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1. Introduction


The manufacturing sectors of less developed countries (LDCs) have attracted the attention of policy makers in these countries over the years. Countries that have tried to develop their industries have often protected their industrial sectors from competition including external competition. The reason for giving protection has been the infant industry argument which has subsequently come in for criticism. Critics have pointed out that the barriers instituted by the LDCs have often caused inefficiencies and vitiated the business environment in these countries. In the literature several problems have been cited in this regard. These include price controls, regulations on foreign trade, foreign currency regulations, tax regulations, and instability of policies.
 In the specific context of Indian business, licensing and labour laws have also been thought to constitute a major problem. These characteristics of the industrial sectors in LDCs have made these sectors uncompetitive and lacking in dynamism. Trade protection has perhaps compounded the problem of the technical inefficiency and monopoly power that has arisen from the regulatory regimes. The evidence on the efficiency gains from trade liberalization however seem to be mixed and has given rise to a debate on the issue.

Many LDCs have dismantled trade barriers in the last few years. India too has liberalized its economy in several respects. In this paper we examine the impact of liberalization on the technical efficiency of manufacturing firms in India. 

The focus of this paper is technical efficiency which is distinct from allocative efficiency. Allocative efficiency occurs when a firm employs its factors in the correct proportions. On the other hand, technical efficiency arises when a firm makes the best use of its inputs. Technical efficiency is obtained by minimizing the cost incurred at each level of activity. Technical efficiency has also been called X efficiency by Leibenstein (1966).  The study of efficiency is an important one, especially in the context of a developing economy. As pointed out by Nishimuzu and Page (1982) given a level of technology, explicit resource allocation may be required to reach the ‘best practice level’. However, in order to do so one must know where the best practice level or the frontier is and how far one is from the frontier. The best practice level or a frontier is the production function giving the maximum possible output given a set of inputs. In this context it is also important to distinguish between technological progress and changes in technical efficiency. Technological progress occurs through the changes in the best practice production frontier. Total factor productivity change is the sum of rate of technological progress and changes in technical efficiency. Thus it is important to recognize that changes in technical efficiency affect total factor productivity. 

The rest of the paper is organized as follows: in the next section we present the literature on the impact of liberalization on efficiency and discuss the determinants of efficiency. In section 3 we present the empirical model that we have estimated, discuss the variables and the data that has been used in the estimation. In section 4 we analyse the results of the econometric exercise and the final section sums up the paper.

2. Survey of the Literature and the main determinants of efficiency. 

A. The effect of liberalization on efficiency

There are two strands of literature that we discuss here. We discuss efficiency and productivity
 in the context of industry evolution. We also discuss the specific case of trade liberalization and its impact on efficiency. Secondly we discuss the impact of multinational firms on the efficiency of host country firms.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
Bartelsman and Doms (2000) discusses the factors that are important in explaining inter plant productivity. These factors are regulatory environment, ownership, technology, quality of the workforce and international exposure. Theoretical models of industry evolution have shown that regulatory conditions have impeded productivity growth. Hopenhayn (1992) has shown that high entry costs not only reduce the amount of entry but it also encourages incumbents with low productivity to remain in the market. This increases the productivity dispersion in the market. In Jovanovic’s (1982) model, market interventions like artificial entry barriers, severance laws or policies that prop up dying firms are detrimental to the industry. Policies that inhibit expansion or contraction have similar consequences. Hopenhayn and Rogerson (1993) have simulated the effects of severance laws to show this effect.

The empirical validation of this phenomenon has been to show the extent of dispersion with respect to the efficiency frontier. The amount of efficiency dispersion in an industry has been studied by estimating the frontier production technology which defines the maximum amount of output y * available from a given vector of inputs, x, such that y * = f (x).  For observed combinations of output and inputs at the ith plant (y i, x i) the ratio y i/ f(x I) is interpreted either as an efficiency index itself or as an efficiency index contaminated by measurement errors beyond the control of the plant managers. These are the two approaches to the estimation of efficiency and are known as the deterministic frontier and the stochastic frontier. Cross plant average efficiency levels are the most commonly reported summary measures of industry’s performance. Cross firm variance in productivity levels are high in LDCs as shown by Pack (1988), Blomstrom and Kokko (1997) etc. Tybout (2000) reports that the mean technical efficiency levels are around 60 to 70 per cent of the best practice frontier in LDCs. 

To see what are the factors that are beneficial for business environment, Olley and Pakes (1996) have studied restructuring of the telecommunication equipment industry in the U.S during the 1960s to the 1980s.  The industry structure changed due to the gradual liberalization of the regulatory environment and technological changes. The easing of regulations lead to the entry of firms. There was a reallocation of output from less productive to more productive plants. There were changes in the choices of the producers regarding their innovative activities, input choices and production volumes.  Eventually aggregate productivity grew through the changing market shares and interactions with productivity of the enlarged field of competitors. Following the changes in policy there was no increase in average productivity but a reallocation of output that lead to increase in productivity at the industry level. Thus changes in the regulatory regime have been a source of productivity growth. 

Apart from the regulatory factors other factors also seem to be important in explaining inter firm differences in productivity.   Managerial ability and ownership are important in understanding productivity differences among firms. In Jovanovic’s (1982) model better managers possess higher efficiency parameters and have higher productivity. Managerial quality is difficult to measure as data on this variable cannot be directly collected.  Managerial quality may lead to firms to match their production with other firms to take advantage of the synergies of mergers.  Studies like Lichtenberg and Siegel (1990) have shown that firms enjoy above average productivity growth in the years following a change in the ownership.  Mergers provide a more efficient way of producing since they reduce overhead corporate costs especially in terms of employment at auxiliary office and hence have lead to more productivity. Differences in managerial ability may result in differences in technology usage and in the quality of workers and these factors affect the choices that a firm makes in meeting market demand more efficiently.

Nelson (1981) has emphasized the importance of technological change on a firm’s productivity growth.
 To understand how technology affects productivity one has to examine how it diffuses through the economy. Thus the impact of technological changes on productivity and efficiency depends on whether these changes are incremental or paradigmatic.
  

Incremental changes are movement along the trajectories while paradigmatic changes involve changes in the frontier itself. Paradigmatic changes lead to increased efficiency for the firms adopting it but this may raise the distance between the frontier and the average firms.  This may result in a decline in average efficiency of the industry.  Thus the effect of technology on efficiency is ambiguous (see Caves (1992)). Technology usage also has complementarity with skill. 


There are some other factors that contribute to efficiency and these are factors related to international exposure. In the case of exports Bernard and Jensen (1999) have shown that more efficient firms are likely to export but exporting does not lead to change in efficiency. Also foreign ownership has been found to be an important contributory factor.  Doms and Jensen (1998) have shown that foreign owned have higher TFP and this is consistent with the hypothesis that firms that establish overseas operations have advantage in efficiency.

Apart from the regulatory problems faced by industrial sectors in LDCs they are also beset with trade protection. Trade protection seems to affect productivity and efficiency in two main ways. The first is that markets that enjoy protection from foreign competition allow domestic producers to enjoy monopoly power and hence excess profits. This results in firms failing to achieve technical efficiency. Also trade protection may attract producers that are too small and hence do not have scale efficiency.
 Havrylyshyn (1990) surveys the literature on the evidence of the link between trade policy and efficiency or productivity gains in developing countries.  The studies that measure technical efficiency gains and correrlate these gains with the degree of protection, find (with the exception of Moran (1987) for thirty two countries) that there is evidence of positive effect of trade policy liberalization on efficiency, e.g., Nishimizu and Page (1982), Havrylyshyn (1992) for Yugoslavia and Page (1984) for India.  Pavcnik (2002) investigates the effect of liberalized trade on plant productivity in the case of Chile. She estimates the production function semiparametrically and incorporates plant exit. She finds evidence that within plant productivity improvements can be attributed to a liberalized trade for plants in the import competing sector.  Aggregate productivity improvements stem from the reshuffling of resources and output from less to more efficient producers.  Tybout, De Melo and Corbo (1991) analyse changes in the industrial sector performance accompanying the Chilean trade liberalization of the 1970s.  They find very little evidence in overall productivity improvements.  They construct industry specific indices of the changes in returns to scale, average efficiency level and dispersion in efficiency levels between 1967 and 1979. Tybout (2000) reviews the literature on trade liberalization and efficiency and concludes that the improvement in efficiency is probably due to intra plant improvement and unrelated to internal or external scale economies.

The second strand of literature we discuss is the impact multinational entry or presence on productivity and efficiency. As Amsden and Hikino (1993) point out, there are two ways in which a country can develop. The first is by generating technology on its own and second by learning or borrowing technology developed elsewhere. The other alternative that a country can follow is to initially borrow technology and then generate technology. Thus borrowed technology has played a crucial role in the development process. Dunning (1993) discusses role of multinational firms in the transfer of technology to host countries and notes that they are an important source of technology for countries choosing to develop through borrowed technology. There are two types of benefits that a host country derives from foreign entry and presence.
 The first is known as market access spillovers and the second productivity spillovers.  A MNE affiliate is likely to be in a better position to establish export operations due to their superior knowledge of the international market conditions and access to foreign marketing and distribution networks. The linkages with export oriented MNEs provide knowledge about product and process technologies and foreign market conditions to the local firms. These knowledge that help a local firm establish exporting links with a foreign market are known as market access spillovers. Evidence of such spillovers have been provided by Aitken, Hanson and Harrison (1994) in the case of Mexican manufacturing firms. They have shown that the export activities of an MNE lower the costs for foreign market access of potential exporters. They conclude that foreign firms directly or indirectly provide information and distribution services which enhances the export prospects of a local firm. These effects are significant at a national level. Similar evidence has been provided by Kokko et al (1997) for Uruguay. 


Productivity spillovers take place when the entry or presence of MNE affilaites leads to productivity or efficiency benefits in the host country firms. There are many channels through which productivity spillovers occur. MNEs may improve allocative efficiency by entering into industries with high entry barriers and thus reducing monopolistic distortions (see Caves (1974)). MNEs may induce higher technical efficiency in local firms through increased competitive pressure or demonstration effects. Such effects may spur local firms to make more efficient use of existing resources. Jenkins (1990) has shown that foreign entry in the Kenyan footwear industry led to increased competition and changes in the production techniques of the local firms. Swan (1973) and Tilton (1971) have provided evidence of demonstration effect of multinationals that induce local firms to imitate their behaviour. Blomstrom (1986) shows that the influence of MNEs on local firms operates through the interaction of demonstration effects and competition. 

MNEs may introduce new know how by demonstrating new technologies and training workers who later take employment in local firms.  Evidence of the effects of training by multinationals have been provided by Gerschenberg (1987) and Chen (1983). They may indirectly affect efficiency through the transfer of techniques for inventory and quality control that standardize local distribution channels. They may also force local firms to increase their managerial efforts and use some marketing techniques used by the MNEs. Brash (1966) provided evidence of impact of stricter quality control on local suppliers. Katz (1969) reports that MNEs in Argentina forced the local firms to adopt techniques used by them. The other evidence on the impact of these channels on the local firms is of an indirect nature and takes the form of backward and forward linkages. There is evidence of backward linkages which arise from the relationship of MNEs with their suppliers e.g. Lall (1980), Behrman and Wallender (1976). There is some evidence also of the forward linkages that stem from the contact of MNEs with customers e.g. Blomsrtom (1991) and Aitken and Harrison (1991). 

 The presence of MNEs may lead to increase in the rate of technology transfer and the diffusion of technology. Mansfield and Romeo (1980) have shown that technologies transferred to affiliates were newer than those sold through licensing. Foreign owned forms have been found to be more productive than their domestic competitors e.g. Haddad and Harrison (1993) but the benefit to the host country depends on how the technology diffuses to the local firms. Swan (1973), Tilton (1971) and Lake (1979) have provided evidence of the role of MNEs in diffusion of technologies to host countries. The impact of MNEs on the technologies used by local firms has been studied by Katz (1969). He shows that technical progress did not only take place in the MNEs’ own industries but also in other sectors because of the standards imposed by them with respect to quality, delivery dates etc. in their supplies of raw materials and parts. The effect of MNEs on labour productivity has been shown e.g. Caves (1974), Globerman (1979), Blomstrom (1986) etc. These papers that examined the increase in productivity due to the presence of the foreign firms have found labour productivity to be positive (with the exception of Haddad and Harrison (1993)). Caves has tested for technical efficiency as well as the spillover due to technology transfer, in the context of Australia. Although the two hypotheses are distinct, he has not been able to test them separately due to lack of data. He has tested for the hypothesis that a larger proportion of subsidiaries will induce higher technical efficiency in the long run and lead to faster transfer of technology to domestic firms. In the regression exercise the dependent variable is productivity; measured by the value added per employee in the domestic sector relative to that in the foreign subsidiaries. The independent variables that are statistically significant are the foreign share of industry employment for 1962 and 1966 and a change in the share between 1962 and 1966. Foreign presence has been found to lower the average dispersion of a sector’s productivity in the other studies e.g. Blomstrom (1989) particularly in sectors with simpler technology. Cantwell (1989) discusses how the entry of a multinational into a market brings a change in the market share of firms. He suggests that such entry spurs competition in industries where local firms have some traditional strength. Kokko (1994) argues that spillovers are more likely in industries where productivity difference between MNEs and local firms are not too great. Evidence of productivity have been provided in the Indian context by Basant and Fikkert (1996). Thus the role of MNEs in fostering technological change as well as bringing in changes in efficiency and productivity thus seems to be well established in the literature. 

B. The main determinants of efficiency 

In this section we discuss the factors that affect efficiency and productivity of firms. We also discuss the literature in the Indian context. 

Caves (1992) has classified the factors explaining inter industry differences in efficiency into five different groups. These categories are a) competitive conditions b) organizational factors c) structural heterogeneity d) dynamic disturbances and e) regulation. Competitive conditions include factors related to market structure such as concentration, import competition and export intensity. The other factors that are important in explaining productivity are those related to the organization of an industry such as the scale of plant, diversification by firms (e.g. due to mergers or multiplant operations), extent of subcontracting, prevalence of foreign investment, or the organization of the labour force including the extent of unionization and the use of part time employees. The structural heterogeneity factors are those that cause competing units to exhibit heterogeneous levels of productivity in the long run and include capital intensity, vintage of capital, product differentiation, fuel intensity, regional dispersion, inter plant dispersion of material labour ratio, diversity of industry product, diversity of plant scale and the proportion of non production workers. The dynamic disturbance factors are intensity of R&D expenditure, technology import payment, technology export receipts, rate of productivity growth, the rate of output growth and the variability if output growth. These factors can cause a shift in the efficient frontier as well as the position of the firms relative to the frontier. Finally among the regulatory policies affecting efficiency are tariff protection and policies aimed at regulation of entry. 

The Indian liberalization process

The liberalization process undertaken in the country has ushered in wide ranging changes. Changes have taken place in almost all the important sectors of the economy including capital markets, external sector, banking sector and the industrial sector. The Indian approach toward market liberalization resulted in the adoption of a number of pro market policies that spanned the whole economy. These changes have been documented in Joshi (1994), Bhagwati and Srinivasan  (1993), Bhattacharya (1999) and Mammen (1999).   In the capital market, reforms included setting up of institutions like Securities and Exchange Board of India (SEBI), National Stock Exchange of India (NSE) etc. Apart from this, foreign institutional investors were also allowed into the capital market.  The exchange rate reforms included moving from a pegged exchange rate to a managed float.  Convertibility was allowed in current account transactions. In the banking sector, reforms included determination of interest rates that are consistent with the market forces. Greater autonomy was granted to the Reserve Bank of India (RBI) which now decides the volume of credit that it gives to the government.  Among changes in the fiscal sector, there was a reduction in both direct and indirect tax rates.  The reforms in the external sector included substitution of some quantitative restrictions (QRs) by tariffs in the 1980s and the abolition of all QRs in the nineties.  The tariff rates were also brought down significantly during this period.  Lastly, and perhaps most importantly for the industrial sector, the system of licensing requirement for domestic production and imports was largely abolished  The most important changes for the industrial sector have been the external sector reforms and the abolition of licensing. While the external sector reforms have meant that firms could now import raw materials or even technology far more easily than before the abolition of the licensing system has meant that very little controls remain on building capacity or expanding the productive capacity. All these effects are thought to be beneficial for the industrial sector and should lead to enhanced performance of the sector.

Coming to the literature on impact of liberalization on productivity in the Indian context, Ghosh and Neogi (1993) examined the factors influencing labour productivities across industries for the period, 1974-75 to 1986-87.  They found that skill, capital intensity and electricity used were significant.  Srivastava (1996) examined productivity and competition in Indian industry during 1980 to 1989 and found that average TFPG was higher from 1985 with a sharp increase in 1989.  Balakrishnan et al (2000) investigated the growth of productivity since the introduction of the trade reforms in India, i.e., from 1988-89 to 1997-98 and found that there was no accelaration in productivity growth since 1991-92.  Goldar and Kumari (2002) have found significant growth in TFP for the Indian manufacturing sector in the 1980s but a clear indication of the fall of rate of growth of TFP in the 1990s.  This literature forms the background to the study undertaken in this paper namely the impact of the liberalization on the efficiency of Indian firms. 

3. Methodology, data description and variable construction 

We have used a two step approach in trying to understand the causes underlying efficiency differences across firms. In the first step we have estimated the efficiency of firms for each industry group for each of the years 19991 to 2001. The Data Envelopment Analysis (DEA) has been used to estimate the efficiency. In the second step we have analysed the effect of the liberalization process on the efficiency of the firms.

A. Methodology 
The estimation of technical efficiency dates back to Farrell (1957). He established that technical inefficiency could occur through the use of bundles of inputs that were larger than the minimum required to obtain the output. 

There are mainly two approaches to estimation of efficiency: the stochastic frontier approach and the data envelopment approach. The DEA technique involves the use of mathematical programming to estimate the efficiency of firms. a non parametric piecewise surface or frontier constructed over the data and efficiencies are calculated relative to the surface. The DEA provides a measure of efficiency that allows inter firm comparison (as the efficiency measure is a pure number). The method has certain advantages over the stochastic frontier approach namely it imposes no functional form on production or technology and thus one circumvents the problem of specifying an explicit form of the production function. DEA makes the minimum assumptions about the underlying technology. In case of the stochastic frontier approach the parameter estimates are sensitive to the choice of the probability distributions specified for the disturbance terms. 

The concept of efficiency is intrinsically related to the firm’s resource utilization performance. Production is an act of transforming inputs into outputs. Since resources are limited, producing a specific quantity of output with as little input as possible is a desirable objective. We have used the input based measure of technical efficiency and assumed variable returns to scale.  In the input based measure the technical inefficiency of the firm is the amount by which all inputs could be proportionally reduced without a reduction in the output.  We have assumed variable returns to scale (VRS) as it is inconceivable that each firm is operating at an optimal scale.  In the VRS approach a convex hull of intersecting planes are formed which envelope the data points more tightly than under the constant returns to scale (CRS) convex hull.

B. The Data

We have data on the firms for the period 1991 to 2001 from Capitaline Ole( database provided by Capital Markets (I) Pvt. Ltd. We have data on firms for 27 industry groups for the years 1991 to 2001.
 For each year after cleaning the data
 we have estimated efficiency for each industry group. 

We have not used the panel estimation techniques for the following reason. The problem is with obtaining data on physical output that is of unchanging quality. If such data could be obtained this would provide the best measure of efficiency. However if such data is not available the data has to be deflated to make the variables comparable at constant prices.  In the case of the U.S. the deflators reflect not only the changes in the prices but also changes that come through changes in the quality of the product. In the Indian context firm level deflators that are necessary in this case can be obtained. However the problem arises with the quality of the deflators. These deflators do not take into account the quality improvement in output and hence may introduce an element of bias into the results.  Any quality improvement in output that is not reflected in the deflator will result in downward bias in the estimate. The second problem has to do with prices. In an imperfect competition setting prices may differ across micro units and assuming constant prices implies that establishments with prices higher than average prices will be assigned higher productivity or efficiency. However in order to rectify this problem knowledge of the demand for differentiated products is necessary. One way out of this problem could be to estimate efficiency across a cross section of firms and thus avoid the problem of deflation.

C. Variable Construction 

We have estimated the efficiency using the DEA approach with value added 
 as output and capital 
 and labour 
 as inputs. The efficiency estimates form the dependent variable in the regression exercise. We have reviewed that the factors that have affected the business environment of LDCs. We have also explained there how some of these factors affect measures of performance like efficiency and productivity. The independent variables have been constructed from the factors that affect the business environment of LDCs.
 The variables that we have used are capital intensity, royalty payments intensity, advertising intensity, and a dummy for foreign ownership. 
 


In the literature e.g. Caves (1992), capital intensity measures the extent of structural heterogeneity and we believe it is important to include this variable. This variable captures the effect of differences in large and small firms with respect to their technology choices and should affect efficiency positively. Royalty payments have been used in the literature to capture the importance of imported technology to the firm and captures the extent of alliances entered into by the firm. It should affect efficiency positively. Advertising intensity or the product differentiation variable is reported negative in the literature (Caves and Barton (1990), Caves (1992)) as this variable is responsible for generating inefficiency.  This variable is thought to capture the extent of segmentation in the market. We have also used a dummy to capture the extent of foreign ownership or MNE participation. This variable has also been used in the literature e.g. Caves (1992) and its influence on efficiency is positive. We have given industry specific dummies in each year. 

Subsequently the estimated model is

 Efficiency = f (capital intensity, product differentiation, payments for technology imports, foreign ownership)

Capital intensity is expected to have a positive sign, product differentiation a negative sign, royalty payments are expected to be positive and the effect of foreign ownership is expected to be positive. 

4. Results 

The analysis of efficiency of Indian manufacturing firms in the period 1991 to 2001 seems to indicate certain trends. Table 1 shows that average efficiency
 has declined over the period 1991 to 1996. After 1996 there has been improvement in the average efficiency but in 2001 average efficiency has not reached the 1991 level. These results seem to be at odds with the literature on liberalization.
 As we have discussed in the literature survey the effect of technology on productivity depends on whether the changes are incremental or paradigmatic. Paradigmatic changes lead to increased efficiency for the firms adopting it but this may raise the distance between the frontier and the average firms.  This may result in a decline in average efficiency of the industry. Entrants bring in new technology when they enter an industry and this shifts the frontier out.  In the absence of any well designed exit policy, which is true in the Indian case, inefficient firms which do not have the new technology have no way of leaving the market and this also adds to the average inefficiency. The other reason for this phenomenon is that the improvement in efficiency from liberalization comes from the restructuring of the firms in the industry so that production shifts to the more efficient firms (e.g. Olley and Pakes (1996)). This process takes some time as the efficient firms learn the new technology from the entrants or leave the market. Thus average efficiency could decline initially and then rise when the restructuring process is complete. 

Table 1: Trends in Average Industrial Efficiency 1991 to 2001.

	
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	AUTOMOBILES
	0.592
	0.626
	0.5
	0.54
	0.542
	0.506
	0.559
	0.551
	0.541
	0.613
	0.742

	BREWERIES
	0.881
	0.579
	0.404
	0.327
	0.492
	0.516
	0.554
	0.572
	0.601
	0.606
	0.621

	CEMENT
	0.671
	0.677
	0.68
	0.546
	0.557
	0.609
	0.531
	0.562
	0.584
	0.487
	0.678

	CHEMICALS
	0.626
	0.532
	0.579
	0.56
	0.532
	0.488
	0.452
	0.448
	0.411
	0.53
	0.366

	ELECTRONICS
	0.58
	0.556
	0.623
	0.441
	0.454
	0.471
	0.388
	0.577
	0.591
	0.347
	0.646

	FOOD
	0.672
	0.66
	0.52
	0.398
	0.419
	0.434
	0.493
	0.589
	0.348
	0.295
	0.556

	FERTILIZERS &PESTICIDES
	0.625
	0.605
	0.597
	0.491
	0.532
	0.545
	0.509
	0.453
	0.533
	0.526
	0.676

	NON ELECTRICAL MACHINERY 
	0.687
	0.68
	0.604
	0.625
	0.584
	0.619
	0.649
	0.556
	0.573
	0.578
	0.599

	LEATHER
	0.845
	0.928
	0.368
	0.511
	0.639
	0.59
	0.562
	0.526
	0.496
	0.654
	0.555

	STEEL
	0.618
	0.585
	0.472
	0.371
	0.409
	0.458
	0.47
	0.466
	0.523
	0.516
	0.584

	PAPER
	0.795
	0.759
	0.758
	0.722
	0.626
	0.546
	0.587
	0.6
	0.649
	0.673
	0.685

	PHARMACEUTICALS
	0.692
	0.626
	0.545
	0.452
	0.206
	0.27
	0.454
	0.45
	0.521
	0.418
	0.531

	PLASTICS
	0.801
	0.716
	0.599
	0.405
	0.563
	0.595
	0.544
	0.467
	0.566
	0.643
	0.621

	GLASS & CERAMIC TILES
	0.723
	0.794
	0.754
	0.598
	0.564
	0.606
	0.602
	0.689
	0.714
	0.697
	0.653

	TEXTILES
	0.441
	0.337
	0.362
	0.281
	0.269
	0.254
	0.307
	0.312
	0.245
	0.314
	0.409

	PAINTS 
	0.738
	0.783
	0.679
	0.593
	0.578
	0.634
	0.614
	0.643
	0.643
	0.604
	0.573

	PETROCHEMICALS
	0.83
	0.852
	0.765
	0.794
	0.697
	0.667
	0.626
	0.669
	0.697
	0.695
	0.831

	PERSONAL CARE 
	0.617
	0.741
	0.531
	0.568
	0.534
	0.517
	0.456
	0.653
	0.657
	0.616
	0.706

	ENGINEERING 
	0.645
	0.451
	0.54
	0.446
	0.39
	0.403
	0.467
	0.465
	0.421
	0.458
	0.449

	SUGAR
	0.835
	0.783
	0.716
	0.668
	0.729
	0.634
	0.483
	0.645
	0.663
	0.629
	0.716

	CABLES
	0.854
	0.697
	0.654
	0.604
	0.592
	0.671
	0.674
	0.629
	0.621
	0.63
	0.643

	METAL PRODUCTS AND PARTS 
	0.763
	0.717
	0.721
	0.447
	0.495
	0.636
	0.638
	0.657
	0.612
	0.525
	0.562

	ALUMINUM
	0.709
	0.726
	0.795
	0.764
	0.726
	0.68
	0.716
	0.687
	0.669
	0.621
	0.66

	ELECTRICAL EQUIPMENT
	0.72
	0.725
	0.668
	0.622
	0.576
	0.55
	0.536
	0.467
	0.474
	0.62
	0.644

	AUTO ANCILLIARIES
	0.537
	0.532
	0.501
	0.422
	0.49
	0.429
	0.502
	0.515
	0.523
	0.43
	0.546

	SOLVENT EXTRACTION 
	0.628
	0.556
	0.575
	0.472
	0.366
	0.272
	0.65
	0.571
	0.47
	0.642
	0.592

	TELECOM
	0.85
	0.74
	0.737
	0.744
	0.631
	0.579
	0.691
	0.678
	0.593
	0.71
	0.755

	Aggregate efficiency
	0.640
	0.605
	0.557
	0.483
	0.473
	0.482
	0.500
	0.507
	0.512
	0.518
	0.518



Examining table 1 we see that the some industries have showed an increase in efficiency in 2001 compared to 1991 despite the average efficiency declining over the period. These are automobiles, electronics, personal care, auto ancillaries and fertilizers. In most of these industries new products have been introduced in this period and there have been alliances with other firms and countries that have helped these industries grow.
 In comparison certain industries that have stagnated over the period 1991 to 2001 like steel, paper textiles are the ones with standardized technologies where none of the above mentioned changes have taken place.


The results on average efficiency are also important in highlighting the variables that explain efficiency in the period 1991 to 2001. We now turn to the factors that are responsible in explaining industrial efficiency of firms over this period. 

As we have discussed in the literature there are two paths to development. The first is by generating technology on its own and second by learning or borrowing technology developed elsewhere. The catching-up of latecomers has been thought to occur by getting the prices right and using low wages to gain comparative advantage in labour intensive industries. However no latecomer has followed this route except the erstwhile Soviet Union. Most countries have followed a policy of first learning and borrowing and then generating their own technologies. Japan has followed a policy of incremental rather than radical changes in mid technology industries. No matter what path a country adopts there are three distinct phases in the path to technological development.  In the first phase absorption of embodied technology takes place (see Teece (1987). Embodied technology takes the form of investment in plant and machinery and has the effect of making the production processes more capital intensive and thus results in higher capital output ratios.
 

 In the second stage of the process of modernization through industrial development strategic alliances are formed by firms and result in the transfer of disembodied technology. This disembodied technology involves the transfer of patented or codified technologies which are paid through royalty payments e.g. Teece (1977)).
 In the final phase the transfer of uncodified technologies takes place which cannot usually be transferred through designs or blueprints. According to Dosi (1988) technology contains elements that are not information and cannot be bought or sold but depends on cumulatively augmented activities and skills. This is because in each technology there are elements of tacit and specific knowledge that cannot be written down in a blueprint.
 This form of disembodied technology transfer (see Siddharthan and Safarian (1997), Siddharthan (1992) and takes place through equity affiliations with MNEs.
 This form of alliance leads to the transfer of the brand name, managerial skills, networking with other firms etc. All forms of technological change are efficiency enhancing since greater output can be produced with the same inputs with the use of the technology. 

India has chosen to develop by generating its own technology. Thus for the greater part of her development process, import of technology was severely restricted. 

The liberalization undertaken by the country since the early 1990s has tried to change this.
 In the regression results (summary in table 2) we find evidence of all three of all the forms of technological development that we discussed above. Embodied technology that takes the form of higher capital intensity is significant in explaining efficiency. Strategic alliances resulting in the codified form of technology transfer is significant thorough royalty payments. The transfer of disembodied technology that is uncodified is evident through the foreign equity participation. Let us discuss each in turn.  

Since we have run regressions for each year in the period 1991 to 2001 we have been able to capture the changes in the coefficient of the variables. This would not have been possible if the regression was run on a panel of firms. Capital intensity is positive and significant in all years though it becomes more important in the years 1993 to 1998.  Capital intensity, as we have discussed can be thought of as a proxy for technology levels. Since the easing of restrictions on imports, firms have resorted to more capital intensive technologies.  The impact of these technological changes on efficiency has been positive since more output can be produced with lower inputs. Thus disembodied technology has contributed to efficiency in the liberalization era. 

Another explanation can perhaps be found for the decline in average efficiency during the period. Capital intensive technology obtained through imports of technology or generated through R&D would raise the efficiency of firms adopting such technologies. However the rise in efficiency of this firm would mean a greater distance of such a firm from the rest of the firms (if they are not adopting the technology) and this would lead to decline in average efficiency of the industry. 

The other factor that seems important in explaining efficiency in the later half of the period is strategic alliances which have been captured through royalty payments.
 The significance of this variable indicates that firms have engaged in these alliances to increase efficiency. These alliances which usually technical in nature are reflected in the rising coefficient of royalty payments which have peaked in 1997.
  Thus strategic alliances and networking have been used by firms in order to increase efficiency. These variables were highlighted in the literature on spillovers as being important channels through which productivity could increase. 

We also find that MNE or foreign ownership is significant in explaining efficiency and its coefficient increases from 1993 to 1998. This variable reflects the fact that India has been attracting uncodified technology and this has positively affected efficiency. This occurs in the third phase in the process of development that we have referred to above. As we have referred to earlier in the literature, the entry and presence of foreign firms have been sources of productivity spillovers (e.g. Caves (1974), Globerman (1979), Blomstrom (1986)) and we find evidence efficiency gains here. In the Indian context Desai (1988) had earlier found that the inability of foreign firms to enter the Indian market due to government regulations had prevented substantial transfers of technology. Due to liberalization the entry of foreign firms has been possible in almost all sectors of the economy and this has resulted in efficiency gains.

Table 2: Factors Affecting Efficiency (t Values In Parentheses)

	
	Constant
	Royalty 
	Product differentitation
	Capital 

intensity
	MNE

	1991
	0.85 (14.3)
	-2.02 (-0.95)
	-1.42 (-2.45)
	0.0004 (2.18)
	0.05 (1.98)

	1992
	0.74 (10.41)
	-2.01 (-0.89)
	-1.27 (-2.63)
	0.0006 (2.03)
	0.03 (1.09)

	1993
	0.72 (10.8)
	1.3 (0.68)
	-0.02 (-0.08) 
	0.0007 (2.27)
	0.06 (2.28)

	1994
	0.72 (12.07)
	2.86 (1.59)
	0.12 (2.87) 
	0.0014 (4.82)
	0.08 (2.7)

	1995
	0.62 (11.33)
	3.53 (1.70)
	-0.14 (-0.48)
	0.0001(1.79)
	0.07 (2.65)

	1996
	0.57 (8.3)
	3.27 (1.63)
	-0.23 (-0.51)
	0.0002 (1.81)
	0.103 (3.42)

	1997
	0.67 (8.47)
	6.24 (3.2)
	0.3 (0.78)
	0.0012 (7.83)
	0.104 (3.38)

	1998
	0.67 (10.67)
	3.47 (2.2)
	-0.37 (-4.97)
	0.0010 (4.02)
	0.02 (1.93)

	1999
	0.58 (8.14)
	2.17 (1.42)
	0.27 (0.69)
	0.009 (2.39)
	0.08 (2.88)

	2000
	0.68 (9.37)
	4.09 (1.36)
	0.46 (1.17)
	0.005 (3.03)
	0.05 (1.98)

	2001
	0.74 (12.59)
	1.82 (0.73)
	-0.02 (-0.11)
	0.001 (4.09)
	0.07 (2.11)


From table 2 we see product differentiation is significant in the year 1991 and 1992 but not in the period 1993 to 1997 (and also has the wrong sign). Product differentiation variable captures the extent of the monopoly power and it is more likely to be important in the pre liberalizaton era. This has been corroborated as it significant in the years 1991 and 1992 but not later. As we have noted above the decline in average efficiency reported in Table 1 was due to the decline in efficiency of certain industry groups. The groups that had reported increase in efficiency were characterized by product differentiation. However industry groups that stagnated in terms of efficiency were those where no product differentiation took place. Thus the domination of these industry groups in the later years (borne out by the decline in average efficiency) could perhaps explain the insignificance of this variable in the later years.
 

Thus we find that technological development both through embodied or disembodied forms have affected efficiency of firms in the period 1991 to 2001. In Appendix A we have presented the regression results for each year (excluding those presented in Table 2). Apart from the explanatory variables we have included industry dummies in the regression. There are 26 industry dummies and the 27th industry group is telecom. The changes in efficiency in the telecom sector is reflected in the constant term of the regression. This broadly reflects the trend in average efficiency reported for all industries in Table1. Most of the industry dummies are significant negatively reflecting the fact that the industry’s efficiency has declined relative to that of the telecom sector.

5. Conclusion 

In this paper we have examined the efficiency of Indian manufacturing firms over the period 1991 to 2001. Firm level data has been used to estimate efficiency for firms in 27 industry groups. We have used the DEA in calculating efficiency. We find a decline in average efficiency from 1991 to 1996. Efficiency increases after that but it does not reach the 1991 levels. An analysis of the results show that certain industries have performed well in 2001 compared to 1991. These industries like automobiles, personal care or electronics have been characterized by product differentiation and strategic alliances. We have run regressions for each year in the period 1991 to 2001 to capture the changes in the coefficients of the variables. An analysis of the variables explaining efficiency indicate that equity and nonequity (which include strategic alliances) forms of foreign participation have proved to be significant as also capital intensity. This highlights the fact that technological development has been important in defining efficiency over the period 1991 to 2001. 
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Appendix A: The regression results

	
	1991
	1992
	1993
	1994
	1995

	AUTOMOBILES
	-0.24 (-3.16)
	-0.11 (-1.21)
	-0.23 (-2.63)
	-0.20 (-2.42)
	-0.09 (-1.19)

	BREWERIES
	-0.01 (-0.07)
	-0.14 (-1.42)
	-0.32 (-3.64)
	-0.41 (-4.79)
	-0.13 (-1.65)

	CEMENT
	-0.17 (-2.50)
	-0.06 (-0.80)
	-0.05 (-0.67) 
	-0.19 (-2.76)
	-0.07 (-1.05)

	CHEMICALS
	-0.23 (-3.59)
	-0.22 (-2.91)
	-0.15 (-2.24)
	-0.19 (-3.03)
	-0.10 (-1.72)

	ELECTRONICS
	-0.26 (-4.07)
	-0.18 (-2.39)
	-0.11 (-1.51)
	-0.30 (-4.61)
	-0.18 (-2.90)

	FOOD
	-0.17 (-2.47)
	-0.08 (-1.08)
	-0.23 (-3.19)
	-0.35 (-5.48)
	-0.21 (-3.59)

	FERTILIZERS &PESTICIDES
	-0.23 (-3.27)
	-0.15 (-1.84)
	-0.14 (-1.81)
	-0.26 (-3.70)
	-0.06 (-0.93)

	NON ELECTRICAL MACHINERY 
	-0.17 (-2.34)
	-0.06 (-0.66)
	-0.14 (-1.77)
	-0.13 (-1.71)
	-0.06 (-0.84)

	LEATHER
	0.01(0.10)
	0.18 (2.31)
	-0.37 (-3.92)
	-0.25 (-3.11)
	0.01 (0.14)

	STEEL
	-0.24 (-3.88)
	-0.17 (-2.31)
	-0.27 (-3.83)
	-0.38 (-6.16)
	-0.22 (-3.82)

	PAPER
	-0.05 (-0.76)
	0.01 (0.16)
	0.03 (0.39)
	-0.02 (-0.23)
	0.00 (0.02)

	PHARMACEUTICALS
	-0.15 (-2.32)
	-0.11 (-1.46)
	-0.19 (-2.71)
	-0.29 (-4.57)
	-0.42 (-7.43)

	PLASTICS
	-0.03 (-0.33)
	-0.02 (-0.26)
	-0.14 (-1.79)
	-0.35 (-5.12)
	-0.07 (-1.05)

	GLASS & CERAMIC TILES
	-0.12 (-1.63)
	0.05 (0.62)
	0.03 (0.32)
	-0.14 (-1.97)
	-0.07 (-0.97)

	TEXTILES
	-0.41 (-6.75)
	-0.41 (-5.71)
	-0.37 (-5.60)
	-0.47 (-7.78)
	-0.36 (-6.43)

	PAINTS 
	-0.11 (-1.57)
	0.04 (0.50)
	-0.05 (-0.65)
	-0.15 (-2.12)
	-0.05 (-0.77)

	PETROCHEMICALS
	-0.02 (-0.26)
	0.10 (1.26)
	0.03 (0.41)
	0.04 (0.50)
	0.02 (0.29)

	PERSONAL CARE 
	-0.19 (-2.11)
	0.02 (0.25)
	-0.21 (-2.38)
	-0.19 (-2.21)
	-0.10 (-1.24)

	ENGINEERING 
	-0.20 (-3.23)
	-0.29 (-3.89)
	-0.20 (-2.82)
	-0.30 (-4.78)
	-0.24 (-4.22)

	SUGAR
	-0.01(-0.22)
	0.04 (0.44)
	-0.01 (-0.16)
	-0.07 (-1.07)
	0.10 (1.66)

	CABLES
	0.02 (0.27)
	-0.05 (-0.55)
	-0.08 (-0.91)
	-0.14 (-1.77)
	-0.04 (-0.53)

	METAL PRODUCTS AND PARTS 
	-0.09 (-1.31)
	-0.03 (-0.41)
	-0.01 (-0.17)
	-0.29 (-4.31)
	-0.14 (-2.24)

	ALUMINUM
	-0.15(-1.80)
	-0.02 (-0.24)
	0.07 (0.70)
	0.01 (0.17)
	0.10 (1.53)

	ELECTRICAL EQUIPMENT
	-0.13 (-1.75)
	-0.01 (-0.17)
	-0.06 (-0.83)
	-0.12 (-1.79)
	-0.06 (-0.92)

	AUTO ANCILLIARIES
	-0.31(-4.64)
	-0.21 (-2.76)
	-0.23 (-3.28)
	-0.32 (-5.01)
	-0.14 (-2.44)

	SOLVENT EXTRACTION 
	-0.23 (-3.06)
	-0.20 (-2.47)
	-0.17 (-2.28)
	-0.30 (-4.44)
	-0.27 (-4.20)

	Adj. R Sqaured
	0.21
	0.28
	0.18
	0.21
	0.23

	Number of observations
	1158
	1372
	1756
	2277
	2702


Appendix A (contd.): The regression results

	
	1996
	1997
	1998
	1999
	2000
	2001

	AUTOMOBILES
	-0.08 (-0.90)
	-0.14 (-1.44)
	-0.13 (-1.62)
	-0.06 (-0.64)
	-0.10 (-1.17)
	-0.02 (-0.24)

	BREWERIES
	-0.05 (-0.62)
	-0.14 (-1.50)
	-0.10 (-1.27)
	0.00 (0.03)
	-0.10 (-1.09)
	-0.16 (-1.97)

	CEMENT
	0.04 (0.50)
	-0.15 (-1.77)
	-0.12 (-1.62)
	0.00 (-0.01)
	-0.21 (-2.60)
	-0.08 (-1.14)

	CHEMICALS
	-0.09 (-1.28)
	-0.24 (-2.99)
	-0.24 (-3.63)
	-0.18 (-2.50)
	-0.17 (-2.29)
	-0.40 (-6.21)

	ELECTRONICS
	-0.10 (-1.43)
	-0.30 (-3.66)
	-0.10 (-1.55)
	-0.01 (-0.11)
	-0.36 (-4.44)
	-0.12 (-1.78)

	FOOD
	-0.15 (-2.06)
	-0.21 (-2.56)
	-0.10 (-1.52)
	-0.25 (-3.37)
	-0.41 (-5.39)
	-0.21 (-3.18)

	FERTILIZERS &PESTICIDES
	-0.03 (-0.43)
	-0.18 (-2.16)
	-0.23 (-3.34)
	-0.06 (-0.84)
	-0.18 (-2.330
	-0.09 (-1.27)

	NON ELECTRICAL MACHINERY 
	0.03 (0.35)
	-0.06 (-0.67)
	-0.13 (-1.68)
	-0.03 (-0.37)
	-0.14 (-1.64)
	-0.17 (-2.16)

	LEATHER
	0.02 (0.18)
	-0.13 (-1.39)
	-0.15 (-1.71)
	-0.09 (-1.00)
	-0.04 (-0.46)
	-0.20 (-2.16)

	STEEL
	-0.12 (-1.68)
	-0.23 (-2.85)
	-0.23 (-3.54)
	-0.09 (-1.19)
	-0.19 (-2.44)
	-0.19 (-2.78)

	PAPER
	-0.02 (-0.34)
	-0.09 (-1.11)
	-0.08 (-1.13)
	0.07 (0.82)
	-0.02 (-0.25)
	-0.07 (-1.04)

	PHARMACEUTICALS
	-0.31 (-4.34)
	-0.24 (-2.93)
	-0.23 (-3.53)
	-0.07 (-1.00)
	-0.28 (-3.71)
	-0.23 (-3.60)

	PLASTICS
	0.02 (0.26)
	-0.16 (-1.88)
	-0.22 (-3.25)
	-0.03 (-0.34)
	-0.06 (-0.70)
	-0.14 (-2.00)

	GLASS & CERAMIC TILES
	0.03 (0.39)
	-0.08 (-0.93)
	0.01 (0.07)
	0.12 (1.49)
	0.00 (-0.03)
	-0.10 (-1.28)

	TEXTILES
	-0.32 (-4.66)
	-0.39 (-4.85)
	-0.37 (-5.89)
	-0.35 (-4.86)
	-0.39 (-5.21)
	-0.36 (-5.87)

	PAINTS 
	0.06 (0.77)
	-0.08 (-0.87)
	-0.04 (-0.56)
	0.05 (0.66)
	-0.09 (-1.11)
	-0.19 (-2.39)

	PETROCHEMICALS
	0.09 (0.99)
	-0.09 (-0.92)
	-0.02 (-0.20)
	0.10 (1.14)
	-0.01 (-0.08)
	0.06 (0.84)

	PERSONAL CARE 
	-0.06 (-0.76)
	-0.26 (-2.66)
	-0.02 (-0.23)
	0.04 (0.51)
	-0.12 (-1.27)
	-0.06 (-0.70)

	ENGINEERING 
	-0.18 (-2.55)
	-0.23 (-2.79)
	-0.22 (-3.33)
	-0.17(-2.31)
	-0.24 (-3.20)
	-0.31 (-4.88)

	SUGAR
	0.04 (0.53)
	-0.20 (-2.35)
	-0.04 (-0.54)
	0.08 (0.94)
	-0.07 (-0.82)
	-0.05 (-0.72)

	CABLES
	0.10 (1.22)
	-0.02 (-0.20)
	-0.06 (-0.69)
	0.04 (0.40)
	-0.06 (-0.69)
	-0.12 (-1.47)

	METAL PRODUCTS AND PARTS 
	0.06 (0.80)
	-0.05 (-0.63)
	-0.04 (-0.55)
	0.02 (0.29)
	-0.18 (-2.21)
	-0.19 (-2.80)

	ALUMINUM
	0.10 (1.26)
	0.03 (0.31)
	0.01 (0.08)
	0.08 (0.88)
	-0.07 (-0.74)
	-0.10 (-1.15)

	ELECTRICAL EQUIPMENT
	-0.03 (-0.38)
	-0.16 (-1.85)
	-0.22 (-3.05)
	-0.12 (-1.50)
	-0.09 (-1.09)
	-0.12 (-1.60)

	AUTO ANCILLIARIES
	-0.16 (-2.20)
	-0.19 (-2.37)
	-0.17 (-2.53)
	-0.07 (-0.91)
	-0.27 (-3.55)
	-0.21 (-3.29)

	SOLVENT EXTRACTION 
	-0.30 (-4.10)
	-0.06 (-0.77)
	-0.12 (-1.73)
	-0.12 (-1.52)
	-0.06 (-0.67)
	-0.18 (-2.28)

	Adj. R Sqaured
	0.22
	0.16
	0.17
	0.24
	0.20
	0.16

	Number of observations
	2729
	2582
	2384
	2269
	2123
	1609








� See Tybout (2000)


� See Havrylyshyn (1990) and Tybout et al (1991) for some discussion on this point. 


� In the literature productivity and efficiency have been used interchangeably. Productivity is a descriptive measure while efficiency is a normative measure. 


. 4 We discuss productivity if there are no papers on the particular issue dealing with efficiency


� Studies have documented the correlation between some measure of technology like R&D and productivity at the micro level e.g. Hall and Mairesse (1995).


� See Dosi (1988)


� The theoretical arguments linking efficiency and liberalization have been discussed in Rodrik (1992). The second argument has been shown to hold while the first argument may hold only in certain cases. 


� See Blomstrom and Kokko (1998)


� We do not have sufficient data for years preceding 1991 to study the pre liberalization period.


� We have cleaned the data by omitting firms not belonging to manufacturing and then those with value added, salaries, employee cost or capital equal to or less than zero. After cleaning the data the year 1991 had 1158 firms, 1992 had 1372 firms, 1993 had 1756 firms, 1994 had 2227 firms, 1995 had 2702 firms, 1996 had 2729 firms, 1997 had 2582 firms, 1998 had 2384 firms, 1999 had 2269 firms, 2000 had 2123 firms and 2001 had 1609 firms. 


� Value added has been defined as gross profit plus depreciation plus excise duty plus interest plus employee cost.


� Capital is obtained by adding depreciation, 15% of fixed assets and inventories. 


� We do not have data on employment and so some proxy has to be used. One alternative is to obtain a value of labour using the wages and wage bill for that industry group from Annual Survey of Industries (ASI). However the assumption underlying this method is that the wages are the same in the entire industry which may not be true. Hence we have used employee cost of the firm. Compensation has been used by Caves (1992).


� Not all the variables discussed by Caves (1992) explaining differences in efficiency in industries are relevant for an analysis based on a cross section of firms.


� Royalty is given by royalty and technical fees, capital intensity by the ratio of capital to labour, product differentiation has been measured by advertising expenditure to sales turnover. 


� We have tried other variables like export intensity, import intensity, fuel intensity, R&D intensity and  vintage of capital. None of these variables were significant. 


� The industries are automobiles, breweries, cement, chemicals, electronics, food, fertilisers, &pesticides, non electrical machinery leather, steel, paper, pharmaceuticals, plastics, glass & ceramic tiles, textiles, paints, petrochemicals, personal care, engineering, sugar, cables, metal products and parts, aluminium, electrical equipment, auto ancillaries, solvent extraction and telecom. 


� Average efficiency has been obtained by the weighted average of the efficiencies in each group. Total value added of the group has been taken as the weight for the group. 


� The literature that we have reviewed in the literature has shown that productivity and efficiency have generally risen in countries following liberalization.  However there are some exceptions that we have noted e.g. Tybout et al (1991). In the Indian context we have seen a decline in productivity reported for most of the studies for the nineties e.g. Balakrishnan et at (2000) and Goldar and Kumari (2002).


� Narayanan (1998) has shown that in the case of automobiles there has been a paradigm shift with regard to manufacturing process.


� According to Patel and Pavitt (1995) the main channel of transfer of embodied technology is trade in producers goods and the main channel of transfer of disembodied technology is through the imitation of product innovations through independent R&D and reverse engineering.


� Due to the nature of technology it can be transferred in two basic forms which Mansfield et al (1982) discusses. The first form embraces physical items such as tooling, equipment and blue prints. The second form of technology transfer involves the information that must be acquired if the physical equipment or “hardware” is to be utilized effectively. This information relates to the methods of organization and operation, quality control and various manufacturing procedures and involves the training of personnel to use the technology. The effective conveyance of such “peripheral” support constitutes the crux of the process technology transfer, and it typically generates the associated information flows.


� Tacitness is an element of knowledge that individuals possess due to their understanding and insight into a technology. These elements are typically ill defined and uncodified and which these individuals themselves cannot explain to others but may be shared by collborators.


� Due to the nature of technology its transfer through transfer of personnel is most effective. Also if the technology is new a MNE will prefer to set up a subsidiary rather than license due to the non-excludability nature of such technology. This is especially the case if the knowledge is easily imitated or copied. If the licensee can easily “learn” the technology it could set up a firm in competition with the multinational. Thus uncodified technology transfer usually takes place only if there is equity participation by the MNE.  


� Evenson and Johnson (1998) have placed India in the fifth level of technological capability. In this level firms do some adaptive research and this enables them to reverse engineer and imitate somewhat





� This variable is negative in the years 1991 and 1992, becomes positive in the period 1993 to 1997 and is significantly positive in the years 1997 and 1998.


� There were severe restrictions on royalty payments earlier see e.g. NCAER (1971). 


� Another reason for this result could be that product differentiation has been measured by advertising intensity which is related to profits. The link between advertising and efficiency is tenuous. Advertising is a cost that has to be necessarily incurred in order to survive but does not always result greater market shares for the firm. 
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