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Abstract- The rapid development of modern information technology has led to fierce competition in today's telecommunication 
industry. The technological advances in the telecommunication sector are associated with an uninterrupted growth of the mobile 
sector. Telecommunication firms' accountability demands that operating efficiency be measured, maximized, and benchmarked. 
They need to focus on improving their performance in order to remain competitive. Telecommunications has entered a new age of 
development with advanced technology and increased competition with established players. India has become one of the fastest-
growing mobile markets in the world with many private operators in this field. It is important to note that service quality 
assessment of these service providers is a neglected issue in India. Hence, it is very necessary to benchmark these service providers. 
Benchmarking is a method of performance evaluation that assesses the potential efficiency improvements within organizations and 
sectors. By comparing the operating efficiencies of different operators with their national and international counterparts, it is 
possible to identify the scope for further efficiency improvements. The paper aims to address these issues. 
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I. INTRODUCTION 
 
   Telecommunications has become one of the fast-growing 
industries since the 1990s. The invention of the mobile 
phone has not only changed the face of communications, 
but has also given the impetus to dramatic economic 
growth. Modern communication technologies have indeed 
reshaped the world’s telecommunications markets.  The 
telecommunication sector has made remarkable progress 
allowing great amount of cross border information flow, 
reducing transaction costs, and stimulating consumer 
demand for world-class products, services, and brands Leff 
[15], and changing the lifestyles across societies. 
Telecommunications has entered a new age of 
development with advanced technology and increased 
competition with established players. India has become 
one of the fastest-growing mobile markets in the world 
with many private operators in this field. It is important to 
note that service quality assessment of these service 
providers is a neglected issue in India. Hence, it is very 
necessary to benchmark these service providers. 
 

II. TELECOM SECTOR IN INDIA 
 
   The Indian telecom industry has witnessed impressive 
growth in the recent past. Driven by various policy 
initiatives, the Indian telecom sector witnessed a complete 
transformation in the last decade. It has achieved a 
phenomenal growth during the last few years and is poised 
to take a big leap in the future also. Such rapid growth in 
the communication   sector  has  become  necessary   for  

further modernization of Indian economy through rapid 
development in IT.  
   Benchmarking is a method of performance evaluation 
that assesses the potential efficiency improvements within 
organizations and sectors. By comparing the operating 
efficiencies of different operators with their national and 
international counterparts, it is possible to identify the 
scope for further efficiency improvements. The 
identification of the stronger and the weaker service 
providers could be very useful in improving their 
efficiencies and performances. 
   The Indian Telecommunications network with 300 
million connections (as on March 2008) is the third largest 
in the world (TRAI, 2008). The telecom sector has shown 
robust growth during the past few years. The total number 
of telephones in the country crossed the 300 million mark 
on March 2008, with the number of telephones increasing 
from 54.63 million as on 31.03.2003 to 300.49 million as 
on 30.03.2008 (TRAI, 2008).  Wireless subscribers 
increased from 13.3 million as on 31.03.2003 to 
261.07million as on 30.03.2008; whereas, the fixed line 
subscribers decreased from 41.33 million in march 2003 to 
39.42 million in march 2008. Tele-density (telephone per 
100 populations) in India increased from 5.11% in 2003 to 
26.22% inMarch 2008 (Figure1a) TRAI, (2008). In the 
rural area teledensity increased from 1.49% in Mar 2003 to 
approx. 9.20% in march 2008 and in the urban areas it is 
increased from 14.32% in march 2003 to 65.99% in march 
2008 (TRAI,2008). Despite ten years of reform, state-
owned companies such as    Bharat Sanchar Nigam Ltd 
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(BSNL) and Mahanagar Telephone Nigam Ltd (MTNL) 
continue to dominate India’s telecom services market 
 

 
 

Figure 1 a .  Tele-density (telephone per 100     populations) as 
on March 2008 

 

    Privately owned companies Bharti, Reliance Infocomm, 
and Vodafone are, however, becoming major players in the 
telecom sector, especially in the mobile phone arena. 
Presently, there are 39.42 million fixed line connections 
and 261.07 million mobile connections. In the mobile 
telephony space, Bharti controls 23.74 percent subscriber 
base followed by Reliance with 17.54 percent, vodafone 
with 16.9 percent, BSNL with 15.62 percent, Idea with 
9.19 percent, Tata with 9.31 percent subscriber base 
(TRAI,2008).Figure 1b shows the percentage share of key 
market players. Figure 1c shows the distribution of 
telephones for the private and PSU operators in India as on 
March 2008.  
                                                                    

Company Million Subs MARCH(2008) % share 

BHARTI                61.98   23.74 

RELIANCE               45.79   17.54 

VODAFONE               44.13   16.90 

BSNL               40.79   15.62 

TATA               24.33    9.32 

IDEA CELLULAR               24.001   9.19 

AIRCEL                10.61   4.06 

SPICE                 4.21  1.61 

MTNL                3.53  1.35 

BPL                1.29  0.50 

HFCL                0.30  0.11 

SHYAM                  0.11  0.04
 

Figure 1 b .  Percentage share of Key market players as on 
March 2008 
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Figure 1 c .  Numbers of telephones (PSU versus Private 
Operators) as  on March 2008 

 
   Mobile phone subscriptions in India have increased at a 
rapid rate in the past two years, driven by rising incomes, 
greater competition, falling rates, prepaid options and 
aggressive marketing campaigns. India is now the world’s 
second-fastest-growing mobile market having 261.07 
million, after China, which has 565 million subscribers.                           
   The Indian telecommunications sector has undergone a 
major process of transformation because of significant 
Government policy reforms during the recent years. The 
New Telecom Policy, 1999 focused on creating an ideal 
environment for i establishing communication 
infrastructure by leveraging on technological development 
and providing affordable telecom services to all. These 
objectives of the policies have resulted in rapid growth of 
subscribers and lower tariffs. We believe that with these 
major initiatives of the Government, the mobile market in 
India will have a promising future. In addition to the two 
state-owned companies BSNL and MTNL, several private 
players have established a significant presence in both the 
basic and cellular markets Thulasi [19]. 
   The reform process is presently oriented and focused on 
better performances and less cost of services thus a need is 
felt to review the performance of existing state/private 
companies. Based on the productivity and efficiency 
analysis, benchmarks can be set, and utility efficiency 
scores can be obtained based on the set benchmarks. These 
scores can help develop a strategic plan for mitigating the 
factors that contribute to the system inefficiencies. The 
study can greatly help in avoiding structural and 
contractual inefficiencies in the emerging design of the 
telecom sector. 

  
III. BENCHMARKING TECHNIQUES 

 
   A typical Benchmarking framework invariably 
constitutes 3 components (Figure 2): 

  Planning  
  Analysis and  
  Implementation 
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   The framework usually incorporates a feedback 
mechanism to the concerned utilities so that the 
distribution enterprises identify their areas of weakness 
and implement policies to remove the various lacunae. 
While planning involves the choice of partner utilities and 
identification of indicators (or inputs and outputs of the 
system) and a choice of benchmarking methodology, the 
Analysis hinges completely on the methodology chosen. 
Benchmarking of distribution utilities is often a 
complicated exercise as it employs multiple inputs and 
outputs. One of the ways could be to compare performance 
in terms of certain key indicators on an indicator-to-
indicator basis. But this exercise may not result in a 
complete evaluation that may convey policy-makers and 
the other not so technically specialized personnel a 
concrete idea about the overall performance of a utility vis-
à-vis other utilities. For example, a utility might perform 
poorly in terms of certain indicators, but may perform 
outstandingly well in terms of other indicators as compared 
to another utility. In such cases, evaluating, comparing and 
rating the overall utility performances will not be easy. 
Furthermore indicator-by–indicator comparisons do not 
yield concrete information on target allocation of 
resources. Hence most benchmarking studies in the 
developed countries employ advanced methodologies for 
benchmarking distribution enterprises. 

   The benchmarking methodologies can be broadly 
classified into two groups: the average and the frontier 
methods (Figure 3). While the Average Methods compare 
the target utility to some measure of average performance, 
the Frontier Methods compare the target utility to the most 
efficient comparable utilities. The Frontier methods are 
regarded as more scientific and precise as compared to the 
Average methods. The Frontier methods create an 
efficiency frontier from a sample of utilities, which is then 
used as the benchmark against which performance of the 
subject utility is measured. The inherent assumption 
behind the Frontier methods is that all utilities in a selected 
sample should be able to operate at an efficiency level 
determined by the most efficient utilities in the sample. 
Frontier methods compare ratios of inputs and outputs, and 
the utilities on the frontier are those that use the minimum 
inputs to produce a given level of output (input orientation) 
or produce maximum output from a given level of inputs 
(output orientation).  

 
 
These various methodologies used for benchmarking are 
briefly described below 
 
A. The Simple Comparisons 
 
   The simple comparisons approach partial performance 
measurement methods and employ simple relative 
performance indicators to make comparisons against the 
average or with the best practices. The methodology is 
relatively easy to implement, but has limitations. 
Relationships among different inputs and outputs are not 
accounted for and often a utility that performs relatively 
well on some indicators does perform poorly for other 
indicators. It therefore becomes necessary to make 
comparison on indicator-to-indicator basis or to assign 
weightings to each indicator; however the latter exercise 
can be complicated and subjective, although attempts are 
being made to refine these methodologies Because of their 
simplicity, simple comparisons will be misleading if the 
choice of benchmark companies includes utilities that have 
characteristics very different from the subject utility. 
 
B. Ordinary Least Square (OLS) 
 
   Here regression is used to estimate an average 
production or cost function of sample firms and the costs 
of an individual utility are compared to the estimated 
average costs of a group of utilities. The regression line 
represents the supposed average efficiency level. All 
companies above the average are considered inefficient 
while all those below are efficient. The method requires 
comparable data for each utility in the group, and the 
results can be sensitive to the functional specification 
(choice of variables, functional form, etc.). Furthermore, 
residuals measure not only inefficiencies but an also 
unexplained factors and data error—which is to say that 
any residual cannot be assumed to have anything to do 
with relative efficiency levels.  
 
C.  Total Factor Productivity (TFP) Indices 
 
   The TFP index measures changes in total output vis-à-vis 
changes in input usage. Tornqvist or Fisher index formulae 
are commonly employed to measure the historical 
productivity growth of a utility in terms of output and input 
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index calculations. The method is easy to implement, but 
requires data pertaining to both the price and the quantity.  
 
D. Corrected ordinary least squares (COLS)  
 
   In COLS the purported relative efficiency of a utility 
requires the specification of the cost function, since it starts 
with a regression. A regression is estimated using OLS and 
then shifted to create an efficient frontier. With COLS, 
only one firm of the sample is considered efficient, the 
frontier is then used to measure the relative efficiency of 
the rest of the utilities. COLS assume that all deviations 
are due to inefficiencies. A very important problem with 
COLS is that the results are highly sensitive to the single 
most efficient firm.  
 
E. Stochastic frontier analysis (SFA)  
 
   SFA is an econometric approach in contrast to the LP 
formulation of the DEA methodology. The basic structure 
of stochastic frontier models is as follows:  
ln y

it 
= x

it
, + v

it 
- u

i 
 

i =1, 2,…, N, t = 1, 2,…, T  
   Where  
y

it 
= output from firm i for year t  

x
it 

= input from firm i for year t  

v
it 

= statistical noise (random error)  

u
i 
= firm effect representing technical inefficiency  

And β is a column vector of unknown parameters to be 
estimated.  

   The model as defined above is called stochastic frontier 
production function because the output values are bounded 
above by the stochastic (random) variable, exp (x

it
, β + v

it 

).The random error can be positive or negative and so the 
stochastic frontier outputs vary about the deterministic part 
of the frontier model, exp (x

it
, β).      This method is similar 

to COLS, but SFA allows an estimation of random effects 
on efficiency and reduces the reliance on a single firm. 
SFA involves an assumed split of the error term 
(unexplained cost differences) between random errors and 
inefficiencies. However, SFA does not solve the problem 
of deciding if unexplained costs are inefficiencies or not. 
The method just produces a split of the unexplained cost 
differences. SFA is prone to bias due to correlations 
between explanatory variables and the error terms.  

F. Data envelopment Analysis (DEA) 
 
   Data envelopment analysis (DEA) is a linear 
programming approach, receiving increasing importance as 
a tool for evaluating and improving the performance of 
manufacturing and service operations. It has been 
extensively applied in performance evaluation and 

benchmarking of schools, hospitals, bank branches, 
production plants, etc. 
   DEA is a multi-factor productivity analysis model for 
measuring the relative efficiencies of a homogenous set of 
decision-making units (DMUs). The efficiency score in the 
presence of multiple input and output factors is defined as 
ratio of weighted sum of outputs to the weighted sum of 
inputs.  

   Assuming that there are n DMUs, each with m inputs and 
s outputs, the relative efficiency score of a test DMU p is 
obtained by solving the following: 

 

Where  

i = 1 to z, 

j = 1 to m,  

k = 1 to n,  
y

ki 
= amount of output k produced by DMU i,  

x
ji 

= amount of input j utilized by DMU i,  

v
k 
= weight given to output k,  

u
j 
= weight given to input j.  

u
j 
= weight given to input j.  

   This fractional problem is subsequently converted to a 
linear programming format and a mathematical dual is 
employed to solve the linear problem. The method creates 
a frontier using information on the assumed most efficient 
utilities and measures the efficiency relative to the rest of 
the utilities. DEA attempts to approximate the efficient 
frontier by a ‘‘piece-wise’’ linear approximation based on 
the sample. Efficiency scores are constructed by measuring 
how far a utility is from the frontier. The technique also 
computes the input and output refinements that would turn 
an inefficient unit into an efficient one.  

           1) DEA models: DEA models can be categorized 
basically into two types, based on the choice of the 
envelopment surface. The first one is called the CCR 
model proposed by Charnes, [6], which uses a piecewise 
constant returns to scale (CRS) surface. The other one is 
called the BCC model proposed by Banker [4], which uses 
a variable returns to scale (VRS) surface. Both types of 
models can be applied in an input or output orientation 
model. In this study, an input-orientation model is used for 
measuring provincial efficiency in telecommunications 
sector. In an input orientation model, efficiency is 
measured from the perspective of producing the same level 
of output with minimum usage of inputs 

. 
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   Suppose there are k=1,….., K number of firms which 
produce M outputs, i.e. ym,kt,m=1,….,M, using N inputs, 
xn,kt,n = 1,….,N, at each time period t, where t = 1,…., T; 
zkt represents the intensity levels, which make the activity 
of each observation expand or contract to construct 
piecewise linear technology. Fi

t ( xkt; ykt) i represents the 
input-oriented Farrell efficiency measurement that 
indicates the minimum usage of inputs, xkt for firm k to 
produce the level of output ykt at period t. In the 
measurement of efficiency, inputs are labour and capital 
whereas output is business revenue or the total number of 
subscribers. 

 
   The above model imposes CRS. If the condition of  
zkt= 1 is added, VRS is imposed (see Fig. 2).In Fig. 4, 
DMUs A, B and C are considered relatively efficient under 
VRS. They all have a technical efficiency score of one, 
which implies that they are operating on the best practice 
frontier. DMU E is considered as relatively inefficient 
under both kinds of returns to scale. Under CRS, the input-
oriented technical efficiency score for DMU E is given by 
TEi, crs = IH/IE, where as under VRS, the input-oriented 
technical efficiency score for DMU E is given by TEi, vrs 
¼=IG/IE. Besides technical efficiency score, the scale 
efficiency score that gives an indication of whether DMU 
E is operating at the optimal scale can be calculated as the 
ratio of the CRS technical efficiency score to the VRS 
technical efficiency score, TEi,crs/TEi,vrs Fare[, i.e. 
IH/IG. A score of one indicates that the DMU is operating 
at its optimal scale. 
   To further determine the nature of the scale inefficiencies 
for each DMU, i.e. whether scale inefficiencies are due to 
increasing returns to scale (IRS) or decreasing returns to 
scale (DRS), a non-increasing returns to scale (NIRS) 
frontier can be 
 

 
 

Figiure.4. Graphical illustration of the DEA approach and the 

Presence of slacks. 

 
constructed by replacing the constraint zkt =1 in above 
equations with zkt=1. If the NIRS technical efficiency 
score is equal to the VRS technical efficiency score, then 
DRS exists; otherwise, IRS prevails (see Coelli (1996) for 
more details). 
   The assumption of CRS is appropriate only when all 
DMUs operate at an optimal scale, with optimal 
production. The presence of factors such as imperfect 
competition and regulation in telecommunications sector 
may restrain a DMU from operating at its optimal level. 
The use of the CRS specification when production is not at 
the optimal level results in a measurement of technical 
efficiency, which includes scale efficiencies Ali [1]. 
Because of this problem associated with CRS, the VRS 
specification is used in this study. The use of VRS 
efficiency allows the calculation of technical efficiency to 
be devoid of scale efficiency effects.  
   Consider the VRS frontier in Fig. 3. There is a section of 
it that runs parallel to the horizontal axis (i.e. CY), and this 
feature could lead to the presence of input slacks. The 
concept of input slacks refers to redundancies and 
unproductive inputs used in production. In other words, the 
amount of inputs used is more than necessary to produce 
the output. Input slacks can be measured by the extent to 
which inputs could be further reduced when a DMU is 
projected onto the production frontier. Consider inefficient 
DMU D. Even when D is projected onto the frontier, one 
can further reduce the amount of input (i.e. CJ) and still 
produce the same level of output. This amount of CJ is 
known as input slack. In this study, the DEAP software is 
used to compute the DEA models and the input slacks. The 
slacks are calculated using the multi-stage method 
discussed in Coelli [9]. 
 

IV. CONCLUSION 
 
   There is an urgent need for rigorous and in-depth study 
of performance of different telecom operators in India. 
Such an analysis would offer valuable lessons to ensure 
that the new structure being adopted is better than the 
regulatory and legislative framework designed a few 
decades back. It would also help understand better the 
issues likely to be faced by regulators and consumers in 
future. Efficiency measurement would be of particular 
interest to the regulators in the open market regimes. 
Efficiency measurement can form the core for introduction 
of the incentive based regulatory regimes and in promoting 
yardstick competition amongst a number of service 
utilities. As the service utilities in telecom sector get 
progressively freed from the government control, the 
regulators would invariably require sophisticated 
benchmarking tools and methodologies to regulate the 
monopolies and to introduce incentive regulation while 
determining tariffs. The study can greatly help in avoiding 
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structural and contractual inefficiencies in the emerging 
design of the telecom sector. 
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