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Abstract 

In this paper an effort was made to evaluate the level of efficiency of the firms that 

belong to the selected manufacturing sub-sectors in India for the period 1999-2000 to 2013-

2014 using Stochastic Frontier Analysis. Subsequently, the microeconomic and 

macroeconomic determinants of efficiency were analysed applying Panel Censored Tobit 

Regression Model. The study revealed that Electrical Equipment sub-sector was found to be 

the most efficient sector followed by the sub-sectors Auto Parts and Equipment, 

Pharmaceutical and Biotechnology, Chemicals, Textile, Food products and Steel 

respectively. The study also showed that leverage, size of the firm, age of the firm, openness 

of the firm (microeconomic) and inflation (macroeconomic) made notable contribution 

towards changing the level of efficiency of manufacturing firms during the study period. 

However, their contributions were not the same in all sub-sectors under study. 
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Introduction 

The Indian economy, especially the manufacturing sector has gone through 

many phases of transformation since independence. With a view to establish a 

‘socialistic pattern in the society’, it was believed that large scale public sector 

organisations should assume greater responsibility. The aims were to ensure 

balanced regional development, fostering economic growth and creation of a large 

number of employment opportunities. The attainment of these goals could only be 

ensured by having a strong manufacturing sector in the economy. It can never be 

denied that the manufacturing sector is quintessential for sustainable economic 

growth and higher standard of living in any economy (Felipe et al, 2018; Haraguchi 

et al., 2017). This argument is not a new one; it was empirically well established by 

Kaldor way back in 1967 where he showed the interconnectedness between the 

productivity of the manufacturing sector and economic growth. 

 

In the context of India, only after the implementation of the pro-market 

economic policies in late 1980s and early 1990s, a favourable business environment 

was created where the industries could grow (Kochhar et al., 2006). It was 

empirically established that the reduction of tariffs, withdrawal of industrial 

licensing, deregulation, removal of restrictions on imports and exports due to the 

economic reform measures promoted efficiency (Kathuria et al., 2012). With the 

gradual opening up of the Indian economy since mid-eighties, the opportunity for 

growth for manufacturing firms has multiplied on one hand and on the other hand 

firms have been facing externalities emanating from the exposure to the industry 

specific and macroeconomic factors which were not so powerful prior to the 

opening up of the economy as a whole. In a liberalised economic environment, the 

competition becomes fierce (Kambhampati & Parikh, 2005). In the wake of such a 

highly competitive environment, firms that belong to the Indian manufacturing 

sector have to operate efficiently in order to sustain in the long run. Therefore, it is 

of utmost importance to understand the diversified factors which are capable of 

affecting the level of efficiency of the firms especially in the post-liberalisation 

regime.  

 

The various factors which affect a firm normally get classified into three broad 

categories such as microeconomic, industry specific and macroeconomic factors 

(Sufian, 2009). Irrespective of the policy regime, these three factors have remained 

at the core of the efficiency vis-a-vis financial performance of firms that belong to 

each and every sector of the economy including manufacturing. But with the 
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opening up of the economy, the industry and macroeconomic factors have become 

even more important (Majumdar & Bhattacharjee, 2010). Thus, the formulation of 

business strategies in a post-liberalised business environment requires special 

consideration of all these three factors together. Afterwards with the passage of time, 

Indian industries started growing and such a growth along with reasonably good 

returns attracted many other new entrants into the market economy leading to an 

extremely high degree of competition. Therefore, in the present age of cut throat 

competition, it is inevitable to manage the business with the highest degree of 

efficiency to survive in the long run.  

 

The level of competition between firms that belong to the Indian manufacturing 

sector is very high as evidenced by the existence of a large number of firms in each 

and every manufacturing segment. With the emergence of the liberalisation 

measures in India in 1991, such competition has been more intensified1. Effective 

utilisation of the available scarce resources is of utmost important for achieving 

corporate excellence. Effective usage of the available human capital, technology, 

scale and managerial potential has direct impact on the cost effectiveness, 

profitability and ultimately on the market value of the firms. Perhaps this is one of 

the prime reasons for which many research scholars have delved into the 

exploration of the level of efficiency of firms. In a perfectly competitive and 

liberalised economy where prices of the factors of production are market 

determined, the only way to sustain is to attain the optimum level of efficiency. 

Openness of the economy leading to an increased competition ensures that the 

resources are put to optimum use (Driffield & Kambhampati, 2003).  

 

The scholars have not restricted their effort in enquiring into the level of 

efficiency of firms that belong to different sectors; rather they have also tried to 

illuminate the underlying factors responsible for such level of efficiency or 

otherwise. In case of manufacturing firms it has been noted that there exists a close 

nexus between the size of the firms and the level of efficiency. Large size firms 

enjoying economies of scale (Alvarez & Crespi 2003) are expected to be more 

efficient than the small size firms (Firth et al., 2015; Halkos & Tzeremes, 2007; 

Kalaitzandonakes et al., 1992; Lundvall & Battese, 2000; Pitt & Lee, 1981; 

Söderbom & Teal, 2004;). However, recent studies show that if the large size firms 

are suffering from debt overhang problems then these firms become less efficient 

 
1As of 31/05/2019  there were 233,412 (20% of the total) registered active manufacturing companies in  

 India (MCA, 2019) retrieved from http://www.mca.gov.in/Ministry/pdf/MIB_May_01072019.pdf 

http://www.mca.gov.in/Ministry/pdf/MIB_May_01072019.pdf
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than the small size firms (Hanousek et al., 2015). In addition to that it has been 

noted that the efficiency of the small size firms are conditioned upon the age of the 

firms, level of technological upgrading, geographical location, government 

assistance, innovation capability, Research and Development (R&D) intensity, 

experience of the workforce, foreign collaboration, female participation in the 

workforce, export orientation, education of the owner, subcontracting possibility, 

conglomeration strategy and financial integration (Ahmed & Ahmed, 2013; Alvarez 

& Crespi, 2003; Burki & Terrell, 1998; Harvie, 2004; Hall et al., 2009; Hill & 

Kalirajan, 1993; Le & Harvie, 2010; Pelham, 2000; Weston & Mansinghka, 1971;J. 

C. Yang, 2006; C. H. Yang & Chen, 2009). However in the prelude of India, 

Kambhampati and Parikh (2005) suggested that small firms could not exploit  

advantages stemmed from the liberalisation measures contrary to the experience in 

other countries of the world. 

  

Under the Indian scenario, Bhavani (1991) indicated the existence of a high 

level of efficiency in the Indian metal industry during the time period of 1973-1974. 

In contrast, Neogi and Ghosh (1994) suggested the decline in the efficiency of the 

manufacturing firms and the existence of variability across different manufacturing 

industries during 1974-1975 to 1987-1988. Driffield and Kambhampati (2003), 

Kumar (2006), Madheswaran et al. (2007) and Pattnayak and Thangavelu (2005) 

suggested that the level of efficiency of  Indian manufacturing industries improved 

in the post-reform era as compared to that of the pre-reform period which was also 

supported by the outcome of the study conducted by Mitra (1999). In fact, Total 

Factor Productivity Growth has improved during 1985-1986 to 1992-1993 when 

compared to the period during 1976-1977. On the contrary, Mukherjee and Ray 

(2005) demonstrated, using the state level data on Indian manufacturing, that the 

rankings of the different states in terms of the efficiency of the manufacturing sector 

did not change dramatically before and after the liberalisation measures undertaken 

in 1991. However, these findings were again contradicted by a study carried out by 

Kumar (2006) which indicated that the total factor productivity started converging 

across different regions after liberalisation. The study conducted by Ferrantino 

(1992) in respect of the Indian manufacturing sector revealed that purchase of 

technology had failed to bring any improvement in the efficiency of firms rather the 

direction of the use of the technology had positive implication on the efficiency. In 

a state level analysis Mitra et al. (2002) showed that availability of infrastructure 

was one of the prime reasons of the variability of the productivity growth and 

technical efficiency amongst the manufacturing industries across different states of 

India. Similar findings were observed again by Mitra et al. (2011, 2012) on eight 
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core manufacturing industries for the period between 1994-2008 and suggesting that 

the persistence of the lack of information, communication and technology and 

infrastructure in India had affected the efficiency of the firms. In a similar vein, 

Sharma and Sehgal (2010) observed improvement in the efficiency of the Indian 

manufacturing sector during 1994-2006 and identified availability of infrastructure 

to be the most significant variable affecting such efficiency. In an effort to 

determine the efficiency of the Indian engineering industry, Golder and Kumari 

(2003) noted that foreign engineering firms were more efficient than their domestic 

counterparts. The study also suggested that the efficiency of the foreign and 

domestic engineering firms operating in India would eventually converge. Similarly, 

sugar manufacturing companies in India were found to be efficient (Dwivedi & 

Ghosh, 2014).  

 

In a very recent study in the context of Indian glass industry Kundi and Sharma 

(2016) suggested that more or less all firms were found to be efficient but small size 

foreign controlled, experienced firms were found to be comparatively more efficient 

than the other firms, which is again contradictory to the findings of the study carried 

out by Alvarez and Crespi (2003). Again in a different study Kundi and Sharma 

(2016) found the large scale Cement companies especially foreign controlled ones 

operating in India to be more efficient when compared to their small and medium 

scale counterparts. In the context of Indian textile firms, the study conducted by 

Bhandari and Maiti (2007) found that size, age and ownership of firms were the 

major factors affecting the efficiency of those firms. Gambhir and Sharma (2015) 

also obtained similar findings in case of the textile companies in India and in 

addition to that they have also observed that export oriented Indian textile firms 

were always better off. The underlying rationale may be that only the efficient firms 

engage in foreign trade and in order to become export competitive, they have to run 

their organisations more efficiently than other non-exporting firms (Van 

Biesebroeck, 2005). In line with this argument, Bigsten et al. (2004) and Van 

Biesebroeck (2005) observed that African and Sub-Saharan manufacturing firms 

engaged in international exports were relatively more efficient. 

 

In the context of manufacturing companies in the state of Haryana, India, 

Sharma and Sehgal (2015) found a positive association between the levels of 

productivity and profitability and emphasized on the role of innovation for the 

optimum utilisation of  resources. Hasan (2002) and Basu and Das (2015) suggested 

that in medium and short run, use of technology is the most important determinant 

of corporate profitability and efficiency in the Indian organized manufacturing 
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sector. Some of the other important factors identified by different research studies 

were size of the firm, age of the firm, ownership structure, number of employees, 

profitability, prevalence of competition, liberalisation, exports, labour cost, foreign 

ownership, capitalisation, subsidies, management costs, education of the owners, 

quality of human capital, , R & D,  innovation, existence of crimes and political risk, 

infrastructure, product diversification and international diversification, use of 

technology, managerial efficiency, remuneration of the top management and 

workers, market to book value ratio, financial leverage, early adoption of 

technology, governance quality, government grants and assistance, rate of taxes, 

foreign investment and training cost of employees (Baek & Neymotin, 2016; 

Blomström, 1986; Biener et al., 2016; Castiglione & Infante, 2014; Chapelle & 

Plane, 2005; Chuang & Lin, 1999; Diaz-Balteiro et al., 2006; Doaei et al., 2015; 

Firth et al., 2015; Forlani, 2012; Giokas et al., 2015; Hanousek et al. ,2015; Ismail 

& Sulaiman, 2007; Jain et al., 2015; Kumbhakar et al., 1991; O'Toole and Tarp, 

2014; Piesse & Thirtle, 2000; Pitt & Lee, 1981; Thatcher & Oliver, 2001; Weill, 

1992; Yu et al., 2012; Zhang et al, 2003; Zheng et al., 1998). Amongst all factors, 

ownership (i.e. whether government or private, domestic or foreign firm) dictates 

the efficiencies of firms to a great extent (Blomström, 1986; McConaughy et al., 

1998; Vining & Boardman, 1992). Other significant determinants of the efficiency 

of manufacturing firms are good corporate governance, (Gill & Biger, 2013) 

marketing facilities and infrastructure provided by the government (Cull et al., 

2017). 

 

Efficiency analysis is of great importance to managers of corporate firms in 

order to identify weaknesses and strengths associated with their firms that enable 

them to adopt appropriate managerial decisions and strategies so as to achieve the 

objective of the wealth maximisation and optimum utilisation of the available 

resources (Kundi & Sharma, 2016). The efficient firms are expected to possess the 

inherent capacity to cope up with the dynamic macroeconomic environment and 

enjoy greater sustainability. Review of the existing literature suggests that there is 

scant number of studies that have tried to explore the effect of both the 

microeconomic and macroeconomic factors simultaneously on the firm level 

efficiency of Indian manufacturing firms in a comprehensive manner.  

 

In this backdrop, the present study has made a modest attempt to unearth the 

level of efficiency of firms that belong to the various sub-sectors of the Indian 

manufacturing industry. In addition to this specific objective, efforts have also been 

made to evaluate the microeconomic as well as macroeconomic determinants of 

such efficiency. 
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Data Sources and Methodology 

Data Sources 

For the purpose of analysing the determinants of the firm level efficiency of 

Indian manufacturing firms, the firm level data for the period of study from 1999-

2000 to 2013-2014 were collected from the Capitaline Corporate Database 

published by Capital Market Publishers Private Ltd. Mumbai, India2. Although the 

time period of the study could have been extended to the current period, different 

companies that belong to the Indian manufacturing industry had already adopted 

Ind-AS and started reporting using the Ind-AS guidelines which were converged 

with International Financial Reporting Standards from 2014-2015. Such an 

extension of the period of study could have created a non-compatibility issue 

between financial information produced as per erstwhile Accounting Standards 

issued by the Accounting Standards Board of India and Ind-AS issued by the 

Ministry of Corporate Affairs, Government of India. Therefore, it was thought to be 

prudent to keep the period of study from 1999-2000 to 2013-2014. The 

macroeconomic data relating to exchange rate and inflation for the same period 

were taken from the Database on Indian Economy, RBI3.  

 

   Table 1: Data Sources and Period of the Variables Used in the Study 

Variables Source Period 

Raw Material Cost, Employee Cost, 

Power and Fuel Cost, Gross block 

of Asset, Value of Output, 

Leverage,  Age, Size, Growth, 

Openness   

Capitaline Corporate Database  

published by Capital Market 

Publishers Private Ltd. Mumbai, 

India 

 

1999-2000 

 

to 

 

2013-2014 Real Effective Exchange Rate 

(REER), Wholesale Price Index 

(WPI) 

Database on Indian Economy, 

Reserve Bank of India (RBI) 

 

Methodology 

Selection of Sample Firms 

In the present study only the Indian manufacturing sector as per National 

Industry Classification, 20084 was concentrated upon. Although the service sector is 

growing rapidly, the remarkable contribution of the manufacturing sector to the 

 
2 https://www.capitaline.com 
3 https://dbie.rbi.org.in/DBIE/dbie.rbi?site=publications 
4 http://mospi.nic.in/sites/default/files/6ec_dirEst/ec6_nic_2008_code.html 

https://www.capitaline.com/
https://dbie.rbi.org.in/DBIE/dbie.rbi?site=publications
http://mospi.nic.in/sites/default/files/6ec_dirEst/ec6_nic_2008_code.html
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economic growth and employment generation cannot be undermined (Rajan, 2006) 

since manufacturing is considered to be dominant in the industry sector. The other 

prominent reason for the selection of the manufacturing industry is that, in the Index 

of Industrial Production (IIP) calculation, manufacturing sectors retain the 

maximum weight (75.53%) over mining (14.16%) and electricity (10.32%) 

(Government of India, 2013). In order to perform the firm level analysis, the list of 

the different sectors within the broad Indian manufacturing industry, Bombay Stock 

Exchange (BSE) – Manufacturing index5 obtained from the official website of Asia 

Index  Private  Limited6 was used. At first, BSE-Sectors  were selected purposively;  

 

 

 Table 2:  Sample Companies across Different Sectors in the Indian  

 Manufacturing Industry 

BSE Sector 
BSE Industry 

Group 

BSE Industry Sub-

Group 

Population 

Sizea 

Sample 

Size 

Basic Materials Steel Iron & Steel and 

Intermediary 

Products 

108 

(10.95%) 

45 

(11.17%) 

Chemical Commodity and 

Specialty Chemical 

183 

(18.56%) 

80 

(19.85%) 

Consumer 

Discretionary 

Goods and  

Services 

Textiles, Apparels 

and Accessories 

Textile 280 

(28.40%) 

99 

(24.57%) 

Auto Components  Auto Parts and 

Equipment  

101 

(10.24%) 

48 

(11.91%) 

Health Care Pharmaceuticals and 

Biotechnology 

Pharmaceuticals and 

Biotechnology 

165 

(16.73%) 

68 

(16.87%) 

Industrials Electrical 

Equipment 

Heavy and Other 

Electrical 

Equipment and 

products  

88 

(8.92%) 

38 

(9.43%) 

Fast Moving 

Consumer Goods 

Food Products Packaged and Other 

Food Products 

61 

(6.19%) 

25 

(6.20%) 

Total 986 

(100%) 

403 

(100%) 

Note: aThe population size is based on the list of the listed companies under different Industry Sub-

Group as of 09/02/2016 as downloaded from BSE website. 

 
5 http://www.asiaindex.co.in/indices/equity/sp-bse-india-manufacturing-index# ;    

  https://us.spindices.com/documents/methodologies/methodology-sp-bse-thematic-indices.pdf 
6 Asia Index Pvt. Ltd is a partnership between S&P Dow Jones Indices LLC and Bombay Stock   

  Exchange Ltd. 

http://www.asiaindex.co.in/indices/equity/sp-bse-india-manufacturing-index
https://us.spindices.com/documents/methodologies/methodology-sp-bse-thematic-indices.pdf
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thereafter BSE-Industry group and sub-group were also chosen purposively from 

the  Bombay  Stock  Exchange  (BSE)  –  Manufacturing  index7  construction 

methodology. Once the industry subgroups were selected, the lists of the firms from 

different sub groups were collected from the official website8 of BSE, Mumbai, 

India. Finally, random sampling technique was used to select the companies to 

avoid any form of selection bias. Proportional sampling method was used in 

selecting representative samples by making the selection proportionately from each 

of the sub-groups. Inclusion criteria at the firm level were, the availability of the 

firm-specific data for the period of 15 years from 1999-2000 to 2013-2014. 

However, considering the number of the firms which were finally available as per 

the inclusion criteria, the proportion of the sample in each of the industry sub-

groups could not be strictly maintained. Still, the spirit of the proportional sampling 

method could be retained while determining the final number of the firms from each 

industry sub-groups. A total number of 403 (40.87%) companies were finally 

considered for the final analysis. Table 2 shows the selection process of the sample 

companies and the sectoral indices for the purpose of the study. 

 

Measurement of Efficiency and its Determinants 

Technical efficiency can be measured by applying two distinct approaches: 

Data Envelopment Analysis (DEA) as introduced by Charnes et al. (1978) and 

Stochastic Frontier Analysis (SFA) as propounded by Aigner et al. (1977). DEA is a 

non-parametric approach based on mathematical programming estimation, while 

SFA is a parametric approach based on econometric estimation. Both the 

approaches have advantages and limitations. One of the major advantages of DEA 

is that it does not require any functional form specification of production function 

(Hjalmarsson et al., 1996). However, this method suffers from the drawback that it 

is deterministic in nature and assumes that deviation of firms from the efficient 

frontier are only due to inefficiencies, which is a very restrictive assumption. On the 

contrary, under SFA, stochastic noise term is considered which means that the 

deviations of firms from the efficient frontier are not only attributed to inefficiencies 

but also to stochastic noise (Din et al., 2007). In addition, the method also allows for 

the statistical testing of hypotheses relating to the production function and degree of 

inefficiency. It is also to be kept in mind a priori specification of the functional form 

of production function is required to be made under SFA which can be considered 

as a major drawback of this approach. Although two approaches are extensively 

 
7 http://www.asiaindex.co.in/indices/equity/sp-bse-india-manufacturing-index# ;  

   https://us.spindices.com/documents/methodologies/methodology-sp-bse-thematic-indices.pdf 
8 https://www.bseindia.com/corporates/List_Scrips.aspx?expandable=1 

http://www.asiaindex.co.in/indices/equity/sp-bse-india-manufacturing-index
https://us.spindices.com/documents/methodologies/methodology-sp-bse-thematic-indices.pdf
https://www.bseindia.com/corporates/List_Scrips.aspx?expandable=1
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used in the existing literature, the application of any of these two is surely going to 

depend upon various contextual factors (Banker et al., 1993). Din et al. (2007) 

suggested that the application of DEA will be more suitable when the production 

function follows the neo-classical theory and there is no measurement error whereas 

if measurement error is a strong possibility, then SFA will surface itself to be a 

better method. Without going into such a methodological debate, many researchers 

have applied and compared DEA with SFA (Cullinane et al., 2006; Din et al., 2007; 

Hossain et al., 2012; Nazarko & Chodakowska, 2017; Theodoridis & Psychoudakis, 

2008). 

 

For the purpose of this study, initially DEA approach was used in a panel data 

framework. However, the outcome of the DEA failed to capture the variation in the 

efficiency of firms across industries and time periods. Moreover, there was no 

difference in the total factor productivity growth over time periods for the various 

Indian manufacturing sub-sectors (Maji, 2019). The Malmquist Total Factor 

Productivity Growth decomposition clearly showed almost no change in terms of 

Malmquist Total Factor Productivity Change, Technological Change, Technical 

Efficiency Change, Pure Technical Efficiency Change and the Scale Efficiency 

Change. It precisely indicates the failure of the DEA approach to capture the inter-

firm and intra-firm variation in efficiency (Maji, 2019). Such inability of DEA 

method to capture any variation of efficiency amongst the firms speaks about the 

inherent limitations of the method especially in a panel data framework. However, 

the analysis based on SFA performed well in capturing the variation in the 

efficiency of firms under manufacturing sub-sectors over the period of study. It 

shows that the SFA is more suitable in this case as compared to DEA and it also 

confirms that the variation in efficiency in firms were not only due to inefficiencies 

but also due to stochastic noise. Therefore, it was thought prudent to proceed with 

SFA rather than DEA. Moreover, Hjalmarsson et al. (1996) argues that in a panel 

data framework SFA offers better production function specification which conforms 

to our empirical findings. 

 

While attaining the objectives of the study, a two-stage approach was 

considered. The first stage involves the estimation of a stochastic frontier 

production function by Maximum Likelihood Estimation and the predicted values of 

firm-level technical efficiency scores. Stochastic frontier production function and 

the predicted firm-level technical efficiencies were estimated using the computer 

program, Frontier Version 4.1 (Coelli, 1996). In the second stage these predicted 

technical efficiency effects were regressed on firm-specific and macroeconomic 
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factors in order to determine factors influencing the efficiency. In the second stage 

Panel Censored Tobit regression model was used to illuminate the determinants of 

such efficiency. The detailed descriptions of the variables used in the study are 

presented in Table 3. 

 

 
Table 3: Descriptions of Variables 

Variables Descriptions 

V
ar

ia
b

le
s 

u
se

d
 i

n
 t

h
e 

p
ro

d
u

ct
io

n
  
fu

n
ct

io
n
 

In
p

u
ts

 

Raw Material Cost (RMC) Natural logarithm of Raw Material 

Employee Cost (EC) Natural logarithm of Employee Cost 

Power and Fuel Cost (PFC) 
Natural logarithm of Power and Fuel 

Cost 

Gross block of Asset (GBA) 
Natural logarithm of Gross block of 

Asset 

O
u

tp
u

t 

Value of Output(O) Natural logarithm of Value of Output 

V
ar

ia
b

le
s 

u
se

d
 a

s 
th

e 
d

et
er

m
in

an
ts

 o
f 

ef
fi

ci
en

cy
 

F
ir

m
-S

p
ec

if
ic

 F
ac

to
rs

 

Leverage Debt/Equity 

Age 
Natural logarithm of (current relevant 

year – year of inception) 

Size 
Natural logarithm of total assets of the 

firm 

Growth 

[(Current year Net Sales – Previous 

year Net Sales)/ Previous year Net 

Sales]*100 

Opennessa (Export + Import)/Total Sales 

M
ac

ro
ec

o
n
o

m
ic

 

F
ac

to
rs

 Exchange Rate Real Effective Exchange Rate 

Inflation Whole Sale Price Index (WPI)b 

Notes:  aFrom Hitt et al. (1997) 
bWPI is the better measure of inflation in the industrial performance evaluation context when 

compared with the Consumer Price Index (CPI). WPI reflects the level of price at which goods 

and services are exchanged between firms within and between different industries (Mishra, 

2013). 

 

For the purpose of determining the technical efficiency of the manufacturing 

firms, Stochastic Frontier Analysis (Coelli, 1996) was applied in the first stage 
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under the panel data framework. Specific stochastic frontier production function 

model which was estimated is: 

 

𝑙𝑛(𝑂𝑖𝑡) = 𝛽0 + 𝛽1 𝑙𝑛(𝐺𝐵𝐴𝑖𝑡) + 𝛽2(𝑅𝑀𝐶𝑖𝑡) + 𝛽3 (𝑃𝐹𝐶𝑖𝑡) + 𝛽4 (𝐸𝐶) + (𝑉𝑖𝑡 − 𝑈𝑖𝑡) 

 

where V represents random error which is associated with random factors outside 

the control of the firm, and U represents one sided inefficiency component. 

Maximum Likelihood Estimates of the parameters of the model can be obtained 

together with the variance parameters expressed as 𝜎2 = 𝜎𝑢
2 + 𝜎𝑣

2  and  𝛾 =
𝜎𝑢

2

𝜎𝑢
2+𝜎𝑣

2. 

The parameter 𝛾 has a value between zero and one, such that the value of zero is 

associated with traditional response function. The model also estimates the value of 

μ which is the inefficiency in the model and η representing the change of 

inefficiency of firms over the time.  

 

Technical efficiency of a firm at a given period of time is defined as the ratio of 

the observed output to the frontier output which could be produced by a fully 

efficient firm, in which the inefficiency effect is zero. Thus, technical efficiency is 

defined as  

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑖 =
𝑌𝑖

𝑓(𝑥; 𝛽)
=

𝑓(𝑥; 𝛽)𝑒−𝑢𝑖

𝑓(𝑥; 𝛽)
= 𝑒−𝑢𝑖 

 

 

In order to assess the effect of different firm-specific and macroeconomic 

factors on the technical efficiency Panel Censored Tobit Regression Model was 

applied in the second stage. The motivation for using Panel Censored Tobit 

Regression Model is that the value of the dependent variable, efficiency, varies 

between 0 and 1, and other models are incompetent to account for the censored and 

limiting value of the dependent variable. The econometric specification of the 

empirical model used in the study is as follows. 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑖𝑡 =  𝜆0 + 𝜆1(𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒)𝑖𝑡 + 𝜆2(𝐺𝑟𝑜𝑤𝑡ℎ)𝑖𝑡 + 𝜆3(𝑆𝑖𝑧𝑒)𝑖𝑡 + 𝜆4(𝐴𝑔𝑒)𝑖𝑡

+ 𝜆5(𝑂𝑝𝑒𝑛𝑛𝑒𝑠𝑠)𝑖𝑡 + 𝜆6(𝐸𝑥𝑐ℎ𝑛𝑎𝑔𝑒 𝑅𝑎𝑡𝑒)𝑖𝑡 + 𝜆7(𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛)𝑖𝑡

+ 𝜀𝑖𝑡 

 

where 𝜆𝑖s are the parameters to be estimated, firm and time are denoted by 𝑖 and 

𝑡 respectively,  𝑖 = 1,2, … … … … . 𝑁 and time  𝑡 = 1,2, . . . . 𝑇. 
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The expected signs for variables determining the sources of technical efficiency 

are summarised in Table 4. 

 

 
Table 4: Expected Sign of the Determinants in Technical Efficiency Model 

Variables Parameter Expected sign 

Leverage λ1 + 

Growth λ2 + 

Size λ3 + 

Age λ4 + 

Openness λ5 +/- 

Exchange Rate  λ6 +/- 

Inflation λ7 +/- 

 

 

Expected signs in Table 4 represent the underlying hypotheses (as formulated 

from the insights of the existing literature). It is very important to examine whether 

the results of the empirical estimation correspond with the expected sign of the 

parameter or not, especially in the context of the different sectors of the 

manufacturing industry. It is expected that the effects of the different variables on 

the firm level technical efficiency are different across sectors due to their inherent 

nature. 

 

Results and Discussion  

Estimation of Production Function 

The coefficients of the estimated production function are presented in Table 5. 

The analysis made in Table 5 shows that all the coefficients (β1  to β4) were positive 

and also found to be statistically significant at 1% in many sectors in the 

manufacturing industry. An exception was also noticed in respect of the sign of the 

coefficient of gross block of assets in food product sub-sector. Positive and 

statistically significant coefficients associated with the inputs of all the sectors 

imply that the firms that belong to different sectors within the manufacturing 

industry were able to utilise the available inputs such as raw material, labour, power 

and fuel and assets effectively to generate the value of output. Negative value of the 

coefficients of gross block of assets for Food product sector signifies that these 

inputs were not used efficiently by the firms in this sector.  
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Table 5:  Estimation of the Production Functions of Different  

 Manufacturing Sub-Sectors 
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Constant 

(β0) 

2.17** 

(16.77) 

0.16** 

(3.211) 

0.91* 

(2.35) 

3.35** 

(3.48) 

1.18** 

(7.51) 

3.49** 

(9.66) 

3.23** 

(21.26) 

GBA 

(β1) 

0.06** 

(5.22) 

0.42** 

(18.54) 

0.01 

(1.47) 

-0.93** 

(-7.67) 

0.60** 

(19.13) 

0.02 

(0.41) 

0.39** 

(29.71) 

RMC 

 (β2) 

0.73** 

(88.66) 

0.34** 

(26.89) 

0.84** 

(26.37) 

0.06 

(1.61) 

0.02* 

(2.12) 

0.35** 

(19.04) 

0.22** 

(25.42) 

PFC 

 (β3) 

0.04** 

(4.57) 

0.04** 

(3.68) 

0.00 

(0.07) 

0.98** 

(12.77) 

0.02* 

(2.06) 

0.32** 

(12.70) 

0.06** 

(7.58) 

EC 

(β4) 

0.13** 

(14.30) 

0.23** 

(12.19) 

0.09* 

(2.26) 

1.11** 

(8.03) 

0.37** 

(11.26) 

0.38** 

(6.98) 

0.29** 

(21.60) 

γ 
0.75** 

(44.71) 

0.31** 

(5.07) 

0.83** 

(27.51) 

0.44** 

(4.07) 

0.84** 

(13.03) 

0.56** 

(12.16) 

0.53** 

(20.77*) 

𝜎2 
0.02** 

(10.26) 

0.52** 

(7.97) 

2.58** 

(6.03) 

2.26** 

(5.49) 

1.40** 

(2.47) 

1.96** 

(8.62) 

0.51** 

(13.85) 

μ 
0.25** 

(8.42) 

0.81** 

(5.83) 

-2.93** 

(-4.57) 

1.99** 

(3.54) 

0.43 

(0.75) 

2.10** 

(5.37) 

1.04** 

(11.66) 

η 
0.00 

(0.32) 

0.01 

(1.07) 

-0.30** 

(-6.74) 

-0.02** 

(-2.53) 

-0.02** 

(-6.49) 

0.00 

(0.10) 

0.00 

(0.08) 

N 720 1200 494 375 1020 675 1485 

Note: Values in parentheses indicate t-values, * and ** are significant at p < .05 and p <. 01 levels 

respectively. 

 

The variance parameter γ, which lies between zero and one, indicates the ratio 

of the variation of firm-specific technical efficiency to the total value of output. The 

value of γ reflects the distance to the efficient frontier, and thereby explains the 

extent of inefficiency. A higher value of γ also shows that the majority of the error 

was due to variation in inefficiency. The analysis made in Table 5 shows that the 

range of γ values in different sectors varied between 0.314 and 0.841 and these 

values were also found to be statistically significant at 1% level.  It implies that the 

variation in the error term among the firms was due to the difference in technical 
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efficiency which ranged between 31.4% (Chemicals sector) and 84.1% 

(Pharmaceutical and Biotechnology sector). In other words, the variance of the 

inefficiency effects was a significant component of the total error term variance and 

thus, firms’ deviations from the optimal behaviour were not only due to random 

factors.  

 

σ2 represents the variation in efficiency among the firms. The range of estimated 

values of σ2 in different sectors fluctuated between 0.0216 and 2.577 and all the 

predicted values of σ2 were found to be statistically significant at 1% level. It 

symbolises that a significant variation in the efficiency levels amongst the firms that 

belong to the different sectors in the manufacturing industry was present during the 

period of study. 

 

μ is the measure of inefficiency in the model. Table 5 discloses that all the 

values of μ for different sectors were found to be positive and significant except in 

the case of Electrical Equipment sub-sector. Such positive and statistically 

significant values of μ indicate the existing inefficiency amongst the firms operating 

in the different sectors in the manufacturing industry. However, the value of μ in 

case of the Electrical Equipment sub-sector was found to be negative and significant. 

It implies that the firms that belong to the Electrical Equipment industry were 

efficient in production. In fact, Electrical Equipment sub-sector was found to be the 

most efficient sub-sector out of all the selected sub-sectors. It can also be verified 

from the individual technical efficiency scores of the Electrical Equipment firms 

during the period under study.  

 

The estimated value of η represents the change in inefficiency among the firms 

operating during the period under study. The values of η for sub-sectors Auto Parts 

and Equipment, Chemicals, Steel, and Textile were positive but not found to be 

statistically significant. It implies that the increase in the efficiency of these sub-

sectors were not at all noticeable during the study period. The values of η for the 

remaining sectors were negative and found to be statistically significant. It indicates 

that the inefficiency in the firms that belong to those sectors reduced significantly 

during the study period. However, a similar kind of justification for the negative and 

significant value of η in the Electrical Equipment sub-sector is not tenable since the 

estimated value of μ in this sector was also negative and found to be statistically 

significant. Such a negative value of η in the Electrical Equipment sector signifies 

that the efficiency of the firms operating in this sector declined significantly during 

the period of study. The estimated average technical efficiency score for all the 

firms in the initial year under study was found to be 0.98 whereas the same in the 
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ultimate year of the study period was 0.72. This is also consistent with the estimated 

average technical efficiency scores in all the Electrical Equipment firms during the 

period of study.  

 

Measurement of Efficiency 

Table 6 presents the descriptive statistics [Mean, Standard Deviation (S.D.), 

Coefficient of Variation (C.V.), Maximum, and Minimum] of efficiency estimates 

in the different sub-sectors of the manufacturing industry. The mean efficiency was 

the highest in Electrical Equipment sector (0.90) and it was followed by the sub-

sectors Auto Parts and Equipment (0.73), Pharmaceutical and Biotechnology (0.54), 

Chemicals (0.44), Textile (0.35), Food products (0.22) and Steel (0.13) respectively. 

 

Table 6: Descriptive Statistics of Efficiency Estimates 

Sector Mean Rank S.D. C.V. Max Min 

Auto Parts and Equipment 0.73 2 0.14 18.71 0.99 0.01 

Chemicals 0.44 4 0.16 35.24 0.94 0.08 

Electrical Equipment 0.90 1 0.08 9.18 0.98 0.44 

Food products 0.22 6 0.21 95.97 0.76 0.05 

Pharmaceutical and Biotechnology 0.54 3 0.18 32.57 0.92 0.13 

Steel 0.13 7 0.16 129.22 0.84 0.02 

Textile 0.35 5 0.16 434 0.93 0.16 

 

The variation of efficiency was relatively low in the sub-sectors Electrical 

Equipment, and Auto Parts and Equipment whereas the same was found to be much 

higher in the sub-sectors Steel, Food products, Pharmaceutical and Biotechnology 

and Construction and Engineering. It is observed that in the sub-sectors where the 

estimated values of efficiency were more than 0.50, (such as Auto Parts and 

Equipment, Pharmaceutical and Biotechnology and Electrical Equipment) the 

corresponding predicted values of γ in the production function were also found to be 

more than 0.50. On the other hand, in the Chemicals, Construction and Engineering, 

and Food sub-sectors both observed efficiency scores and predicted γ values were 

found to be less than 0.50. It again confirms that the variation in the error term 

among the firms was due to the difference in technical efficiency.  

 
Descriptive Statistics of the Firm-specific Factors:  

Table 7 presents the descriptive statistics for all the variables in the different 

sub-sectors of the manufacturing industry which reflect the underlying distinct 

features of the sectors. It is seen that the average value of leverage as indicated by 

the Debt/Equity Ratio was the highest in the Steel sub-sector (2.54) whereas it was 
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found to be the least in the Auto Parts and Equipment sub-sector (0.85). It is also 

seen that Electrical Equipment, and Pharmaceutical and Biotechnology sub-sectors 

maintained relatively low leverage whereas the financial risk associated with other 

sub-sectors such as Cement, Chemicals, Textile and Food products were 

comparatively higher. The high values of S.D. and C.V. of debt-equity ratio suggest 

that there was wide variation among the companies operating within different sub-

sectors in terms of the leverage. Table 5 shows that as far as the growth of the firms 

is concerned, the highest average rate of growth was achieved by Steel sub-sector 

(56.24%). In the remaining sub-sectors, the rate of growth varied between 15.50% 

and 24.24% and no wide difference between the rates of growth of the firms across 

these sub-sectors was observed. However, it is to be noted that huge differences in 

the rate of growth across the different firms that belong to the Steel sub-sector were 

noticed. The ranges of the size and age of the firms across different sub-sectors 

were found to be 4.75 to 6.40 and 3.16 to 3.54 respectively. Moreover, the 

variations in respect of both size and age of the firms within and across the different 

sub-sectors were observed to be low. The openness of the firms was observed to be 

the highest (0.43) in case of the Pharmaceutical and Biotechnology sub-sector and 

the lowest (0.15) in the Food products sub-sector. The values of C.V. in respect of 

openness of all sub-sectors were found to be considerably higher indicating the 

presence of significant variation of openness among the firms operating in the 

different industries during the period of study.  

 

 
Table 7: Descriptive Statistics of the Determinants of the Efficiency 
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Leverage Mean 0.85 1.63 1.01 1.26 0.77 2.54 2.17 

SD 0.84 2.86 0.91 1.27 0.78 2.68 1.88 

CV 98.74 175.81 90.48 100.79 101.44 105.25 86.32 

Growth Mean 15.50 20.24 21.17 24.24 21.23 56.24 15.79 

SD 6.55 28.37 14.61 40.69 18.56 195.38 24.57 

CV 42.25 140.16 69.02 167.91 87.42 347.40 15.61 

Size Mean 5.12 4.75 5.61 4.81 5.16 5.97 5.17 

SD 1.50 1.46 1.82 1.66 1.77 2.23 1.46 

CV 29.25 30.70 32.37 34.54 34.41 37.39 28.32 

Age Mean 3.37 3.39 3.39 3.16 3.27 3.16 3.33 
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SD 0.62 0.44 0.53 0.52 0.50 0.55 0.53 

CV 18.44 13.03 166 16.37 15.26 17.51 16.02 

Openness Mean 0.23 0.32 0.30 0.15 0.43 0.22 0.35 

SD 0.25 0.23 0.31 0.24 0.32 0.21 0.34 

CV 106.99 71.80 103.66 168.19 74.58 95.76 96.67 

Exchange 

Rate 

Mean 4.64 4.64 4.64 4.64 4.64 4.64 4.64 

SD 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

CV 1.09 1.09 1.09 1.09 1.09 1.09 1.09 

Inflation Mean 4.80 4.80 4.80 4.80 4.80 4.80 4.80 

SD 0.27 0.27 0.27 0.27 0.27 0.27 0.27 

CV 60 60 60 60 60 60 60 

 

 

Industry wise variation can be better understood using radar plot in a snapshot 

form. In Figure 1 the radar plots of efficiency and different independent 

microeconomic variables with reference to the different sub-sectors within the 

manufacturing industries are presented. Inter-sub-sector variations in the plot reflect 

the underlying distinct features of the sectors. 

 

In terms of the efficiency, Electric Equipment, and Auto Parts and Equipment 

were observed to be the two most efficient sub-sectors while Steel sub-sector 

registered the least efficiency during the period of study. In respect of efficiency a 

notable degree of variation was observed among the different sub-sectors within the 

manufacturing industry as indicated by the efficiency radar plot. 

 

The average value of leverage as indicated by the Debt/Equity Ratio was the 

highest in the Steel sub-sector (2.54) whereas the same was found to be the lowest 

in the Pharmaceutical and Biotechnology sub-sector (0.77). It is also seen that Auto 

Parts and Equipment, and Electric Equipment sub-sectors maintained a relatively 

low leverage whereas the financial risk associated with other sub-sectors such as 

Chemicals, Textile and Food products was observed to be comparatively greater. 

Widely dispersed radar plot relating to Debt/Equity Ratio indicates that there was 

wide variation among the companies operating in different sub-sectors in terms of 

the leverage. 
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Figure 1: Radar Plots of Variables 
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Figure 1: Radar Plots of Variables (Continued) 
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Figure 1: Radar Plots of Variables (Continued) 
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Determinants of Efficiency 

The implications of firm specific and macroeconomic variables in determining 

the level of technical efficiency in the different manufacturing sectors are presented 

in Table 8. As far as the impact of financial leverage on efficiency is concerned, it is 

argued that firms relying more on debt are expected to be more efficient because the 

managers have to monitor the operating and functional activities cautiously 

(Majumdar, 1997). Greater financial burden in the form of fixed interest payment 

obligation induces greater discipline among the managers (Grossman & Hart, 1982; 

Opler & Titman, 1993) and forces them to act for the benefit of investors (Jensen, 

1986). It is observed from the analysis of the determinants of efficiency that the 

coefficients associated with the Auto Parts and Equipment, Electrical Equipment 

and Food products sub-sectors were negative and found to be statistically significant 

which is contrary to the argument of Majumdar (1997). However, the negative 

impact of the leverage on the efficiency of the firms is consistent with the ‘Agency 

Theory’ which stipulates that the managers are often concerned with attaining the 

personal objective as compared to firm objectives (Doaei et al., 2015; Ouattara, 

2012). In an alternative way Majumdar (1997) also claimed that Indian firms take 

their debt mostly from Public Sector Banks (PSBs) which generally fail to establish 

themselves efficient and in many cases, the managers of these banks are not serious 

enough about the productivity (greater job security in PSBs adds to that) and this 

can give some intuitive explanation to the burgeoning non-performing assets 

problem in Indian PSBs. The coefficients of leverage in the remaining sub-sectors 

namely Chemicals, Pharmaceutical and Biotechnology, Steel and Textile were not 

found to be statistically significant. 

 

It is a widely accepted belief that engagement in the international trade, learning 

by exporting and exposure to the foreign markets lead to greater efficiency (Bigstein 

et al., 2004; Van Biesebroeck, 2005). Moreover, a relatively open firm enjoys 

economies of scale owing to large customer base in different geographies, greater 

innovation, enhanced bargaining power in the factor market, exploitation of market 

imperfections, profitable use of the intangibles, resource endowment in different 

geographies, organisational learning and risk mitigation by the way of geographical 

diversification (Hitt et al., 1997; Lu & Beamish, 2004). A firm has to compete hard 

in order to become successful in the international market as it has to face foreign 

competition. The analysis made in Table 8 shows that relatively open firms that 

belong to the Auto Parts and Equipment, Electrical Equipment, Food products, 

Pharmaceutical and Biotechnology, and Textile sub-sectors were relatively more 

efficient  than  the  firms  operating  only in the domestic market which is consistent 



Table 8: Determinants of Efficiency 

Variables Auto Parts and 

Equipment 

Chemicals Electrical 

Equipment 

Food 

products 

Pharmaceutical 

and 

Biotechnology 

Steel Textile 

Constant 

0.7198487 

(280.64) 

[0.000] 

0.3194033 

(45.01) 

[0.000] 

2.36638 

(7.88) 

[0.000] 

0.5834567 

(14.85) 

[0.000] 

1.184904 

(18.16) 

[0.000] 

0.1209774 

(17.83) 

[0.000] 

0.3795832 

(1.94) 

[0.052] 

Leverage 
-0.0000666 

(-5.26) 

[0.000] 

-6.10e-06 

(-0.83) 

[0.406] 

-0.0071448 

(-4.55) 

[0.000] 

-0.0001645 

(-1.97) 

[0.049] 

0.0002579 

(0.90) 

[0.370] 

3.58e-06 

(0.56) 

[0.574] 

0.0002472 

(0.60) 

[0.547] 

Growth 
1.41e-06 

(1.61) 

[0.108] 

7.75e-07 

(1.56) 

[0.118] 

0.0000425 

(0.83) 

[0.409] 

-9.16e-07 

(-0.43) 

[0.660] 

8.36e-06 

(1.37) 

[0.172] 

-1.69e-07 

(-1.18) 

[0.236] 

0.0000153 

 (0.77) 

[0.440] 

Size 
0.003894 

(26.00) 

[0.000] 

0.0002715 

(6.86) 

[0.000] 

0.0036337 

(0.76) 

[0.450] 

0.0002959 

(0.78) 

[0.434] 

-0.0045007 

(-8.06) 

[0.000] 

-0.0001888 

(-7.15) 

[0.000] 

0.0101042 

(3.38) 

[0.001] 

Age 
0.0070183 

(138.39) 

[0.000] 

-0.0050664 

(-36.99) 

[0.000] 

0.00324 

(0.16) 

[0.870] 

-0.0371372 

(-25.10) 

[0.000] 

0.0118199 

(6.62) 

[0.000] 

-0.0017654 

(-17.50) 

[0.000] 

-0.0224655 

(-1.32) 

[0.188] 

Openness 
0.0002286 

(2.98) 

[0.003] 

-0.0002095 

(-1.00) 

[0.318] 

0.0621156 

(3.56) 

[0.000] 

0.0077798 

(2.07) 

[0.038] 

0.0060215 

(2.70) 

[0.007] 

-0.0009291 

(-4.15) 

[0.000] 

0.0161105 

(1.73) 

[0.084] 
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Variables Auto Parts and 

Equipment 

Chemicals Electrical 

Equipment 

Food 

products 

Pharmaceutical 

and 

Biotechnology 

Steel Textile 

Exchange 

Rate 

-0.0000918 

(-0.14) 

[0.887] 

-0.0043301 

(-2.44) 

[0.015] 

0.0492045 

(0.65) 

[0.517] 

0.00648 

(0.66) 

[0.507] 

0.0175812 

(1.08) 

[0.281] 

-0.0008687 

(-0.51) 

[0.609] 

-0.0015333 

(-0.03) 

[0.975] 

Inflation 
-0.003643 

(-2.83) 

[0.005] 

0.0367098 

(105.70) 

[0.000] 

-0.3574884 

(-149.0) 

[0.000] 

-0.0579176 

(-27.48) 

[0.000] 

-0.1513798 

(-45.10) 

[0.000] 

0.003845 

(11.53) 

[0.000] 

-0.0017015 

(-0.12) 

[0.908] 

Wald Chi 

square 
26318.74 

[0.000] 

25087.12 

[0.000] 

1010.29 

[0.000] 

6104.88 

[0.000] 

5663.13 

[0.000] 

562.10 

[0.000] 

18.11 

[0.000] 

Log-

likelihood 4156.9403 5355.7576 641.11793 1174.3794 2406.3661 3118.6574 1820.4024 

N 
720 1194 468 345 995 643 1452 

Note: Values in parenthesis and square brackets indicate Z values and p values respectively 
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with the arguments of Doaei et al. (2015), Baliyan and Baliyan (2015), Gambir and 

Sharma (2015) and Chang and Wang (2007). However, the coefficient associated 

with the openness was negative and found to be statistically significant in the Steel 

sub-sector9. The coefficient of exchange rate in this sector was also found to be 

negative (although insignificant) which to some extent intuitively implies that the 

importing firms in this sector were found to be relatively inefficient as compared to 

their competitors. It is generally found that in a situation of devaluation of domestic 

currency, the import cost and thereby the total cost enhance significantly and that 

ultimately exerts notable negative effect on the efficiency of the firms. 

 

It is generally argued that large size firms can have better financial performance 

because of their ability of diversification, economies of scale, bargaining power, 

easy access to cheaper financial resources and formalisation of procedure (Firth et 

al., 2015; Halkos & Tzeremes, 2007; Kalaitzandonakes et al, 1992; Lundvall & 

Battese, 2000; Majumdar, 1997; Pitt & Lee, 1981; Söderbom & Teal, 2004). The 

analysis made in Table 8 reveals that the effect of firm size on the technical 

efficiency was observed to be positive and statistically significant in case of the 

firms that belong to the Auto Parts and Equipment, Chemicals, and Textile sub-

sectors. Bhandari and Maiti (2007) in their study also observed positive effect of the 

size of the Textile firms on the technical efficiency during 2000-2001. Thus, it can 

be concluded that larger firms that belong to these sub-sectors could exploit the 

economies of scale along with other associated advantages, which is reflected in 

higher efficiency of larger firms’ vis-à-vis smaller firms during the period of study. 

However, the coefficients associated with the size of the firms operating in 

Pharmaceutical and Biotechnology and Steel sub-sectors, were negative which were 

found to be statistically significant. Theoretically, such a situation may arise on 

account of market power concentration which generates market power inefficiencies 

(X-inefficiency) and therefore, leads to inefficient performance (Leibenstein, 1976). 

The idea of X-inefficiency suggests that, economies of scale can be enjoyed by 

large firms in an industry provided that there are firms of varying sizes operating in 

an industry. However, if in an industry most of the firms are of same size then 

benefit of large size decays gradually which leads to inefficiency. In addition to that, 

it is also argued that large size firms in the Indian manufacturing sector are very 

much satisfied and contained with the prevailing situation and thus there is no 

initiative in improving the efficiency or reducing the cost (Majumdar, 1997). 

Moreover, size of the firm often determines the potentials of growth of the firm. The 

 
9The average import expenditure of firms belonging to Steel Sector stepped up from Rs. 977.4 million in 1999-

2000 to Rs. 1,307.16 million during 2013-14.  
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coefficient associated with the growth of the firms in the Auto Parts and Equipment 

sub-sector was positive and was also found to be statistically significant. 

Interestingly, it was also noticed that similar kind of signs persists in case of the 

coefficients of the firm size in this sub-sector. The relatively large firms in the Auto 

Parts and Equipment sub-sector were adopting growth strategy and thus these two 

factors complemented each other in augmenting the level of efficiency. The 

coefficients of growth in all other sectors were not found to be statistically 

significant.  

 

In accordance with the ‘Learning Curve Effect’ proposition, the experienced 

firms are better able to put the available resources to productive use (Harvie, 2004; 

Pelham, 2000; Weston & Mansinghka, 1971). In addition to this the formalisation 

of the procedure, with increasing age, also contributes positively in the level of 

efficiency of the firms. Beaver (1966) also suggests that the probability of failure of 

the old firms is generally lower as compared to that of the newer ones. The analysis 

made in Table 8 shows that the coefficients of firm age were positive and found to 

be statistically significant in the case of firms that belong to the Auto Parts and 

Equipment and Pharmaceutical and Biotechnology sub-sectors which are consistent 

with this theoretical conviction. However, age of the firm produced negative effect 

in case of the Chemicals, Food products and Steel sub-sectors which signifies that 

new firms in these sub-sectors outperformed the older ones in ensuring efficiency in 

production. The underlying economic logic may be that newer firms enter into the 

market with the new technology, innovative ideas, and flexibility in adapting the 

dynamic business environment, and thus they are more efficient (Le & Harvie, 

2010). In addition, it is also believed that older firms are likely to suffer from inertia 

and thus fail to make adjustment with the changing business environment. As a 

result, they gradually become inefficient (Marshall, 1920). 

 

It is evident from the result of the study that the exchange rate was an 

insignificant determinant of the efficiency of the firms in all other sub-sectors 

except Chemicals. The coefficient of the exchange rate in case of the Chemicals 

sub-sector was negative and found to be statistically significant which is consistent 

with the sign associated with the coefficient of openness of firms in that sub-sector. 

It implies that majority of the firms that belong to this sub-sector were dependent on 

international trade for importing raw materials and thereby vulnerable to the 

devaluation of the exchange rate. The analysis of the data of the Chemicals sub-

sector as a whole reveals that the average import expenditure for this sector has 

increased from Rs. 269.01 million in 1999-2000 to Rs. 2,530.3 million in 2013-

2014. RBI statistics suggest that the Real Effective Exchange Rate stepped up from 
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Rs. 99.43 in 1999-2000 to Rs. 104.50 in 2013-2014. Similar kind of observation 

was also revealed in the study made by Doaei et al. (2015) where the study 

suggested that the exchange rate exerted significant negative impact on the technical 

efficiency of the manufacturing firms in Malaysia. Moreover, Hitt et al. (1997) 

suggested that the relationship between the international diversification as indicated 

by openness and the financial performance is curvilinear in nature i.e. firm 

performance improves initially, with international diversification but after some 

period of time it will decline with further international diversification.  

 

The study reveals that inflation in the economy had a significant negative 

impact on the level of the efficiency of the firms operating in the Auto Parts and 

Equipment, electrical equipment, Pharmaceutical and Biotechnology and Textile 

sub-sectors. In an inflationary situation, the cost of the production goes up which 

makes it difficult to ensure efficiency of the firms. As suggested by De Fina (1991), 

the rate of growth of cash flow is lower than that of inflation and the revenue and 

cost of the firm will take time to adjust. In simple words, the cost of input increases 

on account of inflation but it takes more time to adjust output prices. Thus, it can be 

said that the firms that belong to these sectors could not cope up with the cost push 

inflationary situation, which may have restricted the firms to ensure optimum level 

of efficiency. However, the firms that belong to the Chemicals and Steel sub-sectors 

were found to be resilient and more disciplined in absorbing inflationary shock and 

thereby performed efficiently even in inflationary situation. 

 

Conclusion 

In today’s challenging and intensely competitive environment, firms operating 

in different sectors must operate efficiently to survive in the long run. The present 

study attempted to shed some light on the technical efficiency of the firms that 

belong to the different sectors in the Indian manufacturing industry by using 

Stochastic Frontier Analysis. The study revealed that the firms that belong to the 

Auto Parts and Equipment, Chemicals, Electrical equipment, Food products, 

Pharmaceutical and Biotechnology, Steel and Textile sub-sectors could utilise the 

available resources effectively to generate the value of output during the study 

period. The study also indicated that there existed inefficiency among the firms 

operating under different sub-sectors and, at the same time, variation of efficiency 

among the firms that belong to different sub-sectors was present during the study 

period.  

 

The present study also made an effort to inquire into the determinants of the 

efficiency of the firms in terms of the different firm-specific and macroeconomic 
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factors to identify the distinct underlying characteristics of the different sub-sectors 

within the broad manufacturing industry. The study showed that firm-specific 

factors did not affect equally the efficiency of the firms that belong to the different 

sub-sectors. The efficiency of Auto Parts and Equipment sub-sector was primarily 

driven by leverage, age, growth, size, openness and inflation. Similarly, size, age, 

rate of exchange and inflation had significant effect on the efficiency of firms in the 

Chemicals sub-sector. The efficiency in the Electrical equipment sub-sector was 

mainly influenced by leverage, openness and inflation. On the other hand, the 

efficiency of the Food product sector was affected by leverage, age, openness and 

inflation. Moreover, the firm size and openness established themselves as the 

important predictors for firm level technical efficiency in the Pharmaceutical and 

Biotechnology, and Steel and Textile sub-sectors respectively. In addition to that, 

firm age and inflation were also observed to be the major determinants of efficiency 

for the firms that belong to the Steel and, Pharmaceutical and Biotechnology sub-

sectors. 
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