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CHAPTERI

Introduction

International trade literature has been Witnessing significant changes in emphasis on
factors influencing the"ﬂovy of goods across natiofial boundaries in the past few decades.
" The HecksherAOhlin-Samuelson (H-O-S) theorem, which was the dominant paradigm till -
the mid 1950s, was based ona mimber of restrictive assumptions, notably the assumptiOn
regarding identical prodnction functions across countries. The theoretical. developments
that have come abont in the post 1950 period bore a common characteristi¢ of emphaéis. '.
given to technology in intemational trade. While the neo endowment, intra-industry and
- strategic theories of ,_trade'analysed_the role of technology manifested in the form of skill
content of labour force, as being responsible for product differentiation and economies of
scale respectively, the neo technology theories of trade placed technology at the centre of

the analysi$ of mtemational trade.

Firm Level Technologlcal Capability and Exports

The neo technology theories, particularly the evolutionary approach falling w1th1n the

.former, as well as neo Schumpeterian theories focus on firm specrfic technological

capability and emphasise ‘thelimportance of firm level competitive advantage as being the

most important influence on trade (Rosenberg, 1982). As Lall (19.86). puts ‘In imperfect
- markets with widespread oligopoly where the bulk of manufactured exports by most

countries is accounted for by a small group of large enterprises, practically all the
determinants of an industries comparative advantage are embodied to some extent in firm-

: level ownership advantages’ (Lall, 1986: 81).

The widespread recognition of neo technology theories in expl-aining international trade
has largely been due to the fact that trade flows, of late, have become highly complex with

intra industry and inter firm transfers beginning to assume significance.



The tremendous growth achieved by several South East Asiar_l countries', through a policy
of export led growth and a systematic intervention in the market aimedv at l_mproving the
technological capability of firms, shifted focus towards the need for deve‘loping countries
‘acquiring and imprOVing fechnological_capability to be able to achieve superior export
performénce in high technology manufactured goods export. This new approach to trade,
~ which is often referred to.as the 'capability approach' points to the need for governments in
developing countries playing a crucial role of facilitating domestic firms to climb up in the |
. global technological Iadder and for attracting the much needed Foreign Direct Investment
(EDI)? by developing certain capabilities’. The new approach thus challenged the linear
conception of technological development which considered technological_development és
Synonymous with forelgn investment and technology transfer, and reaffirmed the crucial
role government has to play in creating the suitable policy erlvironment 50 as to enable

firms to develop their technological capability (Earnst. D., et al, 1998: 6).

Technological Capability and Trade: The Indian Experience.

The inward looking development policy which was the hallmark of development planning '

in India gave way to a loosening of controls in the seventles, followed by an
intensification of reforms in the erghtres which culminated in a full ﬂedged program of ..
liberalisation and structural adjustment in the nineties. It mvolved, among other things,
relaxation of controls on production, trade, technology acquisition, foreign investment, etc. -
A notablev objeotive of the policy of outward orientation has been to improve the

operational efficiency of Indian firms by exposing them to competition from abroad. It is

' Several studies have attempted to explain the crucial role played by the governments,
particularly in south East Asia in the technological development of these countries. For a review
of literature, see Bruton (1992) and Mytelka (1996).

2 It may be noted as pointed out in the world Investment report 1987 of UNCTAD, that
international capital moves, not so much in search of countries with lower resource cost as in
. search of destinations which possess certain kind of capabilities.

| 3 1In the view of, among others, Westpal (1990) and Lall (1990), through the right technologrcal

industrial and external sector policies, govemments in developing countries can. help domestic -
firms build up their technological capability. For instance, an export oriented economic policy
regime would enable domestic firms to interact with more sophisticated clients abroad which
drew forth innovative behaviour.’ ' :



also expected that.firrn‘s which have been catering to a large domestic market till recently' :
will be lured by the opportunities "existing in foreign markets and hence improve the |
foreign exchange earnings of the country. This would invari_ably require an improvement
| in the technological effort by firms. Given that liberalisation has 'conf_erred on firms,
greater leeway in acquiring technological knowledge, attempts have been__ made to
examine the technology strategy of firms. Basant (1996) found that firms adopt different -
technological strategles by combmmg in the best possible way the technology that is

available for purchase with their own R&D effort

Problem of the study

The 1mportance of technology in influencing trade flows is, thus, gaining much
1mportance in recent years. It has also been recognised that firms play a-pivotal role in
technology development and hence in the creation of competltlve. advantage within the
sector and in. the economy as a whole. In the context of developingCOuntrieS, where, firrns
lag much behind their counterparts in the north, acquiring technological knowledge can |
~ take the shape of in-houseR&D, technology import, FDI etc, with the first two pl_aying the

most crucial role. As firms operate with a fixed technology budget, they arev bound to
strike a combination of different technology acquiring options, particularly one involving

in-house R&D and technology import. Since a particular technology hehaviour ié part of

the overall strategy of the fir_rn, including export performance, linking technology

behaviour with the latter éppears to be vital. As the technological options available for

firms have increased with the liberalisation of the economy, it becomes relevant to

examine the significance of technology behaviour in firm level exports, in the new

scenario. Given the policy thrust on export led growth, it is likely that more and more

firms are lured to the export markets. In this context, an examination of the role of |
technology behaviour in the decision to export, along with its importance in affecting

export intensity becomes paramount. There are other firm specific factors as well that

influence exports, apart from technological capability, whose significance may have |
~ changed owing to liberalisation. The present study, therefore, seeks to analyse the role of

technology behaviour of firms in the decision to export and export inténsity.



The specific objectives of the study are,

I. To examine how the technology behaviour of the firms influence the decision to export '

as well as export performance.

II. To analyse as to whether the same set of factors influence the decision to export and

export performarice.

Data Sources and Period of Analysis
The study mékes use of the electroﬁic database, ‘Prowess’ provided by the Centre for
~ Monitoring Indian Economy (CMIE), Mumbai for firm level data on various variables
required. The database'p’rOVides information covering a sample of firms, and the' sample .
size shbws_an increasing trend so as to maintain the strength'of the sample in relation to
the firm population. Since the data in its full form is available only for the Period 1988-89
" to 1995-96, the analysis is réstricted to the same period. Furtherrnoré, "Market and Market
Share' published by- CMIE is used to obtain information on market share. To capture the
impact of liberaiisation, the period of 'analysis is divided into two;. :,p_re-liberalisation
period, from 1988-89 (henceforth 89) to 1990-91 (henceforth 91) and post-liberalisation
period, from 1._99.1—92 (henceforth. 92) to 1995-96 (henc_eforth 96). The sfudy employs both

descriptive statistics and econometric techniques for analysis.

Chzipter Scheme -

The study is organised in five chapters including the introduction.

A review of the theoretical énd empirical literature on technology and trade with a view to
identify certain hypotheses for-empirical verification is the sﬁbje‘ct»m_atter of Chapter 2.
Hére, the treatment of technology by different theories of international trade along with the’
empirical studies. pertaining to them are discussed. The review poiﬁts to the emerging

emphasis in trade theories on firm level technological capability and exports.



As the data requirement for analysing .fir’m level technological capability and trade ¢an not*
be met by official statistics alone, an examination of official data sources along with the
' electronic database provided by the Centre for Monitoring Indian Economy (CMIE),
| which the presént study makes use of, is undertaken at some length in Chapter 3. The
discussion on data sources shows that official sources of data are noi geared to meet the
data requirements in an open economy, particularly for studies of the nature of the present
one that require information on a wide range of firm specific variables. It also indicates the
need for making effeétive utilisation of firm level data available with stock exchanges and

examines the features of CMIE d.ata, which use stock exchange data.

In Chapter 4, we specify certain hypotheses pertaining to technology behaviour, decision
to export, export intensity, and other firm characteristics. On the basis of the hypotheses
put forward, we carry out an empirical examination of the hypotheses linking technology
behéviéur and decision to export and export performance for the Indian Electrical -
Machinery industry. The analysis feveals the significance of technology behaviour of
~ firms in influencing decision to export and export intensity and also shows that diff_erent

set of factors influence the two aspects of export.

Chapter 5 summarises the major findings of the study.



*

'CHAPTER II
The Analytical Framework

I Introduction |

The emergence of firm level'technologiCal characteristics as s»ignificant factors shaping |
trade in manufactures is a recent development Though various theoret1ca1 frame works .
have underlmed the role of technology in exports the actual treatment of technology in

empmcal studies has drffered greatly from the theoretical proposrtlons In this chapter an

attempt is made to bring out the role of technology in mﬂuencmg exports, as highlighted -
by different theoretical frame works, and provide a brief review of the empmcal studies

pertammg to each of them In Section II, the theoretical literature on export performance .
and related empmcal findings are looked into, with a focus on the technological dimension
of trade. Section III prowdes some concluding observations with a brief note on the -

implications of the predictions of the theoretical models and empirical studies for Indian |

firms.

II The Treatment of Technology in Theories of International Trade
Technological change as a factor affecting trade patterns has been tested in the literature
either by incorporating it in the traditional -neo-classical frame.or by developing a'new
theoretical frame which explicitly place technology at the centre of analysis. The trade
theories have generally been tested in an ad hoc manner with most of the studies
incorporating a number of theories in the analysis (Wakehn 1997 10). This is because no -
single theory has so far been able to explam convmcmgly 1ntemat10nal trade pattems and
the determinants of them. In this section the development of trade theories, with a special -
emphasis on the treatment of technology by them, along with important empirical works

pertaining to different theoretical frame works are discussed.

The Classrcal/Neo Classical Theories of Trade

The international trade literature has been dominated from the late eighteenth century till
the frrst quarter of this century by the classical comparative advantage doctrine. The
chardran theory of comparative advantage, was basically a theory- explaining trade in

agrrcultural products and was based on two restrictive assumptions; only a single factor of



production, labour, and uniform production functions in all countries. These restrictions
were addressed by the neo-classical or Hecksher-Ohlin-Samuelson (H-O-S) model, which
‘sought to explain comparative advantage in terms of a country's relative factor
endowments. With a two-country, two-commodity, two-factor model, it-suggested that it
s the relative abundance of factors that determine trade flows between countries. The two
factors considered were labour and capital and thus the exports of a country should reflect
their relative endowments of capital or labour by being relatively labour intensive oOr
capital intensive. The H- O S theorem has thus been able to explain not just the pattern of
trade but also the sources of that (Perdikis et al, 1998). The model though theoretlcally

appealing is based on a number of restrictive assumptions:

1. As with the classical theory, this theory also assumes static, uniform production
functions across countries ruling out technological progress as a motivation for trade.

5. The factor proportions for producing a particular product are assumed to remain
constant overtime, thus ruling out the possibility of factor reversals.

3. Perfect cOmpetition preVails in both goods and factor markets.

4, Production. function exhibits constant returns to scale.

'5 Products are homogeneous or in other words, there is no product differentiation.

6. International immobility of factors but perfect mobility withm a country.

7 Demand is also assumed to be identical across countrles, with consumers maximising

an identical homothetic utility function.

It is to be noted that once the assumption of international factor immobility is removed the |
neo—claSsical'itheory becomes a theory explaining trade in factors rather than trade in
commodities. ’ |
A\

" The fattor endowments theory was unquestionably the predominant paradigm in the
literature on intérnationél trade until it was tested empirically. Empirical examination by
Leontief (1953) of the trade patterns of the US, a country considered to be the world's
most capital-abundant, found that its exports were labour intensive while' its imports were

capital intensive. This result was contrary to the predictions of factor endowments model



and became one of the foremost paradoxes of modern economics. This finding was
remerced by subsequent studles on the US, which also produced results contrary to.
theoretical expectations. The H-O-S theory failed to get any support in an empirical study

by B0we1:1 et al (1987)".

A major teason Why the predictions of H-O-S model was disproved by several studies is
the stringent vas‘sumptions of the theory. Newer theories sprang up relaxing the
~ assumptions of H-O-S one by one. An immediate reaction was to resurrect the traditional
line of thOught ‘i.e., the comparative advantage doctrine by incorporating te_chno’logy'_
variable as a factor of production by modifying the assumption of two factors of
productlon The newer versions of H-O- S theory, which came about in reaction to the |
Leontief paradox by incorporating technical knowledge as a factor of production, are
collectively known as the neo-endowment theories of trade.- Relaxation of identical
production function. across countriés resulted in neo-technology theories; of that of

constant returns to scale ahd_ perfect competition resulted in scale economy and neo-

¢lassical models of impérfect competition; and of that of homogeneous products resulted”

in theories of product differentiation and intra-industry trade.

The Neo-Endowment Theories of Trade |

A major refinement of the H-O-S theory of trade was the quaiitative tiivision of faCtérs of

production, mainly labour and capital. In this new approach, which uphold the predictions |
of H-O-S, labour is _ divided into skilled labour and unskilled labour.- It was also

emphasised that heterogeneity within the existing capital must also be accounted for.

Following this view, a number of empirical studies were conducted to examine the neo-

endowment approavch._ The result, however, has been mixed. The importance of skill

factots in influencing US eXpdrts has been highlighted by the empirical investigation of

Stern and Maskus (1981) using both regression analysis and Leontief type input-output

techniques for US trade fro_rrt 1958 to 1976. Another advance in the neo-ehdowment

"It may, however, be noted that Leamer (1980), by introducing an alternative conceptual
formulatxon in which capital-labour ratio in net exports is compared to that in conSumptlon and

. production, found that'Leontlef paradox was removed for 1947.



approach was to 'COnsider knowledge as an endowment to the economy, which ¢ould be
used as an mput to the production process along with labour and capital while
: maintaining the assumption of common production function across countries. Since
knowledge is embodied in human capital, in physical capital, as well as being produced
through research and development, it becomes endogenous in the long run. This is in

corntrast to Ricardian factors of land and labour, which are static endowments to the '

economy.

The early studies such as Gruber et al. (1967) and Keesmg (1967) showed the role of
R&D expenditure and smentists-engmeers in the comparative advantage of the US :
Sveikaukus (1983), con51dermg US trade divides technology variable to include personnel
employed in research, R&D and actual data on innovations. His findings show that, more
than skills or capital intensity, science and technology formed the comparative advantage
of the US in 1967. Attempts have been made to extend the unit of analysis of the empirical
works of neo-endowment theory from a smgle country, in most cases the US, to blcountry
and multi country analysis. An important steppingstone in' this direction ‘was the
examination of the bilateral trade flows between Sweden and US both having a high level
of development, by Blomstorm et al. (1990). The exports by these countries to each other

have been found to be in more technically advanced goods compared to their exports to |
the rest of the world. In their approach using R&D as an additional factor they found that

mutual technological levels may promote trade, with the new basis .o'f specialisation being

the different technology levels or R&D intensities of the goods being traded, rather than -
initial endowments. In a multi-country, multi-commodity analysis, Leamer (1974) used
Bayes1an techniques to test neo-endowment hypothesis. He found that R&D variable was
significant in influencing net exports and concluded that a combination of theories was
~ required in explaining trade, and the use of an appropriate model depends up on the

sectoral characteristics.

However, neo-endowment approach despite including new variables such as human
capital, knowledge endowments etc, could not tackle the fundamental problems associated

with the factor proportio_ns theory. Though technology is treated as an additional factor of



production, the coexistence of inferior and superior technical capabilities and the impact
this may have on relative productivity and relative growth patterns are not addressed by
~ the neo- endowment approach (Wakelin, 1997). The feature of technological change in .
altering the comparative advantage, which makes it dlfferent from other factors of

production, has not been addressed by the neo-endowment theories of trade.

The changing structure of modern industrial organisation led to the development of a new
set of theories, which are colle’ciively described as the 'Tndustrial Organisation' theories of
trade (I\O- theories of trade). These theories removed such assumptions as constant returns
to scale, homogeneons product, perfect competition etc, of H-O-S theorem  and
emphasised the ‘role of government policies in influencing the sectoral cOmnarative

advantage.

The Industrial Organisation Theories of Trade

The imperfect features of modern industrial organisation such as product diffe_rentiation,
| ‘economies of scale, monopolistic power et¢, as determinants of trade prompted a fresh
look at the possibility of attaining comparative advantage in some industries which are
characterised by these features. These theories focused on the demand aspécts influencing
exports on the one hand and supply side factors on the other. It is p0551b1e to distinguish
between two kinds of theories within this approach, the intra-industry trade and the
'strategic' or 'new" trade theory, both of which emphasise various features of modem I\O‘

structure as capable of affecting trade pattern.

Différentiated products, Economies of Scale and Intra-Industry Trade '

While the earlier I/O theories of trade focused on the supply side determinants of trade, the

role of demand side factors were recognised with the empirical works in the 70's which

observed substantial intra-industry trade between developed countries. Following Linder's
hypothesis (1961) that trade takes place more between countries with similar income

levels and tastes as they are better placed to make products for each other's markets,

several studies examined trade between countries with similar income levels. Grubel and

Lloyd (1975), ameng others, found evidence of tremendous increase in the volume of
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trade between developed countries in the same products during ‘the bost-war period.
Krugman (1981) and others have recognised the role of product dlfferentlatlon and
economies of scale for the emergence of such a pattern of trade. While consumers have
preferences for variety, economies of scale lead to specialisation by countries res_ultmg in

trade between them in differentiated products.

However, the empirical results of economies of scale and intra-industry trade have beenv_
mixed. Caves (1981) found a negative relation ship between the two in a study of 13-
industrialised countries. A similar result was observed by Greenaway and Milner (1984) .
for the UK. They attribute the negative relationship between ecc')nernies of scale and intra-
" industry trade to the standardisation of products resulting from increased economies of
scale. However, the study by Owen (1983) showed a positive re’létionship between plant
size? and intra-industry trade for EC countries in 1964. In most. of the empiricai literature
dealing with intra-industry trade, the level and differences in the de\/.elopnlent of the
~ trading countries, per capita gross domestic product and tariffs have been used as
explanatlons for intra- mdustry trade. Most of the studies showed a link between the level
of income and intra-industry trade, whl_ch in turn may be due to differences in factor

proportions or similar demands.

Market Structure and H-O-S Theorzes

Another important theoretical development i in the eighties has been the synthes1s of NO or
market structure theories of trade with the H-O-S model. According to Helpman (1981), -
intra-industry trade will certainly take place between countries with similar income lev’els

" in a continuum of differentiated manufactured products, but the net trade pattern is still -
~ explained by the relative factor endowments. "The empirical examination of Helpmans
model was done by Bergstrand (1990) for 14 major industrialised countrles in 1976. He
found that intra-industry trade falls as a percentage of bilateral trade given increases in the
differences between countries'AGDP and GDP per capita and vice versa. He attributes this

to both supply reasons, i.e., differences in capital labour ratio (H-O-S) and demand reasons

2 Plant size captures economies of scale only in production with the notable exclusion of such

factors as economies of scale in organisation, R&D facilities, management, etc.
' 11



(the Linder hypothesis)..

In the theoretical frarme work discussed above, trade pattern (particularly intra-industry
type) is conceived as resulting mainly from product differentiation and the role of

technology is to facilitate product differentiation and hence intra-industry trade.

By removing the assumptiens of perfect competition arid constant returns to scale a new
theory came into existence which underscored the role of government, particularly in
developing countries_, in enabling domestic firms to transfer monopoly rents from:

international markets.

Economies of Scale, Imperfect Competition and Strategic Theeries of Trade

These theories, recognised that technological expenditure or more precisely  R&D

expenditure, if stimulated by government intervention, in certain sectors characterised by

economies of scale and monopolistic. competition, can confer firms the first mvover,v
advantage, thereby enabling them to transfer monopoly rent from foreign markets to

themselves These theories, which acquired the title strateglc trade theories', owes its

origin to the works of Brander and Spencer (1983) Krugman (1981), etc, among others. In
 their model Brander and Spencer (1983) placed R&D as the most important variable
influencing trade in certainvco‘mm'odities. They considered certain industries as capable of

generating monopoly rent. These industries are characterised by such features asv
economies of scale and imperfect Eompetition, which the traditional theory leaves out. In
" such industries, if state patronage is provided to domestic firms in terms of R&D
subsidies, or tarif_fs, the monopoly rent mey be exploited in imperfectly competitive rent.
earning industries operating in international markets. In the case of Japan, the empirical
examination by Audretsch and Yamawaki (1987) found that R&D expenditure generally

promoted Japanese trade although it was more effective in some cases than in others.
Another development within the IO framework has been the amalgamation of market
structure and firm structure, which led to the development of a new theory explaining

international capital mobility through multi nationals (MNCs). This theory combines

12



comparative advantage with product cycle theory of trade: Cantwell (1989), for instance,
in his approach con51ders technology as both firm specific and cumulative and also

influenced by the location of the parent company and the subsidiaries.

Market structure or NO theories of trade though emerged prifnarily by queStioning*the
wisdom of H-O-S ‘theorem has been éuccessful in adding nhew dimensions to the neo-
endowment theorles of trade However, these theories though empha31sed the role of
technology, both as a tool for attaining product differentiation and as a weapon for
capturing monopoly rents “from international markets failed to consider the dynamic
aspects of trade 'b}_r focusing solely on the path dependence and cumulative nature of
technological development.

The Dynamic Comparative Advantage Doctrine

This theory though perfected in the late eighties draws its inspiration form the stages of
comparative advantage argument put forward by Balassa, (1977). He argues that a
country's comparative advantage will change as a result of accumulation of physical and |
. human capital. Based on the experiance of post-war Japan and other Asian NICs, he states
| that with the passage of tirhe, the comparative advantage of more advanced developing
countriés will be lost in those products that require a relative abundance of cheap,
unskilled labour and Wiil shift instead to those products which require more capital and
skill input. This, the theory argues, is due to the endogenous nature of technology. In
other words, in the lines of strategic trade theories, which focused on the p0851b111ty of
acquiring comparative advantage through, inter alia, R&D subsidies, the new theory
perceived that comparative advantage could be ccreated. Among ways to acquire
comparative' advantage, two are of importance to note. In the model by Grossman and
Helpman (1990), comparative advantage is defined as cross-country differences in R&D
versus manufacturing. The outcome of this miodel is that comparative advantage can be

acquired through experlence in research, which rises relative productivity at R&D, and _

increases the growth rate of the country through increasing returns to scale. In the model .

developed by Krugman (1987), comparative advantage is based on differences in learning.

13



This kind of comparative advantage is essentially static a§ learning depends on experience
in production. However, new comparative advantage can be created by diffusion of

technology to foreign partners.

The endogenous comparative advantage based on the endogenous-natufe of technology
makes these models similar to neo-Schumpeterian models of technology that is discussed
later in this chapter. For instance, in the neo-Schumpeterian approach Dosi (1988) argues
that in the pr()ductic‘m of new goods, a country can build dynamic cOmpetitiVe advantage.

Acc()rding to him the institutional envir()nment or the technological paradigm existing in a
country lead to spemflc modés of development and technical change which are cumulative
in nature. As a result innovation is endogenous, the institutional environment is crucial in -
influencing the path of technical change. The dynamlc competitive advantage can persist
over time causing ‘virtuous’ and ‘vicious’ cycles of development. However, the theories
of dynamic comparative advantage differ from neo-Schumpeterian. theories-because of
their focus on technology spillovers and the resultant creation of comparative adnantage. |
As pointed out by Wignaraja (1998), there is wider cross-country evidence on the seurces
of comparative advantage that show that the deveioped countries losing their comparative
advantage first in labour, and then in capital-intensive activities as newly industrialising

countries displace them in these areas.

Another group of theories have relaxed the assumptions of H-O-S such as, identical
production functions, equal access to knowledge, identical tastes and perfect markets.
These theories which place technology at the centre stage are collectively known as neo-

technology theories of trade.

The Neo-Technology Theories of Trade
The characteristic of technology which questlons the analogy between technology and
cap1ta1 is that technological change has the capacity to be a chromc d1sturber of ex1st1ng

* patterns of comparative advantage. This view of knowledge or more precisely R&D as a
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factor of producfion distinguishes neo-endowment theories from neo-technology theories
of trade. The role of innovation in creating new markets and conferring cost advantages is

emphasised in the latter.

The availability theory proposed by Kravis (1956) was a milestone on the road to
incorporating technology on trade patterns. By making trade dependent on the relative as
well as the absolute availability of factors, he showed that access to superior technology
- could endow a country with a comparative advantage. This advantage might only be
temporary, however, as other nations learned.of and adopted the technology. Later work

by Posner (1961) and Hufbauer (1966) formalised and further developed this line of

inquiry through their 'Technology Gap theories of trade.

(a) Technology Gap Theory of Trade
There are two major approaches in this, first is the approach developed by Posner and the

other, the one by Hufbauer.

(a.i) Posner’s approach

Posner (1961) put forward a new theory in which he demonstrated the crucial role of
technology in determining trade patterns. In hlS model, he assumed that all industries: ex1st A
in all countries and factors of production are distributed equally. However, d1fferences in
- technological knowledge, or know-how, would lead to different processes bemg adopted
or dlfferent products bemg produced between glven industries in- different countries.

Posner also assumed zero tariffs and transport costs, identical tastes, flxed exchange rates,

stable growth and full employment.-

Posner's mode_l can be summarised in the following way: a firm in one oountry ‘adopts a
new cost cutting method of production or produces a new product. To avoid bankru_ptcy,
other firms in the industry may copy the innovation, but with a lag. This lag has two
components. First, there is the time firms take to adjust to the néw competitive situation-

the reaction lag- and, second, there is the time required to assimilate the new product or
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process- the 'learning perrod' These two delays taken together give the domestic 'imitation
lag. If the innovation is first adopted abroad, the lag increases, giving rise to the foreign
'reaction lag'. Foreign reaction lag will be longer because, firms are less aware of foreign |
developments. In the interim period, before a country's firm can react to the foreign
innovativeness exports come in from abroad. These trade flows need not take place in one
direction as no one country has a monopoly on innovation. By further assuming. that
innovations occur over a period of time and in var1ety of industries, Posner's model could
| predict a constant flow of trade between countries. Posner emphasised that dynamic
“economies of scale measured in terms of the volume of productron and experlence

reinforce the competitiveness of the innovating firm.

(a.i}) Hufbauer's approach

A more comprehensive theory of technological trade was put forward by Hufbauer (1966).
Hufbauer's approach differs from Posner's on two aspects. First, Hufbauer considered
dynamlc economies of scale as based on productron runs rather than the volume of
production. Thus, small countries also could establish and maintain an advantage over
larger countries. Second aspect of difference between the two theories is that Hufbauer
relaxed the assumption of equal proportions in factor endowments and factor price
equaiisation. The existence of highv and low wage countries gave his model a different '
~ focus. Technological improvement and, hence, exports were likely to be concentrated
exclusively in high wage economies. Over time, however, firms in low wage countries
would produce domestic substitutes for imports. Their lower wage costs would eventually
confer a comparative advantage in production and the ﬂow of trade in the particular
commodity would be reversed. As there was a technology gap ‘between countries,

Hufbauer predicted that new products would dominate the exports of rich countries.

New Developments in Technology Gap Theory
A further rmprovement of technology gap theory was made by Krugman (1979), Cimoli
(1988) and others. In his model, Krugman developed a theoretical frame work consisting

of an innovative north which produces new products, and a non-innovative South which
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can produce the products only after a lag but then at a lower cost: There is only one factor
of production (excluding technology), labour, which rules out any factor proportions
motivated trade. Within this framework, new industries must constantly emerge in the
north as the older industries transfer to the South. The North's h1gher wages reflect the
North's monopoly rent on the new technology. Such a model fits. well with inter-industry
| trade between advanced and developing countries, but in contrast to the original Posner

theory, does not provide a rationale for trade between developed countries.

Technology Gap and Comparative Advantage
There has been a line of argument, which considered technology -gap theory to ‘be

~ compatible with the theory of comparative advantage. As pointed out by Deardorff (1984),
in the Posner theory innovations are not immediately produced. in countries with a cost
advantage in' their production, ‘but remain in tlle innovating bcountry on account of the
learning perlod involved in the diffusion of innovation, and a reaction lag from the
imitating country Thus the theory predicts that countries w1th 1nnovat1ve capabilities will
specialise in technology intensive products, although because of the changing nature of the

products, the goods produced in the technology-intensive sectors will change over time.

While neo-endowment theories of trade focused mainly on a single country, the nature of
technology gap theory requires testing over a number of countriés; This is because, in the
latter theory, it is the differences in the technological’-‘"capability, which are crucial in_
influencing trade flows. Soete (1981) considers trade flows across countries and within
1ndustr1es, and uses an output from the innovation process (patents) as the technology
proxy, in place of the usual input of R&D expenditure. The model was estimated across
OECD countries for 40 industrial sectors, including not just manufacturing goods but also
a number of resource based industries such as petroleum. The results show the importance
of technological differences between- countries in explaining trade patterns for a selection
of industries. There is great deal of heterogeneity - between the different industries,
implying that technological factors are of varying importance depending on the

characteristic of the industry considered.
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The empirical evrdence thus, in support of the technology gap theory appears t0 conflrm
this hypothesis. However why the production of new goods should be located in high

wage rather than low wage countries was left to Vernon (1966) and Hirsch (1967) to

~ explain through their models of 'product cycle'.

" (b) The Product Cycle Iheory of Trade
As with technology gap theory, two approaches stand out in the theory of Product cycle as

well. First one owes its development to Vernon and the second to Hirsch.

(b.i) Vernon's approach -

* Vernon (1966) tried to answer why entrepreneurs with innovations based on technologlcal
advances do not locate in low wage countrles He argued that economres with high

average per ¢apita income and high wages were the most likely to generate demand for

new products and labour-savmg processes. During a new product's initial phase,

uncertainties surrounding  its specifications and apphcatron requlred ease of
commuriication between producer and consumer. This made it advantageous to locate
production close to the market. When foreign demand for the product or proc‘:ess first arose
it was met by exports from the innovating country. Further increases in demand would
- subsequently be met by shifting production overseas in order to be nearer new and
expanding markets. By locating abroad firms would also be able to avail themselves of
lower labour costs. As the product/process matured further and reached a phase of
advanced standardisation, competitive pressures made low wage couritries even. more
attractive as centres of production. Eventually, the flow of exports was reversed and the
»advanced high-wage economy would find itself an importer of the very goods it used to

export.

(b.ii) Hirsch's approach
Hirsch (1967) proposed a product cycle theory consisting of new, growth and mature
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phases But whereas Vernon (1966) stressed information factors as the main determinant
of the location of new products in their first phase of production, Hirsch emphasised the
availability of skilled labour; labour qualified in the sciences, engineering and technology.
The flexibility of the skilled labour is the principal reason for the location of newA
industries in ad\;anced countries. In the early phasesb of production before a product or
process is standardised, f’requent changes are needed that require the use of highly skilled
labour. As large quantities of skllled labour are found only in the advanced countries,
Hirsch concluded that the production of new goods and the adOptlon new processes would |
~ be concentrated in these countries. As a product or process was refined, its production
would follow the usual pattern and gravitate to low wage countries over time. Tr'ade

patterns would reflect this evolutionary cycle in the location of production.

New Developments in Product Cycle Theory
Refinements to product cycle theory were subsequently made among others, by Rapp_

(1975), McGee (1977), Finger (1975) etc.

McGee (1977) proposed the appropnabzlzty theory to account for the high 1nc1dence of
new product development and technology transfer between and within mu1t1 natxonal
firms. Accordmg to him, during the development of a new product the most nnportant
information developed by the market is the information concerning the extent to which the
originator of an idea could expect to acquire the value society places on the idea. This he |
called the appropriability. Since this kind of information can be generated only by _'large
firms it has the features of a public good. This in turn makes the transfer of such

information intra-firm in nature rather than inter-firm.

Rapp (1975) provided a new defmmon of newness. Accordlng to him the relocation of
industry from developed to developing will not requlre the transfer of whole industries to
other countries. Citing the example of textile industry, he argued that the nature of the

product itself might change in response to compe_titive factors. The new product is still
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produced in the developed country and industrial decline and relocation of industry are not

observed.

Finger (1975) tried to remove an apparent conflict between the Hirsch's and Vernon's
definitions of product cycle. Hirsch's (1967) definition of newness required that a new
technological process be used to produce-a good. Vemon s (1966) definition requlres not
just new techmque but also the ability of the product to satisfy new wants. Flnger tried to
develop a theory 1ncorporat1ng the definitions of newness given by both lesch and
Vernon Fmger suggested that firms attempt to develop products at an Optlmal rate over
"time-a rate-that does not add more to a firm's costs than to its revenues. Compet1t1on
between ﬁrms through product development can take place 1rrespect1ve of technology. He
 cited annual model changes in automobiles and appliances as well as new fashions in the
garment industry. Further, product development does not necessarily. lead to the
satisfaction of new wants. It occurs, Finger suggested, to keep interest in the product alive.
The higher the rate of product development, the more likely. a .country was able to-

tnaintain its exports in a particular line of production.

The product cycle theory was criticised by Walker (1979) for its emphasis on techmcal
stability and the standardlsatlon of production. The product cycle theory envisaged that
with the diffusion of technology over time, production returns to normality with
standardised products unaffected by innovation. Thus the product cycle theory points to
technical stability with products following a well-defined technical pattern. With the help
of a number of case studies he found that nature of innovation and diffusion cannot be
generalised and only a few industries follow what is termed as product cycle. In other
industries such as textile machinery, innovation plays a crucial role in improving
competitiveness. In other words, innovation confers monopoly advantages to firms in such
industries, and hence the process of standardisation never takes place as suggested by the .

'‘product cycle theory'.
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Reconczlmg Technology Gap and Product Cycle Theories of Trade

An attempt to distinguish between technology gap and product cycle theones emplncally '
has been made by Hufbauer (1970), with a sample of 24 countries. He identified time as

the crucial factor in the technology gap modei and used the 'first trade date' of a product as

an indication of the age of the product. For the product cycle theory, he used the variance

of the standard deviation of export unit values in each product as an indication of the.
standardisation of the product. He found both the first trade date of exports and the index

of price variability for exports to be significantly correlated with per capita GDP,
indicating that rich ¢ountries have an advantage both in new and non-standardised
products. An indicator for a new product that is often used is R&D; high R&D reﬂectmg
the production of a new product. As has already been pointed out, the study by Keesmg
(1967) for the USA showed a strong relation ship between R&D expenditure and exports.

This indicates that US have a comparative advantage in new products.

The dynamic propositions of the product cycle theory such as the association between new -
product and high R&D has been a subject of much emprrrcal investigation. For instance,
Audretsch (1987) tested the hypothesis of whether new products are R&D 1ntens1ve He‘
split sectors into growing, mature and declining based on the trend in real sales in each -
sector and then looked at the relative inputs of R&D expendlture skilled labour and
capital intensity. He found that growing industries are R&D intensive and are intensive in
skilled and unskilled Iabour.' The elasticity of trade to technology _endonents hae, been
tested by Aquino' (1981) by estimating comparative advantage in each sector on c0untry.
characteristics for a selection of countries including newly industrialised countries (NICs)
from 1961-74. It has been observed in 2 majority of sectors, a decline in the elasticity of
technology variable over time. Bowen (1980) used the rate at which the price of a good
declines as an indication of its level of maturity. He found little evidence for the product

cycle; with the location of production not being clearly related to the price index.

Of late, new variants of neo-technology theories are paying attention more to the
H-~% oy
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- ¢haracteristic of firm level technological capability as being responsible for stimulating
sector-level and country level comparative advantage. The neo-Schumpeterian approach is

a pioneering one in-this line of enquiry.

The Neo-Schuméeterian_ Approach ' _
A very recent development in the neo—technology theories has been the recognition of
micro level aspects of technology. This has been achieved through incorporating the

Schumpeterian® theory of innovation into technology gap theory, nctably by Dosi et al |
- (1988, 1990) . This approach'tried to rectify two major lacunae in the neo-technology
theories. First, an insufficient treatment of technology and second, the failure to account
for the dynamtc 1mpllcat10ns of dxfferent technological capabilities across countries. In
this context, it should be noted that neo-technology theories fail to explain as to why:
innovation remained in the innovating country even in the short run, and why it was not
transferréd to the least cost location. The neo-Schumpete'rian approach views technology
as embodying epecific, local, often tacit, that is, non-codifiable, and only partly
appropriable knowledge. This approach stresses the importance of firrn‘level teéhnologic'al'

capabilities, much ‘within the evolutlonary tradition of technical change At the mlcro

economic 1eve1 most innovations are influenced. by past experience of innovation.. Thls_ -

depends on firm level skills and knowledge. At the rnacro economic level these firm
specific advantages translate into a competitive advantage for the country. The national»

system of innovation is thus the‘ innovation experience of a. country, ‘which is the
_ aggregation of innevatiOn experience of firms, as well as 'through complementai'iti.es _
| between different 1nnovatxons and inter-industry relatlonshlps based on the use and

productlon of innovations (Perdlkls et al, 1998).

The neo-Schumpeten'an»approach, however,.- cautions that technology -theoﬁes of trade

alone may not be sufficient in explaining all trade flows and that it has to be combined

3 See, for example Schumpeter, 1934, 1939, 1943.
4 The evolutionary theories of technological trade are dlscussed later in thls chapter
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with cost based explanations of trade®.

Before we examine the overwhelmmg 1mportance attached to f1rm spec1f1c technologtcal
capabilities by recent literature- on technolog1ca1 trade, the importance of sector specific

factors in 1nﬂuen01ng-export performance is dlscussed. :

~ The Sectoral Varlatlons in: Comparatlve Advantage' A Brief Note _

The env1ronment in which a firm is situated influences its- innovative character in more
than one way. At the sector level, the limitations of science and of the spemflc technology
act as-one constraint of firms (some things just cannot be 1nvented) and each technology '
is characterised by the technolog1ca1 opportunity, whxch it presents Together both of these A
factors vary with the sector in ‘which the firm is located, and the technology up on which it
_is based. Seme sectors such as mechanical engineering have a high level of technical
opportunity as a result of the production 'p'rocess,h'Wh'ile others, such as footwear and
clothing, offer a much lower level of technological opportumty The probablhty of a f1rm'
being an innovator is much higher in some ‘sectors because of the'higher level of
technological opportumty in those sectors (Wakelin, 1997). In the Indian case, Kumar .
(1990) has shown that conduct of firms differs- dependmg on the orgamsatlonal forrn'

involved.

- Apart from management skills and innovation, which are the firm spe01f1c characterxstlcs, ‘.
firms' competmveness is also influenced by the general economic structure in which they

are located. Accordmg to Chesnais (1992) the strength and eff1c1ency of a natxonal _
economy's productive structure, its technical mfrastructure and other factors determmmg _

the externalities on whtch the firms can bu11d, 1nf1uence the competmveness of the f1rms.

Chesnais goes on to point out that a country's structural competitiveness, including the |

-3 See, ‘for instance, Dosi and Soete, 1983, Dosi et al, 1990, and Johnson, 1955.'
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sizé of the domestic market, the structure of domestic relétions between different sectors
and the 51ze dlstrlbutlon of firins can be affected by a variety of factors. The mcreasmg
- importance of generlc technologies such as micro electromcs, means that the interrelations
between different sectors in terms of transfers of technology is of i increasing importance to
the structure of the economy. Together these technological charactér’istics make up the
national system of innovation of that country. The importance of institutions and the
cumulative nature of innovations emphasise that a country's culture and history shape its
subsequ'ent innovation profile, that is, technological development is path dependent at the-

rhacroeconomic as well as at the microeconomic level (David 1975, Arthur, 1989).

Although sector specific and country specific factors are important determinants of trade,
even in sectors which are highly export oriented, bulk of the export of manufactured
products are accounted for by a small group of large enterprises. Thus, '...practically all -
the detetminants of an industry's comparative advémtage are embodied to some extent in
firm-level ownérship advantages' (Lall, 1986: 81). This aspect of firm level charaéteristics
. influencing export has been subject to much deliberations in recent theoretical and
empirical research In the followmg section the 1mportance of firm specific capab111t1es,
more 1mportar1t1y technologxcal capabilities and their significance in affectmg exports are
discusseéd. "

Firm Level Technological Capability and Exbo'rt Performance

The above discussion of theoretical and empirical literature on export performance reveals
the inadequate attention paid to the importance of firm specific technologic.al
characteristics and the subsequent firm specific competitive advantages. This was
influenced partly by the comparative advantage doétrine, which emphasised inter-country
variations in resource endowments as: respdﬁsible for international trade and the neo-
classical assumption of perfect competition, which assumed away among other things, any .
firm specific differentials in technology. It is to be noted that some of the earlier theories

- of technical change and trade had implicitly acknowledged the importance of firm in-the

process of innovation. Posner (1961) in his technology-gap model of t_rade, considered that
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the temporary advantage in knowledge, which gave rise to trade advantage, was indnstry
~ specific. Nevertheless Posner considered dynamic economles of scale, resulting from -
learning, as occurring at the level of the firm and being firm specific. Firms in partlcular '
countries produce innovations, which other domestic firms in the industry are assumed to
be able to react to faster than firms abroad; foreign firms expenence a leammg lag. As a
result, the benefits of innovation are felt.by the domestic sector of the innovating firm,
before the same sector in foreign countries. Thus the benefits of innovation are felt not just

by the innovating firm, but by the whole domestic industry.

From the early éighties onwards, with the development of what is generally described as
'the evolutionary approach' to economic growth, the significance of firms in determining
the national comparative advantage has beenvat’tached g.reater‘ impc‘)rtance.b A pioneering ’
study was done by Nelson and Winter (1982) followed by Dosi, 1988; Dosi et al., 1988 -
and others, in which they place firms at the centre of their analysis of technical change as
" an evolutionary process. To them, technological change is a dynamic force_ repeatedly
changing the environment in which firms are located and this acts as 'a'dynar’nic selection
méchanisr for firms. Secondly, firms are heterogeneous, and may vary consrderably in
terms of production methods, efficiency and their approach to mnovatlon Wlthm the
evolutionary tradition innovation is considered to .be of central 1mp_ortance C_ertam
features of innovation highlighted by, among others Dosi (1984, 1988) and Freeman
(1982), lead to the accumulation of innovation at the level of the firm. It then becomes a
curmulative process (Rosenberg 1976, 1982) which is specific to firm. Technology is thus
embodiéd both in people and in firms (Teece, 1986). Because of the general le‘vel.' of -
| uncertainty and in particular uncertainty in relation to innovation, firms are unaware of the
alternatil/es that are available to them (Freeman, 1982); they search for new innovations
locally which, combined with the cumulative nature of innovation, leads to the lrnpor;ance :
of past experience. The result is that technological change at the level of the firm is path
h dependént with past experience affecting present innovation potential. One_'ou_tcor'ne' from
these firm specific innovation patterns is that asymmetries exist between firms in terms of

their technological capabilities and their general economic performance, including their
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trade performance. Firms have differentiated learning patterns, which alter their ability to
perceive and exploit innovation opportunities (Silverberg et al., 1988); the benefits of

innovation are at least.partly appropriable, and as a result innovation gives an ownership

advantage to the firm. Through the process of innovatioh some firms become more -

- competitive relative to others, p’rdviding an- incentive for other firms to follow the

innovator; this leads to techni_Cal' progress at the level of the SectOr and the economy over

titne (Wakelin, 1997).

In the f6llowing section, the important empirical investigations at the firm level pertaining

to de\}eloping countries, p'arti‘cﬁlarly India are discussed.

Technology and Trade: Studies at the Firm Level
There have been quite a few studies probing into the innovative character of firms and

their export performance. Many of them also look at other firm spécific characteristics as

well. These include firm size, advertising and marketing, industrial concentration, product

differentiation, location and foreign subsidiaries, with the use of them varying from one -

study to another.

In one of the earliest studies; Hirsch and Adar (1974) examined the importance of firm
size as a determinant of exports. They hypothesised that larger firms have the capacity to
bear higher risks and larger investments associated with exporfing and hence they will
export a higher proportion of their output than smaller firms. They ran a linear regression
equations of exports to sales‘_ratios on firm size proxied by total sales. The firm size

influenced exporting positively at 5 per cent level in the case of Holland and Israel.

In a study that'attempted' to broaden the definition of economies of scale by considéring
exports as one that can add to the economies of scale enjoyed by firms, Glejser et al.,
(1980) found a significant negative relationship between firm size and export intensity for
a. sample of Belgian firms. However, significant multicollinearity between several

independent variables such as firm size, industrial concentration, product differentiation
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~ and foreign subsidiaries rendered the results unreliable. Furthermore, the study by Auquier
(1980) rejected the firm size hypothesis for French firms. His study showed that firm size
coefficients were not significant at the 5 per cent level. ‘Howe’ver, product differentiation

positiirely and competitive conditions negatively influenced export intensity.

~ In -.their'study of 111 Israeli firms all 6f which had undertaken R&D ¢xpenditure Hirsch
and Bijaoui (1985) found that the export propensity of these firms are muc‘h ﬁigher than
the average export propensity of each sector. They also examined the rate of change in
exports of 1979 81 relative to 1975 77 as the dependent variable and found R&D
expenditure in 1977 to be a significant explanatory variable (at the 1 per cent 1eve1) along
with the-change in firm sales, taken as an indicator of 'other firm characteristics'. The firm
size variable (the 1o’garithm of sales in 1981) was not found to affect the rate of change in
exports, having an elasticity of approximately one. Thus they concluded that innovation is |
~ an important variable in determining firm level export performance while beyohd alevel, |

firm size is not a major factor.

In a study pooling both time series and cross section, Hirsch et al. (1988)- found a positive
relationship between export performance and R&D across firms in the electromcs
industry. He found a 1 per cent s1gmfxcance for R&D and marketmg expenses on export.

performance. However, this study has the serious weakness of considering only 14 firms.

Willmore (1992) in his study of Brazil's transnatienals éxamined fhe factors that influence
exports and imports. He found no 51gmflcant role for R&D expenditure as a determinant
of exports, although R&D appeared to play a small negatlve role with respect t6 imports,
indicating that technological effort led to increased domestic mputs and less reliance on
imports. His study, however found that f0reign ownership (at the 1 per cent level), firm ._
size etc, were significant with a positive sign; Also, capital intensity wés f'o{mdvtO be an’

insignificant determinant of export performance. -

Wignaraja (1998) explored the effects of liberalisation measures undertaken during the
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late 1970s, and examined the export per_formanoe of Sri Lankan manufacturing firms. He
employed the principle of parsimony in his analysis. First a general model was constructed
including all probable variables. After eéstimating the parameters, variables with low
explanatory powers were €xcluded and a s;ecific model was conétructed. In this way,
from the original model, variables such as capital, R&D, foreign share, and size were
excluded and in the specific model only wage and the quality control variable were
included. The model explains a large proportion of the_vari’_atiOn in firm level export
performance in the sample and compares well with the results obtained by Hirsch et al,

(1985).

The importance of firm size was confirmed by the study of Lall and Kumar (1981). Using
data on Indian engineering firms, they found a highly significant (at the 1 per cent level)
and positive firm size coefficient. However, the quadratic term of firm size was found to
be exertmg a negative impact on export performance. They attribute this to a tendency to
mampulate monopoly advantages conférred by size in domestic markets by lower exports
Since reliable information on R&D was absent, they used a dummy® to capture thé effect
of R&D investment by firms. R&D turned out to be significant at the 5 per cent level with
a negative sign. However, they treated the result to be tentative because of the low

explanatory power of the model.

In yet another study on Indian firms, Lall (1986) tested export propensities of Indian .
enginéering and chemical firms against a number of technological variables - age of the

* firm, skills, royalties, licenses, foreign equity and R&D. He found a higher statistical
significance for chemicals (at the 1 per cent level) than the engineering. Among the
technology y'ariables, R&D was found sighificant‘negatively and licenses pos'itively in
})oth industries. However, other technology variables such as age of the fitm, skills and
royalties were not significant in either industry, while foreign equity was insignificant in

engineering and weakly significant (at the 10 per cent level) in chemicals.

¢ Dummy variable took the value 1 if firm has a registered R&D unit and 0 otherwise.
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Kumar and Siddharthan (1993) examined the relationship between R&D expenditure and
export performance of 640 firms for the per1od 1988 to 1990. Industrles were classified
“into three, viz.; low technology, medium technology and high technology 1ndustr1es based
on the UNCTAD classification. They found that. R&D expend1ture is an 1mportant
determinant of export in med1um and low technology industries where as it is not, 1n the

case of high technology industries.

Several of the studies mentioned above have used mainly R&D expenditure by firms asa

proxy for innovation. In addition, variables such as license fees, royalty and technical fees
. to capture the extent of imported technology and, age of the fum skills et¢, have been
used by different studies. The use of R&D expenditure as a proxy for domestic innovative

efforts has its defects. This is because the innovating characteristics-of firms may fiot be

fully captured by R&D at least in some sectors. For instance, in ‘sectors such as

engineering and instrumentation many innovations are prodﬁéed as part of the production
process rather than through formal R&D (Wakelin, 1997)". This aspect would be

discussed in greater detail in the next chapter. .

Government Policies, Multinational Firms and Export Capability: The()ret'icel_ |

Predictions

A very discernible feature of comparative advantage theories of trade has been the:

insignificant role attached to government policies to influence shifts in comparative

advantage. Though strategic trade theories do provide a role for government intervention,

-~ these theories seem to-suggest that an économy should still optimise its trading position by -

free market poliCies and by allowing free inflows of technology' that suits its national

factor endowments and are assumed to be costlessly absorbed. Even the neo-technology

7 In her study on UK firms, she classified firms into innovating firms and non-innovating firms
based on an innovation survey. In the sample of firms Some of the non-innovating firms have been
found to have R&D where as for some innovating: firms R&D was nil. So the use of actual
innovations produced a different classification from that based on R&D expenditure. However,
her finding that firm level R&D is highest for innovating firms indicates that, R&D can still be
used as a good proxy for the innovation intensity of a firm.
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theories of trade provided little scope for government intervention. These theories argued
that a developing country should encourage free trade and technology, transfer via the

éntry of foreign direct investment.

However, the newer variants of neo-technology theory, failling within the evolutiOnary
tradition which is sometimes referred to as belonging to the 'capability approach 'has
recognised the role of government in improving the technological -capability of firms in

developing countries.

Firms in developing countries, in this approach, require policy interventions by the
government, or foreign collaboration and the subsequentk inflow of‘f()reigr’_l capital and
technology, or both to improve their technological and export capability. The government
policies such as subsidies and tariffs are vital because of the risk involved in investments |
in technological capability building, partial appropriability of technology, i.e., the public
good nature of teéhnélogy, etc. Also, a well-trained and skilled labdtjr force is vital for.
‘undertaking research in high technology indu_strie_s as well as to operate ad\fanced
machinery. As pointed out by Lall (1993, 1994), government iritefventionlis required‘more
in difficult and _.éorﬁplex technologies, where market failures are more likely to occur.
Even in countries like Japan and US during the early stages of development domestic
| markét was protected from foreign competition to enable domestic firms to develop their
technological cabability. Furthermore, in several South East Asian countries, including
Japan and South Korea, direct interventions in the allocation of resources were élso widely

used (World Bank, 1993)%.

~ Within this approach, multinational investment in developing countries is viewed as a
means to attain shifts in comparative advantage in favour of developing countries. Since

these countries lag very much behind the global technology frontier, export success in

8 Direct interventions in the allocation of resources takes the form of restricting the number 6f
firms in certain industries to confer them monopoly advantages, as well as subsidies, directed
credit ete, to channel investment into selected enterprises and industries.
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manufacturing would require acquisition .of . advanced technology_" from developed
countries, where such technology is not locally available. This in turn calls for liberal
technological and investment pohcles Further it has been hlghhghted of late that
international investment moves not $0 much in search of destinations with lower resource '
among others, skilled 1abour and technology mfrastructure, wh1ch are often referred to as
complementary factors' (see Dunning, 1988; Lall, 11991), requlre pubhc mvestment for

their develOpment

Thus, theories of firm specific technological capability and expor’ts, falling within the
'capability approach' place great importance on government intervention for attaining firm
level and the subsequent sector level technological Capability. This can occur in two
ways. First, by enabling domesti¢ firms to develop their technological c'apabi.lityth()roug“h
fiscal incentives and tariff protection, thereby encouraging domestic investment in
capability building. Second, by establishing a technological infrastructure'conducive' for -
attracting foreign investment through public investment in education and trarmng and by -

liberal technology and fOrelgn investment p011c1es

III Concluding Observations | |
In the forgoing discussion, major trade theories starting from the Ricardian comparative

advantage t0 neo- technology and 'capability approach’. have been examined along with-

empirical studies pertaining to them. It must be noted that the empmcal verifications of - -

trade thedries have generally been done in a manner with most of the studies incorporating
a number of theories in the analysis. Certain general predictions about the importance of
different factors in trade relevant in the context of India can be drawn from the preceding

discussion.

The classical and neo-classical theories of trade have been the subject of much empirical
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investigation. The H-O-$ model, which is based on a number of restrictive assumptions,
predict that countnes will specialise in the production and export of those goods- that use
-~ more of their relatwely abundant factors of production. Viewed thus fmns in a large
developing economy like Ind_la, relatively well endowed with labour, can have a

comparative advantage in the export of labour intensive goods.

The new variant of H- O-S theorem, that is the neo-endowment theorem incorporated a
third factor of productlon viz., the skill content of the work force. This theory predlcts that
“a country with a large endowment of skilled labour will have a comparative advantage in
the prodﬁction and export of skill-intensive goods. Operating in a country relatively well
endowed with skilled labour force, Indian firms ¢an be assumed to have a comparative

“advantage in the export of skill intensive goods.

._The 1\O theories of trade, which removed such assumptions as constant returns to scale, .
homogeneous product, perfect competition etc, of H-O-S 'theorem, emphasised the role of

' government policies in influencing the sec'toral cbmpetitive advantage. . To be more -
specific, the market structure theory of trade, which is a variant of INO theory, predicts that
scalé economies are instrumental in improving the export cor'npétitiveness. The strategic

- trade theories place émphasis on government interventioﬁ in industries characterised by
scale economies and imperfect competition. In general, in developing -countries Where
markets are small, there is little that these countries can gain by strétegic intervention of -
the government. However, from the point of view of economies of scale, large Indian
firms, which have been énjoying a relatively big domestic market and that too a protected
one, till recently; in all likelihood would enjoy a comparative advantage over small firms

in improving théir export share.

The neo-technology theories treat developed countries as leaders in new téchnology’.

These theories depart from many of the assumptions of H-O-S theorem such as identical

9 Neo-technology theories, however, recognise that it is mdmdual flrms, rather than mdustrles,
that invest in technology creation.
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production functi()ns, equal access to knoWledge,. identical tastes and perfect markets and
focus on technological and taste differences in imperfect markets as 'the' basis for -
international trade between countries. They further argue that developmg countrles should
follow an open approach towards technology and investment as they are not in a posmon |
to develop the needed technology on their own. The incorporation of Schumpeters views
on innovation in neo-technology trade theoriés, which later came to know as. neo-
'_ Schumpeterian theories, shifted to some extent the focus of 'teChnology-tfade studies f_r‘Orn
se'Ct-Or‘and»c0untry levels to firm level analysis. This is not withstanding the fact that neo-
Schumpeterian theories have emphasised the role of technological paradigm  and
institutional factors to be ¢rucial in influencing the path of technical change. -

The importance of an effective government policy that would develop certain capabilities
in developing countries as a pré-requisite for improving firm level technological .
knowledge has been highlighted in the so called ‘capability appr_oach". This approach
differs from the neo-technology theories in that while the latter considers technological
cépability to be specific to firm and easily appropriable, .the former focuses on
imperfectionsbin the market that would stand in the way of firms in developing countries
catching up with those in north. The capahility building in developing'muntries would
require active intervention of government in such areas as educat_ion, training and a
suitable tariff, technology and investment policies., to name a few. As firms in developing
countries like India lag much behind technologically advanced firms in developed
countries, apart from investrnent in R&D, they need to acquire technological knowledge
from the latter,” wherever it is possible, rather than trying to develop -all necessary
technology on their own. In other words, the particular technological situation in
developing countries requires firms to follow a judicious programme of domestic R&D

and technology import™.

' In the words of Subrahmanian, ‘What is perhaps needed is a relatively free environment of
the market for technology import but accompanied by positive intervention of the state toensure
that the import is backed up with domestic R&D effort for firms/industry to move along a '
dependence-independence’ continuum of technical change’ (Subrahmanian, 1991)
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Having developed an analytical framework, we are now in a position to undertake an
empirical verifiCatioh of some of the predictions from the literature. This forms the focus
of Chapter 4 wherein the role of technology vis-a-vis other firm specific characteristics in
trade behaviour is analysed by taking the case of Indian Electrical Machinery Industry.
Before getting into the analysis per se it is appropriate that we deal with the database of

the empirical analysis. This is the focus of the next chapter.
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CHAPTER III
The Database

1 Introduction

The analytical review in the previous chapter leads us to the broad conclusion that an
analysis involving technology and trade would require data on a w1de range of variables,
both technologlcal and otherwise. It may be noted that studies in the Indian context
examining firm level characteristics and exports have failed to mcorporate all necessary‘
variables into their framework. This undoubtedly is due to the absenceof a com_prehensxve |
database with both public and private sector. The preseht study'seeks to overéc)me'this
problem to some extent by making use of a recently de\"elop'ed electronic databaSe |
“Prowess’ provided by the private agency Centre for Momtormg Indian Economy (CMIE). .
In the present chapter we undertake a critical assessrriant of this database from the
perspective of the current study, by comparing it with the official statistics on productlon,ﬂ '

trade and technology.

In Section II, we examine the importance of a.comprehensive database not just in a
regulated economic regime but also in a liberalised one, keeping in mind the reform

measures undertaken as part of liberalisation. Section III discusses the data available on

production. Section IV reviews the data sources pertaining to trade. Section V briefly points

at the need for harmonising production and trade data. Section VI gives a brief description
of the computér-based database of CMIE (Prowess) and Section VII presents the

concluding observations.

11 The Need for a Comprehensive Database

The need for a comprehénsive data sys'tem. in a planned economy has ‘been well
documented in the literature (see for example, Rao, 1972). The policy regime in India till
recently was characterised by.ahos't of regulations on production and trade as manifested in
restrictions on entry and exit, capacity, pricing, tariff and non-tariff barriers, exchange rate
and so on. The éffective implementation of these regulations called for a data system which

generated timely data on the different aspects of production, trade and related economic



activities. The economic reforms initiated in the early nineties marked the beginning of the
move towards a liberalised policy environment wherein govemment regulations are being
replaced by the market forces and import substltutlon is giving way to outward orientation.
Implicit in these policy changes is the greater integration of the Indian economy w1th the

world market and gréater linkage between domestic and external sectors of the economy

The importance of an extensive database on the various sectors of the economy is no less
important in an economiic regime where g‘overnrnent control over the economic activities is =
on the decline."'H"ov.s_/e\"'er, the nature and content of the data requirement appears to be
different. To begin with, the data on production and trade need to be integrated
incotporating new variables such as technological payments, fore'ign-v._equity participation
etc. Relaxation of government control over production has’ called for new sets of
information to suit the needs of policy makers as well as the market forces which has

replaced, partially, if not fully, the official regulatory mechanism.

An important characteristic of the trade liberalisation has been the transition from a non-
tariff regime, characterised by quantitative restrictions, to a tariff regime. Such a transition
demands detailed information on what is traded, by whom, produced under what
conditions, at what cost etc. An effective implementation of the export orientation policy
requires information on what is exported, by whom, to which market and so on. This is
important for the analysis of the impact of trade sector reforms on the growtlr performance ‘
of various sectors of the economy as well as on the balance of payments. This kind of a data
»is all the more important to make any forecast about the future course of exports and to

make suitable policy changes in the domestic as well as external sector.

As we have already seen in Chapter II, in an open economy, technOIOgy (through domestic
R&D, joint venture and technology transfer from developed to developing countries) plays
a crucial role in augmenting international competitiveness. Any analysis of the link between
technology and trade therefore needs data on different aspects of technology transfer as well

as domestic technologrcal effort and other related variables.

In the new scenario, though the firms are rather free from government controls, their
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behaviour, right from the 'mob‘ilisatien.of capital to successful mafketing, is governed in
more than one way by the market. To illustrate, while in the earlier regime-industries raised
most of their capital from banking institutions, in the new regime the capital market has
emerged as anv important source of funds. This points to the fact that it is the market that
détermines the cap1ta1 mobilising capacity of the industry which in turn mter alia depends
on their performance. It may be noted that company reports such as profit and loss
accounts and balance sheét incorporate important information to help- assess their current
performance and futuré prospects. These data, pertaining to listed companies are available
in the stock exchanges. This data source, if properly made use of, could far outweigh the |
official statistics on trade and.production in terms of the coverage and go a long way
toWard‘s’_an integrated database. An attempt in this direction has been made by a private
agency (Centre fo_f Monitoring Indian Economy, CMIE) and has come forward with an

electronic database (Prowess).

It may be noted that no serious attempt has been made in recent years to assess the
usefulness of various official statistiés as well as data offered by private agencies on

analysing the different sectors of the economy operating under globalisation'.

111 Data on Production

The Annual Survey of Industries is the only database on the production statistics of the
entire factory sector?. It is a detailed report on the performance of the industrial sector in .
India brought 6ut every year by the government agency; the Central Statistical -Organisati'on ‘
-(CSO). It replaced both the Census of Manufacturing Industries (CMI) and the Sample =

' Two possible exceptions in recent years are the seminars organised by the econometric society
(Manglore, 1998 and Jaipur, 1999), which discussed-about the existing data soyrces and the need
for reoriénting them in the light of liberalised economic environment.

2 All the factories registered under section 2m() and 2m(ii) of the. Indian Factories Act
1948,employing 10 or more workers using power and those employing 20 or more workérs but not
using power on any day of the preceding 12 months, fall under its.investigation. Alsé comes under
its purview are Bidi and Cigar manufacturing establishments with the above mentioned features,
electricity undertakings registered with the Central Electricity Authority and certain activities such
as ¢old storage, water supply, repairing activities (motor vehicle....)Etc. Though it covers servicing
industries like motion picture production, pérsonal services like laundry, job dyeing, etc, data are
not tabulated as these do not fall under the scope of industrial sector defined by UN. It excludes
defenice establishments, cold storage and distribution depots, hotels, restaurants, cafes and
computer services and technical training institutes.
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Survey of Manufé’ctur'ing Industries (SSMI) with effect from the year 1959, The primary
unit of enumeratién is the faetory and the survey relates to a calendar year for most of the
industries. The Collecuon of Statistics Act, 1953, empowers the Centre and the State
govermnments to call for statistical information on the prescrxbed form fromthe owners of
factories. Particulars about installed capacity, output, employment, earnings and raw
materials consumed, and reasons for spare capacity etc. are collected under the survey. The
frame is being revised once in three years from 1989-90, during which the names of de-
registered companies are removed and registered, added. The survey covérs (a) the census
sector, which include fact()ries‘ employing on any day 100 or more workers, and, (h) the
sample “sector‘, ‘which includes factories employing less than 100 workers. The sample
sector isbbvered on the basis of probability sample. Once a factory is classified into census
or sample sector, its status is not altered for a period of three years, i.e., till the frame is
revised; though change in employment might warrant it. The Field Operation Division
(FOD) of the N. ational Sample Survey Organisation (NSSO) carries out the fieldwork of the
survey through its network of zonal, regional and sub-regional offices located in different
parts of the country. While the direction and supervision for-the timely execution of the
field survey rest with the FOD of NSSO, processing of data and publication of reports there
40n; are the responsibilities of CSO®. The ASI data on industries cover the whole of India
except the states of Arunachal Pradesh, Mizoram and Sikkim and the union territory of

Lakshwa Dweep.

In ASI, The Nati_onal Industrial Classification (NIC) 1987 is being followed from 1989-90.
All the factories in the ASI frame are accordingly classified in their appropriate industry
groups -on the value of the principal product manufactured by them. Therefore a unit gets
classified in one and only one industry group even though it might be manufacturing
products belon'gih_g to different industries. This classification is used to represent industries

at the two and three digif levels in ASL

3 The Annual Survey of Industries has 15 volumes including the summary results of the factory
sector. Volume I of the report give the summary tables by states and by industries, among other
‘things. The form of return, concepts and definition and the classification of industries are also given -
in this volume. The other volumes provide detailed data relating to various industries and industry
groups at the two and three digit level. It however does not give data at the firm level.
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As pointed out by Krishna (1972), ASI is capable of providing extremely valuable data for
the purpose of national income estimation and for the irxvestigation of problems in the field
of industrial economics. But the utility of ASI data is considerably diminished as a result of
long delays in the processing 'and publication of data.. As of now detailed data are not
available for any of the years bAeginning’ with 1995. This is a serious shortcoming of the ASI
data. ASI has béen 'collecring data on capacity and reasons for the under utilisation of
capacity right from the year 1959. But the figures of capacity and the data on reasons for
under utilisation have never been published. Such acts of omission are, to Say the leaS’t,
deplorable (Krishna, 1972). In AS], the census sector has a larger oOvéra‘g"e than the sample
sector. This tesults in the.under representation of the manufacturing sector®. Such a bias is
coupled with the difficulty of intertemporal comparisons arising out of the changes in the
survey, its coverage and the classification. Again, as ASI leaves out a large unregistered
manufaéturing segment, makin;g any meaningful empirical analysis is rather dif_ficulr

(Sinharoy, 1998).

However, it is to be noted that ASIis a rich source of data-on oufput, capital, labour, and.
raw material inputs, wages- and salaries at the faotory level.‘In its coverage and scopé, it is
comparable to the Annual Survey of Manufactures in the US, the census of manufactures in
Canada and the Census of Manufacturing Establishments in Norway. The information from
the establishments was collected under non-disclosure provisions, as in ASIL- However,
research workers were provided; on request, the matricés of sums of Sqoares and products
of relevant variables so as to enable them to estimate p_roduction relationships. Though'
there have been arguments in favour of making the ASI data also available for researchers

on similar lines, no effort has been made in that direction.

TV Data on Trade _
As pointed out earlier, the trade data is provided by the DGCI&S?, Calcutta, and the RBL

* The census accounted for about four fifth of the total output of the two sectors taken together in
the early seventies.

> It has three different volumes. While the first gives country wise compositions of India’s foreign
trade, the other two volumes give industry wise composition of the trade between India and the
Rest of the World with the one on exports and re-exports and the other on imports and re-imports.
The data relate to the transaction of all merchandise through all the recognised seaports, air ports,
lands customs stations and inland container ports, and in the case of exports export processing

zones of India as well.
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The DGCI&S statistics is based on customs clearance of merchandise transactions at major
ports in the couritry, where exports are based on the basis of shipment of goods and imports
on the basis of arrival of goods and their clearancé by the customs. The RBI statistics is
based on merchahdis_e transactions taking place in the economy which are valued at the
actual price paid through the banking channel, where exports figures are on the basis of
declarations and imports are on the basis of realisations rather than on landed merchandise.
It is to be noted that there is discrepancy in data from the two sources because of the
differenéés in the timing of recording by RBI and customs sources®. The important need to
correct the lack of correspondence between the RBI and the DGCI&S statistics has been

voiced almost three decades back (V. R. Panchamukhy, 1972).

While DGCI&S prOVides data at a fairly disaggregate level, RBI data is obtained only at the
aggregate as its purpose is solely to provide information on the balance of payments
situation in the country. Unlike the production statistics, the trade statistics of the DGCI&S
has undergone systématic changes over the years. A new system of commodity
classification known as Indian Trade Classification (Based on Harmonised Commodity
Deéscription and Coding System (ITC (HS), has been adopted from April, 1987 replacing
Indian Trade Classification, Revision-2 (ITC-Rev-2). The ITC (HS) is an 'e‘xtended version
of the International Classification System called ‘Harmonised Commodity Des’cri_ption'and
Coding System’ evolved by Customs Co-operation council, Brussels. The ITC (HS) has

undergone two revisions, one w.e.f. April’91 and next w.e.f. April’927.

¢ As pointed out by Sinharoy (1998), the divergence between the two is not just due to the timing of
recording but also due to the nature of coverage and valuation of transactions. His study shows that
divergence has been widening over the years with RBI figures vastly exceeding the DGCI&S
figures, more $0 in the case of imports. Also, while RBI covers defence related items, DGCI&S
does not cover them for security reasons. These apart, ‘there are differences, which are specific to
imports_such as lead in payment, imports of mobile equipments such as ships and aircrafts and
imports under external assistance and commercial borrowing. In addition there are certain imported
items which are not covered by the DGCI&S as they do not require customs clearance but are
compiled in the RBL database

" The classification consists of 99 product groups represented by two digit codes, with 77 -
representing products reserved for future use, 1253 H.S. headings represented by 4-digit codes and
5063 HS Sub-headings represented by 6 digit codes. The 8 digit codes of ITC (HS) nearly 10,980
in number have been derived by further sub division of the 5063 HS sub headings to capture data
on commodities of national 1mportance
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In spite df the Srdigit- Ievel of disaggregation, one often confronts the non-availability of
data on volume of trade in DGCI&S?. It has been pointed out that the 8-digit level of
disaggregation is not sufficient to arrive at prbduct specific inference. Further, the trade
statistics in India has undergone changes very frequently creating the very serious problem
of unequal totals across revisions. This makes it difficult to obtain information on a
meaningful set of prddncts at the disaggregated level-and arrive ata comperable time series
for individual items. Therefore one has to limit the analysis of time series, for broad
aggregates liké metals and ‘manufactures, leather and manufactures or machinery and
transport equrpments (Sinharoy 1998). Again, under HS, products are classified in
increasing degree of value addition of the basic input. As a result, meaningful aggregation
is barely possible for end group categories such as basics, intermediaries, capital goods and

~ consumer goods.

V The Need for Harmonising Production and Trade Data
In a liberalised economic regime, the need for the.synchronisation of trade and production
data is paramount’. This is because, in such a SYStem, international trade plays a key role in
influencing the leyel of output of various sectors of the economy. In India, it has been well
illustratéd that, the measures of export intensity, whicvhv is an indicator of the openneés of the -
economy, and impert intensity are underestimates. This is due to the fact that, in the export
~ to GDP ratio or import to GDP ratio, the numerators and denominators do not represent the
same categories. Merchandise trade covers only the productive sectors of the economy
while GDP includes services also. Sector wise measures of import intensity and export
intensity have been found to be overestimates. This is because production data available
from ASI at three-digit level covers only the registered segment. Production data covering
the registered and unregistered sectors are available only up to the two-digit level. Thus, a
calculation of export intensities at 3 digit level leaves out a large ehunk of small scale sector

which is often found to be-more export intensive.

‘The analysisbby Sinharoy (1998), shows that though at-the aggregate level export to'GDP

8 For instance, in the case of petroleum and related products and drugs and pharmaceuticals, the _
volumes of trade are not available. While the latter is emerging as an 1mportant tradable, the former
accounts for the bulk of import payments

? Sinharoy (1998) illustrates the need for harmonising production and trade data in an open

economy.
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ratio has been increasing from the mid eighties through 90s, when the data was .adjusted for
unregistered' production the increase was more pron‘ounced‘o. At th_e_ disaggregate level,
when a similar exercisé 'was. done, it was found. that, the export intensities were
overestimates. It has further been noticed that, the ratios for non-traditional manufactures
such as machinery and transport equipments, chemicals and metal and manufactures have a
lower bias than those for traditional items due to the rather modest existence of the small
scale segment in these sectors. Thus, information of small-scale production would scale
down the intensity ratios, especially for traditional sectors. Several studies have tried to
compareASI data at the two digit with the DGCI&S data at various levels''. Suggestions
have been made in recent years to. harmonise the production and trade data. This requires

the unification of s_y‘_stern of classification and the sample coVerage of data sources'?.

* Another su_ggestion'has been to calculate export indices at the firrn level, which are not
compiled by either ASI or DGCI&S. Yet another solution for the problems discussed
above is to increase the coverage of sample sector in ASI and to enlarge its scope by
including the foreign exchange transactrons of frrrns which include the export and import of

finished goods, intermediaries and raw materials.

VI The Prowess Database

The computerised database of the CMIE (Prowess) makes an attempt towards overcoming
some of the problems raised abo_ve. Though based on a sample, it remedies the problem of
non-harmonis;ationi between the production data and trade data to some éxtent, by providing
information 6n most of the economic activities at the firm level including production, trade, -
R&D, technology import and other foreign exchange transactions. In Prowess, data is
‘collected from original and secondary sources. An important advantage of Prowess is that it '
gives data at the firm level much more comprehensively than data sources such as Bornbay_
Stock Exchange“Directory, which also gives information at the firm level. It covers many of
the variables needed in social science research, such as sales, exports, imports,'tec‘hnical.

payments made abroad, R&D, wages and so on. It needs, however, to be pointed out that it

" The reader of the papeér, however, is kept in dark regarding the method of adjustment

"' Deberoy and Santhanam, 1993, quoted in Sinharoy, 1998.

12 Parichamukhi (1972) has pointed out that, the diversity of code humbers in Indian Statistical
System should be. removed and a common body should be set out to devise appropriate

correspondence between several code numbers.
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does not give information on such important variables as mandays, number of workers etc.

Industrial classification is based on the overall distribution of companies amongst industries
and the distribution of sales turn over of companies. Selection of a set of induét‘ry groups is
based on a ‘reasonable’ representation of companies. In some cases, companiés belonging .
to a group of industries have been clubbed together, if they are closely related to each other.
‘Regarding the sales turn over, as a general rule, if a company derives more than half of its
sales from one of the industry classification heads, 1t géts classified under the particular
industry, else it is classified as a diversified industry. Business activities of companies are
tracked on an ongoing basis and it is possibl_e that a hon-divefsified company may

tomorrow become a diversified company or vice versa.

To have better .ur‘lderstanding of the prowess data we have made some preliminary
comparison with other official sources mentioned above. The Net Value Added (NVA) of
Prowess sample is compared with that of ASI and imports and exports data in PfOWeSS are
compared with those.of DGCI&S at the two digit levels of ASI and DGCI&S respectively.
It is found that for the year 1989, the NVA of the Prowess s‘amplé of the manufacturing
sector constituted nearly 70 per cent of the NVA of the manufacturing sector reported in .
ASI. More importantly this share is found more or iess the same in almost all indﬁstry
groups. The Prowess data on exports and imports for the years 1988-89 and 1994-95 show |
a reasonable representation of those of DGCI&S dafa. In terms of the volume of exports,
the share of Prowess daia has increased from 15% to 28% dﬁring the period. The Prowess
sample for imports shows an increase in the share from 12% to 18% duriné fhe ,pe'riod. This
may be viewed égainét the earlier findings that the Indian exports is cdntlfibuted more by
the small scale sector"which'may not be representéd in the listed companiés. Howe?er_ the
Prowess share for ~bvjoth import and export shows wide differences across industries. For
exports, the Prowess data on mietal and metal products accounted for more than 70% m
both the years. ‘Share of Prowess for chemicals and Transport equipment increased to 60
and 63 per cents respect'ively“from 54 and 46 per cents. For the machinery the share
increased from 32 per’éeht_ to 44 per cent. As pointed out else where in the chapter, in
traditional industrieé like textiles, small firms are major exporters and because of bthis :

reason their share in the Prowess sample is rather low. In the case of imports; the Prowess
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data 6n imports show a more than 50% representation for industries like Textiles, |
.ChemiCals; Transport Equipment and Metal and Metal products, and; for Machinery, it
gives a representation of around 20%. However, before mak'ing"any judgerheni about the
réprésentation of the manufacturing sector in Prowess, one ust notice that the sample is
selected from companies listed in fhe stock exchanges. As a result though it gives a good

representation of large and medium sized firms it excludes a majority of small firms.

Coverage of Variables |

In terms of the coveragé of variables and industries, Prowess is the most comprehensive
database avaiiable in the 'coimtry. Any research requiring many of these variablesrequire a
review of a number of data sources such as ASI, DGCI&S_, F(')reiganollabbratiOns Data,
R&D statistics and Bombay Stock Exchange Directory. ASI, as already pointed out does

" not give data on, numbér of firms beloﬁging to each industry, sales, R&D, technological _
payments, éxpOrts, imports, marketing and selling costs, tax payments, profits, share
‘holding pattern etc. DGCI&S, gives data only on the exports and imports at the industry
level (up to eight-digit level). Foreign Collaborations data,i published by the Deﬁart_merit of
Scientific and Industrial Research (DSIR) gives data on the technology purchase at the firm
level and shows only whether firms resort to import of technology without showing the
absolute amount spent on such transactions. R&D Statistics brought out by the Department
of Science and Techriology (DST) gives information on R&D at the industrial level but the
firm level information is provided only for those firms having a régistered R&D. unit.
Bombay stock exchange directory provides data at the firm level but the vériabll’es covered
are less with the significant omission 6f exports and imports, expenditufe‘ on R&I.)‘and '
foteign technology et¢. Even if one attempts to mrake use of the differehf data sources
mentioned above, such. a task entails numerous problems of comparison. In these
circumstances the usefulhess of Prowess as a database vfo'r aﬁalysing 1issues undér a

globalised setting appears overwhelming.

Limitations
The Prowess database has some weaknesses due to the voluntary nature of data collection.
Since firms retain the option of not providing information, it may not always be possible to

collect data from all firms from which data is sought. In addition to this, it has been found
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_that though data is available for the latest year, it ’c.‘:annot be used for any analysis. Th1s is
because the data collection for any year is completed onlyafter a-period of one or two
years. For‘lnstance, thb_ugh the number of firms in Prowess are increasing gradually, it
shows a sudden dip from 1996-97 onwards indicating that data collection is not complete
for thé years following 1997. However, the database is silent regarding whether data for any
year is complete or not, and hence it is left to.the subjectivity of individual researcher to
chooseé the final year for the purpose of analysis. Another problem in running time sériés
analysis pertalﬁs to the fact that a firm belonging to one group of industry in one year may
become réprésented in another group in the following year. There are other handicaps as
'well, dué to the reason that firms may not always provide information about .some
variables. However, as has been found often, it is not possible to figure out whether a -
particular variable has zero value or it is not reported as both gets a zero value in the
dataset. As a result such firms which may have to be left out of any énalys‘is, still retains its
place in the dataset. As with Annual Survey of Industries, Prowess also has the serious
handicap of not including a vast ¢hunk of non-listed companies, many of which are
prominent players in the export market, at least in traditional industries. Furthermore, with

 the recognition of téchnélogy behaviour of firms as invblving not just R&D and technology
import, but also royalty payments and lumpsum fees, an analysis of that nature would

require information on these two variables as well.

VII Summing Up
‘The present chapter has been aimed at delineating the data constraints ()ne often COnf‘ronts vv
in economic analysis in an open economy, with a special focus on the data requirements for
a study like the present one. We have examined the features of official and private data
sources on productlon trade and technology and discovered the usefulness of employing.
Prowess data. One maJor problem associated with the official statistics is the lack of
harmonisation between production and trade data. A database on produ‘ction' and ‘trade
based on a unifonn industrlal classification can make econo'mic_.analysis in an open
economy '_much more reliable and easy. Adding to this, the official data sources on
tecnnology transfsrs fail to show the magnitude of such transactions. It has also ‘been
pointed out that stock exchanges have emerged as an important source of firm level data.

The balance sheet data with the stock exchanges are superior in that, production and trade
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data are provided at the firm level and hence, the problem of non-harmonisation between
productién and trade data are taken care of. On the other hand, the effective utilisation of

Prowess data is hampered mainly.by the fact that they come with a lag along with non-
‘information on certain variables in some years, owing mainly to the irregulaf reporting of

balance sheét data by some firms.
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CHAPTER IV

Technology and Trade: A Firm Level Analysis of Indian
Electrical Machinery Industry

I Introduction

Having séen the importance 6f technology factor in international trade in chap.ter II, the

present éhapter examines the role of firm level technology behaviour in exports in the

Indian Electrical Méchinéry industry. The development of e_ngineering industry, to which

electrical machinery belongs, was one of the leédirig objectives of dev_elopment planning

in India. This was because, to quote Saha °.... engineering industry, which includes the

manufacture of éteel and a wide range of heavy and light machinery is probably the:r"host_ |
crucial énablihg component of a national economy to gét on to an upward trajeCtOry‘ of
endogenously driven and sustainable process of development’, (Saha, 1993: m149). The

United Nations Industrial Development Organi’satiOn_ (UNIDO) underscored the
~ importance of éngineering sector, particularly for developing Countries, when it, in its
1988 repott picked up metal products, machinery and equipment as the most imppr'tant

constituent of core technology sector. It also warned developing countries _that, unless they-

took active steps to create‘ this séctor as an essential part of their domestic production
capabilities, they would be forever locked up in the trap of téchnoidgical backwardness

and pov’érty, feeding each other (UNIDO, 1998).. It must be noted that India is one of a
very stnall numbér of developing countries in the world, which has had a strong preserice

of this sector in its industrial structure. Another unique aspect of the Indian ¢ngineering

industry has been the‘ dominance of public sector and the insignificant role of foreign

capital. With the relaxation of controls on industry from the' mid 1980s, the .‘In'dian'
machinéry industry has undergone substantial transformation with private sector emerging
as an important force to reckon with. The outward orientation of thé economy has 1éd to

the emergence of this industry as a leading foreign exchange eamner as well.

Prior to liberalisation, exports from this sector had been dominated by small and medium
sized industries (Patibandla, 1988a). This could largely be owihg to thé domestic
monopoly enjoyed by large firms, which provided them little inducement to .expoit. It

would be of some interest to look at the size composition of firms and export intensity, as



large firms are likely to increase their outward orientation with the liberalisation of .the

economy.

As the outward orientation of firms are expected to go up with the liberalisation of the
economy, it is reasonable to assume that firms increase their technological effort through
increased in-house R&D, technological import!, Foreign Direct Investment (FDI) and such
othér means. As the share of machinery in the total expor‘t. earnings remained at a
substantially high lével of around 12% throughout the 90s, and it being a highly
technology intensive industry, a study on the role of technology in export intensity of -

firms in this sector appears to be of much significance.

- The present chapter is ofganized in the following way. Drawing from the analytical
framework presented in Chapter I1, the following section presents the various hyp(‘)théses_
to be tested and the econometric models for estimation. Section III deals with the sample
frame and the construction of variables used in the analysis. Estimation results are

provided in Section IV, followed by some concluding observations in Section V.

II Hypotheses

The Decision to Export and Export Intensity

It has of late been recognised that factors that influence the decision to eXport may not be
the samie as those that détermine the inteﬁsity of export. The Study by Willmore (1992) on |
Brazilian manufacturing firms foﬁnd that whilé factors sﬁch as size and quadratic térm of
© the size were éignificant (with positive and negative signs respecfively) in explaining the
export decision, an opposite result was obtained for the export iﬁtensity, A similar result"
- is obtained by Athukorala et al (1995) in their study of the link between foreign ownership
and export by firms in Sri Lanka. While ownership, efficiency, firm size etc, have been
proved to bé signifiqant in explaining the decision to export by firms, they have been
found to bé insignificant in inﬂue’ncing the export intensity. The study by Wakelin (1997)
on the link between firm level technological characteristics and export intensity for British

manufacturing firms also found that there are significant differences between the factors

! As part of new technology policy, royalty payments have been considérably liberalised
(Ahluwalia, 1996). Technology imports obtain automatic approval for royalty payment up to
five per cent of domestic sales and eight per cent of export sales (both net of tax), with or
without lump sum payment up to Rs. 10 million.
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that influence the decision to export and export intensity. Her si_udy showed that though
firm size is insignificant in the probability of exporting it is significant in the intensity of
export. However, ¢apital intensity has been found to be impoftant_in influencing both
expott intensity and decision to ekpbr’t. In the context of India, earlier studies f{iund aclose
association between decision to export and export intensity (Pant, 1993, Subrahmanian et
al, 1996). A recent study by Joéeth (1999) on the export intensity of multi national

enterprisés also confirms this result.

The bre'sent study examines the influence of technology behavior of firms, rather than the
accumulated technical knowledge, on exports. The following section deals with this aspect

of firm level technology behaviour.

Technology Behaviour

Studies examining the role of technology in firm level exports have used different proxies
to capture the level of innovative activities by firms. In most of the studies peftainiﬁg to
developed countries patent data has been used to capture the extent' of technological
capability of firms. Studies on developing countries on the other hand, have used sgveralv ‘
input proxies of innOVainn such as R&D expenditure, foreign technology purchase etc. It |
must be noted that since firms in fhe -de{/eloping countries lag much behind thé world

 technological frontier, the technological options available are maty.

The two most 1mportant sources of acquiring technologlcal capablhty by flrms in

developmg countries are in house R&D and technology Import.

Given these two factors, an ideal approach would be to examine the link between firm
level technologylstrateg‘y and exports®. These strategies may include, a. R&D only, b.
technology import only, ¢. both R&D and technology import, and d. neither R&D nor
technology 1mport An analysis in this direction could be econometrlcally carried out
- using a multinomial logit model. The scope of the present study, owing to the limited time

available, is lirhited to an examination of the technology behaviour of firms (with respect

? Studies in the Indian context which examined the determinants of technology strategy by firms
reveal that variou_s fitm specific characteristics influence the technology strategy of firms (see, for .
instance Basant, 1996). |
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to R&D and Technology Import) and its impact on export decision and export intensity.

" R&D and Exports
The studies. analysmg the mfluence of R&D on f1rm level exports prov1de mlxed results.
R&D's’ role in influencing the decision to export has not been found significant in a study
on Brazilian firms by Willrrl‘lolje (1992), while in some of the studies pertaining to -
developed countries (Pavitt et al, 1980, Wakelin, 1997), its role has been found to vbe
significant. A few Indian studies did not find any credible evidence for the link between
R&D and the export intensity of firms (Lall, 1986 Kurhar, 1990, and Kumar and
Siddharthan, 1993)

Since an initial téchﬂological capability ‘is a prerequisite for acquiring advanced -
technology and 1mprovmg technolog1cal capability, we hypothe51se that R&D is
significant in mﬂuencmg the decision to export while not 1mportant in 1nfluencmg the

export intensity.

Technd‘logy Import and Emorts ,_ v

While there have not been any major study in the Indian context that examined the role of
" technology import in the decision to export, the studies by Lall (1986) on the engmeermg
industry and Kumar and Siddharthan (1993) on high technology industries have found that
foreign technology import has a significant influence on the export ’i.rvttehsity of firms. As
technology import is a prerequisite for improving the technological eapability of firms in a
developing country like India, it could be hypothesised that it has a positive influence on
export intensity. ‘However, since a firm, which is 'yet to make its presence in developed
country markets may not have adequate knowledge or bargammg power to acquire foreign
teehnology, it is assumed that technology import does not have a positive impact on- the

decision to export.

" We have thus hypothesised that R&D and technology import would have a differential

* Following, Arrow, 1962, there have been arguments that imperfect appropriability of the
benefits of R&D may lead to increase in spending on R&D as firms with a higher technological
capability will be able to appropriate the innovation spillovers from other firms (Cohen and
Levinthal, 1989).
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influence on decision to export and export intensity. Whlle the former is assumed to

1nfluence the decision to export, the latter is assumed to be affectmg the mtensrty of

export.

Other Firm Specific Factors

Apart from the technological characteristics, there are other s1gmf1cant firm specific
characteristics as well, which are found to be mﬂuencmg the export de01sxon and export
mtensuy The major variables included in the existing literature are; firrh size, foreign
equity participation, market share, profxtablhty, selling cost including advertisement, -
tharketing and distribution costs, fiscal benefits, skill intensity, capital intensity, vertical
integration and the import of capital. Let us examine the hypotheses pertaining to them in

the ensuing discussion.

Firm size

Firm size is expected to have a positive relatlonshxp with exports as larger firms have more
resources with which to enter foreign markets. This may be the case if there are high fixed
costs to exporting, such as gathering information or covering the uncertainty of a foreign
market. There may also be economies of production and marketing; which benefit large
firms. The importance of firm size can be expected to vary with the characteristics of the
sector, such as economies of scale in the sector The empirical evidence on the relationship
between firm size and export intensity is m1xed Lall (1986) has found that firm size is
significant in the case of engineering firms. However, the findings of Patibandla (1988a) -
in the case of Indian engineering industry, and Bonaccorsi (1992) in the case of Italian '

' industry point out the dominance of small and medium sized firms in export.

| In addition to firm size, the quadratic term of firm size is used to test for non-linearities in
the relation ship between size and exports. Itis possible that a minirhu_m s.ize is required to.

_overcome additional costs of exporting, beyond which increase in siie has no ir‘hpact on:
export intensity. The argument is that, although siie is an advantage in exporting, this may
not apply to very large firms, which may be orlentated towards the domestic market
because of, say, monopoly in the domestic market (Slddharthan 1994, Willmore, 1992). A
firm faced with domestic monopoly can exploit domestic demand; a foreign market would

typically have a higher elasticity of demand, and would involve the domestic firm
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becoming a price taker. Thus, the quadratic term of size is expected to have a negative

 coefficient.

For similar reasons, the market power of the firms is also expected to have a negative
impact on export. There have been arguments that a concentrated domestic market would

be 4 disincentive for firms to export (Kurhar, 1990, Evenson and Joseph, 1997).

Foreign Equity Pdr:ic:paﬁbn

The rolé of Foreign Direct Investment (FDI) in the eXport intensity of firms has been the

subject of much debate. The vast body of literature pertaining to FDI and its impact on

trade is well illustrated in Joseph (1999). There is no unanimity among studies regarding

' the role of foreign investment in promoting the export intensity of firms. On the one hand,
there are studies, which preseht a strong case for foreign investment based on the better

export intensity -by the foreign firms®. At the same~ time, there are studies, W_hich

underscore scepticism of either superior performance of dor‘neétic or no significant

difference betweeri them in their export perforinanceS. The differential influence of foreign

investment on decision 0 export and export intensity is another aspecf thaf needs to. be

analysed. Joseph (1999) found that while the foreign ownership has no statistically

51gmf1cant effect on the décision to export, it has a negative effect on.éxport mtensny This -
reaffirms the general apprehension that foreign firms are interested moreé in exploiting the -
domestic market than exporting their products from Indla It is, therefore expected that

~ foreign investment is significant in influencing the decision to export but is insignificant in

affecting the export intensity of firms.

Selling Cost '
Expenditure on advertisement and marketing can impfove_ the quality of the products and
hence the non-price competitiveness (Kumar and Siddharthan, 1993). This is because in

the process of building brand and trade names Indian enterprises are likely to become

* For a review of literature on studies which underscored the export propensity of foreign
controlled/owned firms, see, Cohen 1975, Willmore, 1976, 1986, Lall and Mohammed, 1983,
Willmore, 1992 etc.

5 For a review of studies which are skeptical on foreign controlled/owned firms' export prOpensxty, o

see Jenkins, 1979, Subrahmanian and Pillai, 1979, Newfarmer and Marsh, 1981, Lall, 1986,
Kumar and Siddharthan, 1993, Pant, 1993, Subrahmaman and Joseph, 1994, Subrahmanian et al, '
1996, Athukorala et al, 1995
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conscious of the need to improve quality. Hence a positive relationship is expected

between advertisement intensity and export intensity as well as decision to export.

Capital Intensity

It is legitimate to. argue that in a labour abundant country like India, comparative
advantage® may arise from a higher proportion of labour relative to capital in the
production process. At the same time, a higher capital intensity is symptomatic of a better
technology at least in high technology industries.. We, therefore, hypbthe'sise that a higher
capital intensity will indeed positively influence the decision to export and export

intensity.

Vertical integration

Vertical integration enables a firm to achieve cost competitiveness through soureing most
of the inputs from the firm itself’. However, the opening.up of the economy is likely to ‘
enable firms to acquire inputs from abroad, which can substitute in house production. It s,
thus, possible that vertical integration can have a positive or negative influence on the

decision to export and export intensity.

Import Intenszty

It is only to be expected that firms resort to purchase of mputs from abroad to 1mprove the
quality and reduce cost and hence the competitiveness. It is thus assumed that a positive
relationship exists between import intensity and exports®. The increased intensity of intra
industry trade in the case of India (Veeramani, 1998), lends support to the assumption that
a higher import intensity is associated with a higher export intensity. Furth'ér‘more, as
superior quality of the exportables is a prerequisite for them to be accepted in developed

foreign markets, it is assumed that import intensity is positively. associated with the

 While earlier studies such as Pant, 1993 and Subrahmanian and Joseph, 1994, found the
existence of a Hecksher-Ohlin kind of situation in the export of Indian manufactures, Kumar and
Siddharthan, 1993, have found a significant positive relationship between capital mtensny and
export intensity in high technology industries.

7 Joseph, 1999, argues that vertical integration is important in influencing the décision to export
and export 1nten51ty of firms catering to certain markets where, cost competitiveness is 1mportant

¥ While Joseph (1999) fmds import mtensny to be a significant factor i in mﬂuencmg the decision
to as well as intensity of export, the study by Kumar and Siddharthan (1993) does not indicate any
such relation ship.

53



decision to export. -

Profitability _

A higher profit’ can obviously enablé a firin to tide over the risks associated with breaking
into foreign markets. It ¢an also capture to some degree, the extent of tax concessions and
other incentives provided by the government. It-may positively influence the export
intensity as well, because firms with a higher profit would be able to 0vercorhe temporary
fluctuation in éxport prices and exchange rates than those with a lower profit. Because of
the reasons cited above a positive relatiohship is presumed to exist between profitability
and both export deciSiOn and export intensity. It may, however, be noted that, the study by
Kumar and Siddharthan (1993) found profit (o be significant only in four out of the 13

industries éxamined.

Fiscal Benefits

The governmental effort'® in facilitating exports particularly in a liberalised economic
regime can partially be c‘apturé_d by the extent of fiscal incentives rendered to firms by way
of tax concession and subsidies. It is, however, to be noted that the liberalisation bestows
a differént kind of incentive for firms in the form of a liberalised exchange rate. Like the
profi.tability variable, this variable is also expected to have a positive impact on both the

aspects of export.

Skill Intensity

The skill content of the labour force has been a traditional explanation for many of those |
empirical reSuits, which questioned the validity of comparative advantage doctrine. Itis
argued that, goods. with a higher skill content émbody a higher technology and hence have
a comparative advantage over goods with a lower skill content'’, It is hypothesised that

skill intensity exerts a positive influence on exports.

® While profitability has been found to be a significant influence on the export intensity by firms
in the studies of Pant, 1993, Subrahmanian and Joseph, 1994, and Subrahmanian et al, 1996, an
opposite result has been.obtained by Kumar and Siddharthan, 1993, and Joseph, 1999.

19 In their pre liberalisation period analysis, both Lall, 1986 and Kumar and Siddharthan, 1993,
have found government's role to be crucial in augmenting exports.

"' While Kumar and Siddharthan, 1993 in the Indian context and Wignaraja, 1998, in the context-
of Sri Lanka have found skill intensity to be a significant determinant of export intensity, the
study by Lall, 1986 shows that skill intensity is insignificant in engineering industry.
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The above hypotheses may be translated into the two following models.
The decision to export may be expressed as,

Prob (Exporting)= f (R&D expenditure, Techno_lo_gy' Import, Import Intensity, Vertical -
Integration, Sales, Square of sales, Market Share, Fiscal Benefits, Selling Cost,

Profitability, Skill Intensity, Capital Intensity, Foreign Share, Period Dummy)
Export intensity may be modelled in the following way,

Export Intensity = f (R&D expenditure, Technology Import, Import Initensity, Verti_cal
Integration, Sales, Square of sales, Market Share, Fiscal Benefits, Selling Cost,

Profitability, Skill Intensity, Capital Intensity, Foreign Share, Period Dummy)

III The Sarhp'le and the Construction of Variables

The sample of firms in the electrical machinery industry used in the study is classified into
exporting and non-exporting firms. Since not all firms have been exportets through out the
period of analysis wé define an exporting firm for a p'articu.la'r period (pre or post
liberalisation) as one that has reported exports 'at least once during that period. Thus a firm

which is an exporter in one particular period may become a non-exporter in the other.

The sample frame has 710 observations with 91 exporting and 65 non-exporting firms for
the period 1988-89 to 1995-96. During the pre liberalisation period (1989-92) there are
only 53 non_-éxporting firms as against 61 eprrtir;g firms. In the post-liberalisation f)eriod
(1993-96) the numbér of firms in the former has declined to 43 and the latter increased té
84.

Construction of Variables

Among the several variables used, R&D and technology import need special mention. The
data provide information regarding two kinds of R&D viz., R&D capital as well as R&D -
curfent. The two are added up to get the total R&D expenditure by firms. The technblogy

import variable has two ‘cofnponents, namely royalty payments and lumpsum. payments.
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While royalty payments represent the regular stream of income ﬂowmg out of the country
as remuneratron to technology transfer, lumpsum payments are the fees paid for a
technology once’ and for all. In the data, however, royalty and lumpsum payments. are
clubbed together as a smgle' variable representing most of the disembodied technology

transfer.

Since, all the var1ables have been standardrsed by dividing them with sales, no attempt has

been made to deflate the variables. However, we have deflated gross sales with the Whole
Sale Price Index of Electrical Machmery industry for the perrod 1988-89 to 1995-96, with
1980-81 as the base year. For convenience, variables have been renamed using different |

* codes. The definitions as well as the codmg of the variables are given in Table 4.1.

To further delineate the nature of variables used and inter firm varlablhty during each

period, the sumrary statrstlcs for each period has been constructed (see Table 4.2).
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“Table 4.1: Variable Construction-and Coding

Variable - Code . Definition A
Export Intensity EXPINT Ratio of .Exports to sales
R&D Intensity RD Ratio of R&D to sales
Technology - - TECHIMP Ratio of technology import to sales
Import Intensity
Import Inténsity  IMPINT Ratio of total imports to sales
Vertical VINT Ratio of gross value added to sales
Integtation ’ ‘
Gross Sales SALES Value of sales in Rs. Crores deflated by the whole
: ' sale price index of electrical Machinery Industry
for the period 1988-89 to 1995- 96
Square of Sales  SALES2 Square of Sales
Market Share MSHARE  Market share of each firm belonging to different
o industry groups as defined in ‘Market and Market
Share’ of CMIE. :
Fiscal Benefits ~ FBEN Ratio of fiscal incentives to sales
Selling Cost SCOST Ratio of selling cost to sales
Profit PROF Ratio of retained profit to sales |
Skill Intensity ~ SINT Ratio of total emoluments paid to emp10yees to
: ‘ o the value of output
Capital Intensity .CAPINT Ratio of Gross Fixed Assets to sales
' Foreign Share FSHARE Percentage share of foreign equity in a firm’s
total equity :
Périod Dummy PDUM It takes a value 1 for post liberalisation period and
o 0 for pre-liberalisation period
Probability EXP It takes a value 1 for exporting f1rms and 0 for
Exporting non-exporting firms
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In table 4.2, high standard deV1at1ons of different vanables indicate, despite the removal
of several outher variables, the high inter-firm differences in the sample This may be
more ev1dent from the large difference between the minimum and max1mum values of
different variables. The table also shows that in the case of variables like export
intensity, R&D, technology import etc, for instance, an increase in the fnean value

between the periods, with the increase quite substantial in the case of R&D.

Table 4.2 Summary Statistics of Variables Used in the Model
Pre-Liberalisation Post-leerahsatlon B

MEAN SD  MIN MAX MEAN SD MIN -~ MAX

EXPINT 311 537 000 2810 377 669 000 3017
RD 002 014 000 153 035 103 000 1316
TECHIMP 021 054 000 602 021 067 000 811
IMBINT 733 760 000 4611 869 819 000 3520
VINT 2127 800 -046 5506 2111 7.88 353 5325
SALES 4382 5735 037 37435 4463 419 055 53175
MSHARE 1458 20.19 000 9200 1150 547 000 7600
FBEN 046 127 000 1655 033 119 000 1341
SCOST 335 297 000 1825 349 334 000 2035
PROF 244 567 -4860 1930 307 698 4868 4015
SINT 1017 605 035 3125 916 613 070 3483

CAPINT ~ 89.26 5273 2550 47143 97.83 281 3317 630

FSHARE .= 11.87 20.34 - 0.00 7810 1044 866  0.00 78.10

A notable exception to this general trend has been the reduction in average fiscal benefits
between the periods. This may, however, be. interpreted as a shift in the nature of
goverhmeént support to exporters from direct subsidies and tax concessions to liberalisation .

of exchange rate.
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With é view to examine the presence of multicollinearity, a correlation niatrix (Table 4.3)
has been constructed. The correlation matrix shows the absence of a high degree of
correlation between different variables. To avoid hetroscedasticity, as has already been
noted, variables have been standardised by dividing them with sales. Havihg sfated the .

data and variablés, let us now proceed with the empirical estimation.

Since only a select number of firms are found to be exporters, and the dependent variable
takes a binary form, the éxport decision has been estimated with a probit model of the

following type,

Prob (EXP)= a0 + ol RD + 02 TECHIMP + o3 IMPINT +6:4 VINT +a5 SALES + a6
SALES2 + a7 MSHARE + a8 FBEN + a9 SCOST + a10 PROF + a1 SINT + o12
CAPINT + 13 FSHARE + 14 PDUM |
where’ .

Prob (EXP) = e®/1+e®

The issue of export intensity has been analysed with an Ordinary Least Square Equation

(OLS) of the following type,
EXPINT = 80 + 81 RD + (32 TECHIMP + 33 IMPINT + 34 VINT + [35' SALES + 36

SALES2 + 37 MSHARE + 38 FBEN + B9 SCOST + 10 PROF + 11 SINT + 12
CAPINT + 313 FSHARE + 314 PDUM | ' |
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Table 4.3 The Correlation Matrix of Variables

EXP EXPINT RD TECHIMP SALES SALES2 MSHARE FBEN SINT PROF SCOST VINT CAPINT IMPINT FSHARE PDUM

EXP

EXPINT

RD
TECHIMP
SALES

SALES2

MSHARE

FBEN
SINT
PROF
SCOST

VINT
CAPINT
IMPINT
FSHARE

PDUM

10
0.4
| 0;1 '
0.0

0.3
0.2
0.3
0.1
0.1

0.0

0.2
0.0
-0:1
0.1
0.2

.01

1.0

01
0.1

0.1

- 0.1

0.1

0.2

0.0
0.1
0.2
0.2
0.1
0.2
0.1

© 01

1.0

0.1

0.1
0.1.

0.0
0.0
0.1
0.1
0.0
0.2
0.0
0.0
0.0
0.2

1.0
0.0
0.0
0.1
0.0
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v Empiric’:alv Results

Export Decision | |

" The estimation results of prob1t and OLS models are given in Table 4.4. Let us begin
with the results of the probit model. The estlmatlon of the model shows that while R&D
is a highly significant determinant of the decision to export, technology import does not
show any mfluence on firms' decision to export. In other words, to be able to export, a -
firm néeds to develop_.a certain amount of in-house technological capability. The
insignificaﬁce of technology import .in the probability of expdrting may imply that
firms, which intend to explore foreign markets, are placed at a disadvantage in terms of .
~ access to and cost of technology. The fact that technology import is not an important
determinaﬁt of.décision to export may indicate tha_t'foreign’technc.ﬂ_Ogy comes with

restrict_vions{)n' the export of gobds produced using imported technology'.

The significance of the existence of a particular kind of technology béhaviour with
tespect to decision to export and export intensity would be more clear after our analysis

of export intensity.

Other firm specific factors that have been found significant in export decision are sales,
square of sales, market share, import intensity, fiscal benefits, selling cost, and skill
intensity. All these variables, except square of sales, are found to have a positive

influence on the export decision.

12 I this context, it is interesting to note that in their study, Evenson and Joseph (1997) attributed
the reluctance of firms'to resort to technology import, to the fact that technology import in Indian
machinery industry may be associated with restrictions on exports or higher payments for
technology where exportmg is involved
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Table 4.4: Probit estimate on the factors influencing the decision to export and the OLS

estimate on the intensity of export -

Variables “Probit . 'OLS Estimate
No. of Observations 710 509
~ Intercept o -0.84% - .0.02%%%
(-4.22) (-1.72)
RD 28540 062
(2.13) (-1.35)
TECHIMP 11063 . 253%
- | (-0.88) - ©(2.96)
IMPINT 1.88% 0.13%
(2.54) (3.13)
VINT -1.34 0.26%
' (-1.07) (3.52)
SALES 0.014* - -0.00006
: _ - (5.48) (-0.62)
. SALES2 -0.00003* 4.18¢-07
(-3.1) ~ (1.46)
MSHARE 1.43% ~0.003
_ N | (3.28) (0.20)
" FBEN . 16.46* 0.91%
‘ ' (3.16) (4.12)
SCOST ' 10.50% 0.34%
© (5.10) (3.69)
PROF 2.12 0.08
o (1.54) 0.97)
SINT 3.36%* -0.14
‘ , (2.30) (-1.58)
CAPINT ' -0.11 -0.01
(-0.70) - (-0.74)
FSHARE 004 0.002
(0.12) (0.12)
PDUM 0.16 ©0.001
(1.37) (0.12)
F statistics -- - 8.80%*
R? 0.21 1 0.21
Log Likelihood - -359.62
Chi2 . 218.38%
Note:

1. *Significant at 1% levél, **Significant at 5% level,

*kkSionificant at 109 level. |

2. R*for the probit model is pseudo'R2.
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Regarding firm size, the results indicate that firms, which enjoy certain scale econornies,
- are bétter pos1t10ned to break into world markets than those, which possess a lower sales
turn over. This may’ suggest that a certain amount of scale economies is desirable in
becommg an exporter. The negatrve influence of the square of size variable indicates, as
with the predictions of several other studies that, there exists an inverted U-shaped relation
ship between firm size and the decision to export. In other words, while a minimum firm

size is required for facilitating export, after a certain limit, firm size is a disincentive on the

decision to éxport by firms. |

Our results reveal that market power exerts a positive influence on the firms'_ability to -find
markets for their products abroad. This is in line with the arguments one often confronts in
the new or strategic trade literature that if domestrc firms are given Certam amount of -
protectxon in home markets from foreign competition, they can reap the benefits of -

economies of scale and would be better positioned to penetrate into imperfect markets

" abroad.

Fiscal mcentwes in the form of tax concessrons and subsidies appear to have exerted a '
significant influence on the decision to export by frrms The msngmflcance of period
dummy indicates that the returns to policy reforms of the 19903 in the form of énhanced
incidence of exports is yet to be realised. The srgmflcance of skill intensity in the decision
to export suggests that- the skill content of the work force is enabling firms to export,

présumably more techmcally advanced goods. This in turn affirms the neo-endowment
predictions that skill mtenS1ty is an important influence on comparative advantage Tt is, -
however to be noted that the role of skill mtens1ty depends much on the destmatlon of

export',

"The srgmfrcance of selling’ cost variable points to the present day reality’ that developing a
~ good brand image through advertisement, ‘marketing and other sales promotion schemes is

as impOrtaht as 1mprov1ng the quality of the product through technologxcal up gradation to |

14 For instance, Indian exports with a high skill mtensrty may have a comparative advantage in
markets where they compéte with goods from other developmg countries thaf those coming from
developed countries.
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attract the attention of consumers. This may also be a manifestation .of the greater
preparedness of Indian firms to take on 'global giants in foreign markets. Arnother
interesting finding of the present study is the positive influence of import intensity on the.
probability of exporting by firms. With the liberalisation of imports of inputs and greater
incidence of intra- mdustry trade it is likely that its influence goes up in the near future.
The higher import intensity may also be partly responsible for R&D becommg significant
in the export decision, as a higher R&D may be required to adapt imported inputs to

domestic market conditions.

- Export Intensrty ' »

In tune with our hypothesm on technology behaviour of firms, the results indicate that
whilé the role of R&D is confined mamly to enable firms to export, it is technology import -
that is decisive in improving the export performance. This reflects the fact that, i
improving external competitiveness, firms take greater recours¢ to import of technology
for upgrading the production process and produet quality, while it is imperative that a
certain amount of technological know through in-house R&D is developed in order for a
firm to export. This aspect of technology behaviour of firms indicates, as against the
‘predictions of some éarlier studies's, that the import of technology exerts a larger influence

on the export intensity of firms than in-house R&D in the ¢lectrical machinery industry.

Other factors w1th significant bearmg on. export 1nten51ty are import intensity, vertical
integration, fiscal beneﬁts selling cost, with the notable exceptions bemg sales and market

. share.

The insignificance of size, size2 and market share variables may suggest that. scale
economies as well as domestic monopoly may not always be an advantage in irnproving'
export performance These findings are partly in agreement with the argument that if firms |
opeérate in a concentrated market and enjoy market power at home, they may prefer the

relatively easier life of selling domestically to the more troublesome one of exporting'S.

The significance of fiscal benefits in augmenting export intensity points to the important

15 See, for instance, Kumar, 1990, Evenson and Joseph, 1997 ete.
16 Glejser et al, 1980, for instance, hold such a view.
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role played by the government in augmenting exports even in the context of 11bera11sat10n
and the subsequent tharketisation of economic activities. The 1mportant feature of sellmg
cost by firms as having a significant impact on export intensity substantiates our argument

that building up a good brand image is vital in improving the export competitiveness.

While vertical integration is not a significant factor in influencing the decision to export, it .
has assumed significance in the realm of export intensity. - Also significant is the import '
intensity variable suggesting that firms, which strive ‘to improve the expc‘)rt
competitiveness, follow a two pronged strategy of improving product 1mprovement on the
one hand and cost competltlveness on the other. The former, it can be inferred, is achleved
by 1mport1ng inputs and components and technology from abroad, and the 1atter by domg

away with the traditional habit of ancillarisation and subcontracting.

A% C0ncluding Observations

Our examination of tecnnological behaviour of firms shows that while R&D is
significant in influencing the decision to export, technology import exerts influence on
the intensity of export. This is indicative of the technolo‘gical‘Spending pattern of firms .
as being guided by. a judicious combination of in-house R&D and Technology Import.
Given the constraints imposed by a fixed technology budget, firms resort to in h_ouse.'
R&D effort sufficient enough.to generate certain basic capabilities and supplement it by
a wide range of technological opportunities available elsewhere through technology
import. Our results on the role of technology impert in influencing the intensity of
export, is con51stent with the results of Lall (1986) -where license fees is used as the |
“proxy- Kumar and Siddharthan (1993), and is not in agreement with the findings of
Kumar (1990), 'Evenson and Joseph (1997). The findings on R&D in the case of
decision to export do- not agree w1th the results of Willmore (1992). The insignificant
role of R&D in influencing export intensity, is in line with the results of Lall (1986),
Kumar (1'9_90),_ Willmore (1992) and Wignaraja (1998) and does not tally with the those
of Pavitt et al (1980) and Wakelin (1997). Though liberalisation measures initiated in
the nineties are yet to make an impact on firm level exports as indicated by the lack of -
significance of period dummy, it can be inferred from the significance'ef technology |
import and import inténsity that the liberal import and technology policies implemented

as part of reforms areé enabling firms to acquire modern technology from abroad.
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The results of the present _study also show that the decision to export and export
intensity are not shaped by the same set of factors. The only factors found signifi'canf in
the both equatlons are import intensity, fiscal benefits and selhng cost. This finding is in
contrast to the earher studies carrled out under the controlled policy. regime. "However,
our results are in agreement with the studies by Willmore (1992), for Brazil, Athukorala
et al (1995), for Sri Lanka, and Wakeline (1997), for British manufééturin'g firms, all of
which found that it is not the same set of factofs that influence the decision to export
and export intensity. It may be noted that apart from technology import, a factor that is
significant in influéncing only the intensity of export is vertical integration. The lack of
significance of FDI may be viewed from the point of view of ongoing _campaign for
attracting FDI, which leaves much to be desired. The insignificance of FDI is in
agreement with the finding of, for instance, Lall (1986), Kumar and Sddharthan (1993), -
Subrahmanian and Joseph (1994), Subrahmanian et al (1996) etc. The.sign'ificance of

fiscal incentives points towards the role of government incentives even in a liberalised

© économic regime.

In conclusion it can be stated that technological factors are significant in influencing the
trade behaviour of firms in a high technology industry like e'lectricalimachinery. The
technology behav1our of firms, given the technological options avallable, mainly R&D
and technology import, has been found to be ‘crucial in influencing the decmon to’
export and export intensity. While the former is an important determinant of the
- decision to export, the ’lka_tter exerts influence on the intensity -of export. Finally-, our
analysis reveals that in the context of Indian electrical machinery, the decision:to éxport

-and export intensity are shaped by different set of factors.
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CHAPTERYV
Summary and Conclusion

The focus of the present study has been an analysis of the role of technology behaviour
of firms in the decmon to export and export intensity. The study has also analysed
whether the same set of factors, technologlcal and otherwise, influence the dec1sxon to
export and export intensity. In order to maintain homogeneity of firms the study has

been confined to that of Indian Electrical Machinery Industry.

With a view to focus the issue of firm level technological capability and export, an
examination of the theoretical and empirical literature on technology and trade has been
carried out. It has been observed that the treatment of technology by different theories
of international trade has been different. The neo-technology theories of trade differed
from others by placing' technology at the centre stage. A new approaéh within the neo-
technology frame work focussed dn_the role of governments in developing coux.ltries'
building up certain capabilities for firms to acquire technological capability, and hence
_influencing the comparative advantage of the sector and the country as a whole, This
approach, viz., the 'capability approach' evolved mainly to bridge the missing links in
neo-technologyvtheOries' when' applied to developing countries. These theories also
recognised the imperfections in markets and called for goyemment intervention in
‘developin_g certain capabilities which are a prerequisite for the economy to attract
foreign technology and investment as well as* for firms to develop their own

technological capability.

Given the data requirément of our analysis, we have undertaken an examination of the
kind of data on such aspects as production, trade, technology etc, available in.official as
well as a privaté source of data. It has been found that official statistics on production
and trade are plagued with a number. of problems such as non-harmonisation owing to
different codes of classification, inadequate represenitation of certain key variables like |
“technology and the lack of sufficient degree of disaggregation. The official statistics on
téchnology lacks information on thev magnitude of téchnology transfer, inadequate

information on firm level R&D and so on. The private data source, Prowess, which the



current study has made use of, overcomes some of the problems faced by the official
statistics owing mamly to the fact that it prov1des firm level information. It, however,
‘has the shortcoming of- bemg a sample and hénce, non-representative in the case ofv
some industries which are domlnated_by non-listed firms. Furthermore, the data also

has the deficiency of inconsistent reporting of some variables.

As is well known, an important objective of the opening up of the economy has been to -
improve the efficiency of Indian firms as well as to integrate them with international
markets through removal of restrictions on the import of inputs, technology, foreign
direct investment etc. This implied that firms whi.ch were content with their own in-
house R&D effort in 1mprov1ng techmcal knowledge are now having the prospects of
acquiring technology from abroad, which could substitute or complement their in-
house R&D effort. Given that firms operate with a limited technology budget, this
opens up- the possibilities for firms to strike a particular combination of R&D and
technology 1mport Our analysis has shown that the technology behaviour of firms with
respect to R&D and technology import is of much 81gmf1cance in mﬂuencmg the
decision to export and export intensity. While R&D has been found 51gn1f1cant in the
decmon to export, technology import is 51gmf1cant in mfluencmg the, 1ntens1ty of
export. Th1s may suggest that firms require a certain amount of in-house technologlcal
effort before they can aspire to export, and to improve their performance they need -
technological upgradation through import of technology. This points to the fact that
liberal -technology policies that are being pursued today are of paramount importance as
regards the trade performance of firms. It also underscores the need for initiating policy
measures 'tolwards enhancing in-house R&D activities within firms. Another variable
that has been found significant positively in lnfluencing both export decision and
'export intensity is import intensity. The important role played by the technology
variables in influencing both aspects of export underscores the predictions of neo
. technology theories of tra'del, which vconsidered technology as an important deterrninant_.

of trade flows.
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Whilé it is vgenérally_ assumeéd that in a large couhtry like India, the same set of factors
influence the decision to export and intensity of export, we have found'thaf Jexcept three
variables, the factors influencing these two aspects are different. This may indicate that
to be able to export.is one thing and to improve export performance is another. For
instance, though vertical integration has been found significant positively in
influencing the intensity of export, it is insignificant in the decision to export. This
could be due to, firms, while trying to break into foreign markets, go in for import of
inputs with very little attention paid to cost competitiveness (less insourcing).
However, it may be the.cas'e that cost competitiveness assumes importance, through
greater vertical integration by way of a reduction in domestic ancillarisation and

subcontracting, when firms need to improve their export performance. -

The firm size variable has been found positively significant in inﬂuenciné the decision
to export alone, without any significant impact on the intensity of export, pointing to
the fact that while.scale-'e(:onomies are important in penetrating into foreign markets, its
role is insignificant in ‘improving export performance. A similar result has been

obtained in the case of market share as well.

Fiscal incentives and selling cost are the two other variables, apart from import
intensity, that has been foimd positively influéncing both decision to and intensity of
export. The significant influence of fiscal incentives goes contrary to the popular notion
about government's minimal role in a liberalised market economy, and augurs well foi ‘
greater outward orientation of the economy. The significance of advertisement, in the

decision to and intensity of export, implies that along with pr_oduct Quality and price
competitiveness, déveloping, a good brand image is also a prerequisite 'forv being.

successful in international markets.

To sum up, our analysis of the technology-tréde b'eh'avio'ur'of firms show that the two
components of technology, viz., R&D and technology import, exert a. differential
influence on decision to export and export intensity. While R&D-is sign'ificént in
influencing the former, technology import is significant in affecting the latter. This
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result, which underscores the importance of technology import and in-house R&D, is in
conformity with the predictions of capability approach in the neo-technology trade
theories. The second aspect of our analysrs has been to examine whether the same set
of factors influence decision to as well as intensity of export. The results show that the
factors influencing these two aspects are different, except for import intensity, fiscal
: benefrts and selling cost. Apart from the above three factors, the decision to export is
influenced by R&D, salés, market share and skill intensity posrtlvely as well as
quadratic term of sales negatlvely; and factors like technology import, vértical
integration are found playing important role in determining the observed export
intensity of firms. Finally, the lack of significance of period dumrrry may suggest that
the trade liberalisation measures initiated are yet to give their returns in terms of

influéncing the firm level decision to export and export intensity.
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