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Abstract 

 
India’s economic liberalization in the 1990s provides scope for research on the effect of policy 
reforms on economic performance. This paper addresses the question of some of these policy 
changes and their impact on firms’ productivity and efficiency. We test specifically the role of 
export, import (total, intermediary and capital goods), R&D, technology transfer and 
infrastructure endowment over the period 1994-2008. Result of the analysis suggests that 
infrastructure is a crucial determinant of manufacturing performance in India. This is true for a 
wide range of variables such as transport, energy and information & communication technology 
(ICT). This result is important in the Indian context of infrastructure bottlenecks. Empirical 
results also suggest that knowledge transfers through exports are more important than through 
imports. Other findings indicate that R&D is not a productivity-enhancing activity in India and 
that firms rely more on purchase of foreign technology. This outcome does not come as a 
surprise because Indian firms are known for low in-house research and innovation-oriented 
activities.  
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1. Introduction  

 

The role of productivity in determining income levels and economic performance, as well as 

issues concerning accurate measurement techniques, have attracted a large number of researches 

in India (see Goldar, 2004). Not too many studies, however, have attempted to answer the 

question of the determinants of productivity and efficiency over time. To fill this gap, this paper 

focuses on the manufacturing industry and examines the role of some of the important factors in 

explaining the productive performance in this sector.  

A vital element of India’s rapid economic growth since the early 1990s has been the 

improved performance of its manufacturing industry. Manufacturing is an important sector in 

terms of value added and earning of foreign exchange of the Indian economy, comprising about 

31 % of the non-agricultural GDP (Natarajn and Duraisamy, 2008). This sector has gained in 

strength in many ways over the past twenty years, as a consequence of a liberalization of 

industrial controls, as well as a gradual integration with the world economy. The average output 

growth rate was of 8 % in the last decade (see Fig. A.1.1 in Appendix 1), and targeted at around 

12 % in the eleventh plan period (2007-08 to 2011-12) (Planning Commission, 2006).  

In the reform era (since 1991) in India, the manufacturing sector has witnessed major 

policy changes, particularly in licensing, technology transfer and trade policies. Industrial de-

licensing and removal of restrictions on foreign investment have modified the profile of this 

sector considerably. Successive trade policies have stimulated export and import, especially of 

intermediary and capital goods, since tariff rates have been reduced drastically and quantitative 

restrictions on imports by and large abolished. To encourage firms to innovate and conduct R&D 

activities, the government has developed a system of fiscal incentives and financial benefits (for 

details, see Sharma, 2012). Thus, factor cost advantages are being replaced by technology-related 

factors in determining international competitiveness of the Indian firms, such as zero-defect 

product quality and international certification of firms' quality assurance systems (UNIDO, 

2005). These reforms aimed at making the Indian industry more efficient, technologically up-to-

date and competitive. However, despite these policy changes, TFP growth of this sector declined 

to less than two % in the 1990s, from above five % in the 1980s (see Trivedi et al., 2000; Goldar 
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and Kumari, 2003). Recent estimates indicate as well a marginal improvement in TFP growth in 

the manufacturing industries in the 2000s (Seghal and Sharma, 2010; Kathuria et al., 2010). 

Thus, it is relevant and important for policy point of view to ask if the recent reforms have had 

the expected impact on the Indian industrial performance. The present paper addresses this 

question.  

In the literature, the role of export and import in promoting growth, through productivity 

gains in particular, has been debated extensively (see Balassa, 1988; Bhagwati, 1988, Krugman, 

1994). International trade is considered as one key sources of the transmission and adoption of 

new technology (see Romer, 1987; Coe and Helpman, 1995; Barro, 1997; Frankel and Romer, 

1999). This channel is particularly important for developing economies where new technology is 

relatively scarce and firms are dependent of high quality imported intermediate goods. On the 

one hand, imports are generally described as increasing competition for the domestic firms, 

inciting them to invest and be more productive. The positive effect of import is also associated 

with knowledge spillover between foreign and domestic goods, as developed by Aitken et al. 

(1997) and Keller (2004). On the other hand, imports of intermediary and capital goods are seen 

as stimulating productivity through technology transfer and better quality of products imported. 

As for exporting firms, international competition is a factor of innovation and investment in 

more productive technologies and organization as well. In the case of India, Chand and Sen 

(2002), Goldar and Kumari (2003), Sharma (2011), Mishra and Sharma (2012) confirm that trade 

and productivity are closely related.  

Research and innovation have also been identified as another key channel of firms’ 

productivity and income gains. Endogenous growth models explain that R&D expenditures, in 

addition to directly enhance firms’ productivity through innovation, contribute to this process 

through their industry-wide spillover effect (see Grossman and Helpman, 1990; Romer; 1986). 

Most of the empirical studies have invariably found a significant and positive impact of R&D on 

firms’ performance (see Griliches, 1979 and 1986; Griffith et al., 2006; O’Mahony and  Vecchi, 

2009). But the success of the manufacturing sector has also been linked to foreign technology 

transfer. In India, Raut (1995) and Sharma (2012) have shown the role (however at varying 

degree) of innovation in productivity performance of firms. 
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  Another important factor which has direct implications on manufacturing performance is 

physical infrastructure. In the related literature, infrastructure is considered to be a crucial factor 

of productivity and efficiency enhancement through external economies and complementarity 

with other factors of production (see Romer, 1986; Lucas, 1988; Barro and Sal-i-Martin, 1995; 

Anwar, 1995). In India, the infrastructure inadequacies have been recognized as a major 

constraining factor for the performance of firms (see Pinto, Zahir and Pang, 2006). In recent 

years, however, the Indian government has been putting in efforts to enhance the infrastructure 

services by liberalizing the related policies, encouraging the private sector in infrastructure 

projects through public private partnership (PPP), and directly investing in the infrastructure 

sector. Government expenditure, in particular, has been increased from 4.6% of GDP to a figure 

between 7 and 8% in the eleventh plan period (2007-08 to 2011-12) (Planning Commission, 

2006). On the empirical side, Mitra et al. (2002 and 2011) Hulten et al. (2006), Sehgal and 

Sharma (2010) have shown that infrastructure endowments have played a critical role in 

improving the performance of the Indian industrial sector.  

Against this background, the present paper revisits the issue of the impact of the reforms 

on the manufacturing performance. We test the effect of several factors: import (total, 

intermediate and capital inputs), export, in-house R&D, technology transfer and physical 

infrastructure, which we link to the productivity and efficiency of the industries. While doing so, 

we introduce several novelties from the empirical standpoint. First, in the standard literature, the 

factors mentioned above are most of the time tested separately. We move a step ahead and test 

them in a single framework in order to compare the drivers of the industrial performance. 

Second, in most of the previous studies on India, data was mainly taken from the Annual Survey 

of Industry (ASI). We utilize a new manufacturing database, Prowess, which includes eight 

important industries and allows us to extend the time horizon of the analysis up to 2008. Third, 

while the previous studies in India mainly focused on total factor productivity (TFP), we analyse 

the impact on another crucial indicator of industrial performance, namely the technical efficiency 

(TE). Fourth, the inclusion of too many infrastructure variables separately in a regression 

analysis may lead to multicollinearity problem. In order to avoid this, we construct two 

composite indices of infrastructure (G) for total infrastructure and (ICT) for information & 

communication technology, by using principal component analysis (PCA). Fifth, some recent 

researches (see Kasahara and Rodrigue, 2008; Goldberg et al. 2008) have shown that 
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intermediate imported inputs are crucial sources of industrial productivity gain, while some 

others (see Ziesemer, 1995, Dovis and Milgram-Baleix, 2009) highlight that it is imported capital 

goods which are important for technology adoption and implementation. In the paper, we 

consider both the variables separately in the model. 

The rest of paper is organized as follows. The second section provides some theoretical 

background and justifies our empirical models of investigation.  The third section introduces the 

data used in the analysis. The fourth section discusses some methodological aspects linked to the 

computation of total factor productivity (TFP) and technical efficiency (TE). The fifth section 

estimates our empirical models and illustrates the impact of our variables of interest. The last 

section concludes with policy recommendations.  

 

2. Theoretical background and empirical model 

 

In the standard economic literature, a large number of factors are modeled as determinants of the 

industrial productivity. This includes, among others, trade, technology, innovation, ownership, 

market structure, institutions and public capital (for a detail discussion see Syverson, 2010). In 

this paper, we test some important factors in the Indian context, which are as follows: 

 

Export: The economic linkage between export and productivity has long been a highly debated 

topic in the international economics and trade literature. The issue has, however, taken on added 

importance since the pioneering work of Bernard and Jensen (1995 and 1999) that brought into 

focus the exceptional qualities of exporting firms which have been found to be more productive, 

larger in size, more skill and capital intensive, and high wage payers. On the theoretical front, 

there is a common opinion that international trade in general, and export in particular, improves 

the productivity of firms, which finally leads to economic growth (see Beckerman, 1962; 

Balassa, 1988; Bhagwati, 1988). For exporting firms, international competition is a factor of 

investment in more productive technology and organization (see Krugman, 1994; Rodrik, 1988). 

For the advocates of endogenous growth, the effect comes from innovation (Grossman and 

Helpman, 1990; Rivera-Batiz and Romer, 1991) and technology transfer (Barro and Sala-I-

Martin, 1995; Parente and Prescott, 1994). Economic policies based on trade liberalization and 

export-led growth strategies have also been widely supported by the argument that exposure to 

foreign markets produces positive learning effects by exposing the domestic firms to advanced 
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technology from international competitors (see Bernard and Wagner, 1997; Bernard and Jensen, 

1999). It is also argued that exporting reallocates the available resources from the less efficient 

firms to the more efficient ones, resulting in a more optimal use of available resources (Bernard 

and Jensen, 2004).  

These arguments have justified the major trade reform announced by the Indian 

government in July, 1991. Subsequent trade policies, in the 1990s and the 2000s, have then 

dramatically changed the dynamics of India’s export. Policies such as the liberalization of 

import, the removal of export restrictions, the elimination of the trade monopolies of the state 

trading agencies, the simplification of the trade regime, the reduction of tariff levels and of their 

dispersion, the full convertibility of the domestic currency for foreign exchange transactions, and 

the policy of export promotion have boosted the industrial export growth (see Fig. A.1.2 in 

Appendix 1).  

Despite the relative consensus on the positive impact of export on productivity and 

growth, the empirical literature has produced mixed and inconclusive results (see the survey by 

Wagner 2007). Bernard and Jensen (2004a) found that, while exporters have noticeably higher 

productivity levels, there is no strong evidence to conclude that export participation increases 

plants’ productivity. Similarly, Arnold and Hussinnger (2005a) reached the conclusion that firms 

with higher productivity self-select into the export market and that exporting does not improve 

the performances of German firms. On the contrary, empirical evidence in favor of learning-by-

exporting has been revealed in the case of Colombia by Robert and Tybout (1997), and 

Fernandes and Isgut (2005), China by Kraay (1999), Canada by Baldwin and Gu (2003), Korea 

by Kim et al. (2009), and Sweden by Andersson and Loof (2009), which confirm that past export 

performance has a significant impact on productivity. Similarly, Aw et al. (2000), Van 

Biesebroeck (2006), De Locker (2007), and Yasar and Rejesus (2005) have determined that 

firms experience productivity improvement after entering the export market. Greenaway et al. 

(2005) for Swedish firms, and Damijan and Kostevc (2006) for Slovenian manufacturing have 

failed to detect any evidence for both hypotheses: learning-by-exporting or self-selection of more 

productive firms in the export market. In the case of India, results regarding the role of export on 

productivity performance have provided contrary results as well (see Singh, 2003; Mishra and 

Sharma, 2011 and 2012). Keeping this in view, in our empirical model, we consider export 

intensity (export) as a measure of industries’ exporting performance. This variable is calculated 
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as the ratio of export of goods to total sales and is expected to influence positively firm’s 

productivity and efficiency.  

 

Import: A significant body of literature suggests that imports have large positive effects on 

income, output and productivity (see Romer, 1987; Coe and Helpman, 1995; Barro, 1997; 

Frankel and Romer, 1999). Imports are generally described as increasing competition for the 

domestic firms, inciting them to invest and be more productive. Besides, the role of imported 

intermediates inputs has recently been understood as vital and attracted considerable attention. In 

the literature, the utilization of imported intermediate and capital goods is seen as an important 

channel of obtaining new technology. By doing so, developing countries take advantage of the 

R&D of developed economies to improve the efficiency of their domestic production. Growth 

models also suggest that imported inputs can potentially enhance productivity because of their 

better quality, which leads to better final products too (see Grossman and Helpman, 1990), 

Imported intermediate’s inputs are also considered as complementary to the other inputs in the 

production. Gains in that case are found to be higher than the sum of the individual effects. 

These gains could come from imperfect substitution across goods, as in the love-variety 

framework of Krugman (1979) and Eitheir (1982). The learning-spillovers between foreign and 

domestic goods could be another channel in this process (see Aitken et al., 1997; Keller, 2004).  

Empirical validation of these models has, however, produced rather mixed results.  Some 

studies confirm a significant role of import or imported intermediary inputs on domestic firms’ 

performance. Harpern et al. (2009) found that imported inputs have large productivity effect: 

increasing the share of imported goods from 0 to 100 per cent increases productivity by 11 % for 

Hungarian firms. Kasahara and Rodrigue (2008) suggest that becoming an importer of foreign 

intermediates improves the productivity of the Chilean’s firms. Goldberg et al. (2008) show that 

access to new intermediates inputs produces substantial productivity gains in India. Amiti and 

Konings (2007) reveal that the productivity gains from cutting tariffs on intermediate goods is 

twice as big as those from comparable cuts for final goods in Indonesia. As for Ziesemer (1995), 

and Dovis and Milgram-Baleix (2009), they highlight that imported capital goods are important 

for technology adoption and implementation.  

On the other side, although Lawrence and Weinstein (1999) indicate that lower tariffs and 

higher import volumes have been beneficial for Japan during the period 1964-1973, the 
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salutatory impact of import seems to stem more from their contribution to competition than to 

intermediate inputs. Van Biesbroek (2003) finds, as well, that productivity improvement do not 

happen through the use of more advance inputs in Colombia. Similarly, Muendler (2004) 

reached the conclusion that there is only a small contribution of foreign materials and investment 

goods on output for Brazil. As for Bigsten and Gebreeyesus (2009), not only they establish 

strong evidence in favor of self-selection of more productive firms into the export market, but 

they validate also the learning-by-exporting hypothesis.  

In India, the issue of the productive impact of import is highly critical, as trade regime in 

pre-reform era was amongst the most restrictive in Asia. In 1991, in the aftermath of a balance-

of-payments crisis, India embarked a dramatic import liberalization of the economy as part of an 

IMF adjustment program. An important part of this reform was to abandon the extremely 

restrictive import policies.  The average tariffs were reduced from about 86 % in 1989-90 to 

about 30 % in 1999-2000. For manufacturing, there was a decline from about 120 % in 1989-90 

to about 33 % in 1997-98. The non-tariff barriers (NTBs) in manufacturing also fell from 87 % 

in 1988-89 to 28 % in 1999-2000. Within manufacturing, the NTB for machinery and 

intermediates goods dropped considerably to only 10 and 12 % respectively in 1995. Currently, 

almost all commodities are free from quantitative restrictions on imports (see International Trade 

Economic Survey, 2009-10). As a consequence, import (both capital and intermediary) surged 

dramatically in the recent years (see Fig. A.1.3 in Appendix 1) (see Topalova, 2007 and Goldberg 

et al., 2010, for a detailed discussion on imports and productivity in India).1 In our empirical 

model, we defined import intensity (import), as well as imported intermediate (importraw) and 

capital goods intensity (importcap) as the ratio of total, intermediate and capital goods imports 

respectively to total sales. These variables are expected to have a positive effect on industries’ 

productivity’ and efficiency.  

                                                 
1 Khadelwal and Topalova (2011) examine reductions in trade protection in individual industries and find that 
procompetitive forces, resulting from lower tariffs on final goods, as well as access to better input, due to lower 
input tariffs, increased firm-level productivity, with the latter having a large impact. Sivadasan (2009) considers the 
liberalization of both the trade and FDI regime in manufacturing and concludes that both increased firm-level 
productivity. Goldberg et al. (2001a) find that lower input tariffs accounted on average for 31 percent of the new 
products introduced by Indian firms, which suggests that an important consequence of the input tariff liberalization 
was to relax technological constraints through firms’ access to new imported inputs that were unavailable prior to 
the liberalization.  
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R&D, innovation and direct technology transfer: Advocates of endogenous growth theory 

also believe that R&D plays a critical role in improving productivity through innovation 

(Grossman and Helpman 1991; Rivera-Batiz and Romer 1991) and technology transfer (Barro 

and Sala-i-Martin 1995; Parente and Prescott, 1994). Other models explain that R&D 

expenditures contribute to productivity through their industry-wide spillover effect (Grossman 

and Helpman, 1990; Romer, 1986). In this framework, firms spend on innovation to obtain new 

technology that augments their productivity growth. This has additionally a significant 

implications for overall economy, as private know-how of individuals firms easily spills over to 

other firms of the same industry, and latter to firms of other industries. This acts as an external 

effect, enhancing the productivity of all firms.  

In the empirical literature, there is no dearth of study which investigates the role of R&D 

and technology transfer in explaining manufacturing performance. Although most of these 

studies find a significant and positive effect of R&D on firms’ performance, the estimated 

elasticity with respect to R&D varies widely (see Griliches, 1979 and 1986; Jaffe, 1986; 

Griliches and Mairesse, 1990; Griffith et al., 2006)2. Some of these recent studies for the 

developed countries suggest that knowledge generating activities is no silver bullet for 

productivity growth and ‘manna from heaven’ impact is very small (see for example, O’Mahony 

and Vecchi, 2009).  

In India, although R&D had traditionally been negligible, the outlook of the industries 

has, in the recent years, changed considerably. Firms have started taking R&D activities mores 

seriously and more funds are being invested in these activities.  Results of the empirical literature 

however, give contrary results on the issue (Aggarwal, 2000 and Sharma, 2012). Therefore we 

intend to re-estimate the role of R&D intensity (R&D), taken as a proxy variable for research and 

                                                 
2 Considering the US manufacturing, Griliches (1979 and 1986) found an elasticity of 0.07, Jaffe (1986) of 0.02, and 
Griliches and Mairesse (1990) between 0.25 and 0.45. In the case of France, this elasticity was estimated between 
0.09 and 0.33 by Cuneo and Mairesse (1984), while Griliches and Mairesse (1990) found a value between 0.20 and 
0.50 for the Japanese manufacturing, and Wand and Tsai’s (2003) of 0.19 in the case of Taiwan. In a recent paper, 
however, Griffith et al. (2006) found a value ranging from 0.012 to 0.029, for the UK manufacturing firms, what 
looks particularly low. In India, this elasticity has been estimated at 0.064 in the heavy industry, 0.357 in the light 
industry, and 0.101 in the overall industries by Raut (1995).  
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innovation. In our model, this variable is calculated as the ratio of in-house R&D expenditure to 

total sales and is expected to impact positively the firm’s productive performance.   

In other models, however, it is the introduction of new technologies through international 

knowledge transfer which is vital for the competitiveness of firms in developing countries. These 

technologies are expected to improve the performance of the host firm through increased 

productivity and potential technology spillovers. In the standard empirical literature the impact 

of international technology transfer through licensing has been recently examined in the context 

of local firms (Basant and Fikkert, 1996; Branstetter and Chen, 2006, Belderbos et al., 2008). In 

our model, we consider the intensity of technology transfer (tech) measured by expenditure on 

royalty on technology to total sales. As for R&D, this variable is expected to impact positively 

the industries’ productivity and efficiency.  

 

Infrastructure: The importance of infrastructure in the context of growth has been felt intensely 

by the researchers and policy maker, as it is considered to be one of the prime productivity 

stimulators. In the theoretical literature, public infrastructure is considered to be a crucial factor 

for productivity and efficiency enhancement through complementarities with other production 

factors and external economies (Romer, 1986; Lucas, 1988; Barro and Sala-i-Martin, 1995; 

Anwar, 1995). Good infrastructure reduces production and transaction costs. A reliable power 

supply, for example, reduces the need to produce in-house power, as well as the amount of 

capital needed for starting a new firm. Empirical findings on this issue are, however, inconsistent 

and often contrary to each other. Over the last two decades, a large number of studies have 

focused on this issue. Most have noted that public infrastructure positively and sizably affects 

economic performance (Aschauer, 1989; Munnel, 1990a and b; Ford and Poret, 1991). Some 

others, for example, Evans and Karras (1994) and Holtz-Eakin (1994), challenged these findings 

and show insignificant or minimal impact of public infrastructure. Nevertheless, with 

improvement in empirical methodologies, some recent studies again estimated large effects 

(Stephan, 2003; Everaert and Heylen, 2004; Kamps, 2005). 3  In the case of India, Mitra et al. 

(2002 and 2012), Hulten et al. (2006), Sehgal and Sharma (2010) estimated moderate to large 

impact of infrastructure on the manufacturing performance.  

                                                 
3
 For detailed survey of the related literature, see Sturm et al. (1998) and Romp and Haan (2007). 
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In India, accompanying high industrial growth has increased demand for infrastructure 

services. It has been very well documented and widely debated that a failure to respond to this 

demand (by increasing infrastructure availability) is causing serious impediments in achieving 

the country’s economic growth objectives (see Bhanumurthy and Sharma, 2011). Actually, 

despite the recent efforts made by the government to enhance infrastructure services, bottlenecks 

are still a serious issue in the country. As a matter of facts, India ranks very low in several 

domains, behind China, Brazil, and South Africa, which are India’s main competitors on the 

world market (see Table A.1.1. in Appendix 1). Also, if government spending has recently 

increased to reach seven to eight % of GDP during the eleventh plan period (2007-08 to 2011-

12), this is still far from China effort, which has invested between 15 and 20 % of its GDP since 

the mid-1990s.  In the empirical models, we utilize two measures of public infrastructure: a total 

infrastructure index (G), and an information & communication technology index (ICT) (see 

Appendix 2 and 3 for details on the infrastructure indicators and the aggregation method). Both 

variables are expected to have a positive impact on industries’ productivity and efficiency. 

 

In light of the above discussion, our empirical model is as follows: 

 

��� � �� � ��	
��
��� � ��	����
��� 	� ���&��� �	��	������		������ � ���    (1) 

 

where X is the measure of TFP or TE, while		
��
�, ����
�,	R&D, Tech and G are as explained 

previously and ��	are parameters to be estimated.  

 
3. Data on infrastructure and the manufacturing sector 

 

In this study, we have utilized data for two-digit industry groups taken from the Prowess 

database4 provided by the Center for Monitoring Indian Economy (CMIE). The data set is rich 

and provides heterogeneity across firms and time. Annual financial statements of firms 

                                                 
4 Prowess Database is online database provided by the Centre for Monitoring Indian Economy (CMIE). The 
database covers financial data for over 23000 companies operating in India. Most of the companies covered in the 
database are listed on stock exchanges, and the financial data includes all those information that operating 
companies are required to disclose in their annual reports. The accepted disclosure norms under the Indian 
Companies Act, 1956, makes compulsory for companies to report all heads of income and expenditure, which 
account for more than 1% of their turnover. 
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belonging to eight manufacturing industries --namely Food & Beverages, Textiles, Chemicals, 

Non-metallic Minerals, Metal & Metal Products, Machinery, Transport Equipment, and 

Miscellaneous Manufacturing -- have been used. Firm-level data have been transformed into 

industry-level data by aggregation. This is done for each year over the sample period, 1994-

2008. The prime reason for taking 1994 as the initial year is that the Indian economy underwent 

structural reforms in the early 1990s, which have subsequently brought in vast changes in the 

manufacturing sector. Another practical reason is that the data on price indices and deflators for 

all variables are available from this year onwards. 

We use the gross value added of the industries as the measures of nominal output, which 

is deflated by industry specific wholesale price indices (WPI) to obtain output in real terms5. The 

deflator is from the Office of the Economic Adviser (OEA), Ministry of Commerce & Industry, 

Government of India (http://eaindustry.nic.in/). The series on real capital stock is constructed 

using the perpetual inventory capital adjustment method as in Levinson and Petrin (2003). 

Specifically, we compute it as:  

 

ttt IKK +−= −1)1( δ …………..                         (2)                       
 
where, K is the capital stock, I is the deflated gross investment, δ is the rate of depreciation taken 

at 7%, consistent with similar studies for India (Unel 2003; Ghosh 2009), and t indicates the 

year. The initial capital stock equals the net book value of capital stock for the year 1994.  

As for labour, Prowess does not provide information on the workforce, but only on wages 

and salaries. To obtain this information, we used the wage rate (obtained by dividing the total 

emoluments by the total man days) from the Annual Survey (ASI) database. The number of 

workers is then approximated by dividing the Prowess information on wages and salaries by the 

average wage rate obtained previously. Data on other control variables such as trade (export and 

import) and R&D have also been extracted from the same database. All data series used in the 

analysis have been deflated with appropriate deflator with base 1994. A summary statistics of the 

variables is reported in Table A.1.2, Appendix 1. 

                                                 
5 We prefer gross value added as a measure of output in computing TFP, as it is widely used in the Indian 
manufacturing sector literature (see Kumar, 2006; Goldar, 2004; Unel, 2003; Ahluwalia 1991; Balakrishnan and 
Pushpangadan, 1994). There are many advantages of using gross value added over output. Firstly, it allows us a 
comparison between the firms that use different raw materials. Secondly, if gross output is used as a measure of 
output, it adds the necessity of including raw materials, which may obscure the role of labor and capital in the 
productivity growth (Hossain and Karunaratne, 2004;  Kumar, 2006).  
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For infrastructure, this analysis considers physical infrastructure for the period 1994-

2008. It covers transportation (road, rail and air), information & communication technology 

(ICT) and energy sectors. The data sources for these variables are World Development Indicators 

(WDI) online (2011), and Infrastructure (2009) publications of CMIE (see Table A.2.1 in 

Appendix 2). Instead of using all infrastructure variables separately, which is likely to lead to 

multicollinearity (see correlation between infrastructure variables in Table A.2.2. of Appendix 2), 

we construct a total and an ICT infrastructure index for India by using Principal Component 

Analysis (PCA). For the methodology of construction of both these indices see Appendix 3. 

 

4. Measuring total factor productivity (TFP) and technical efficiency (TE) 

 
We start our empirical analysis by computing the total factor productivity (TFP) of the Indian 

industries. For this purpose, we follow a two-stage procedure.  In the first stage, we construct a 

panel of the eight industries and, following Mitra et al. (2002), we estimate a basic production 

function in Cobb-Douglas form: 

 

ln!"��# � $� ln!%��# � $� ln!&��# � $�!'��# � (� � )��										!3# 

 

where Q, K, and N are the value added, the capital and the labour defined previously (see section 

3), for industry i and period t. Ti is the time trend specified for each industry i and 1α , 2α  and 

3α  are the parameters to be estimated. The term tη represents fixed time effects, while ln 

represents log of the variables.  Year dummies are also included in the model. 

Equation (3) is estimated using the fixed effect method6. Results of estimation are shown 

in Appendix 4 (column 1 of the Table A.4). These results are used, in a second step, to calculate 

the TFP of the industries as follows: 
 

ln!'+,��# � ln!"��# - $�. ln!%��# - $�. ln!&��#																				!4) 

 

where 1α̂ and 2α̂  are the estimated parameters of capital and labour, respectively.  
 

                                                 
6 The advantage of the FE estimator is that it can handle the issue of omitted variables that may be correlated with 

the explanatory variables. Also FE, to some extent, tackles the endogeneity bias, as well as the problem of non-

stationarity because in the estimation for  the within form, deviations from the mean are used.  
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To measure the technical efficiency (TE) of the Indian manufacturing sector, we 

estimated the stochastic frontier production function by maximum likelihood (ML) method, 

developed by Battese and Coelli (1992) for panel data.  In this model, industry effects are 

assumed to be distributed as a truncated normal variable, which allows it to vary systemically 

with time.7 Specifically, we employ time-varying efficiency model of the stochastic frontier as 

suggested by Battese and Coelli (1992). The model may be specified as: 

 

)( itititit VXQ µα −+= …………………….              (5) 
 

where itQ  and itX  are output and inputs in log-form of i-th industry at time t.  
 

Disturbance term is composed of two independent elements, itV and itµ . The former is 

assumed to be independently and identically distributed as ),0( 2
vN σ . The element 

itµ  is a 

nonnegative random variable, associated with technical inefficiency in production, assumed to be 

independent and identically distributed with truncation (at zero) of the distribution ),( 2
µσµ itN . 

The parameters α s can be obtained by estimating the stochastic production function (4) using a 

ML technique.  

Coelli (1996) utilizes the parameterization of Battese and Corra (1977) to replace v
2σ

and µσ 2 with µσσσ 222 += v and 
µ

µ

σσ

σ
γ

22

2

+
=

v

in the context of ML estimation. The termγ  lies 

between 0 and 1 and this range provides a good initial value for use in an iterative maximization 

process. Subsequently, the relative technical efficiencies (TEs) of each industry can be predicated 

from the production frontier as follows: 

 

)exp(
));((exp it

it

it

Xf

Q
TE µ

α
−== ……………   (6) 

 

Since itµ is, by definition, a nonnegative random variable, TE is bounded between zero 

and unity, where unity indicates that the industry is technically the most efficient. Our model 

measuring the efficiency is: 

 

                                                 
7 The original model of Battese and Coelli (1992) is for firm level data, whereas we employ the model on industry 
data. Our working hypothesis is that some industries operate more efficiently than others. 
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)(ln ,2,10, itit

t

tttititi uvDLnNLnKQ −++++= ∑λααα ……………(7) 

 

Here Dt is a dummy variable having a value of one for th
t time period and zero otherwise 

and tλ s are parameters to be estimated. The dummy variable is introduced in the model for the 

technical change; this is in line with the general index approach of Baltagi and Griffin (1988). 

The change in tλ between successive periods becomes a measure of rate of technical change. 

 

ttttTC λλ −= ++ 11, ……                (8) 
 

This implies that the hypothesis of no technical change is: tkt ∀=λ .  

Using the above model (see equation 7), we estimate the TE of the Indian manufacturing. 

Our dataset for the panel of industries is the same as that used for TFP calculations. A Cobb-

Douglas form is as well postulated for the purpose of the production frontier. Results of 

estimation are presented in Appendix 4 (column 2 of Table A.4). These results have been used to 

calculate the TE of the industries (as in equation 6).   

 

5. Explaining Indian manufacturing productive performances 

 

After having estimated the TFP and TE for the manufacturing sector, we turn to assessing the 

impact of the explanatory factors: import intensity (total, intermediary and capital), export and 

R&D intensity, technology transfer and infrastructure availability (total and ICT), on the sectors’ 

productive performances. We apply the fixed effect (FE) model to our panel of eight 

manufacturing industries. Results are presented in Table 1 for the explanation of TFP and in 

Table 2 for TE.  

Column 1 of Table 1 reports the results pertaining to the impact of import (import), 

export (export), and R&D (R&D) intensity, as well as total infrastructure availability (G) on 

TFP. Findings suggest that infrastructure is the most important determinant of productivity, with 

an elasticity of 0.109 at the conventional significance level. This can be interpreted as a 1% 

increase in infrastructure endowments leads to 0.109% growth in TFP, which is substantially 

large. Export intensity (export) is also estimated to be statistically significant with a substantial 

impact on productivity as well (elasticity of 0.099). As for import (import) and R&D (R&D) 

intensity, they are not found to be statistically significant.  
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Column 2 of Table 1 presents the results when total imports are replaced by imports of 

intermediate (importraw) and capital (importcap) goods, along with expenditure on royalty for 

technology transfer (tech). Similar as before, results regarding export-intensity (export) and 

infrastructure availability (G) are found to be crucial determinants of TFP of the industries. As 

for royalties (tech), the impact, though significant, is not sizable. Results fail, as well, to 

recognize any effect of import intensity (import) on productivity, as both imported intermediate 

(importraw) and capital (importcap) good variables are estimated to be statistically insignificant.  

Columns 3 and 4 display the results when the ICT index replaces the total infrastructure 

index. Findings regarding exports (export), imports (import), imported intermediate (importraw) 

and capital (importcap) goods, R&D intensity (R&D) and royalty for technology transfer (tech), 

are very similar to the ones estimated with the total infrastructure index. As for ICT, elasticity is 

found to be statistically significant and varying between 3 to 4 per cent, which is quite sizable.  

 

Table 1. TFP determinants of the Indian manufacturing, 1994-2008  

 

Variable 
Coefficient 

(1) 

Coefficient 

(2) 

Coefficient 

(3) 

Coefficient 

(4) 

C 
1.673679** 
(32.01509) 

1.752190** 
(32.70074) 

1.811760** 
(81.30494) 

1.889999** 
(66.11011) 

IMPORT 
0.002244 

(0.151267) 
 

0.002828 
(0.193949) 

 

EXPORT 
0.099762** 
(6.911471) 

0.083143** 
(5.954704) 

0.099598** 
(6.963184) 

0.086476** 
(6.284772) 

R&D 
0.001916 

(0.305954) 
-0.000674 

(-0.110176) 
0.001799 

(0.290074) 
-0.00048 

(-0.007975) 

INFRA-index (G) 
0.109809** 
(4.206162) 

0.082415** 
(3.239839) 

  

IMPORTRAW  
0.020950 

(1.561013) 
 

0.020987 
(1.591312) 

IMPORTCAP  
-0.010503 

(-1.871463) 
 

-0.009615 
(-1.719517) 

Tech  
0.027090** 
(2.427236) 

 
0.024297 ** 
(2.172017) 

ICT-index (ICT)   
0.041783** 
(4.446658) 

0.029637** 
(3.384770) 

R
2
 0.623296 0.663626 0.629479 0.669675 

Source: Authors’ estimations 

Notes:  t-values in parentheses.  ** indicates statistical significance at 5% level. 
 

In the next stage, the same models are tested for technical efficiency (TE). Findings are 

reported in Table 2. Results of column 1 are very similar to that on TFP, as for the total 

infrastructure index. The impact of export intensity (export) is however found to be much lower 



CERDI, Etudes et Documents, E 2012.33 

19 
 

in that case. The analysis also suggests that import intensity (import) has a significant effect on 

the efficiency of the industries, though not very sizable (elasticity of 0.02). On the contrary, 

R&D intensity (R&D) is not found to having any role in determining TE.  

In the next estimation, results of column 2 indicate that imported intermediate goods 

(importraw) and direct technology transfer (tech) variables display a significant impact on firms’ 

efficiency, although not very sizable either (elasticity of 0.02). Estimations however fail to show 

a significant role of imported capital goods (importcap) on the efficiency. Findings regarding 

other variables, i.e. infrastructure availability (G), R&D (R&D) and export (export) intensity are 

very similar to the ones in column 1.  

Considering the role of ICT in the efficiency movements, it is again found similar to that 

of TFP and it varies from 0.03 to 0.04 (see columns 3 and 4 of Table 2). As for the other 

variables, conclusions are the same as in column 1 and 2, when estimating the impact of total 

infrastructure on efficiency.  

Table 2. TE determinants of the Indian manufacturing, 1994-2008 

 
Variable Coefficient 

(1) 

Coefficient 

(2) 

Coefficient 

(3) 

Coefficient 

(4) 

C 
1.735706** 
(59.70154) 

1.776961** 
(60.02388) 

1.858225** 
(157.5004) 

1.883326** 
(139.8301) 

IMPORT 
0.020874** 
(2.531729) 

 0.020222** 
(2.617551) 

 

EXPORT 
0.041235** 
(5.104132) 

0.036789** 
(4.768981) 

0.040479** 
(5.305632) 

0.036888** 
(4.975370) 

R&D 
0.003533 

(1.015530) 
0.001923** 
(0.568914) 

0.003120 
(0.949727) 

0.001700 
(0.522831) 

INFRA-index (G) 
0.100634** 
(6.928806) 

0.090462** 
(6.436513) 

  

IMPORTRAW 
 0.021913** 

(2.955259) 
 0.021992** 

(3.114389) 

IMPORTCAP 
 -0.001886 

(-0.608385) 
 -0.000339 

(-0.113113) 

Tech 
 0.019362** 

(3.140027) 
 0.016042** 

(2.673233) 

ICT-index (ICT) 
  0.040631** 

(8.155484) 
0.036484** 
(7.278718) 

R
2
  0.734463 0.731006 0.753879 

Source: Authors’ estimations 

Notes: t-values in parentheses. ** indicates statistical significance at 5% level.  
    

Overall, our findings validate some of the conclusions of the earlier literature. Regarding 

infrastructure, in particular, it corroborates the outcomes of Mitra et al. (2002 and 2012), Hulten 

et al. (2006), Sehgal and Sharma (2010). It suggests that, despite a major shift in infrastructure 
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availability and manufacturing performance in India in the recent years, the linkage remains 

intact and infrastructure is still a major determinant of the manufacturing performance. On the 

other hand, the results regarding export are important because most of the previous analysis in 

India failed to find a significant role of this variable (Singh, 2003; Mishra and Sharma, 2011, see 

section 2). Our findings thus recognize the hypothesis of learning-by-exporting in the case of 

Indian manufacturing. As for imports (total, intermediate and capital goods), the effects appear 

uncertain. Our results may suggest that knowledge transfers through exports are more important 

than through imports. This outcome is similar to that of Sjoholm (1999) for Indonesia. Sjoholm 

also concluded that imported capital and intermediate goods should be tested separately. Our 

efforts in that direction, however, failed to bring out any conclusive effect. One explanation can 

be that the share of imported intermediary and capital goods has not reached a sufficient level to 

materialize a higher productivity. Not surprisingly, our findings regarding R&D do not validate 

the impact noted in other studies for India (Raut, 1995; Sharma, 2012). This is understandable, as 

the Indian firms are known for low R&D intensity. The variable tech (technology transfer) being 

significant, it seems that firms are relying more on this channel than pursuing in-house research 

and innovation activities.    

 

6. Conclusions and policy recommendations 

 

India’s economic liberalization in the 1990s provides a rich opportunity to assess the effect of 

policy reforms on economic performance. Given that one of the main objectives of these reforms 

was to improve the productivity of the manufacturing sector, the question that we have addressed 

in this paper is if some of these policy changes have had the expected impact on the Indian firms 

‘productive performance. In order to do so, we have tested the role of export and import (total, 

intermediary and capital goods), R&D, technology transfer and infrastructure endowment -- 

some of the important areas in which the government has shown keen interest during the reform 

period.  

Actually, despite a substantial increase in trade and production following the economic 

reforms, the manufacturing industry has experienced quite a disappointing productive 

performance. This situation constitutes a puzzle that the literature has not very well explained 

until now. One factor suggested in some of the studies relates to the infrastructure deficiency 
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being a serious impediment to the manufacturing performance. Our analysis confirms this view 

by establishing infrastructure as an important determinant of the manufacturing productivity and 

efficiency. This is true for a wide range of physical infrastructure, in the field of transport, 

energy and telecommunication. Our findings confirm as well the results of Mitra et al (2011) on 

the productive role of the information & communication technology (ICT), which experienced an 

extensive development over the same period. Despite the recent efforts to modernize the 

infrastructure sector, bottlenecks still persist as a serious problem in India.  

Our empirical work suggests another explanation of the poor manufacturing 

performances. Trade liberalization is motivated by expected productivity gains coming from an 

increased competition for domestic firms, as well as knowledge spillover and technology transfer 

from more developed countries. These gains seem to have imperfectly materialized in the case of 

India, since our empirical analysis failed to validate a significant role of total imports, as well as 

intermediate and capital goods imports, as factors of productivity and efficiency. One 

explanation of this result can be that the share of import -- intermediate and capital goods 

specifically -- has not reached a threshold level to materialize into productivity-gains. However, 

as regards exports, our empirical analysis is more conclusive. Exports exhibit a sizeable impact 

on firms’ productive performances. It appears that the Indian manufacturing sector has benefited 

more from knowledge transfer through exports than through imports. Our findings thus validate 

not only the hypothesis of learning-by-exporting, extensively debated in the literature, but also 

the incitation to be more productive due to competition in the foreign market.  

Another result of our empirical work concerns R&D which does not appear to be a 

significant determinant of productivity. This outcome, consistent with other studies, does not 

look surprising as Indian firms are known for low R&D activities, despite the recent efforts of 

the government to stimulate in-house R&D. This conclusion is supplemented by our results on 

technology transfer, which turns out to be significant in explaining firms ‘productive 

performances. This finding tends to show that firms in India rely more on this channel than on 

pursuing in-house research and innovation, limiting their ability to be competitive in the 

medium-long run.  

Like most other developing countries, India is increasingly concerned about improving 

productivity and competitiveness as the country faces the intensified pressure of globalization. 

As per our results, enhancing total and ICT infrastructure could help the manufacturing sector to 
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resist international competition and reinforce the industrial export capacity of the country. 

Reducing infrastructure bottlenecks would also lead to a rise in productivity and growth, which 

in turn may help the manufacturing sector to diversify. Low in-house R&D represents lack of 

innovation necessary to grow and become competitive. Our results also suggest that export 

liberalization constitutes another means of boosting the productivity and efficiency of the 

industries. This policy needs to be continued since Indian manufacturing is still not integrated 

with the world economy. As for import liberalization, although our empirical work did not 

validate its impact on firms’ productive performance, our findings call for more investigation on 

the subject since import intensity, of intermediate and capital good in particular, may have not 

reach a level at which competition, knowledge spillover and technology transfer can play a 

crucial role in augmenting productivity growth .  
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Appendix 1 

 
Fig. A.1.1. Growth in manufacturing in the post reform era (value added, annual % growth) 

 

 Source: WDI on line, World Bank, 2012. 

 

Fig. A.1.2. Manufacturing export from India, 1990-2010 

 
Source: Economic survey-2009-10 (chap-7, pp-172, http://indiabudget.nic.in/es200910/chapt2010/chapter07.pdf 
 

Fig. A.1.3. Manufacturing import and tariff rate in India, 1990-2010  

 
Source: Economic survey-2009-10 (chap-7, pp-172, http://indiabudget.nic.in/es200910/chapt2010/chapter07.pdf 
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Table A.1.1. Relative infrastructure endowments in India (a) 

 

Country/Group 

Fixed 
broadband 
Internet 
subscribers 
(per 100 
people) 

Internet 
users 
(per 
100 
people) 

Mobile 
cellular 
subscriptions 
(per 100 
people) 

Quality of 
port 
infrastructure 
(b) 

Roads, 
paved (% of 
total roads) 

Secure 
Internet 
servers (per 
1 million 
people) 

Telephone 
lines (per 
100 
people) 

Electric 
power 
consumption 
(kWh per 
capita) 

Electric 
power 
transmission 
and 
distribution 
losses (% of 
output) 

India 0.67 5.3 45.5 3.9 49.3 2.2 3.2 570.9 24.4 
Brazil 7.52 39.3 90.0 2.9 N.A. 40.7 21.5 2206.2 17.2 
China 7.78 28.8 56.1 4.3 53.5 1.9 23.6 2631.4 4.9 
Russian Federation 9.09 42.1 162.5 3.7 80.1 20.4 31.6 6132.9 10.8 
South Africa 0.98 8.9 94.2 4.8 N.A. 62.6 8.8 4532.0 9.8 
South Asia 0.56 5.5 45.8 3.8 58.9 1.9 3.0 516.9 23.1 
East Asia & Pacific  8.05 29.8 65.7 4.8 47.6 91.5 22.5 2797.4 5.2 
Low-middle income 3.54 18.2 60.9 3.8 29.3 7.7 12.7 1527.0 11.1 

 

Source: World Development Indicators 2011.  
Note: (a) Years of comparison are 2010, 2009 and 2008. (b) 1=extremely underdeveloped to 7=well developed and 
efficient by international standards; 

 
 

 

Table A.1.2. Descriptive statistics 
 

(in log) EXPORT IMPORT IMPORTCAP IMPORTRAW Tech R&D G ICT 

Mean 1.0683 1.1581 0.1619 0.9948 -0.6413 -0.68 2.2120 2.4957 

Median 1.0593 1.1618 0.1733 0.9924 -0.4724 -0.805 2.2262 2.5555 

Maximum 1.5856 1.6299 0.8114 1.5881 0.0658 0.3300 2.2517 2.5814 

Minimum 0.7101 0.3306 -0.5483 0.1111 -1.7185 -1.368 2.000 2.000 

Std. Dev. 0.2129 0.2116 0.3101 0.2450 0.4198 0.4186 0.0594 0.1604 

Skewness 0.2779 -0.4946 -0.1444 -0.3566 -0.5805 0.3067 -3.0260 -2.3246 

Kurtosis 2.4767 4.4446 2.4938 4.2798 2.2283 1.9492 11.1285 6.9299 

Jarque-Bera 2.8899 15.2002 1.6843 10.6068 9.6367 7.3412 509.220 185.293 

Observations 120 120 120 120 120 120 120 120 

Source: Authors’ calculation 
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Appendix 2: Infrastructure variables 

 

Table A.2.1. Sources of data  

 

Variable Sector Indicator Data sources 

Air Transportation Air transport, passengers carried WDI 

Electricity Electricity Electricity production (kWh/per-capita) WDI 

Internet Information and Communication Internet users (per 100 people) WDI 

Mobile Information and Communication Mobile cellular subscriptions (per 100 people) WDI 

Tel. Information and Communication Telephone lines (per 100 people) WDI 

Mobile-tel. Information and Communication Mobile and fixed-line telephone subscribers (per 100 people) WDI 

Port Transportation  Port (commodity wise traffic , 000 tones) CMIE 

Rail-goods Transportation Railways, goods transported (million ton-km) WDI 

Rail-pass Transportation Railways, passengers carried (million passenger-km) WDI 

Roads Transportation Roads, total network (km/1000people) WDI 

 

 

Table A.2.2. Correlation between infrastructure variables 
 

Variable Air  Internet Rail-goods  Rail-pass Roads   Electricity  Mobile 

Tel.  

Port 

Air 1.0000        
Internet 0.9444 

(11.12) 
1.0000       

Rail-goods 
0.9549 
(12.45) 

0.9892 
(26.19) 

1.0000      

Rail-pass 0.9250 
(9.429) 

0.9736 
(16.53) 

0.9882 
(24.99) 

1.0000     

Roads  0.4472 
(1.94) 

0.5946 
(2.86) 

0.6323 
(3.16) 

0.7149 
(3.96) 

1.0000    

Electricity 0.8633 
(6.62) 

0.9128 
(8.65) 

0.9413 
(10.80) 

0.9697 
(15.37) 

0.7911 
(5.01) 

1.0000   

Mobile-tel. 0.96660 
(14.61) 

0.9658 
(14.42) 

0.9696 
(15.34) 

0.9428 
(10.96) 

0.4997 
(2.23) 

0.8482 
(6.20) 

1.0000  

Port 0.8463 
(6.15) 

0.9271 
(9.58) 

0.9487 
(11.62) 

0.9688 
(15.15) 

0.7728 
(4.72) 

0.9856 
(22.62) 

0.8502 
(6.25) 

1.0000 

Source: Authors’ calculation 
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Appendix 3 

 

 Total and ICT composite infrastructure indicators 

 

The Principal Component Analysis (PCA) methodology is a widely used aggregation technique, 

designed to linearly transform a set of initial variables into a new set of uncorrelated 

components, which account for all of the variance in the original variables. Each component 

corresponds to a virtual axe on which the data are projected. The earlier component explains 

more of the variance of the series than do the later component. The number of components is 

proportional to the number of initial variables that are used in the PCA. Usually, only the first 

components are retained, because they explain most of the variance in the dataset. The 

cumulative R²gives the explanatory power of the cumulative components. 

 

In order to construct a composite total infrastructure index for India, we apply the Principal 

Component Analysis (PCA) to our nine infrastructure indicators. The results bring out one 

significant component and this component explains 90 % of the variance in the underlying 

individual indicators (see Table A.3.1). In the next stage, on the basis of the results of the PCA, 

the factor loadings of the initial variables are used as weights of the respective variables in 

constructing the composite infrastructure index (see Table A.3.2). For more details on the 

aggregation method using Principal Component Analysis (PCA), see Nagaraj et al. (2000) and 

Mitra et al. (2002). 

 

Table A.3.1. Principle component analysis:  

Total infrastructure indicator (G) (1994 to 2008) 

 
 Eigenvalue Proportion 

P1 7.25486** 0.9069 

P2 0.561524 0.0702 
P3 0.128091 0.0160 
P4 0.03333 0.0042 
P5 0.009241 0.0012 
P6 0.007714 0.0010 
P7 0.004457 0.0006 
Source: Authors’ calculation 
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Table A.3.2. Factor loadings:  

Total infrastructure indicator (G) (Eigenvectors) 

 P1 

Air 0.3391 
Internet 0.3454 
Rail-goods 0.3587 
Rail-pass 0.3688 
Roads 0.3063 
Electricity 0.3694 
Mobile-Tele 0.3679 
Port 0.3681 
Source: Authors’ calculation 

 
Using the same methodology as for the composite total infrastructure index, an ICT index 

(ICT) is also constructed in this study. The result of the PCA for this sector suggests as well the 

presence of one significant component, which explains 94 % of the variance in the individual 

ICT indicators (see Table A.3.3). On the basis of the factor loadings, the weights are assigned to 

the respective variables for constructing the ICT index (see Table A.3.4).  

 

Table A.3.3. Principle component analysis:  

ICT infrastructure indicator (ICT) (1994 to 2008)  
 

 Eigenvalue Proportion 

P1 2.8351** 0.9451 
P2 0.15522 0.0517 
P3 0.00959 0.0032 

Source: Authors’ calculation 

 
Table A.3.4. Factor loadings:  

ICT infrastructure indicator (ICT) (Eigenvectors) 
 

 P1 

Internet 0.5908 
Mobile 0.5762 
Tele 0.5647 

Source: Authors’ calculation 
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Appendix 4 

 

 

Table A.4. Cobb- Douglas production function: Estimation results, 1994-2008 

(Dependent variable: ln(GVA)) 
 

Variables 
Coefficients 

(1) 

Coefficients 

(2) 

ln (K) 
0.40264 
(0.0694) 

0.4244 
(0.0681)    

ln (N) 
0.46544 
(0.0642) 

0.4444  
(0.0632)   

Trend 
0.02426 
(0.0019) 

0.02348  
(0.0019)   

Const 
2.2192 
(0.2818) 

2.61173  
(0.3202) 

 0.6477  
Year-dummy Yes Yes 
Estimator Fixed Time-invariant inefficiency model 
Source: Authors’ calculation 

Notes: Standard errors are in parentheses. For column (2), log likelihood: 174.54228, Wald :1296.01,

. Number of observations (panel):120(8). TFP computed on the basis of results of column (1). 
TE computed on the basis of results of column (2). 
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