the esimation of mode (1.1).

11



I mports of Foreign Technology

As firms of deveoping countries tend to have limited research cgpabilities to
develop ther indigenous technologicad capabilities they resort to imports of technologies
from abroad. A domedtic firm can import technologicd inputs like plant and machinery
and further it can acquire knowledge through technology and know-how agreements.
How ae these embodied and disembodied channds of technology imports rdlated to own
inrhouse R&D activity of the firm? To the extent that imports of foreign technology
require further R&D on the pat of importing entity to absorb, adgpt and assmilate the
imported knowledge to locd conditions, it may dimulate locd knowledge-cregting
activities. It is ds0 possble that the rdaionship will be dominated by subditution when
avalability and use of foreign technology discourage and hence subdgtitute R&D  activity
of recaving firms. The naure of R&D determines whether the rdationship will be
complementary or a subdiituting type. If R&D activity is mainly of an adaptive type as
assumed by Lal (1983) and Karak (1985) for R&D edtivity in Indian manufacturing
then a complementary rdationship can be podulaed. Previous dudies on Indian
manufacturing predominantly indicate a complementary reaionsip between imports of
foreign technology and R&D activity of domedtic firms (Lal, 1983; Katrak, 1985, 1990;
Kumar, 1987; Sddhathan, 1988; Deddikar and Evenson, 1989; Basat, 1997; Kumar
and Agarwd, 2000). To test the impact of foreign technology on locd R&D activity of
Indian pharmeceutical firms, the sudy has incduded two variables DISTECH (roydties
and technica fee pad abroad by the firm as a percentage of sdes) and EMTECH
(imports of capitd goods as a percentage of sdes) as two messures o technology
imports.

Outward Orientation

R&D peformance of firms may adso depend upon whether the firm is outward
oriented or not and if yes the degree and mode of outward orientation. An outward
oriented firm is one who sees not only domestic market but dso externd market as an
important avenue for its growth and expanson. It can sarve the externd market through
export or outward direct investment. In a knowledge-intensve segment of globd market
like pharmeceutica, the export compeitiveness increesngly lies in conscioudy created
firmgpedific knowledge like better qudity, innovaive desgn and maketing by
incurring greater R&D expenses. Therefore, the export intensty EXPOINT) of a firm is

12



expected to affect favorably its R&D activity. Braga and Willmore (1991) for Brazil and
Kumar and Sagib (1996) and Kumar and Agarwa (2000) for India have found that
divardfication of firms into intenationd markets sgnificatly increeses both  their
probability to do R&D and ability to do R&D more out of totd sdes When the outward
oriented firm chooses to sarve the externd market through the mode of foreign direct
invesment, the indudrid organization theory suggests that such internationd operation
of firms can be possble only when it possessed some monopoligic advantages
confarring on it some superiority over locd rivds in that markel. The R&D is an
important channd of accumulating monopoligic advantages and therefore firms aspiring
to go for internationd production are likdy to underteke R&D activity. Lal (1983)
documented that the proprigtary advantages of Indian firms operating oversess activity
manly depend upon ther ability to reproduce a given technology, assmilaing and
adgpting to locd raw materids or operating conditions rather than pushing back the
frontiers of knowledge. Severd other dudies on the thirdworld MNEs (TWMNES) such
as on Koreen MNEs (Kumar and Kim, 1984; Euh and Min, 1986), on Hong Kong MNES
(Chen, 1983), on Argentine MNEs (Katz and Kosacoff, 1983) and on Brazilian MNEs
(Villda, 1983) suggess that the technological dtrength of developing countries MNES
lies in thar dbility in locd adeptations and modifications and sometimes  little
improvements of imported technologies. Therefore, literature on TWMNES indicate that
firms undertaking direct investment abroad from developing countries have strengthened
thelr technologicd capabilities by undetaking R&D mainly in the naure of adgptation,
assmilaion and improvements of foregn technologies. The dudy thus podulaed a
podtive reaionship between the varidble of outward invesment (OINV) and R&D

performance.

Ownership

In the case of ownership of the firm the working hypothess is that the foreign
firms spend reaively lower than wha domedtic firms soend on R&D. It is argued that
foreign effiliates tend to do litle R&D because they have ceptive access to the

" The industria organization theory of FDI as proposed by Hymer (1960) and later extended by
Kindleberger (1969) and Caves (1971) has been the most dominait explanaion for foreign operation of
nationd firms. This approach traces the existence and growth of the international operation of firms in the
phenomenon of market impefections. According to Hymer firms undeteking invesment abroad must
possess some monopolistic advantages like product differentiation, management skill, patents and superior
technology, control of the supply of key raw materials, economies of scale, etc which they can profitably

13



laboratories of ther parents Stuated in home country. This hypothess has been tested by
sverd dudies in India (Kumar, 1987; Kumar and Sagib, 1996; Kumar and Agarwal,
2000) and overwhdming evidence suggests that foregn firms in Indian manufacturing
have done sgnificantly less R&D than their domestic counterparts Many dudies on the
internationdization of innoveive activities a0 suggest that MNEs tend to conduct little
R&D outdde ther home base (Patd and Pavitt, 1995; Patd and Vega 1999). Amsden
(2001) in a sudy on mgor devedoping countries of East Ada and Lain America found
tha more the foreégn ownership less is the depth and breadth of R&D. Among
developing countries Singgpore stands out to be an outlier in the sense thaa MNE
dfilites had underteken large proportion of R&D accounting for more than one-third of
Sngapore's totd R&D spending. However even in the case of Singapore it was found
that the R&D activities conducted by foreign companies are rardly of basic research or
even goplied research and are generdly less advanced than at corporate headquarters
(Amsden et. d. 2001). Therefore, a negative coefficient for the foreign dummy EDUM)
has been postulated in the modd.

Intangible Assets of Firms

R&D activity of a firm can be agued to depend pogtivey on the intangible
assets (INASSET) of the firm. Firms with superior intangible assats in the form of trade
marks, brands, copy-rights and consumer goodwill are likdy to invest more in R&D as
their brand superiority enable them to better gppropriate returns from ther innovative
activity. Brand loydty gives the firm required monopoly power to underteke R&D and
medt the preferences of amore informed consumer today.

Firm Age

Technologica cgpacity building by a firm is an incementd and cumulaive
process, which requires that the firm must accumulate knowledge, <kills, learning,
operding know-how and experience tha support continuous changes and improvements
in production process, products and procedures (Bdl and Pavitt, 1992, Aw and Baira,
1998). A firm learns from past production experiences and use thee accumulated
learning for further technologicd improvement. Therefore, firm age (AGE) as a proxy

exploit adroad by interndizing production rather than exporting from home country or licensng those
advantagesto athird party abroad.

14



for accumulated experience and technologicd learning is hypotheszed to affect R&D
performance positively.

Profit Margins

Given the fact tha R&D activity involves huge resource cgpability on the part of
innovating firm, a higher profit margin indicating internd resource generation is likdy to
have favorable impact on R&D decison of the firm (Kumar and Sagib, 1996; Kumar and
Agarwa, 2000). This vaidble adso ceptures the impact of fiscd messures like tax
exemption offered by the government for firms with recognized R&D units Other things
being congant it is expected that a higher profit margin PMRG) is likdy to induce firm
to undertake R& D and spent more as a proportion of saes.

Liberalization

There has been a radicd shift in the country’s policy framework governing
production and trade in 1991. Along with severd regulatory changes in the Indian
economy induding abdlition of mandetory licendng sysem and liberdizing FDI policy,
the hold of price control on pharmaceutica industry has been dgnificantly reduced.  The
domegtic firms no longer can count on domestic markets for their growth and survivd. In
the face of differ competition from free imports as wel as entry of new foreign firms
they are forced to utilize their resources and condantly upgrade and improve their
technologicd cgpabilities. To the extent liberdization force firms to underteke R&D on
account of foreign compdition for their survivd, a pogtive rddionship between
Liberdization and R&D can be expected. The effect of liberdization has been captured
by induding a dummy vaigde (LIBDUM) taking vaue of 1 for reform period (1993%4
to 2000-01) and O for pre-reform period (1989-90 to 1992-93).

After discussing a@oout the probable determinants of R&D, now we will include
them into our modd explicitly to obtain the following form:

R& Dijt = bg + b1AGEjt + b2SIZEjt + b3SIZEjt2 + b4DISTECH it + b5EMTECH it + bgINASSET it
+ b70INVj; + bgEXPOINTj; + bgPMRG ¢ + bqgFDUM + bq1LIBDUM + uj; if Xjtb + Ujt>0
=0 if Xjtb +UtE0  (L.3)

Fitting a regression equation like equaion (1.3) for the search of the determinants
of firms R&D behaviour has been the sadard practice in the literature. However,
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regressng R&D expenditure on its supposed determinants in a contemporaneous Ssetting
a pursued by the mgority of exiging sudies and the present dudy suffers from the
problem of smultaneity. The R&D behaviour of firms is a complex phenomenon and the
lines of causation often run from supposed determinants to R&D and from R&D to its
supposed determinants. For example, foreign technology purchese by firms may depend
on thar initid indigenous technologicd capeblities (Katrak, 1997) or high profit
margins of the firm may itsdf have resulted from its successful R&D activities (Kumar
and Sagib, 1996). A few of the previous studies have used lagged independent variables
in the edimation but precedence in time does not necessaily diginguish causes from
effects  Although the smultaneous equations gpproach has not been pursued, the sngle
equetion Tobit esimation adopted in the study serves as a ussful exploratory estimation.

V. Results and discussions

The modd (1.3) has been edimaed for a sample of 277 Indian pharmaceutica
firms over the peiod 198990 to 2000-01. The sudy draws upon an exclusve RISDSR
datsbese to conduct the quantitetive andyss Detals about the database used and
measurements of variable has been provided in the gopendix A. Table-4 reports the
maximum likdihood edimation of pooled Tobit modd as wdl as pand daa random-
effects Tobit esimaion. The pooled esimetion rexults given under the heading column-
A have been provided with robust standard errors. STATA-the datistical package used
for the edimation purpose produces robust dandard erors usng the Huber-White
sandwich edimators which can effectivdly ded with a collection of minor problems of
not meding the cdasscd regresson  assumptions, namdy  about normdlity,
heteroscedadticity, or some obsavations tha exhibit lage resduds, leverage or
influence.  In columnB we have provided fully sandardized coefficients of independent
vaiables which are by condruction stde free and hence are ussful in comparing the
rdative drength of the independent variables in tems of effect on the dependent
vaiadle. As discussed before the ordinary output as presented under column-A  provide
only one ungandardized Tobit coefficiert for each independent variable, notwithstanding
the presence of two types of cases those with zero vdue of R&D intensty (firms not
incurring R&D) and those with nonzero vaue of R&D (firms doing R&D). Therefore,
these dngle Tobit coefficients are not useful for effective interpretations. We have
provided two types of margind effects in McDondd-Maffitt Decompogtion framework,
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which are directly and effectivey interpretable (Column-C & D). In view of the pand
dructure of our dataset we aso have edimated random-effects Tobit modd and results
obtained thereof has been presented in column-E. As theoreticd devdopments on the
conditiond fixedeffects Tobit modd is dill in infancy and there does not exit a
sufficient gatigic dlowing the fixed effects to be conditioned out of the likdihood, we
ae not adle to provide results from fixed effects However, it is possble to edimate
unconditiond fixed effects modd by induding firmspecific dummies in the edimation
but results obtained will be biased and hence inferences drawn on that results will be
mideading.

The reported Wad Chisguare datidtics for pooled and random-effects Tobit
modd indicate that the estimaied modds ae ddidicdly dgnificant. That means teken
together al our independent variables explan a dgnificant proportion of variaion in the
dependent varidble. It is remakable that the overdl concusions deived from pooled
Tobit modd ae same as those provided by the randomeffects Tobit modd. This
gmilaity thus suggests that obtained results on the delerminants of R&D activity is
robus to dternative edimaion procedures, a leest between the pooled and random-
effects modd. The peformance of individud independent varigbles are as discussed
below.

Age The rde of firm age in the R&D peformance of firms in Indian pharmaceutica
industry is found to be favorable Both the pooled and randomeffects modd indicate
thet the varisble has a pogtive coefficient, which is datidicdly sgnificant a 1 percent
level Keeping dl dse condant, a one-year increase in age, on an average, produces
about 0.012 increese in R&D intengty of sample firms and aout 0.002 incresse in ther
probability to underteke R&D activity. This strongly supports our hypothesis that older
firms in the indudry have the competitive advantages of technologicd learning and
expeience in doing R&D as compared to datups The vector of dandardized
coefficents, however, indicate tha the rdative contribution of firm age in the
explanaion of R&D behaviour of pharmaceutica firms is less dominant than other
factors like PMRG, SIZE, INASSET, ec. In paticular, for a sandard deviation increase
in age, R&D intensty is expected to increese by 0.117 dandard deviations, holding dl
other variables constant.
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Table-4 Tobit estimation of R& D intensity

Dependent variable: R&D intensity (%)

Pooled Tobit Estimation Random: effects
. - i Tobit
Coefficients Fully MSDondd Mt.Off It Edtimation
Independent (Robust Z | Standardized —ecompostion L
Vaidole - Margina Effects a Means Cosfficients
vaue) coefficients 2
TEy 11X TF@/ (Z-value)
(Caumn- A) (Cdumn-B  (Column- Q) | (Column- D) (Caumn- E)
; 0.0486098* ** 0.0461297***
Firm Age 322) 01171 01161679 .00200513 @367
0.0225460* ** 0.0210577%**
SZE (5.49) 04320 .00538806 .00093001 809)
2 -0.0000159*** -0.0000142***
SZE 430) 0.3260 -3.791e-06 -6.543¢-07 672
-0.0089174 -0.0173747
DISTECH (070) -0.0118 -.00213108 -.00036784 (049)
-0.0021737 -0.0014154
EMTECH (131) -0.0226 -.00051948 -.00008967 027)
0.0037849* 0.0036426**
INASSET (175) 0.1912 .00090453 .00015613 (255)
0.0032283*** 0.0027093**
OINV (314) 0.0772 00077149 .00013316 200)
0.0636728*** 0.0602249" **
EXPOINT 309) 0.1769 01521654 00262646 625
0.0127921** 0.0120648***
PMRG (230 1.2505 .00305707 .00052767 387
05857572 05873535
FDUM (1.21) 00231 14256104 02465797 082)
3.3509366* ** 3.1924808***
LIBDUM 3.77) 0.1624 .713797654 12371236 6
-10.9466250* * * -10.4132003***
Congtant 415) -2.6160279 - 45154167 (14.42)
Sgma 7.607516
Sgma e 7.049186
Sgma u 1.201745
Log likdlihood -3001.5141 -2969.8501
wald chi2(11) 60.18 21437
Prob > chi2 0.0000 0.0000
Observations 1998 1998
Number of group 277 277

Absolute value of z-dtatisticsin parentheses
* Significant a 10%; ** significant at 5%; *** significant a 1%

Note: 1. fEy’/fx is the change in the expected vaue of dependent variable for cases above the limit (i.e
R&D intensty >0) and fF(z)/ ¥ is the change in cumulative probability of being above the limit
asociated with an independent verisble. 2. Margind effects is for discrete change of dummy variable from

Otol

Firm Sze According to the vector of standardized coefficients the effect of firm sze on
R&D behaviour of Indian pharmaceuticad firms stood as the second dominant factor after
the effects of profit margin (PMRG). Not only it is the second most important factor

18




influencing R&D but it is a0 observed to possess norHlinear effects. The firm sze and
its squared terms turn out with datidicdly dSgnificant postive and negaive coefficients
respectively. Apparently, firm size has a pogtive effect on R&D peformance of firms
but after some threshold the effect decreases with increesng levels of firm sze (see
Fugure3). This finding of inverted U-shaped rdationship between R&D and firm gze
lend support to the earlier finding of Kumar and Sagib (1996) for a sample of Indian
manufacturing firms.

Figure-3: Fitted quadratic effect of firm size on R& D intensity®

Total effect of Size with 95% value-wise confidence band

1 1 1 1

10.8239

F(Size size2)
|

-32.945

.01 1983.8
Size

It should be noted that mgority of earlier sudies suggeding that firm sze and
R&D behaviour is charecterized by nordinearity indicae only the shgpe of the
relaionship, faling short of providing any exact figure of threshold effect. In our opinion
researchers should caculate and present the value of threshold as such a quantity may be
of direct subgtantive interest for useful policy purposes and academic interest dike. For
Indian pharmaceutical indugtry this information has been furnished in Table-5. The
numericaly precise edimae of the turning point after which extra dze affects R&D

8Thegraph hasplotted SIZE against 0.02255* SIZE0.000016* SI ZE.
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negativdly is esimated to be Rs 710.7 crore Following the delta method® the standard
eror of the turning point is computed to be 69.9. The 95% confidence interva formed on
the assumption that the turning point is normdly digtributed dealy overlgps with the
relevant range of firm sze.

Table-5: Analysisof thenon-linear effect of firm size

Satidics Vdue
Range of Size (Rs. Crore) [.01,1983.89]
Szet+5ze2 has maximum in the turning point 710.694

S Error of turning point (deltamethod) 69.9656

95% confidence interva for the turning point (5735693, 847.8295)

As we know now that firm sze only up to Rs 710.7 crore has a postive impact
on the R&D peformance, it will be ussful to look a the sze wise didribution of the tota
sample obsarvations®. From Table- 6 it can be seen that nearly hdlf of the observations
fdl in the lowest sze dass of Rs. 0-20 crore. By the time sSze reach Rs 200 crore, 90
percent of the sample has been exhaugted. There are only 25 observations that fdl in the
sze class 700dbove range This finding only veify the often emphasized feature of
Indian pharmaceuticd indudry as highly fragmented with more than 20, 000 firms
competing for around Rs19737 crore maket™. The bulk of these 20, 000 firms are
grdl-scde firms that ae active in the industry now. Therefore, majority of Indian
pharmaceutica firms are far beow the turning point and suggedts that samdl firm sze has
been a foremodt factor respongble for kegping the R&D performance of the indudry a a

low levd.

Table-6: Distribution of sample observation according to sales range

Sales Size N“mbef of Percent Cumulative Percent
(Rs. Crores) observations

0-20 1015 49.0 49.0

20-50 359 17.3 66.3

50-100 246 11.9 78.2
100-200 238 115 89.7
200-400 143 6.9 96.6
400-700 45 2.2 98.8
700-above 25 12 100.0

Source: Authors compuitation based on RISDSIR database (2002)

°Linear approximation of the nonlinear function of the turning point in the regression coefficients.

% The number of sample observetions in the present case may not be equa to that was reported in the
esimation as STATA had dropped some observations owing to missing vauesin independent variables.

™ The production figure is for the year 1999-2000 taken from Organization of Pharmaceutical Producers of
India(OPPI).
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The government policy in the past had actively encouraged smdl-scde sector in
the pharmeceutica industry as a pat of the overdl indudrid deveopment drategy of
protecting and promoting smdl-scde sector to achieve a multiple of socio-economic
objectives such a employment generation and  equity, decentrdized  indudtrid
development, tapping new sources of entrepreneuriad  capabilities and so on. However the
two mog important objecives that marked the government policy in the case of
pharmeceutical  industry was the objectives of sdf-rdiance in the production of basc
drugs and ensuring supply of chegp drugs to the poor. A number of drugs like
Paracetamol, Parabenes, Cacum Gluconae, Benzyl Benzoate, Pyrazolones, Landlin
Anhydrous, Citrates, Halogenated Hydroxy Quinolines, etc have been reserved for the
exclusve devdopment in the smdl scde enterprises. The amdl-scde firms were kept
outsde the purview of DPCO and were exempted from the drug policy parameters. They
were provided with subgantid share of the maket in the Government Hedth Cae
Programme.

This policy of encouraging amdl-scde enterprises has  Sgnificantly  influenced
the sructure and deveopment of Indian phermaceuticad indudtry. It led to the emergence
of a drong gndl-scde sector in Indian pharmaceuticd  indudry engaged in the
manufacture of drugs and pharmaceuticas. Perhgps more important effects are felt on the
production of bulk drugs and consequently on the accesshility of people to hedth
security””. The government protection of small-scale sector coupled with low leve of
patent protection findly has resulted in the larger role that smdl firms are playing in the
growth performance of the indugtry. Another upshot of this policy is the generdtion and
drengthening of inte-firms linkages between smdl and large enterprises in the indudtry.
Many large firms who formerly used to undertake dl stages of drug production with ther
integrated production process darted subcontracting work on severd intermediate stege
of production to various smdl firms to teke advantage of government subdsdies to the
gmall-scale sector.

As the andl sze firms do not have huge resources necessary for developing any
new chemicd compounds ther survivd in the product paet regime without
govenment support is unthinkable Even ther smdl Sze do not pemit them to
underteke adaptive innovetion as reflected by the large number of firms not doing any
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R&D a dl and mgority of firms who are doing is very low in proportion to their Sze.
The fact tha competition in pharmaceutical industry is based on technology and thet
gndl sze firms lack resources to drengthen ther technologica capabilities warrant
gopropricte  policy response specificdly focusng on the technologicd needs of amdl
scde sector. Just because smdl sze firms do not have the required technological strength
to survive in a maket driven regime the country can ill-afford to see the withering of its
grdl-scde sector that is o ingrumenta in keeping the prices of many life saving drugs
dfordable to the poor people What the government a leest could do is to drengthen the
technology support and training for smal-scale sectors.

Technology Imports: None of the two measures of technology imports, viz. DISTECH
mesauring disembodied technology imports and EMTECH messuring  embodied
technology imports have come up with dgnificant effect. The sgn of both these
varigbles are obsarved to be negative but datidicaly not different from zero. This
uggests the reaionship between technology imports and R&D efforts of firms is neither
maked by complementarity nor subgtitution. The impact of technology imports tends to
vay acoss firms and on the average does not possess any Systematic effect on the
technological  efforts of importing firms. This findings is condgent with the ealier
findings of Kumar and Sagib (1996) that the R&D activity of Indian manufacturing firms
is nethe complemented by techndogy import messured as technology licensng
payments nor is subgtituted by it.

Intangible Assets: INASSET representing the intangible assets of the firm turns up with
a pogtive sgn and is ddidicdly sgnificant a 10% levd. In terms of the drength of
rdaive contribution as indicated by Standardized coefficents vector intangible assets of
the firm sood as the third dominating factor. A 1-percentage increese in the intangible

asts of the firm, on an average, bring about 0.0009 increese in R&D intengty of firms
engaging in R&D activity kegping other varigbles congant. The margind impect of 1-
percent increese in the intangible assets on the probability of firms to engage in R&D
adtivity is on an average, edimated to be aout 0.00016. The finding weskly lend

2 The share of smal-scale sector in the production of bulk drugs has increased from 7.7 percent in 1975-
76 to 20.9 percent in 1985-86. The corresponding share of MNE affiliates has decreased from 40 percent in
1975-76 to 18 percent in 1985-86 (see, Table-1in Kumar and Pradhan, 2002).
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support to our contention that firms with high brand vauation are indined to do R&D as
they are better placed to gppropriate returns from their R& D activity.

Outward Orientation: Both the messures of outward orientation, viz. OINV dgnifying
saving of the foregn market through outward foreign direct invesment and EXPOINT
indicating serving of the foreign market via exports turns out with postive coefficients
and are donificant a 1% leve. Obvioudy Indian pharmaceuticd firms thet are branching
out into foregn makes whether via FDI or via exports exhibit higher probability to
underteke R&D and invest more in R&D as a proportion of totd sdes In a knowledge-
based indudry like pharmeceuticals, the globd competitiveness of a firm is driven by
high technology, high <kill, qudity and rdigbility. Therefore entry into globd market
requires a grong technologicd backup on the pat of entrant and intense compstitive
pressure based on technologicd dynamism ensures that the firm is continuoudy
innovetive to be able to stay in the market.

Profit Margins: The link between profit margings PMRG, and R&D activity has been
found to be podtive PMRG has come up with a podtive Sgn and Sgnificant a 5%
level. In particular a 1-percert increase in the profit margins of firms on an average
increases about 0.00053 in the probability of firms to underteke R&D and about 0.0031
in the R&D intendty of firms keeping other variables congant. The effect of this variable
is the mos ggnificat on R&D peformance as shown by the vector of Standardized
coefficients. Therefore the result suggests that internd resource generation of the firm
sgnificantly incresses the R& D activity of Indian pharmaceutica companies.

Ownership: The FDUM capturing the effect of foreign ownership on the performance of
R&D emerges with a pogtive coefficent that is ddidicdly not different from zero.
Therefore there is no evidence to suggest that R&D behaviour of firms differs on having
mgority foreign ownersip as opposed to having domedic ownership. This finding is
paticulaly dgnificant and a variant with the view that liberd FDI policy and
drengthening of patent sysem will lead to a spurt in innovaive activities of foreign
firms and hence will lead to an increase in the internationa technology trandfer to India
It is argued that foreign firms will introduce their new products in the country and may
relocate ther R&D units in India because of its chegp personnd costs. However the view
that MNEs nay act as an engine of R&D performance does not ingpire much confidence
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in the face of many MNEs like Ciba Geigy, Boots, Hoechs and Rhone Poulence are
cdosing down their R&D units a a time when the country is moving towards a product
patent regime. If experiences are any indication the monopoly satus of MNCs may even
leed to contrection of innoveive activities as happened in the cae of Paents and
Desgns Act, 1911. Given the provison of TRIPs that imports is &kin to loca production
it may even reault in shifting of exising R&D units in the country to the home country of
foreign firm concerns. TRIMs, which prohibit the impodtion of peformance
requirements  like, export obligations, locd content requirements, locd manufacturing
requirements etc. by host countries further undermine the capability of developing
courtiers to induce foreign firms to do R&D locally™.

Liberalization: The vaiable, LIBDUM, which capture the possble effects of
liberdization on the R&D peformance of Indian pharmaceuticd firms has come out
with a podtive coefficient datidicaly different from zero a 1% dSgnificance leve. This
suggests that R&D peformance of pharmaceutical firms has increased subgtantidly in
the reform period (199394 to 2000-01) as compared to pre-reform period (1989-90 to
199293). The dandardized coefficent indicate that in the post reform period R&D
intengty of Indian phamaceuticd firms is expected to increase by 0.1624 sandad
devidtions, holding dl other varigbles condant. The margind effects of LIMDUM on
R&D intendty and probability to do R&D ae adso quite consderable. This suggests that
liberdization of indudrid, trade policies with impending product patent regime have
mede Indian pharmaceutical firms more conscious of the need to underteke R&D
activity, and indeed they had devoted subdantid resources in  that  direction.
Remembering the dructure of industry where mgority of firms are essentidly smdl size
imply tha the improved R&D peformance in the reform period may wel have come
from the performance of a samdl group of large Sze firms Smadl-scale sector due to scale
and resource condraint are not in the postion of venturing into R&Dled growth as few
large Indian pharmecauticd firms are doing. The government incentive package often
was of little hdp to smdl-sector as compared to large enterprises because latter are better

3 See UNCTAD (2001) for an illustrative list of 39 host country operational messures, pp.8-9. Historically
both developed and developing host countries dike have used these measures as a developmental tool to
ensure maximum benefits from foreign capitd while kegping & minimum its negaive impact. However,
the use of these measures is increasingly under attack from developed countries led by the United States.
The agreement on TRIMs in the 1994 Uruguay round GATT negotiation covered (i) locad content
requirements, (i) export performance requirements, (iii) locd manufacturing requirements, (iv) trade
baancing requirements and (V) foreign exchange restrictions.
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placed to obtan import permits for capitd goods intermediate inputs and raw maerids
and have preferentid access in the domedtic credit market. In many cases smdl firms
were ignorant of avalable concessons or were undble to handle the procedurd and
adminidrative complexity involved in the reevant office work. The fact that smdl-scade
sector are indrumental in ensuring the access of poor to qudity drugs cals for greater
role of government to directly strengthening their technologicd capabilities so that they
can survive in aliberdized business environment.

V. Conclusons and implications

Along with the implementation of macroeconomic liberdization in the country
the nineties had witnessed dgnificat changes in the policy regime governing Indian
pharmaceutical  indudry. The progressive dilutions of DPCO, liberd FDI policy, and
trangtory meesures of TRIPs have induced intense competition in the market. The above
empiricdl exercise finds that this competitive pressure has worked effectively in pushing
Indian pharmaceuticad firms into R&D activity. However, it is inferred that this impact of
liberdizetion is likdy to be limited to be a few large and medium dze firms as lage
sgment of gndl dze firms lack the huge resources that is required for product
development. The impact of firm dze is dso obsaved to have drong nonlinear impact
on the R&D peformance. Recently govenment has teken some initigtives like
edablisment of a Drug Devdopment Promotion Foundetion (DDPF) and a
Pharmaceuticd Research and Development Support Fund (PRDSF) in order to promote
R&D activity in the indudry. These government messures are seps in the right
directions but aso need to be target orientated towards smdl sze firms as these firms are
indrumenta in keeping drugs prices accessble to the poor. Also a the same time we
should promote some nationd champions as done by devdloped countries under their
Srategic trade policies.

The R&D behaviour of Indian firms appears to be not sysematicdly affected by
the avalability of foreign technology through licenang and imports of capitd goods
However, the outward orientation of an enterprise is a dSgnificant determinant of in-
house R&D. Therefore government policies that encourages Indian firms to exports and
to underteke outward direct invesment are very crucid in inducing firms to focus more
on the devdopment of indigenous technologies For a long time the government policy
with respect to outward foreign direct invetment has been redrictive due to the
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inaufficient foreign exchange reserves and precarious BOP pogtion. Only joint ventures
were promoted with minority Indian ownership and even that minor eguity participation
was reguired to be in the form of exports of Indian made capitd goods, equipments and
know-how. It is encouraging to note that recently these redrictions on outward direct
invesment has been liberdized. In October1992 government had issued the modified
Guiddines for Indian Joint Ventures (V) and Wholy Owned Subddiaies Abroad
(WOSs) which provided for automatic goproval for cases with equity vaue up to $2
millions of which up to $ 500,000 could be in cash and res by capitdization of Indian
exports of machinery, equipment, knoan~how or other services These procedures have
been further liberdized in 1999 and 2002 Guiddines. These outward oriented policies
are likdy to improve the competitiveness of Indian pharmeceutical firms and hence their
need to undertake large scale R& D activities.

Ancther dgnificant observation of the dudy is that the R&D behaviour of Indian
pharmeceuticd  firms crucidly depends on their intangible asssts mainly brand vauation.
FHrms that are promoting and cregting brands are found to be doing more R&D activity
as thexe intangibles drengthen ther power to gppropricte rents from ther innovative
activity. In addition, profit margins and firm age are other two mportant determinants of
R&D behaviour of Indian pharmaceutical firms. The R&D behaviour of foreign firms is
found to be not different from domestic enterprises.

The policy implications from the above andyds ae obvious In order to enhance
R&D peformace of Indian phamaceutical firms the government should focus on
removing obdades thet inhibit Indian firms paticpation in intenaiond markels via
exports or via outward foreign direct invesment. Recognizing the important role of firm
gze in R&D peformance policy must contain specid scheme for smal sze firms in the
ovedl technology policy for the indudry. Given the huge cogt involved in the badc
research, the pah of collaborative research efforts between private sectors and
government research inditution appears to be an important dSrategic option that needs to
be promoted sioudy. Technology trandfer reguirements for foreign firms or other
performance requirements that are permitted under TRIMs agreements can be utilized to
the fullest extent to persuade foreign firms to reocate their R& D unitsinto the country.
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Appendix A: Dataset and Measurements of Variables

The dataset used in the present study is a subsample of a lager daast, RISDSIR
database condructed from different sources a the Research and Information System for
the Nondigned and Other Deveoping Countries as a pat of the Depatment of
Scientific and Indudtrid Research (DSIR) research project ‘A Strategic Approach to
Srengthening the Internation  Competitiveness in - Knowledge-based  Indudtries  Some
Explorations into the Role of FDI Inflows Outward Investments, and Enterprise Leve
Technologica Effort in Promotion of Indids Knowledge Intensve Exports. The
dataset, which covers firmleved daa on various financid varidbles like exports, imports,
sdes R&D, outwad invesments, etc. of more than 500 Indan manufacturing
companies, has been compiled from the PROWESS database (2002), the Ministry of
Commerce, the Minidry of Finance, and the India Investment Centre,

Measurements

Al. Dependent Variable

R& Dit: Totd R&D expenditure as a percentage of total sdes of ithfirmin tth year.
A2. Independent Variables

AGE;:: The age of ith firm in number of years.

SZE;: Totd sdesof ithfirmin tth year.

SZE;: The squared term of the sles of ith firm intth year.

DISTECH:: Roydties technicd and other professond fees remitted aroad by ith firm
as a percentage of sdesin theyear t.

EMTECH;; : Imports of cgpitd goods by ith firm as a percentage of sdesin tth yeer.

INASETit: Intangible asset of the ith firm as a percentage of sdes in the year t. This is
the brand vauation as given in the balance sheet of the company.

OINVi: Defined as the stock of outward direct investment of the ith firm as a percentage
of sdesmultiplied by the age of multinationdity.

EXPOINTit: Exports of ith firm as a percentage of salesin the yeer t.

PMRG;:: Profit before tax (PBT) as a percentage of sdes.

FDUM: Dummy varidde for foreign owned firm teking vdue 1 for firms with 25 % or
more foreign equity participation and O otherwise,
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LIBDUM: Libedization dummy tsking 1 for reform period 199394 to 2000-01 and O
for the prereform period 1989-90 to 1992-93,
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