
 

 
Copyright ©, 2019 Ala-Too International University. 

Eurasian Journal of Business and Economics 2019, 12(24), 65-86. 

 
 
Estimating Factors Affecting Technical 
Efficiency in Indian Manufacturing Sector   
 
Ajay Kumar SINGH*, Shah Nawaz ASHRAF**, Ashish ARYA*** 

Received: June 14, 2018.             Revised: August 4, 2019.         Accepted: November 12, 2019. 

Abstract 

Existing studies could not estimate the technical efficiency (TE) of firms and it’s 
affecting factors in the Indian manufacturing sector. So, the present study examines 
the TE of firms using a stochastic frontier production function approach. Thereupon, 
it examines the impact of S&T and IPRs related factors on estimated TE of firms using 
a linear regression model. Estimated values of TE of firms show that most firms have 
a TE of 94%; thus, firms are efficient in producing surplus production in the 
manufacturing sector. It is acclaimed that firms can improve production scale using 
more technological upgradation and advancement. Furthermore, empirical results 
indicate that process innovations of firms, quality certification of firm, firm acquired 
process/product patents, in-house R&D expertise of firms, public-technology support 
institutions of firms, proficiency to improve processes of firms, new or improved 
products of firms, waste management capabilities of firms, and skilled workforce of 
firms are appeared effective activities to increase the TE of firms. It is proposed that 
there is a requirement to increase R&D expenditure, a collaboration of industries with 
research academia, incentive to researchers and scientists to do extensive research 
in emerging sectors of technologies and appropriate financial support to firms to 
boost the growth of Indian manufacturing sector.  
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1. Introduction  

At present, the world has around 7.2 billion population, and it is expected to be 
increased by 9.6 billion by 2050. Thus, it would be a serious challenge for national 
and global policymakers, development thinkers, international development 
organizations and stakeholders to create more jobs for the present and growing 
population worldwide. The agriculture sector provides jobs to around 40% 
population of the world (Kumar, Sharma & Joshi, 2016). While, arable land and water 
availability for irrigation have declined due to overwhelming urbanization and 
industrialization at world-wide (Kumar, Sharma & Ambrammal, 2015; Kumar, 
Sharma & Joshi, 2016; Singh, Ahmad, & Sharma, 2017; Singh & Sharma, 2018a,b; 
Singh & Jyoti, 2019). Thus, the agricultural sector would be unable to create more 
jobs for a growing population in the near future. As the service sector creates jobs 
for educated and skilled workers, thus it have limited jobs. Therefore, the 
manufacturing sector might be helpful to create additional jobs for present and 
future generations through the growth of Micro, Small and Medium Enterprises 
(MSMEs).  

It is apparent that Micro, Small, and Medium Enterprises (MSMEs) under the 
manufacturing sector have an effective contribution to increase social and economic 
development in India (Ali & Husain, 2014; Aruna, 2015; Srinivasan, Bajaj & Bhanot, 
2016). Around 106 million population of India are working in MSMEs (Kumar & 
Ayedee, 2018). MSMEs are also helpful in increasing industrial output and exports of 
goods and services at the global level. India is the home of 2nd largest populated 
country after China and it is going to be the 1st populated country of the world by 
2024 (Arcanjo, 2019).  Moreover, India has achieved impressive economic growth at 
a sustainable basis in the current decade (Green, 2014). India has achieved around 
7.2% annual growth in the gross domestic product (GDP) in 2016 and growing faster 
than other emerging economies like China, South Korea, South Africa and Russia 
(Hoda & Rai, 2014). Despite that, India could not create appropriate jobs for skilled 
and unskilled workers due to the insignificant growth of its manufacturing sectors 
(Green, 2014).  

In India, GDP growth is increased due to the higher growth of the service sector. Also, 
the service sector could create jobs for a skilled workforce in India. On the other 
hand, the livelihood security of a large portion of the Indian population depends 
upon the agricultural sector (Green, 2014; Kumar, Sharma & Ambrammal, 2014; 
Kumar, Sharma & Joshi, 2016; Singh & Issac, 2018). So, it is important for the Indian 
policymakers to give more priority to increase the growth of the manufacturing 
sector. Thereafter, it may be effective to create surplus jobs for the youth population 
in India (Kapoor, 2016). In India, the growth of the manufacturing sector is stuck, and 
it contributes around 17% share in India’s GDP, which is significantly lower than 
other emerging economies like China, South Korea Indonesia and Malaysia (WDI, 
World Bank, 2016). In 2014, the manufacturing sector could contribute around a 
17.05% share in the GDP of India (WDI, World Bank, 2016). India's manufacturing 
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sector could not get dynamic progress due to its lowest participation in the 
international production network (Hoda & Rai, 2014; Bhat, 2014).  

Furthermore, it is also witnessed that appropriate science & technology (S&T) and 
innovation, and intellectual property rights (IPRs) related policies have created 
several options for additional jobs in most economies like China, South Korea, 
Thailand and USA (Wei & Balasubramanyam, 2015; Singh, Acharya & Chavda, 2017). 
Consequently, S&T and IPRs related activities have prepared a conducive platform 
for social and economic development in these economies (Yueh, 2007; Janjua & 
Samad, 2007; Sattar & Mahmood, 2011; Odilpova, 2016; Singh, Acharya & Chavda, 
2017; Singh, Ashraf & Acharya, 2017). It also provides further possibilities for 
technological development and reduction of imitations in technologies within an 
economy and across countries (Falvey & Foster, 2006; Yueh, 2007; Shugurov, 2015). 

It is projected that the manufacturing sector has created huge jobs for skilled, semi-
skilled and unskilled workers in China, Thailand, and South Korea. Subsequently, the 
economic capacity of the population to sustain their lives have improved in these 
economies. So, the manufacturing sector has a greater share in their gross domestic 
products (GDP) in these countries. Due to the aforementioned reason, the 
manufacturing sector is appeared as a prime source of stronger and sustainable 
economic growth in most economies (Patnaik & Satyaprakash, 2015). Also, it has 
proved that competitive manufacturing is the lifeblood that builds a foundation for 
long-term social prosperity and economic development of a nation (Bhat, 2014; 
Chaudhuri, 2016).  

In India, numerous of studies have estimated the impact of different factors such as 
social media, specific leadership skills, communication skills, human skills, technical 
skills, and other socio-economic characteristics of firms on growth of Micro and Small 
Enterprise, MSMEs, and firms in various industries in manufacturing sector (Ghani, 
Kerr & O'Connell, 2013; Chatterjee & Das, 2016; Srinivasan, Bajaj & Bhanot, 2016; 
Lakshmi, Mahboob & Choudhry, 2017; Kumarasamy & Srinivasan, 2017; Kumar & 
Ayedee, 2018). However, limited studies could examine the impact of S&T and IPRs 
related indicators on the growth of different firms in the Indian manufacturing 
sector. Hence, it is expected that S&T and IPRs related activities would bring better 
jobs for the youth population in India. For aforesaid perspectives, inadequate studies 
could investigate the association of science & technological and IPRs related 
activities on manufacturing sectors using firm’s level data in different industries such 
as automobile and auto components, construction (equipment, materials & 
technology), chemicals and petrochemicals, industrial equipment & machinery 
(electrical machinery), electronics, pharmaceuticals, and textiles and apparels in 
India. Also, the limited study examines the technical efficiency (TE) of firms in various 
industries of India. Due to the existence of the aforesaid research gap, the present 
study is desired to enquire the answers on a few specific research questions which 
are specified as:  
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• What may be the role of science & technology (S&T) and innovation, and 
intellectual property rights (IPRs) related activities in the growth of the Indian 
manufacturing sector?  
• How and why technical efficiency (TE) of firms are being varied across industries 
in India manufacturing sector?   
• Whether estimated technical efficiency (TE) of firms have an association with 
science & technology and intellectual property rights (IPRs) related variables or not?  
• What must be policy action to boost the growth of various industries in India 
manufacturing sector?   
Related to the above-mentioned research question, the present study achieved the 
following research objectives:  
• To examines the technical efficiency (TE) of selected 154 firms in 7 different 
industries in the Indian manufacturing sector using a stochastic frontier production 
approach.  
• To investigate the influence of IPRs and S&T related variables on estimated TE of 
selected 154 firms in the Indian manufacturing sector using a linear regression 
model.  
• To provide sector-specific policy recommendations to boost the growth of the 
manufacturing sector in India.    

2. Theoretical Framework of Stochastic Frontier Production Function 
Approach 

Stochastic frontier production function approach (SFPFA) and data envelopment 
analysis (DEA) are the two main techniques which can be used to estimate the 
technical efficiency (TE) of firms/industries and other sectors of the economy 
(Aigner, Lovell & Schmidt, 1977; Meeusen & Van den Broeck, 1977; Chavas & Aliber, 
1993; Kumbhakar & Lovell, 2003; Rajesh, 2007; Faruq & Yi, 2010; Akpan et al., 2012; 
Pattnayak & Chadha, 2013; Kumar & Arora, 2012; Hamjah, 2014; Zhou, 2014; 
Mahajan, Nauriyal & Singh, 2014; Debnath &  Sabastian, 2014; Bhatia & Mahendru, 
2015; Munisamy, Fon & Khin, 2015; Sahu, 2015; Ng’ombe & Kalinda, 2015; Narwal & 
Pathneja, 2015; Ikram, Su & Sadiq, 2016); Okoye et al., 2016; Kea, Li & Pich, 2016; 
Vu, 2016; Fahmy-Abdullah et al., 2017; Gebresilassie, & Nyatanga, 2017; Singh, 
Narayanan & Sharma, 2018; Singh, Narayanan & Sharma, 2019). Efficiency is defined 
as the best allocation of resources to achieve the highest level of output (Bhatia & 
Mahendru, 2015). Earlier studies have emphasized that the SFPFA model is more 
effective and rational to estimate the TE of all sectors as compared to other methods 
(Fahmy-Abdullah et al., 2017; Singh, Narayanan & Sharma, 2018).  

Moreover, it has a greater benefit to assess the impact of explanatory variables on a 
firm’s output. SFPFA model produces regression coefficients of explanatory variables 
that have a significant association with output, including TE. It can be used in the 
case of parametric and non-parametric conditions (Ng’ombe & Kalinda, 2015; Okoye 
et al., 2016). Existing researchers have used SFPFA model to investigate the impact 
of various factors on output and to examine the TE of individual firm (Akpan et al., 
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2012; Pattnayak & Chadha, 2013; Zhou, 2014; Sahu, 2015; Ikram, Su & Sadiq, 2016); 
Vu, 2016; Fahmy-Abdullah et al., 2017). SFPFA model has also predicted the frontier 
level of inputs in the production activities of firms (Fahmy-Abdullah et al., 2017). 
Technical efficiency (TE) is a measurement of a firm or industry which is capable to 
produce maximum output using a minimum quantity of inputs (Kumbhakar & Lovell, 
2003). TE is useful to reduce the waste of inputs to produce goods in manufacturing 
firms (Ikram, Su & Sadiq, 2016).  

Technical efficiency (TE) measures the ability of producers in manufacturing firms to 
produce the maximum amounts of output using available inputs and technologies 
(Kea, Li & Pich, 2016). TE is also useful to estimate allocative, production, and 
economic efficiency of manufacturing firms (Rajesh, 2007; Bhatia & Mahendru, 
2015; Kea, Li & Pich, 2016; Fahmy-Abdullah et al., 2017; Singh, Narayanan & Sharma, 
2018). Economic efficiency is achieved if the highest possible level of satisfaction is 
obtained from given resources in a manufacturing firm (Ikram, Su & Sadiq, 2016). 
Production efficiency is concerned with the relative performance of the process that 
is used to transformation of input(s) into output(s) in manufacturing firms (Kea, Li & 
Pich, 2016). Allocative efficiency measures the ability of a firm/producer to produce 
a high quantity of output using the minimum cost of inputs in a manufacturing firm 
(Rajesh, 2007; Hamjah, 2014). Thus, the measurement of TE and its elements in firms 
or industries is a vital concept in production theories (Fahmy-Abdullah et al., 2017).  

In a production unit, efficiency measures the level of process which produces the 
maximum quantity of output using the lowest quantity of inputs (Kea, Li & Pich, 
2016; Singh, Narayanan & Sharma, 2019). In general, efficiency is associated with 
inputs (e.g., labor, capital, land, finance, managerial skills, technologies, etc.) which 
use to produce goods and services in manufacturing firms. The value of TE lies 
between 0 - 1 (Bhatia & Mahendru, 2015; Kea, Li & Pich, 2016; Sen & Das, 2016; 
Ikram, Su & Sadiq, 2016); Fahmy-Abdullah et al., 2017). In India, limited studies 
estimate the TE of firms in manufacturing sectors using SFPFA. SFPFA produces 
regression coefficients of explanatory variables that have a significant association 
with output including TE (Akpan et al., 2012; Pattnayak & Chadha, 2013; Zhou, 2014; 
Kea, Li & Pich, 2016; Okoye et al., 2016). Also, limited studies used primary 
information at the firm level to estimate the TE of firms in India. SFPFA includes 
parameters of production function and inefficiency function simultaneously in a 
proposed empirical model (Akpan et al., 2012; Zhou, 2014). Hence, this study is used 
SFPFA to examine the TE of selected firms in the Indian manufacturing sector. 

3. Review of Existing Literature   

In India, numerous studies have estimated the technical efficiency (TE) of firms in the 
manufacturing sector using secondary data and firm-level information. The brief 
explanation of earlier studies and their major findings are given as: Rajesh (2007) has 
measured the TE of small and micro enterprises in Kerala (India) using a translog 
stochastic frontier production function approach. It found that TE of enterprises is 
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significantly associated with the size of enterprise, ownership of firm, geographical 
local and seasonal operation. Sahu and Narayanan (2011) have estimated the 
determinants of energy intensity of manufacturing firms in India using the non-linear 
regression model. It perceived that firm size has a non-linear association with the 
energy intensity of firms. Kumar and Arora (2012) have examined the inter-temporal 
and inter-state variations in TE of sugar industries in India using the envelopment 
analysis approach.  

Pattnayak and Chadha (2013) have estimated the TE of selected 76 pharmaceutical 
firms using firm-level panel data in India during 1991-2003. It observed that the 
overall TE of firms have increased during 1991-2003. However, patenting firms have 
more TE as compared to non-patenting firms. Mahajan, Nauriyal, and Singh (2014) 
have assessed the TE of pharmaceutical firms in India using the Data Envelopment 
Analysis (DEA) technique. It observes that productivity and efficiency of firms 
improve as an increase in inputs cost on advertisement and marketing, and 
applications of skill labors in the manufacturing sector. Debnath and Sabastian 
(2014) have perceived the TE of steel manufacturing industries in India using the DEA 
technique. It includes the output of firms and gross fixed assets, current assets, total 
energy and total employee as inputs to estimate the TE of firms.   

Sahu and Narayanan (2015) have examined the TE of Indian manufacturing firms. 
Also, it assesses the impact of environmental certification on TE of firms. It detects 
that firm age, firm size, debt capital, MNE affiliation, and ISO certification have a 
significant impact on various sizes of firms. Sahu (2015) has estimated the TE of 
domestic and foreign firms of various industries in the manufacturing sector in India. 
It observes that TE of foreign firms in five industries (i.e., chemical, machinery, 
electronics industry, and transport) are appeared higher than Indian firms. Narwal 
and Pathneja (2015) have assessed the productivity and profitability of the banking 
system in India using the DEA method. It witnessed that private sector banks have 
more productivity than public sector banks. Bhatia and Mahendru (2015) have 
estimated the TE of public sector banks in India using the DEA approach.   

Sen and Das (2016) have examined the TE of various enterprises in the India 
manufacturing sector using the DEA approach. It shows that estimated TE varies 
across firms in India. Kumar and Sharma (2016) have assessed the influence of 
patenting on an estimated TE of Indian high and medium technologies firms. It has 
appeared that research & development (R&D) has a little impact on TE of high and 
medium technology firms in India. Tyagi and Nauryal (2016) have examined the 
determinants of profitability of the drug and pharmaceutical industry in India during 
pre and post TRPS periods. It found that the profitability of industries is positively 
associated with export intensity, A&M intensity, and post-product patent regime. 
Bawa and Chattha (2016) have assessed the role of intermediary channels like 
individual agents, corporate agents, brokers and direct selling in life insurance in 
India. It found that individual agent plays a crucial role to boost the business. Mishra 
(2019) has assessed the influence of mergers and acquisitions on the financial 
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performance of firms in India using firm level data. It recommended that financial 
performance of firms are significantly associated with competition policies and law, 
international trade, investment, and technology development.  

Furthermore, numerous studies have estimated the TE of various firms in developed 
and developing economies using data envelopment analysis (DEA) approach and 
stochastic frontier production function approach (SFPFA). Faruq and Yi (2010) have 
estimated the TE of manufacturing firms in Ghana using the DEA technique. It 
observed that the firm’s size, age of the firm, foreign ownership and labours are the 
critical factors affecting the TE of firms in Ghana. Alvarez and Crespi (2011) have 
evaluated the firm’s efficiency affecting factors in the Chilean manufacturing sector. 
It observed that the efficiency of firms is positively associated with the experience of 
workers, modernization of physical capital and innovation in products. Akpan et al. 
(2012) have estimated the TE affecting factors in sugar industries in Nigeria using 
SFPFA. It considers the firm’s output as a dependent variable which is regressed with 
the firm’s level variables. Accordingly, it used estimated TE as a dependent variable 
that is regressed with the firm’s level variables to measure the TE affecting variables 
in sugar industries in Nigeria.   

Zhou (2014) has assessed the impact of foreign direct investment (FDI) on the firm's 
TE using SFPFA in five African economies. It found that firm size and export behavior 
are useful to increase the firm's efficiency. Munisamy, Fon and Khin (2015) have 
examined the TE of the family manufacturing firms in Malaysia using DEA. 
Thereafter, it used the Tobit regression model to assess the crucial determinants of 
TE. Vu (2016) has measured the TE of FDI firms in the manufacturing sector in 
Vietnam using SFPFA. It found that net revenue per labor, the firm’s age are 
positively associated with TE of firms. Lehtimaki and Lehtimaki (2016) have examined 
the association of knowledge of capital with the economic performance of firms in 
Finland. In this study, capital knowledge is measured in terms of R&D, market 
structure, flexibility of internal structures, uniform routines, and effectiveness of 
customer relationships, customer loyalty, and customer satisfaction.   

Fahmy-Abdullah et al. (2017) have estimated the TE of selected 130 transport 
manufacturing firms in Malaysia using SFPFA. It perceived that employes' wage rate 
and cost of information are significantly associated with TE of transport 
manufacturing firms in Malaysia. Dogan et al. (2019) have assessed the determinants 
of performance of companies operating in manufacturing industries in Turkey. It 
perceived that the performance of manufacturing firms is significantly associated 
with innovation, R&D, and exports. 

4. Description of Study Area and Source of Data  

4.1. Brief Outline of Study Area 

The present study includes the firms-level data of various industries from nine states 
of India which are given as Maharashtra, Gujarat, Tamil Nadu, Karnataka, Telangana, 
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Delhi, Uttar Pradesh, Punjab and Haryana. These states are taken from various 
regions of India i.e. West Region (Maharashtra and Gujarat), South Region (Tamil 
Nadu, Karnataka, and Telangana), and North Region (Delhi, Uttar Pradesh, Punjab 
and Haryana). These states contribute around 70% output of the manufacturing 
sector of India (Centre for Monitoring Indian Economy (CMIE), 2016). 

4.2. Methods for Data Collection 

The present study is based on primary data, which is collected from the randomly 
selected 154 firms in 7 different industries: (i) Automobile and auto components, (ii) 
Construction (equipment, materials & technology), (iii) Chemicals and 
petrochemicals, (iv) Industrial equipment & machinery (electrical machinery), (v) 
Electronics, (vi) Pharmaceuticals, and (vii) Textiles and apparels. In this study, 22 
firms from each industry are randomly selected from nine states of India. For this 
study, 154 firms included small, medium and large firms (Refer to Figure 1). These 
firms are taken from Maharashtra, Gujarat, Tamil Nadu, Karnataka, Telangana, Delhi, 
Uttar Pradesh, Punjab and Haryana states of India (Refer to Figure 2). This study 
includes only those firms which are identified by the Ministry of Micro, Small and 
Medium Enterprises (MSMEs), Government of India (GoI).   

 

Figure 1: Sector-wise and size-wise distribution of selected firms across 
India 

Source: Based on field survey. 
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Figure 2: State-wise distribution selected firms across Indian states 
Source: Based on a field survey. 

The structural questionnaires are used to conduct in-depth face to face interviews 
of randomly selected respondents/representatives/delegates in identified firms. 
Structural questionnaire includes information on socio-economic characteristics of 
firms, annual turnover of firms, firm’s size, age of the firms, innovation capacity of 
firms, types of innovation, barriers in innovation, production scale of firms, number 
of skilled and unskilled workers, R&D expenditure, firm’s annual expenditure on 
marketing, annual salary and/or wages of firms, number of researchers and 
scientists, association of firms with public and private research organization, 
association of firm’s with national and international organizations, understanding of 
firms towards IPRs policy and other policies in MSMEs, etc. The survey of selected 
firms in India is conducted in March 2016 to May 2016. 

5. Data Analysis and Proposed Empirical Methodology 

5.1. Mathematical Description of Stochastic Frontier Production Approach 
(SFPFA) 

SFPFA is developed by Aigner, Lovell and Schmidt (1977); Meeusen and Van den 
Broeck (1977) in 1977. It includes the two components: non-negative and systematic 
distribution. The model is specified as (Rajesh, 2007; Pattnayak & Chadha, 2013; 
Fahmy-Abdullah et al., 2017):  
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Yi=f (Xi, β) exp(vi-ui)         (2)  

1
8

1
0

8

1
0

1
0

5

3

9

1

1
2

4

1
0

4 5 4

1

4

2

9

2

5 5 6

4

2 1 0

3
9

1
6

2
3

1
9 2

1

1
3

6

1
4

3

M
A

H
A

R
A

S
H

T
R

A

G
U

JA
R

A
T

T
A

M
IL

 
N

A
D

U

K
A

R
N

A
T

A
K

A

T
E

L
A

N
G

A
N

A

D
E

L
H

I

U
T

T
A

R
 

P
R

A
D

E
S

H

P
U

N
JA

B

H
A

R
Y

A
N

A

Small Firms Medium Firms Large Firms  Total Firms



Ajay Kumar SINGH, Shah Nawaz ASHRAF & Ashish ARYA  
 

 
Page | 74                                                                           EJBE 2019, 12(24) 

Here, Yi is the output of ith firms; X is the production inputs; β is the vector of 
regression coefficients of explanatory variables (Pattnayak & Chadha, 2013; Zhou, 
2014; Fahmy-Abdullah et al., 2017). ei is the random noise error term that is a 
combination of ui and vi, and ei (= vi-ui) and it is the identically and normally 
distributed [N(0, σ2)]. Here, ui may be considered truncated-normal distribution with 
zero mean (μ) and constant variance (σ2) (Pattnayak & Chadha, 2013; Zhou, 2014). 
In the aforesaid equation, ui is also a one-sided inefficiency; ui and vi are also normally 
distributed for different firms. 

5.2. Measurement of Technical Efficiency (TE) 

TE measures the ability of a firm to use minimum resources (inputs) to achieve 
maximum production (output) (Chaudhuri, 2016; Singh, Narayanan & Sharma, 2019). 
It infers the ratio of the expected output with the frontier output of a firm (Rajesh, 
2007; Akpan et al., 2012). TE of a firm can be assessed using the following formula 
(Akpan et al., 2012; Pattnayak & Chadha, 2013; Zhou, 2014; Fahmy-Abdullah et al., 
2017):   

TEi  = exp (-ui)                                                                (3)  

Here, TEi is the technical efficiency of ith firm, and ui is estimated from equation (2). 
If the value of technical efficiency of a firm is equal to 1 then it may be considered 
that firm have a technical efficiency (Rajesh, 2007; Kumar & Arora, 2012; Akpan et 
al., 2012; Pattnayak & Chadha, 2013; Zhou, 2014; Fahmy-Abdullah et al., 2017; 
Gebresilassie, & Nyatanga, 2017). While, 1 – TE shows the efficiency gap between 
actual production and optimal possible production which may be achieved through 
adjusting the available inputs in production activities of firms (Chavas & Aliber, 1993; 
Rajesh, 2007; Bhatia & Mahendru, 2015). 

5.3. Empirical Model for Technical Efficiency (TE) 

Faruq and Yi (2010) have assessed the determinants of TE of firms in Ghana. It 
includes the firm-specific characteristics such as age, size, labour-capital mix and 
foreign status as independent variables, and estimated TE of the firm as a dependent 
variable. Akpan et al. (2012) have considered estimated TE as a dependent variable 
to assess the impact of firm-level variables on it of sugar industries in Nigeria. Bhatia 
and Mahendru (2015) have assessed the determinants of TE of banks in India. 
Gebresilassie and Nyatanga (2017) have examined the TE of a rural health extension 
program and TE affecting factors in Ethiopia using the DAE method. Fahmy-Abdullah 
et al. (2017) have estimated the TE of transport manufacturing firms assess the TE 
affecting factors in Malaysia. Rajesh (2007) has assessed the determinants of the 
estimated TE of SMEs in Kerala (India). Kumar and Sharma (2016) have also assessed 
the impact of R&D and patenting on TE of high and medium firms.  

In the present study, estimated TE of selected firms is used as dependent variable 
and it regressed with S&T and intellectual property rights (IPRs) related factors. It 
also produce the association of estimated TE of firms with S&T and IPRs related 
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indicators in Indian manufacturing sector. For this, linear regression model is used in 
following empirical form:   

tei = β0 +β1 (pretrf)i +β2 (npif)i + β3 (nprif)i + β4 (fsg)i + β5 (fhfc)i + β6 (faff)i + β7 (bcf)i + 
β8 (fhgsp)i + β9 (fhqc)i + β10 (fappp)i + β11 (ihrdef)i + β12 (lprdif)i + β13 (lprdtsf)i + β14 
(pipf)i + β15 (pnpf)i + β16 (apppf)i + β17 (wmcf)i + β18 (ffpssw)i +εi                                     (4) 

Here, tei is estimated TE of ith firms; β0 is the constant coefficient; β1… β18 are the 
regression coefficients of corresponding explanatory variables; and εi is simple 
random-error term in equation (4). While, detail description of explanatory variables 
are given in Table 1. 

Table 1: Brief descriptions of dependent and explanatory variables 
Explanation of Variables Symbol Unit 

Technical efficiency (estimated by authors) te Number  
Percentage of revenue from exports to total revenue of firms pretrf % 
Number of product innovations of firms npif Number 
Number of process innovations of firms nprif Number 
Firm’s sales growth over last 3 years [Increased =1; Decreased =0] fsg Number 
Firm have foreign collaboration [Yes=1; No=0] fhfc Number 
Firm acquired foreign firm [Yes=1; No=0] faff Number 
Biggest competitors of firm [Foreign firm=1; Local firm=0] bcf Number 
Firm have growth/ scaling up plans in next 2-3 years [Yes=1; No=0] fhgsp Number 
Firm have quality certification [Yes=1; No=0] fhqc Number 
Firm acquired process/product patents [Yes=1; No=0] fappp Number 
In-house R&D expertise of firms [Yes=1; No=0] ihrdef Number 
Linkages with public R&D institutions -firms [Yes=1; No=0] lprdif Number 
Linkages with public technology support institutions of firms [Yes=1; No=0] lprdtsf Number 
Proficiency to improve  processes of firms [Yes=1; No=0] pipf Number 
Produce new or improved products of firms [Yes=1; No=0] pnpf Number 
Acquire product/process patent of firms [Yes=1; No=0] apppf Number 
Waste management capabilities of firms [Yes=1; No=0] wmcf Number 
Firm face problems of shortage of skilled workforce [Yes=1; No=0] ffpssw Number 

Source: Based on field survey. 

SPSS statistical software is used for descriptive analysis of data and STATA statistical 
software is used to run proposed regression models. For the above-mentioned 
investigation, regression coefficients of explanatory variables are estimated using 
ordinary least square (OLS) estimation model. 

6. Empirical Results 
6.1. Brief Discussion on Descriptive Results 

Brief explanation of estimated TE of selected firms and other indicators are 
presented in Table 2. It provides the descriptive information on estimated TE and 
basic characteristic of firms. The values of standard deviation and variance are less 
than one for most of factors (except, percentage of revenue from exports to total 
revenue of firms, number of product innovations of firms, and number of process 
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innovations of firms) thus it shows that collected data was normally distributed and 
do not have leverages. 

Table 2: Description of dependent and independent variables. 
Total Obs. 154 Total Industry  7 

Variables Minimum Maximum Mean Std. Dev. Variance 

te (Dependent Variable) 0.7992 0.9982 0.9857 0.0226 0.0005 
Pretrf 0 100 17.2662 28.0518 786.9025 
Npif 0 30 1.5260 4.2229 17.8327 
Nprif 0 100 1.7792 8.7636 76.8006 
Fsg 0 1 0.5130 0.5015 0.2515 
Fhfc 0 1 0.1364 0.3443 0.1185 
Faff 0 1 0.0909 0.2884 0.0832 
Bcf 0 1 0.1494 0.3576 0.1279 
Fhgsp 0 1 0.8182 0.3870 0.1497 
Fhqc 0 1 0.7273 0.4468 0.1996 
Fappp 0 1 0.1623 0.3700 0.1369 
Ihrdef 0 1 0.8506 0.3576 0.1279 
Lprdif 0 1 0.7320 0.4444 0.1975 
Lprdtsf 0 1 0.6104 0.4893 0.2394 
Pipf 0 1 0.9026 0.2975 0.0885 
Pnpf 0 1 0.9091 0.2884 0.0832 
Apppf 0 1 0.5325 0.5006 0.2506 
Wmcf 0 1 0.9416 0.2353 0.0554 
Ffpssw 0 1 0.5000 0.5016 0.2516 

Source: Estimated by authors.  

6.2. Statistical Inference on Estimated Technical Efficiency (TE) 

The mean value of estimated technical efficiency (TE) of undertaken firms in 7 
industries is given in Figure 3. The TE for 7 industries using four different empirical 
models. The value of TE in 7 manufacturing industries is estimated using a stochastic 
frontier production function approach (SFPFA). Estimated results specify that all 
industries (except textiles and apparels) have more than 94% TE in production 
activities of firms in the Indian manufacturing sector. So, these industries have the 
ability to maintain production scale efficiently. However, there is a high probability 
to increase production activities of firms using technology up-gradation and 
advancement in India. Firms in the textiles and apparel industries have 86% technical 
efficiency. Thus, firms in textiles and apparels industry have relatively lower technical 
efficiency as compared to other industries. Hence, it is suggested to improve the TE 
of this sector using effective policy.   
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Figure 3. Mean value of estimated technical efficiency (TE) of 7 Industries 

Source: Estimated by authors. 

6.3. Technical Efficiency (TE) Affecting Factors 

Regression results that assess the impact of IPRs and S&T related indicators on 
estimated technical efficiency of firms is given in Table 3. The regression coefficients 
of most factors with the technical efficiency of firms is found positive and statistically 
significant. Thus, these factors would be helpful to improve the technical efficiency 
of undertaken firms. Results show that most factors like process innovation of firms, 
process patents, and product patents, in-house R&D expertise of firms and linkages 
of firms with public technological support research institutions have a positive 
association with TE of firms. Estimates also indicate that IPRs and S&T related factors 
play a vital role to increase the technical efficiency of firms. Here, it can be justified 
that process innovation, process patents and product patents are the crucial 
components of IPRs. Thus, here it can be argued that IPRs related factors would be 
useful to increase the TE of firms.   

Aforementioned estimates are consistent with various studies which show the 
positive association of patenting with TE of firms, growth of manufacturing sector 
and economic development (e.g., Yueh, 2007; Janjua & Samad, 2007; Sattar & 
Mahmood, 2011; Sahu & Narayanan, 2011; Pattnayak & Chadha, 2013; Odilpova, 
2016; Kumar & Sharma, 2016; Singh, Acharya & Chavda, 2017; Singh, Ashraf & 
Acharya, 2017).  Firm’s sale growth, firm’s scaling-up plan, proficiency of the firm to 
improve the process and ability of a firm to produce new or improved products are 
positively associated with the technical efficiency of firms. Furthermore, the waste 
management capabilities of firms, the percentage of revenue from exports to total 
revenue of firms and quality certification of firms are also essential to increase the 
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technical efficiency of firms. Sahu and Narayanan (2015) have also found a significant 
impact of environmental certification on the technical efficiency of the Indian 
manufacturing sector. The skilled workforce is also positively correlated with the 
technical efficiency of firms. Thus, Indian manufacturing firms are necessary to give 
more importance to previously mentioned factors to improve the TE of firms. 

Table 3: Association of estimated technical efficiency of firms with 
explanatory variables 

Number of obs.  154   R-squared 0.2237     

F-Value 2.15   Adj. R-squared 0.1195     

Prob > F  0.0073   Root MSE 0.0213     

TE =DV                                                                          Reg. Coef. Std. Err. t-Value P>|t| [95% Conf. Interval] 

npif                                                                           -0.0009 0.0005 -1.80 0.074 -0.0018 0.0001 
nprif                                                                          0.0003 0.0002 1.30 0.195 -0.0002 0.0007 
fsg                                                                            0.0052 0.0038 1.36 0.175 -0.0023 0.0127 
fhfc                                                                           -0.0193 0.0067 -2.89 0.004 -0.0325 -0.0061 
faff                                                                           -0.0111 0.0074 -1.49 0.139 -0.0258 0.0036 
bcf                                                                            0.0092 0.0055 1.68 0.094 -0.0016 0.0201 
fhgsp                                                                          0.0036 0.0051 0.71 0.481 -0.0064 0.0136 
fappp                                                                          0.0027 0.0051 0.53 0.596 -0.0073 0.0127 
ihrdef                                                                         0.0053 0.0061 0.87 0.384 -0.0067 0.0174 
lprdtsf                                                                        0.0131 0.0047 2.79 0.006 0.0038 0.0224 
pipf                                                                           0.0025 0.0066 0.37 0.711 -0.0106 0.0155 
pnpf                                                                           0.0033 0.0065 0.51 0.611 -0.0096 0.0162 
apppf                                                                          0.0058 0.0044 1.31 0.191 -0.0029 0.0146 
wmcf                                                                           0.0015 0.0081 0.18 0.858 -0.0145 0.0174 
ffpssw                                                                         0.0052 0.0039 1.32 0.189 -0.0026 0.0129 
pretrf                                                                         0.0001 0.0001 0.45 0.655 -0.0001 0.0002 
fhqc                                                                           0.0001 0.0040 0.01 0.993 -0.0079 0.0080 
lprdif                                                                         -0.0158 0.0057 -2.79 0.006 -0.0270 -0.0046 
Con. Coef. 0.9690 0.0102 95.36 0 0.9489 0.9891 

Source: Estimated by authors.  

7. Conclusion and Policy Recommendations  

The prime aim of this study was to examine the technical efficiency (TE) of randomly 
selected 154 firms using the stochastic frontier production function approach 
(SFPFA). These firms are considered from 7 different industries of Indian 
manufacturing sector i.e. given as: (i) Automobile and Auto Components, (ii) 
Construction (Equipment, Materials & Technology), (iii) Chemicals and 
Petrochemicals, (iv) Industrial Equipment & Machinery (Electrical Machinery), (v) 
Electronics, (vi) Pharmaceuticals, and (vii) Textiles and Apparels. For this, it includes 
firm-level data of the above-mentioned industries across Indian states. These firms 
are taken from Maharashtra, Gujarat, Tamil Nadu, Karnataka, Telangana, Delhi, Uttar 
Pradesh, Punjab and Haryana states of India. The regression coefficients of 
explanatory variables with annual turnover of firms are estimated using a log-linear 
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regression model under ordinary least square estimation. Thereupon, it estimates 
the impact of IPRs and S&T related indicators on estimated TE of firms using a linear 
regression model.    

Mean values of estimated technical efficiency (TE) of various firms in 7 industries 
indicate that these (except textiles and apparels) have more than 94% technical 
efficiency in production activates in the Indian manufacturing sector. Thus, these 
industries are efficient to maintain production activities. Also, there is a high 
probability to increase production activities of firms using technology up-gradation 
and advancement in Indian manufacturing industries. Firms in the textiles and 
apparel industry have 86% technical efficiency, thus firms in this industry have 
relatively lower technical efficiency as compared to other industries. Hence, it is 
essential to adopt a conducive policy to increase the technical efficiency of firms in 
textiles and apparel industry in the Indian manufacturing sector.  

Empirical results which assess the influence of IPRs and S&T related factors, and 
other variables on TE of firms indicate that TE of firms is positively associated with 
percentage of revenue from exports to total revenue of firms, number of process 
innovations of firms, firm’s sales growth, firm have growth/ scaling up plans, firm 
have quality certification, firm acquired process/product patents, in-house R&D 
expertise of firms, linkages with public technology support institutions of firms, 
proficiency to improve processes of firms, produce new or improved products of 
firms, acquire product/process patents of firms, waste management capabilities of 
firms, and skilled workforce. Estimates clearly specify that the TE of firms would be 
improved as increases in previously mentioned variables. Previous studies like Dogan 
et al. (2016) have claimed that a firm’s performance is significantly associated with 
firm owner and employees, social abilities, education level, capabilities, and skills 
(Dogan et al., 2016).  

Empirical results of the study also provide several policy suggestions such as: Indian 
government needs to increase extensive public spending on R&D to make India as a 
globally competitive economy in innovation (Bhat, 2014; Tyagi & Nauryal, 2016; 
Singh & Ashraf, 2019). It would be helpful to increase the consciousness of 
researchers and scientists to do more research for discovering more production 
technologies in emerging sectors such as biotechnology, pharmaceutical, 
agriculture, environmental and other sector of manufacturing units (Sahu & 
Narayanan, 2011; Tyagi & Nauryal, 2016; Mishra, 2019). Furthermore, R&D activities 
would be effective to create innovation and it would work as an essential driver to 
maintain the long-term performance of technology-based-firms (Dogan et al., 2016; 
Singh & Ashraf, 2019).  

In India, imitations practice of technologies must be replaced with innovation in the 
manufacturing sector (Mishra, 2019). It would stimulate the domestic companies to 
increase their involvement in science & technology and innovation; subsequently it 
would be helpful for India to make an innovative champion in the world (Srivastava, 
2015). National policymakers need to adopt a new strategy that leverages and 
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recognizes and harnesses the innovative potential of the informal sector economy 
through technological advancement (Sheikh, 2014). It is apparent that Indian 
researchers and scientists have an insignificant knowledge of IPRs, technology 
transfer and technology commercialization. Hence, for India, it is essential to adopt 
effective IPRs and S&T policies to utilize the existing technologies in manufacturing 
industries, which is discovered by Indian research institutions and universities. It 
would be helpful for Indian MSMEs to increase their intellectual powers in globally 
competitive economies. Indian MSMEs need to buy technologies from Indian 
research academia and universities to boost the growth of the manufacturing sector.     

In addition, it is observed that India does have a low number of technology transfer 
offices (TTOs) in Indian research academia and universities. Thus, there is a barrier 
to create technological platforms in Indian research institutions. TTOs are helpful for 
a smooth transfer of technology and commercialization from research academia to 
existing industries (BayhDole25, 2006; Stephen, 2010; Ray & Saha, 2010; Mysore, 
2015; Chen, Patton & Kenney, 2016; Singh & Ashraf, 2019). Moreover, TTOs would 
be useful to create a market for existing industries to buy technologies and 
innovation discover by research organizations. Further, it would maintain the 
academia-industry interface which boosts the growth of Indian MSMEs (Merz & 
Biniok, 2010; Singh & Ashraf, 2019). Furthermore, TTOs may be useful to create more 
business enterprises in emerging economies like India (Wonglimpiyarat, 2012). 
There is essential to increase the contribution of private players to invest R&D fund 
in research academia and research universities. R&D funding for research 
organizations from private players would work as a significant driver to create a 
conducive and effective platform for technology transfer and commercialization 
across firms and industries in India (Srivastava & Chandra, 2012; Ali & Husain, 2014; 
Aruna, 2015; Dogan et al., 2016; Mishra, 2019; Singh & Ashraf, 2019). 

Also, Indian research academia has a low possibility to promote academic 
entrepreneurship and start-ups. Thus, the creation of academic start-ups and 
entrepreneurship would increase the attention of industries to make collaboration 
with research academia and universities. For this, more financial support for a high-
tech start-up must be given by the Government of India. It would be useful to 
increase the growth of Indian MSMEs. Also, it is realized that high-tech start-ups have 
a high possibility to nurture effectively (Krishna & Subrahmanya 2015), thus it is 
suggested that Indian government needs to give more focus to create high-tech 
start-ups to maintain the growth of manufacturing sector. Moreover, it promotes 
linkages between large, medium and small enterprises in India (Abhyankar, 2014). 
For this, there is essential to promote high-tech start-ups and high-technology based 
enterprises in Indian research organizations. Subsequently, it would be beneficial to 
create more jobs for skilled and unskilled workforce. Most specifically, Indian 
manufacturing firms also need to adopt long-term strategies (such as minimizing 
operating expenditure, advertisement, and marketing expenditure) to improve the 
export of products (Tyagi & Nauryal, 2016). Subsequently, it would provide them 
better return and profit as well.   
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