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Background 
Data Envelopment Analysis (DEA) is a decision-making tool. This is based on linear programming 

technique for measuring the relative efficiency of organisations having multiple inputs and outputs which 

make comparisons difficult. It is used to empirically measure productive efficiency of organisations known 

as decision making units (DMUs) such as local authority departments, schools, hospitals, hotels, shops, 

dairy farms, bank branches, insurance companies and similar other non-banking financial institutions. Thus, 

DEA is also applied in various disciplines like Economics, Econometrics, Operations Research and 

Statistics is also increasingly used in both Management and Financial Accounting research as an efficiency 

measurement tool. DEA has a strong link to production theory in economics. It is also used for 

benchmarking in operations management where a set of measures is selected to benchmark the performance 

of manufacturing and service operations. DEA is a non-parametric method used for estimation 

of production frontiers. In 2014, Cook, Tone and Zhu have said that in case of benchmarking technique, 

the formation of a production frontier does not necessarily be the efficient DMUs but rather lead to a best-

practice frontier. In 2013 according to Sherman and Zhu, DEA is referred to as balanced benchmarking. 

Abstract 

Data Envelopment Analysis (DEA) is a tool of decision-making which is based on non-parametric 

approach measuring the relative efficiency of a set of comparable decision making units (DMUs). DMUs 

like organisations, divisions or units which use similar inputs and produce similar outputs. DEA is used 

by researchers to find out the efficiency frontier of such units. This paper tries to show how the 

researchers have used DEA as an efficiency measurement tool in accounting research. This study

summarizes the key contributors to this area based on citation and analysis. Further it argues that 

the field is now entering into a phase of empirical investigation and theoretical verification of some 

core concepts. The application of the technique is limited exclusively to research that deals directly 

with efficiency measurement. This is not meant for public use. This is not a presentable technique 

in that way to the users of financial statements and information. 

Keywords: Data Envelopment Analysis, Efficiency measurement tool, Accounting research. 
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Besides non-parametric approaches, there are also parametric approaches which are used for the estimation 

of production frontiers (Lovell & Schmidt, 1988). These require that the shape of the frontier be guessed 

beforehand by specifying a particular function relating output to input. 

Most of the empirical studies in accounting research had considered traditionally financial ratios as 

performance indicators. Some of these were used to explain production and operational efficiency as well 

in terms of financial costs. DEA emerged to be a modern decision making non-parametric tool in this 

context. 

DEA - An overview 
The genesis of DEA lies in the seminal research work undertaken by Farrell (1957) and later popularised 

by Charnes et al. (1978, 1979). Data Envelopment Analysis (DEA) is a non-parametric approach to measure 

the relative efficiency of decision making units (DMUs) (Taylor, 2001). DMUs may be organisations, 

departments or units which use similar inputs and produce similar outputs. DEA is defined as a linear 

programming technique which identifies the best practice among a sample of units, and measures efficiency 

based on the difference between best practice and the observed units (SCRC, 1997). In other words, DEA 

attempts to measure the technical efficiency (TE) of DMUs. TE is expressed to increase quantities of 

outputs from a given quantities of inputs.  

This approach was first suggested in 1978 by Charnes, Cooper and Rhodes (CCR) and later extended by in 

1984 by Banker, Charnes and Cooper (BCC). According to Charnes et al. (1994), DEA is widely used in 

performance evaluation and benchmarking in hospitals, bank branches, libraries, production plants, etc.. 

The work of Charnes et al. is actually based on Farrell’s (1957) input and output method to measure 

efficiency. According to Farrell’s technique, an efficiency frontier or a group of best performers (or 

combinations of output that can be obtained from a given set of inputs) are plotted.  

There are two basic models of DEA: (a) CCR Model and (b) BCC Model. CCR model assumes constant 

return to scale (CRS). Here, technical efficiency (TE) is known as Overall Technical Efficiency (OTE) in 

which both TE and scale efficiency (SE) scores are aggregated into a single value. BCC model assumes 

variable return to scale (VRS) (i.e., increasing return to scale, decreasing return to scale and constant return 

to scale). In this case, the measure of efficiency is known as Pure Technical Efficiency (PTE) which is 

measured to get an efficient frontier assuming VRS. PTE is the efficiency index of a DMU which measures 

managerial performance. As per these two models, a DMU is efficient with Technical Efficiency (TE) 

having score 1 and inefficient if TE is less than 1. The ratio of OTE to PTE gives SE scale. SE measures 

the efficiency of management to choose the optimum size of resources, production scale, etc.. 

DEA technique is becoming more and more popular now-a-days due to the following reasons: 

i. It can handle multiple inputs and multiple outputs. 
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ii. It makes direct comparison between the service units (DMUs) considering all resources used and 

services provided. Then it finds out the most efficient performers like branches, departments, 

individuals, etc., and the inefficient ones in which real efficiency improvements can be possible. 

iii. It tries to quantifying the qualitative factors. 

iv. By making each inefficient unit as efficient, calculation of the amount of cost and type of cost can be 

possible by applying this technique. Thus, resource savings that can be achieved. 

v. The management can implement required changes in the inefficient DMUs in order to achieve potential 

savings located with DEA.  

vi. The management receives information about DMUs by applying DEA approach that can be used to 

help the inefficient units to become relatively efficient.  

vii. It can be used both in profit-making and non- profit seeking firms. 
 

The limitations of DEA application are: 

i. Efficiency is measured as: efficiency = output / input. This measure is not sufficient due to the 

existence of multiple inputs and outputs related to different activities, resources and environmental 

factors. 

ii. Measurement error can cause significant problems. 

iii. DEA measures the relative efficiency of a DMU. 

iv. As DEA is a non-parametric technique, statistical tests are difficult. 

Research Questions 
The discussion on the above topic raises the following research questions: 

1. What is the prospect of DEA as a non-parametric technique to assess relative efficiencies of a set of 

DMUs? 

2. How the accounting researchers have used the tool in their research studies? 

Review of Literature 

International Studies: 

1. Michael Trick (1996), in chapter-12 of his Operations Research Page, introduced DEA for those who 

are not familiar with the technique. According to him, DEA technique is commonly used to evaluate the 

efficiency of a number of producers. Here, producers mean decision-making units or simply DMUs. 

DEA compares each producer with only the ‘best’ producers. His study has explained the concept 

through banks as DMUs with a certain number of inputs and outputs. The study has a fundamental 

assumption behind this method – if a given producer, A, is capable of producing Y(A) units of output 

with X(A) units of inputs, then the other producers should also be able to do the same if they were to 
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operate efficiently. Again, if producer, B, is capable of producing Y (B) units of outputs with X (B) units 

of inputs, then the other producers should also be able to do the same if they were to operate efficiently. 

Then, producers A, B, and others can be combined to form a composite producer with composite inputs 

and composite outputs. As this composite producer does not exist, it is called as virtual producer. Thus, 

the main moto of this analysis is to find out the best virtual producer for each real producer. DEA has 

been applied in many situations like health care (hospitals, doctors), education (schools, universities), 

banks, manufacturing, benchmarking, management evaluation, fast food restaurants, and retail stores. 

The study also highlighted the strengths and limitations of DEA. 

In the present study, the researcher illustrated the function of DEA with an example. Let there are three 

banks each having 10 tellers (the only input). A bank is measured based on two outputs like cheques 

cashed and loan applications. The given data of these banks are: 

 Bank-A: 10 tellers, 1000 cheques and 20 loan applications. 

 Bank-B: 10 tellers, 400 cheques and 50 loan applications. 

 Bank-C: 10 tellers, 200 cheques and 150 loan applications. 

In this case, by applying DEA it is to determine whether a virtual bank can be created which may be 

better than the real banks. Considering a virtual bank which is better than Bank-A. Such bank would 

use no more inputs than Bank-A and produce at least as much output as Bank-A does. A combination 

of Bank-B and Bank-C cannot be better than the efficient Bank- A. Bank-C can is in the same situation 

as Bank-A. Now, Bank-B is an inefficient one. If half of outputs of Bank-A and half of that of Bank-

C can be combined, then a new bank can be created with 600 cheques and 85 loan applications with 

just 10 tellers. Such bank is called as virtual bank which is much better than the inefficient Bank-B.  

2. Nuno Maleo (2005) explained the Data Envelopment Analysis (DEA) as a comprehensive guide to 

the beginners. This paper studied DEA in a language easily understandable to academicians, students 

and practitioners. According to Charnes et al., DEA is an Operational Research / Management Science 

(OR/MS) methodology based on mathematical programming theory for assessing the relative 

efficiency of DMUs having the same multiple inputs and outputs. The objective of DEA is to find out 

whether a particular DMU is or not performing relatively more efficient than the efficient one having 

same inputs and outputs. This objective can be achieved only by identifying an efficient or virtual 

DMU that enable to construct an empirically based production possibility frontier known as ‘efficiency 

frontier’ or ‘envelope’.  

The term ‘envelopment’ tells us the fact that the inefficient DMUs are enveloped by the efficient 

DMUs. The paper concludes by suggesting that the use of DEA is still the province of specialists and 

that further researches would make it more widely accessible.  
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3. H David Sherman & Joe Zhu (2006) explained DEA in details along with its concepts for manager. 

They have offered managers with the DEA foundation information on how to apply DEA, and how to 

interpret DEA results to benefit a service organisation.  

4. Julie Harrison (2010) has taken a case study of New Zealand dairy farms which is used to demonstrate 

the benchmarking capability of DEA. This model is essentially a practical tool that can be used by 

academicians for research as well as by managers and practitioners for improved performance 

measurement and accountability.   

5. Peter Zbranek (2013) measured the performance and efficiency of employees of a banking company. 

The input variables of the used model were the motivational factors like salary, working conditions 

and benefits, and the output variables were motivation, job satisfaction and organizational 

commitment.  By applying classical output-oriented CCR-DEA model in the baking business he rated 

12 employees as fully efficient (out of total 60 employees). For the remaining 48 he recommended to 

take measures to improve their performance, such as education and training plan and evaluate them 

again over some time with the same variables. It was also found that the length of service has 

statistically positive impact on employee performance. This increases their commitment to the 

organization and they are willing to do more. The performance of the employees who work for the 

company for more than 10 years, however, is worsening probably due to reduced work motivation. 

That is why the management of the organization should motivate them more.  
6. Julie Harrison and Paul Rouse (2016) have considered the accounting information in DEA in their 

study. They have examined some advantages and disadvantages of using accounting information in 

DEA models.  
7. Peter R Demerjian (2017) calculated efficiency using DEA with large financial accounting panel 

datasets. He considered one output i.e., sales and three inputs i.e., capital A, capital B and expenses. 

He considered a sample of 1600 DMUs for a number of years. His analysis suggested that the method 

of calculating efficiency with panel data, separately by year or by pooling multiple years, could not 

provide strong inference. According to him, the researchers must not believe that the efficient frontier 

may be relatively stationary over time. If so then calculated efficiency scores by year show few errors. 

National Studies: 

8. Roma Mitra Debnath and Ravi Shankar (2008) have tried to model and evaluate the efficiency of 

50 Indian banks by using Data Envelopment Analysis (DEA) during the period 2004-05. The aim of 

this paper was to estimate and compare efficiency of the banking sector in India. Out of 50 banks, there 

are 11 foreign banks, 24 nationalised banks and rest 15 private Indian banks. The result of this study 

indicated that among medium-sized banks no nationalised banks are efficient. But small and large 
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nationalised banks are more efficient and are doing better than medium-sized nationalised banks. Out 

of the sample, 41 banks had a decreasing return of scale which means a proportionate increase in all of 

its inputs results in a less than proportionate increase in its outputs (implies excess in inputs and 

shortage in outputs). Banks which are considered as an intermediation financial institute can attract the 

consumers and the companies or manufacturers if they emphasise in rural areas. 

9. Suresh Vadde (2011) has analysed the performance of non-government financial and investment 

companies (other than banking, insurance and chit-fund companies) during the year 2008-09. The study 

is based on the audited annual accounts of 1,211 non-government financial and investment companies 

(excluding banking, insurance and chit fund companies) which closed their accounts during the period 

April 2008 to March 2009. The sample companies comprised of share trading and investment holding, 

loan finance, asset finance, diversified, and miscellaneous. The segment of financial and investment 

companies in the private corporate sector is highly skewed. The performance of sample companies 

have measured as per profitability ratios (the traditional tool) like operating profit margin, return on 

equity and return on assets. It was concluded that the growth of total income of such companies was 

reduced in 2008-09 whereas growth of total expenditure go slower but higher than income. As a result 

the operating profits declined in 2008-09. 

10. Prasanta Pal (2011) intended to assess, compare, test and analyze the financial performance of five 

listed NBFCs. The measurement and comparative analysis of financial performance of the companies 

are intended to assist the finance managers, analyse their companies' activities from a financial 

standpoint and provide useful information needed to take right kind of managerial decisions. By 

applying different statistical tools and financial ratios (being traditional tool) it was found that the 

selected companies differ significantly in terms of their financial performance indicators from one to 

another and there are no significant differences in the last five years in the management of financial 

performance but the companies have performed well in the last five years. 

11. Manas Kr Baidya & Debabrata Mitra (2012) have measured and evaluated the technical efficiency 

of 26 Indian public sector banks from the cross-section data of the financial year 2009-10 and ranking 

of efficiency of such banks have been done. The study has done by using two DEA models – CCR 

model and Andersen and Petersen’s Super-Efficiency model. The average technical efficiency of the 

entire sample is 86.5% and only 7 banks (23%) are fully efficient. There is a scope of efficiency 

improvement of 19 such banks. The study has found that the banks which are using more labour for 

providing their services are relatively more inefficient. These banks should follow good operating 

practices of Indian Bank, Allahabad Bank, State Bank of India and Corporation Bank. 
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12.  Shivi Agarwal, Shiv Prasad Yadav and S P Singh (2014) applied a new sensitivity model in order 

to determine the strength of the efficiency scores obtained by DEA by changing the data set of the 

decision making units (DMUs). By applying the sensitivity model they empirically examined the 

robustness of the efficiency scores of 15 regions of Uttar Pradesh State Road Transport Corporation 

(UPSRTC) in India which are obtained by new slack model of DEA. The results of this study revealed 

that the efficiency scores of those regions are robust that means they are not sensitive to the efficient 

regions. 

13. Rosy Kalra (2016) has investigated the performance of 20 asset-based NBFCs during 2006 -2015. The 

study tells that performance of NBFCs is improving. Importantly, the results indicate that NBFIs are 

the dominant market players of the financial sectors through which the financial resources are 

effectively channelized for savers to the users in the economy. 

14. Deepak Kumar and Srinivasa Suresh P. (2017) have examined the financial performance of NBFCs 

in India during 2001-05. Technical and allocative efficiencies of 50 NBFCs have been analysed by 

applying DEA. The study found no direct relation between the experience and performance of the 

companies at different time period, 2001-05. In this study, DEA is used to measure the technical 

efficiency (TE) of NBFCs. Here, the TE is measured by total liability and equity capital as two input 

variables, and operating profit and investments as two output variables. It is observed that among 

different categories of sample NBFCs, loan companies were found to be efficient and other segments 

of companies were found to be inefficient during the study period. The study also revealed that not 

only the internal factors but many external social and economical factors affect the performance of 

NBFCs.  

15. Siddhartha Sankar Saha and Mrityendu Narayan Roy (2018) have investigated into the relative 

efficiencies of 24 insurance companies (23 private and LICI being one public company) during 2015-

16 using a three input – three output variables’ framework. It has been observed that 5 out of 24 

companies are efficient while marginally inefficient companies can achieve efficient status by slightly 

changing their operational strategy. And those companies having lowest efficiency scores require an 

inclusive internal remedial measure for their improvements. 

Findings 
This paper identifies the key contributors to the field based on citation and analysis. The researchers 

have used DEA in a variety of areas like operations and management accounting for many years. But 

only recently this method has been employed widely in many studies in financial accounting. This 

interest in DEA in financial accounting contexts stem from the research work of Demerjian et al. 
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(2012).  It further argues that the field is now entering into a phase of empirical investigation and 

theoretical verification of some core concepts. 

As per Demerjian (2017), use of DEA is relatively new to the financial accounting literature. DEA is 

flexible enough to provide an insight into a variety of applications using financial data although most 

of these applications have focused on measuring the operating efficiency of the firm. 

The application of the technique is limited exclusively to research that deals directly with efficiency 

measurement. DEA is used by researchers with a view to find out the efficiency frontier of the DMUs. 

This is not meant for public use. Till date this is not a presentable technique in that way to the users of 

financial statements and information. But there is a hope in getting a modified DEA method that can 

deal with large panel datasets in financial accounting areas in near future. 
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Abstract 

 One of the major escalating sectors in the Indian financial system is banking. In the era of 
modernisation of technology ,the Indian public sector banks have been facing many hardy 
challenges by the banks under private ownership and management. Hence the work and 
practice of both the banks working under private and public ownership needs to be evaluated 
by proper research tools and techniques.This study primary focuses on the measurement of 
differnt aspects of technical and scale efficiency of Indian commercial banks in pre-merger 
regime. For this study,we have selected thirty-six Indian commercial banks (DMUs) which 
include twenty one  natioanlised banks working under public sectors(PUB) and rest fifteen 
bank sthose under private ownership(PRB). Twenty CAMEL ratios of selected Indian banks 
were initially used over the period 2010 to 2020  as multiple IOVs based on fundamentals of 
intermediation approach of banking services. These variables  are further reduced by 
dimention reduction technique-Factor analysis.Thereafter the study deals with ranking of 21 
pubic sector banks( DMUs)with the application of DEA (Stage –I). In the next section , the 
non-parametric DEA(Stage-II) is applied for the ranking of 36 Indian commercial banks. The 
ranking results of DEA (Stage –I and II) helps to understand how the performance of PRBs 
have been influenced by the PUBs in the pre-merger regime. The result of the study  divulges 
that the PRBs – namely,HDFC, J&K, and Yes bankare more  efficient in scale size than the 
three PUBs – viz,. SBI, Corporation Bank, and Vijaya bank.Hence the three aforementioned 
PRBs beat those PUBs in terms of their technical and economic scale -size efficiency. 

                                                                                                                                                            

Keywords: PUBs,PRBs,CRS, VRS, IOVs, DMUs, DEA, 
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I. Introduction 

Many path breaking reform measures have been witnessed by the Indian economic environment 

during the last few years. The banking sector of India, the largest player in Indian economic 

environment, has also been undergoing metamorphic changes. It is gradually moving towards 

adopting the best practices in corporate governance and risk management. In order to manage its risk 

and return, the merger and acquisition (M&A)has been adopted in the banking sector in India. The 

basic aim of M&A in banks is to improve  their efficiency in scale size..Considering this view, we 

have tried to bring a light on the  the technical and scale –size efficiency of Indian commercial banks 

by employing the DEA. We are desirous to understand and comprehend the efficiencies of the 

selected  commercial banks in India before and after  the M&A policy reforms made  by the Central 

government of our country.This study has made an endeavour to exibit the sucesfulness of M&A 

policy in improving   the scale efficiency of  commercial banks in India..While analysing the past 

studies related to the testing of technical efficiency through DEA,we have observed that limited 

attention has been given by the researchers to the method of  selection of IOVs in DEA 

framework.Hence, this study focuses on the techniques of variable selection for the measurement of 

efficiencies of DMUs ( Commercial banks in India). In contrast to the subjective selection of variables 

by many researchers,we have used intermediation approach of banking services at the time of 

initialselection of IOVs. In the year 1980, CAMEL (Now CAMELs)  ratios was first introduced by 

USSA for assessment of financial performance  of  banking institutions. The CAMEL rating system 

initially consists of  five factors. These are Adequacy of Capital  , Quality of Assets, Efficiency of 

Management , Measurement of Earning capacity and Liquidity Measurement as a snap shot of the 

operating and management efficiency of banking institutions. In this paper twenty financial ratios 

suggested by 5-factor CAMEL model are used as financial indicators . These Finacial indicators are 

used as IOVs in measurement of  the technical as well as  scale-size efficiency of the thiry six DMUs 

by applying BCC and CRR model of DEA. In the M&A scheme,  less efficient banks are merged 

with the relatively efficient banks to improve the economies to scale. Thus, in the present 

scenario M&A of different Indian banks, we have tried to analyse their  two types of 

efficiency–the technical and scale-size by applying BCC and CCR modelof DEA . All 

technically efficient DMUs may not be scale efficient.Thus scale efficient DMUs are 

indentified by CCR model of DEA. The efficiency of both Public Sector Banks (PUBs) and 

Private Sector Banks(PRBs)  are measured and compared to comprehend the influence of 

performance of PRBs over PUBs in India in terms of achievement of efficiency in scale size. 
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Apart from the introduction, the remaining part  of the study deals with the review of past 

literature, identification of research gap , framing of objectives of  the study. It describes the 

research methodology followed by designing research framework .The study also explains  

the fundamental aspects of intermediation approach . Ater defining the  samples variables , its 

presents the empirical study and analysis. In the terminal section  the paper reveals the 

conclusion and identifies the future scope of studies. 

2. Review of  literature 
This section of the paper deals with two aspects ;one the past literature on the IOVs selection 

and the other on application of DEA in measuring scale eiciency of banking institutions. Let 

we are mentioning some past studies on selection of IOVs in the framework of DEA. Many 

researchers noticed that the process of IOV selection is a critical issue in DEA.Fundamentally 

there are four  methodsof input-output variables selection of banking institutions.These are- 

Intermediary approach, Production approach, User cost approach, and Value-added 

approach(Heinz Ahnand Minh Hanh Le, 2014). The production approach of input-output 

selection was introduced by Beston in 1965.This approach assumes that banks are service-

producing firms and it wants to minimize the cost of service operation to maximize In this 

approach the cost of non-financial physical resources like labour, building, and other fixed 

assets are taken as input variables and the banking functions relating to demand deposit, time 

deposit, loans and other banking services that create the cost of operation, are taken as output 

variables. This approach has been criticized on the ground that it fails to express the 

intermediation function of banking firms. It also ignores interest expenses which constitute a 

considerable part of the total cost of operation of banking services. Therefore, this approach 

fails to examine and evaluate the profitability of the banking firm in a true sense (Heinz 

Ahnand Minh Hanh Le, 2014). The user cost approach was associated with the model 

framed by the work of Hancock(1985,1986 and 1991. This approach focused on the raking 

of  banking institution based on user cost. Here, assets and liabilities with positive and 

negative user cost are taken as input and output variables respectively.Calculating the user 

cost of balance sheet items is a critical task(Heinz Ahn and Minh Hanh Le 2014). The 

value-added approach was initiated by Berger et al in 1987. In this approach, financial and 

non-financial resources are taken as IVs and different types of deposits and loans are taken as 

OVs. The approach of intermediation had been explained by the intermediary functions 
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played by banking firms. Banking services provided to depositors and those to lenders are 

taken as input variables and output variables respectively. This approach though neglects risk 

factors in the intermediation processemphasized more on interest-related intermediary 

activities of the banks(Heinz Ahn and Minh Hanh Le,2014).It becomes easy to calculate 

input cost and output compared to other approaches. Production, value-added, and user cost 

approaches have many limitations and are also difficult to apply. Kundu and Banerjee in their 

paper mentioned that the intermediation approach is an wiedly used method for initial 

selection of Oils in DEA methodogogy 

In the next part we are mentioning some studies dealing with measurement of scale efficiency 

of banking institutions.Banks play a special  role in the economy by channelizing the funds 

from the depositors to the lenders. Many research studies have been conducted  for  

measuring the efficiency of banks of different nations by adopting nonparametric DEA 

methodology. Nikita Agarwal et. al. (2014) applied DEA  for evaluating the  the eficiencyof 

commercial banks in India.. They anysed the efficiency of  eighteen DMUs(PUBs and PRBs 

in India) by using CAMEL ratios from 2004 to 2013 .They suggested that the performance of 

Indian PRBs is better than that of PUBs. Abhatia & M. Mahendru (2015) studied technical 

efficiency, determinants of efficiency, and the statistical difference in the efficiency of PUBs 

in India for eleven years ended on 2011-12 through CAMEL Model..In their study, they 

conducted Paired t-test in ealuating the performance of PUBs in pre and post reformatory 

period. Their study has also disclosed that CAMEL parameters have a significant impact on 

the technical efficiency of PUBs.Parvesh Kumar Aspal and Sanjeev Dhawan (2016) 

analyzed the financial performance of Indian banks through CAMEL ratios. Their results 

revealed that though CAMEL ratios are powerful  financial idicator but they could not be 

able to predict the credit risk s of the banking institutions.T. Subramanyam (2016) observed 

that using  a large number of IOVs reduced the decisive power of DEA to evaluate the scale-

size efficiency of profit-seeking and non-profit-seeking DMUS. Thus he tried to reduce the 

number of IOVs before application of DEA. The study of R. I. Singh & S. Kaur (2016) 

evaluated the relative efficiency of Indian PUBs and PRBs by applying DEA.  Their study 

revealed  that the efficiency of PRBs  is better than the efficiency of PUBs  in India. They 

concluded that HDFC, Federal Bank, Yes Bank, and other private banks achieved 100% scale 

-size s efficiency  in each of ten years ended on 2014 whereas the United Bank of India, State 



Business Spectrum (ISSN:2249-4804) Vol.XII No 2 July-December,2022 

An Open Access Fully Referred Peer-Reviewed Bi-annual Journal of IAA South Bengal 
Branch 

(Available online at: www.iaasouthbengalbranch.org) 

 

62 
 

Bank of Hyderabad, Central Bank of India, and other PUBs could not able to  achieve 100% 

efficiency even in any of the year.T.Koltai& J. Uzonyi-Kecskés, (2017  ),in their research 

study used linear programming for measuring scores of scale –size efficiency of the DMUs. 

The measured efficiency scores are used  to identify IOVs in DEA The study of A.Balcerzak 

et al. (2017) applied CCR model of DEA to measure the efficiency of selected DMUs .They 

also differentiated the efficiency of the banks in Euro and Non-Euro zone. They also 

analyzed the reasons of  inefficient performance of the banks and ofered a suggestion to 

remove them..K. Jayarani & V. Prakash (2018) ,in their research study applied DEA to 

measure three types of efficiency of DMUs ,namely cost, revenue, and profit-efficiency  over 

a period of 2015-16. They concluded that cost-efficient banks used less costly input for 

making themselves efficient. Revenue-efficient banks maximized the output for making 

themselves revenue-efficient. Profit-efficient banks achieved their efficiency by using the 

optimal combination of inputs and outputs.A. G. Quaranta., A. Raffoni, &F.  Visani (2018) 

applied a multi-dimensional technique to know the level of efficiency  of 23 branches of 

Regional banks in India.They did three types analysis. Firstly they analysed the efficiency of 

DMUs by ratio method. They did collinearity analysis to reduce the unnecessary 

information.Lastly clustering analysis is  applied by them to categorize the bank branch in 

different efficiency classes.I.Henriquesaet al. (2018) applied CCR and BCC model of DEA 

to analyze the technical, pure and scale-size efficiency of thirty seven banks in Brazil over a 

period of 2012 to 2016. They used intermediation approach to select input and output 

variables. They found that the inefficiency of banks depends more on the scale of operations 

than that of the technical and administrative issues.Mohammad Reza Ghaeli(2019) applied 

an input-oriented CCR model of DEA to find out the scale efficiency of five  Canadian banks 

and six big banks of United States. They concluded that efficiency of US banks is better than 

Canadian banks. 

3. Research Gap 
While analysing the past studies , it has been observed that  most of the  research studies have 

applied  DEA  for measuring the  sacle -size efficiency of banking institutions in India.We 

have noticed that very few researchers have given emphasis on the methods of selection of 

IOVs. Thus, we have decided to select IOVs initially by applying intermediation 

approach.Then we have applied DEA methodology in an extended form. A very limited 
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number of researches deal with comparative analysis of technical as well as scale-size 

efficiency of banking institutions in India. Here in lies the research gap. 

 

4. Research Objectives 

Considering several research gaps as stated above, our paper is devoted to the fulfillment of 

the following objectives: 

 To  focus on the intermediation approach and factor analysis which serves as the basis 

for an appopriate selection of input-output variable out of multiple variables 

 To rank the selected Indian banks using  DEA. 

 To compare the technical as well as  scale-size efficiency of selected PUBs and PRBs 

in our country. 

 To understand the influence efficiency of PRBs over the PUBs in India before the 

M&A scheme. 

5. Research Framework 

The present study has considered 36 Indian commercial banks(DMUs), out of which, 21 are 

public sectors banks and 15 are private sectors banks. Twenty financial ratios of those DMUs 

as suggested by the CAMEL model over a period 2010 to 2020 (i.e., a period of 11 years) 

have been taken from the PROWESS database which have been initially used as multiple 

IOVs in the groundwork of DEA for measuring the technical aswell as scale-size efficiency 

of the selected banks [Annexure- I]. Considering the above data set, we have framed the 

overall structure of empirical study in several sections: 

Section A:Selection of input-output variables by using Factor Analysis with due consideration 

of the intermediation approach  

Section B: Measurement of technical as well as scale –size efficiency of the PUBs in India 

following BCC and CCR model of DEA( Stage –I) and to rank them accordingly.  

Section C: Ranking of Indian banks(both PUBs and PRBs in Inida) according to their 

technical and scale efficiency  by following the BCC model and CCR model 

respectively(DEA-Stage II) 
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.Section D: Comprehending the influence of Indian private sectors banks over the efficiency 

of Indian public sector banks. 

6. Research Methodology 

Twenty CAMEL ratios of 36 DMUs are used as  financial indicators to select IOVs for 

measuring scale –size efficiencies of the Indian banks. Mean ratios are calculated and 

summarised in ANNEXURE -I. Considering the fundamentals of the intermediation 

approach used by Heinz Ahn and Minh Hanh Le (2014) average CAMEL ratios are initially 

considered as IOVs.Then we have derived the correlation matrix and determinants of the 

IOVs to check whether multicollinearity lies between these variables. Finally, factor analysis 

is applied for reduction of dimension of multiple IOVs of the DMUs.DEA was developed by 

Charnes et al. in 1978 . The LP technique is applied for measuring efficiency of 

DMU.Golany and Roll (1989) prescribed  an universal rule for number of DMUs. He 

established that the number of DMUs should be at least 2( number of input + number of 

output) in the data set.. In the present study, the rule of thumb proposed by the author has 

been followed. As an outset, the data set is normalized by dividing each value of IOVs by the 

mean of their specific factors. Still, we have found that some negative and zero integerin the 

data set. Considering the positivity requirement of DEA  a sufficiently large positive constant 

number is added to the existing data set for making the data set free from the problem of 

"translation variance" (Bowlin,1998). The  BCC (Input orientation) model is then applied to 

the normalized data set to identify technically efficient Indian banks. Technically efficient 

banks may or may not be scale-efficient. Scale efficiency is measured using the CCR model 

of DEA. In the next portion of our study,  CCR model is applied to the same data set to 

identify the scale-efficient Indian banks. In the terminal section of our study, we have 

conducted the DEA in the same manner on 21 public sector Indian banks to comprehend the 

influence of PRBs on the efficiency of PUBs in India.  

 
7. Fundamentals of Intermediation Approach  
 
Bank is an apex institution in financial system of India .It provides a variety of services to 
their customers out of funds borrowed from their lenders. In the financial system, there are 
two types of financial units- Depositors- those having surplus funds, and Lenders- who need 
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to borrow funds. Banks act as an intermediary between depositors and lenders that receive 
funds as deposits from the depositors and provide such funds as borrowings to the lenders. As 
an intermediary banks pay for services taken from depositors and provide services to debtors 
and lenders in exchange for service charges . In our study, variables that focus on services to 
depositors are taken as input variables and that of services to debtors and lenders are taken as 
output variables. 

8.  Description  of Sample Variables 

Initially the following CAMEL ratios are taken either as an input or output for measuring 
technical efficiency of Indians banks: 

Input Variables 

Sl.  
No. 

Abbrevi
ation 

Abbreviation 
used in 
Factor 

Analysis 

Financial 
 Ratios Formula Focused on  Fundamental of IOV Selection 

1 C1 V1 Debt Equity 
Total Debt / 

 Share Holder 
Fund 

Service 
Cost to 
depositors. 

Banks use debts and equity in their capital 
structure that acts as input in producing 
services 

2 A1 V2 

Ratio of  
NPA(Gross) to 
Loans and 
Advance  

Gross NPA / 
Net Total Loans 

Service 
Cost to 
depositors. 

A Bank always tries to minimize NPA.  
 It is an input variable. 

3 A2 V3 
Ratio of  
Investment and 
Tangible Assets  

Investment / 
Tangible Assets 

Service 
Cost to 
depositors. 

If this ratio increases profitability (output) 
will increase the bank always try to 
minimize the ratio. So, it is an input here. 

4 M1 V4 
Ratio of 
Expenditure 
toIncome  

Expenditure /  
Income 

Service 
Cost to 
depositors. 

A Bank always tries to minimize expenses.  
As per this, it is an input variable. 

5 M2 V5 
Ratio of 
Advances to 
Deposit  

Advance 
/Deposit 

Service 
Cost to 
depositors. 

Advance is related to lenders and debtors. 
So, it is an output. Output from the 
fundamental study. 

6 L1 V6 Ratio of Cash to 
Deposit  

Cash /  
Deposit 

Service 
Cost to 
depositors. 

As per the intermediation approach, it is 
Output variables. 

7 L2 V7 
Ratio of 
Investment to 
Deposit Ratio  

Investment 
/Deposit 

Service 
Cost to 
depositors. 

This ratio helps in increasing profitability 
(output)  So, it is an input here. 

8 L3 V8 
Ratio o Interest 
Expanded to 
Interest Earned  

Interest 
Expenses /  

Interest Income 

Service 
Cost to 
depositors. 

Interest expended should be reduced to 
maximize the profit. Rather this interest is 
a cost to the depositor. So, it is an input. 
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Output Variables 

Sl.  
No. Abbreviation 

Abbreviation 
used in 
Factor 
Analysis 

Financial 
 Ratios Formula Focused on  Fundamental of IOV 

Selection 

1 C2 V1 Ratio of Advances and 
Assets 

Advance /  
 Assets 

Service 
Charge from 
Lenders. 

Loans and advances are  
elements that help 
inearning revenue 
fromoperation 

2 C3 V2 Return on Assets  Net Income /  
 Assets 

Service 
Charge from 
Lenders. 

Assets are employed for 
earning return and thus 
ROA is acting as an 
output variable. 

3 C4 V3 Ratio of Interest Income 
and  Total Assets   

 Income  earned 
from interest/ 

 Average Assets 
value 

Service 
Charge from 
Lenders. 

Interest is the basic source 
of revenue of banks and 
hence is considered here 
as an output variable. 

4 C5 V4 Ratio of Net Interest 
Income to Assets  

Net Interest   
/ Total Assets 

value 

Service 
Charge from 
Lenders. 

Interest is the basic source 
of revenue of banks and 
hence considered here as 
output variable. 

5 M3 V5 Ratio of Turnover to 
Assets 

 Incomefrom 
operative 
activities 
 / Assetsvalue 

Service 
Charge from 
Lenders. 

Operating income is 
related to service charge 
from lenders and 
debtors.So,it is an output. 

6 M4 V6 Profit per Employee 
(PPE) 

Total Income /  
Total No. of 
Employee 

Service 
Charge from 
Lenders. 

Profit per employee 
should be maximized. So, 
it is an output variable. 

7 M5 V7 Business Per 
Employee(BPE) 

Operating 
Income /  

Total No. of 
Employee 

Service 
Charge from 
Lenders. 

Business per employee 
will help in maximizing 
output. It is an indication 
towards the generation of 
advance to lenders. So, it 
is an output. 

8  E1 V8  Net Profit Margin  
Operating 
Expenses /  
Net Income 

Service 
Charge from 
Lenders. 

Net profit is an outcome 
and hence it is an  
output.. 

9 E2 V9 Return on Equity 
 Net Income / 
 Share Holder 

Fund 

Service 
Charge from 
Lenders. 

Maximization of ROE is 
the primary goal and it is 
an output. 

10 E3 V10 Net Interest Margin 

  Incomefrom 
interest / 
 Financial 
Assets(average) 

Service 
Charge from 
Lenders. 

Net interest is the net 
operating income of the 
bank that is to be 
maximized and hence it is 
an output. 

11 E4 V11 Ratio of Interest Income 
to Total Income  

Income  from 
interest/ 

 Operating 
Income 

Service 
Charge from 
Lenders. 

Net interest is the net 
operating income of the 
bank that is to be 
maximized and hence it is 
an output. 

12 E5 V12 Average stock Market 
Return 

Price /  
Book Value per 

Share 

Service 
Charge from 
Lenders. 

Return is an output 
variable. 
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9. Empirical Study, Analysis and Findings 
 
In the first section (Section A as described research framework)  IOVs are reduced  by factor 

analysis. Initially, 8 variables (V1 to V8) are used for input selection.Result of factor analysis 

shows that  3 of them (namely V2, V5, and V6) lie in one factor (Factor score 1) and the 

other 5 variables (V1, V3, V4, V7, and V8) are found in another two factors (Factor scores 2 

& 3). Now we have considered the correlation matrix of 3-factor scores and observed that the 

factor scores are independent (P > 0.05). The experiments and results in this regard are shown 

in Annexure- II. Thus, the following three factor scores are taken as inputs, and we have 

named the scores factors below: 

 
Input Variables 

 Underlying 
Variables Name of the variables Naming of the factor scores 

Factor Score 
1 

A1 (V2) Ratio of  NPA(Gross) to 
Loans and Advance Advance and Deposit related 

Candidate M2 (V5) Ratio of Advances to Deposit 
L1 (V6) Ratio of Cash to Deposit 

Factor Score 
2 

A2 (V3) Ratio of  Investment and 
Tangible Assets Investment related Candidate 

L2 (V7) Ratio of Investment to 
Deposit Ratio 

Factor Score 
3 

L3 (V8) Ratio o Interest Expanded to 
Interest Earned Debt and Expenditure related 

Candidate C1 (V1) Debt Equity 

M1 (V4) Ratio of Expenditure 
toIncome 

 
Similarly,12 variables (V1 toV12) are initially used for the selection of output. The result 

shows that 6 variables (V4, V5, V6, V10, V11, V12) are located in Factor score 1 . Two 

variables (V1 and V7)  are comprised in Factor score 2and another two variables (V2 and V9) 

are found in factor score 3. Rest two variables (V3 and V8) constitute factor score 4. We 

observe that these factor scores are highly correlated and hence these four-factor scores are 

considered as output variables. The empirical results of the selection of output variables are 

shown in Annexture -III. The following chart shows the names of four-factor scores that are 

taken as output variables: 
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Output Variables 

 Underlying 
Variables Name of the variables Naming of the factor 

scores 

Factor Score 
1 

V4 Ratio of Net Interest Income to 
Assets  

Interest related factors 

V5 Ratio o Turnover to Assets  
V6 PPE 
V10 Net Interest Margin 

V11 Ratio of Interest Income to Total 
Income 

V12 Average stock Market Return 
Factor Score 
2 

V1 Ratio o Advances to  Assets  Business yield factors V7 BPE 
Factor Score 
3 

V2 Return on Assets Return related factors V9 Return on Equity 

Factor Score 
4 

V3 Ratio of Interest Income to Total 
Assets  Profitability factors 

V8 Net Profit Margin (%) 
 
In Section –B as mentioned in research framework, we have conducted DEA(Stage-I)taking 

normalised values of three-factor scores as input variables and four-factor scores as output 

variables. As an outset, this section of our study has taken 21 Public sector Indian banks 

(DMUs) out of 36 such banks which have been considered at the initial stage of our research 

study. BCC Model (input orientation) is then aplllied  for identifing the technical- efficient 

DMUs using DEA software. According to the BCC Model, the DMUs  having score of efficiency 

equal to one, are technically efficient DMUs. The DMUs having scores  of efficiency less than one, 

are  relatively inefficient with respect to others. According to the CCR Model, the DMUs having 

efficiency equal to 1 are scale-efficient and the DMUs with less than 1 efficiency score are deemed to 

be relatively scale-inefficient with respect to others.  

The experiments and results (Table- I)  in this regard reveals that 13 PUBs ,namely Allahabad Bank, 

Andhra Bank, Corporation Bank, IDBI Bank Ltd, Indian Bank, Indian Overseas Bank, Punjab & Sind 

Bank, PNB, SBI, UCO Bank, Union Bank of India, UBI andVijaya Bankare found as scale efficient. 

 In the third section of our study (Section –C as mentioned in research framework) the same non-

parametric technique of raking on 36 banks (PUBs and PRBs ) is conducted through DEA.(Stage-

II)The result reveals that 13 Indian banks namely HDFC Bank , J & K Bank , Yes Bank , Allahabad 

Bank, Andhra Bank, IDBI Bank, Indian Bank, Indian Overseas Bank, P &S Bank, PNB,UCO Bank, 

Union Bank of India and UBI are found  as scale efficient. The experimental results in this connection 
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are summarised in Table -II. The rational behind the application of DEA initially on the PUBs and 

then on all banks( PRBs and PUBs) is to determine the influence of PRBs over the PUBs or vice-

versa. The list of names of scale efficient banks as identified under two separate stages of DEA are 

listed below: 

EEFICIENT PUBLIC SECTOR BANKS in 
Stage -I DEA. 

EFFICIENT PRIVATE &PUBLIC SECTOR 
BANK in Stage -II DEA. 

1. Allahabad Bank 1. HDFC Bank Ltd 
2. Andhra Bank 2. Jammu & Kashmir Bank Ltd 
3. Corporation Bank 3. YES Bank Ltd  
4. IDBI Bank Ltd 4. Allahabad Bank 
5. Indian Bank 5. Andhra Bank 
6. Indian Overseas Bank 6.IDBI Bank Ltd 
7. Punjab & Sind Bank 7. Indian Bank 
8. Punjab National  8. Indian Overseas Bank 
9. BankState Bank of India 9. Punjab & Sind Bank 
10. UCO Bank 10. Punjab National Bank  
11. Union Bank of India 11. UCO Bank 
12. United Bank of India  12. Union Bank of India 
13. Vijaya Bank 13. United Bank of India 
 

While measuring the scale-size efficiency of  all banks(both PRBs and PUBs) ,it is observed that that 

three PUBs namely, corporation bank, SBI, and Vijaya Bank are not found a as scale efficient due to 

the inclusion of more scale efficient  PRBs (HDFC Bank, Jammu & Kashmir Bank Ltd, and YES 

bank Ltd) . It reveals that PRBss are more efficient than of relatively less efficient above-mentioned 

three PUBs. 

 

 
10. Conclusion & Future Scope 
 

We may infer that technically and scale size-efficient DMUs (Indian banks) have tried to minimise the 

use of  inputs with the given amount of output.Out of Twenty IOVs suggested by CAMEL, reduction 

of dimension of variables is made by factor anaysis .It shows three Input factor scores namely-

Advance and Deposit Related Candidate , Investment Related Candidate , and  Debt/Expenditure 

related candidate and four output factor scores namely, interest related factors, business yield factors, 

return related facors and profit ability factors .   

Ranking results of DEA (Stage I) revealed that thirteen public sector banks are scale efficient .Here 

Allahabd bank, Andra bank and Corporation bank  are found in the topmost level of the ranking 

hierarchy. Ten public sector banks that are already found efficient in DEA(Stage –I) are also found as 
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scale efficient again in  DEA(Stage –II) along with another three private sector scale efficient banks 

namely HDFC, J&K, and YES bank. Moreover, three public sector banks namely SBI, Corporation 

Bank, and Vijaya bank have failed to get a place in the list of scale efficient banks in stage II DEA. 

This is because of the influence of more efficient HDFC, J&K, and Yes bank over them. Thus, the 

performance of public sector Indian banks has been influenced by relatively more efficient private 

sector Indian banks in the pre-merger regime of bank reforms.We acknowledge that the study  has 

revealed the result of DEA ranking on  DEA, particularly in the areas of Peer bank analysis 

with peer count.The inclusion of Maximum Productive Scale Size (MPSS), etc., are still 

unaccomplished here. CAMEL ratios are used as financial indicator of the banking industry. 

There are some other business indicators like stock prices , market risk(beta), cost of capital, 

capital structure  that have not been considered in the present study. Thus, the scope still 

remains to incorporate these left out areas in the future analysis. 
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Annexure: I : Sample Variables ( Average CAMEL Ratios- Both Input and Output) 

 
INPUT VARIABLE 

Sl. 
No. DMUs Bank's Name 

V1 V2 V3 V4 V5 V6 V7 V8 

C1 A1 A2 M1 M2 L1 L2 L3 

1 DMU1 Axis Bank Ltd. 1.726 2.343 0.0088 44.258 85.123 1.382 0.01205 60.54 

2 DMU2 City Union Bank 
Ltd. 0.178 1.856 0 40.726 72.371 1.106 0 66.61 

3 DMU3 DCB Bank Ltd. 0.914 3.785 0 68.275 89.162 1.123 0 65.29 
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4 DMU4 Dhanlaxmi Bank 
Ltd. 0.974 4.125 0 87.3 71.14 1.334 0 73.2 

5 DMU5 Federal Bank Ltd. 0.613 2.763 0.1587 47.322 75.095 0.742 0.1989 63.91 
6 DMU6 HDFC Bank Ltd. 0.972 1.11 0.0104 48.038 80.302 1.207 0.01411 52.16 
7 DMU7 ICICI Bank Ltd. 2.212 4.848 0.0235 48.008 106.83 1.489 0.08794 61.62 
8 DMU8 IndusInd Bank Ltd. 1.61 1.094 0.0008 48.893 87.366 0.762 0.03989 63.97 

9 DMU9 Jammu & Kashmir 
Bank Ltd. 0.396 4.904 0.1446 44.581 71.78 0.411 0.22285 60.58 

10 DMU10 Karnataka Bank 
Ltd. 0.377 3.556 0.0089 53.332 65.878 0.719 0.01009 74.15 

11 DMU11 Karur Vysya Bank 
Ltd. 0.532 2.424 0 46.506 74.377 1.063 0 67.89 

12 DMU12 Kotak Mahindra 
Bank Ltd. 1.634 1.941 0.5805 51.622 125.38 0.81 1.40839 49.93 

13 DMU13 Lakshmi Vilas 
Bank Ltd. 0.622 4.226 0 63.127 80.268 1.226 0 74.7 

14 DMU14 South Indian Bank 
Ltd. 0.509 2.116 0 51.134 74.497 0.562 0 70.84 

15 DMU15 YES BANK Ltd. 2.586 0.707 0 40.51 85.504 0.295 0 69.12 
16 DMU16 Allahabad Bank 0.982 6.277 0.124 47.851 73.715 0.303 0.14536 68.89 
17 DMU17 Andhra Bank 1.178 6.016 0.0464 45.718 75.292 0.545 0.09321 67.62 
18 DMU18 Bank of Baroda 0.946 4.761 0.1117 47.005 80.479 0.549 0.15069 65.29 
19 DMU19 Bank of India 1.313 6.62 0.2001 49.187 80.643 0.437 0.26352 69.57 

20 DMU20 Bank of 
Maharashtra 1.169 6.91 0.0925 55.125 72.807 0.584 0.10837 69.14 

21 DMU21 Canara Bank 0.869 4.831 0.1666 47.73 72.918 0.374 0.20553 73.55 

22 DMU22 Central Bank of 
India 0.858 8.484 0.1683 61.669 70.573 0.637 0.1993 73.07 

23 DMU23 Corporation Bank 1.293 5.563 0.0025 41.847 76.296 0.622 0.00341 74.25 
24 DMU24 Dena Bank 0.686 7.578 0.0275 57.143 74.716 0.516 0.03339 72.61 
25 DMU25 IDBI Bank Ltd. 2.958 9.006 0.0092 44.367 91.684 0.662 0.0146 79.32 
26 DMU26 Indian Bank 0.387 3.888 0.0991 44.143 72.678 0.272 0.11766 65.4 

27 DMU27 Indian Overseas 
Bank 1.373 10.36 0.0504 54.68 73.215 0.618 0.05949 72.21 

28 DMU28 Oriental Bank of 
Commerce 0.625 6.411 0.093 49.838 71.442 0.34 0.10658 72.63 

29 DMU29 Punjab & Sind 
Bank 0.749 4.778 0.0008 55.317 73.847 0.282 0.00096 74.15 

30 DMU30 Punjab National 
Bank 1.365 7.065 0.2186 47.678 76.133 0.485 0.28557 64.26 

31 DMU31 State Bank of India 1.56 5.221 0.0799 51.753 81.006 0.746 0.10673 63.86 

32 DMU32 Syndicate Bank 
Ltd. 1.473 4.646 0.3269 53.067 87.999 0.328 0.4403 70.31 

33 DMU33 UCO Bank 1.074 9.227 0.0707 49.567 75.655 0.282 0.094 73.06 

34 DMU34 Union Bank of 
India 1.389 6.054 0.0448 49.102 77.298 0.29 0.05309 69.95 

35 DMU35 United Bank of 
India 0.616 9.332 0 65.669 64.532 0.433 0 74.66 

36 DMU36 Vijaya Bank 0.905 3.79 0.0024 55.857 67.922 0.374 0.00273 74.1 
 

OUTPUT VARIABLES 
Sl.  
N
o. 

DMU
s Bank's Name 

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 

C2 C3 C4 C5 M3 M4 M5 E1 E2 E3 E4 E5 

1 DMU
1 Axis Bank Ltd. 60.52

1 
1.30

2 
7.25

4 
2.85

2 4.72 114.5
8 

425.0
9 

444.1
23 

14.3
1 

3.26
6 

154.4
2 

228.9
2 

2 DMU
2 

City Union Bank 
Ltd. 

65.66
6 1.55 9.00

6 
2.99

1 
4.36

4 
80.78

4 
249.2

7 
121.2

82 
17.5

9 
3.37

4 
214.5

4 182.3 

3 DMU
3 DCB Bank Ltd. 62.64

9 
0.56

4 8.5 2.94
4 

4.18
6 

62.67
8 

210.7
8 

255.6
96 

5.07
9 

3.43
5 

204.3
3 

145.3
1 
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4 DMU
4 

Dhanlaxmi Bank 
Ltd. 

56.62
8 

-
0.36 

8.35
2 2.21 3.37

3 

-
26.45

4 

147.5
6 

1689.
05 -7 2.43 274.7

8 
85.93

7 

5 DMU
5 Federal Bank Ltd. 63.12

5 
1.05

6 8.32 2.99
1 3.91 47.25

5 
188.8

9 
199.1

75 
11.0

6 
3.21

2 217.4 125.6
8 

6 DMU
6 HDFC Bank Ltd. 61.42

4 
1.77

9 
8.14

6 
3.88

4 
5.46

4 
73.45

4 
215.2

6 
167.7

95 
17.1

3 
4.55

5 
150.0

4 
396.1

3 

7 DMU
7 ICICI Bank Ltd. 51.55

6 
1.18

2 
6.30

4 
2.40

3 
4.42

2 
93.80

5 
349.9

9 
270.0

7 
10.7

9 
3.02

8 137.9 177.6 

8 DMU
8 

IndusInd Bank 
Ltd. 

60.40
3 1.52 8.55

5 
2.98

5 4.99 84.97
5 

310.9
6 

196.0
62 

14.8
2 

3.46
9 

180.0
6 

330.3
5 

9 DMU
9 

Jammu & Kashmir 
Bank Ltd. 

56.99
7 

0.86
8 

7.74
6 

2.94
2 

3.88
1 

41.46
3 

240.6
9 

208.9
71 

10.2
3 

3.50
5 

215.1
8 

90.56
5 

10 DMU
10 

Karnataka Bank 
Ltd. 

59.73
2 

0.77
5 

8.27
3 

2.13
7 

3.48
7 

46.53
1 

210.2
4 

252.6
83 

10.2
7 

2.36
7 

256.9
4 

83.51
2 

11 DMU
11 

Karur Vysya Bank 
Ltd. 

65.33
9 

1.12
6 

8.85
6 

2.82
5 

4.11
2 

68.72
9 

285.6
3 

241.2
41 

14.3
9 

3.11
5 

225.7
1 

139.4
7 

12 DMU
12 

Kotak Mahindra 
Bank Ltd. 

58.63
8 2.13 8.74

3 
4.37

4 
6.61

4 
90.75

6 300 182.8
24 

13.4
5 

5.10
8 

134.2
9 

346.4
3 

13 DMU
13 

Lakshmi Vilas 
Bank Ltd. 

64.37
6 0.15 8.69

8 2.19 3.32
9 

19.34
9 

200.7
3 

300.7
38 

5.49
7 

2.53
5 

270.8
1 

122.6
2 

14 DMU
14 

South Indian Bank 
Ltd. 

64.20
9 

0.79
4 

8.24
7 

2.39
6 

3.31
5 

52.17
4 

248.0
9 

271.9
75 

12.5
9 

2.71
6 

260.3
2 

97.40
2 

15 DMU
15 YES BANK Ltd. 57.23

1 
1.51

9 
7.88

9 
2.40

9 
3.95

4 
166.3

8 
510.3

4 
138.1

77 
19.2

5 
2.93

6 
203.4

9 
253.9

4 

16 DMU
16 Allahabad Bank 62.32

5 -0 7.67
1 

2.38
3 

3.46
1 

68.25
8 

202.1
8 

-
41.41

7 

4.76
2 

2.57
8 

227.3
9 

57.79
8 

17 DMU
17 Andhra Bank 63.91

2 
0.37

6 
8.13

1 
2.61

7 
3.70

5 79.99 230.1
2 

372.5
75 

8.26
8 

2.88
8 

229.4
7 

65.68
4 

18 DMU
18 Bank of Baroda 60.70

1 0.62 6.33 2.19
6 

3.24
3 

51.41
1 191.2 180.8

19 
10.3

7 
2.44

5 
201.9

1 97.1 

19 DMU
19 Bank of India 61.70

1 
0.20

6 
6.70

5 
2.03

8 2.96 42.95
3 

183.7
2 

42.21
12 

5.04
7 

2.26
1 

231.0
3 

70.99
4 

20 DMU
20 

Bank of 
Maharashtra 

61.48
3 

-
0.06 

7.64
9 

2.35
9 

3.25
3 62.58 211.3

3 
399.0

19 
4.38

4 
2.60

7 
242.6

3 
55.98

5 

21 DMU
21 Canara Bank 60.68

2 
0.50

2 
7.40

8 
1.94

1 
3.02

7 
50.76

1 177.2 256.5
65 

8.30
4 

2.15
7 

255.2
6 69.2 

22 DMU
22 

Central Bank of 
India 

57.52
5 

-
0.21 

7.67
8 

2.07
1 

3.01
4 

48.73
8 

374.2
6 

127.7
22 -0.5 2.28

8 
277.1

3 
75.05

8 

23 DMU
23 Corporation Bank 59.64

9 
0.10

8 7.6 1.93
3 

3.01
6 

55.32
1 

165.9
3 

117.4
16 

6.64
6 2.13 267.7 68.96

9 

24 DMU
24 Dena Bank 60.58

9 
0.08

8 
7.60

9 
2.07

3 
2.89

7 
-

4.093 
229.8

7 
96.88

73 
5.36

6 
2.26

3 
276.8

7 
53.77

5 

25 DMU
25 IDBI Bank Ltd. 58.06 -

0.47 7.31 1.51
4 

2.68
8 

-
23.30

8 

475.2
7 

114.8
04 

-
1.06 

1.70
6 

297.4
5 

62.95
4 

26 DMU
26 Indian Bank 63.21

5 
0.93

3 
7.80

2 
2.69

1 
3.76

8 
55.94

1 
160.4

5 
286.1

74 
11.5

7 
2.97

3 
218.9

2 
69.18

2 

27 DMU
27 

Indian Overseas 
Bank 

61.16
5 

-
0.28 

7.87
3 

2.16
9 

3.26
7 

-
35.33 

246.5
6 

80.51
42 

-
2.69 

2.38
3 

256.0
5 

54.87
9 

28 DMU
28 

Oriental Bank of 
Commerce 

62.15
8 

0.19
7 

7.95
7 

2.16
8 3.04 12.02

3 305.5 1070.
69 

1.98
4 

2.36
6 

273.1
5 

57.87
3 

29 DMU
29 

Punjab & Sind 
Bank 

61.96
7 

0.36
2 

8.09
4 

2.06
9 

2.72
9 

21.42
1 

251.4
6 

291.3
22 7.47 2.27

1 
308.9

7 
37.09

3 

30 DMU
30 

Punjab National 
Bank 

61.87
1 

0.40
7 

7.34
2 

2.63
2 

3.73
8 

44.81
1 

159.4
8 

133.0
61 

7.81
4 2.9 200.7

3 
92.26

4 

31 DMU
31 

State Bank of 
India 

60.96
4 

0.56
6 

7.18
6 

2.59
9 

3.75
3 

10.23
6 

171.4
3 

-
5776.

6 

9.36
9 

2.93
3 

196.4
6 

121.7
5 

32 DMU
32 

Syndicate Bank 
Ltd. 

66.74
3 

0.29
5 

7.39
8 2.2 2.99

7 
28.88

6 
297.4

6 
166.3

45 
8.13

6 
2.38

3 
251.4

2 
57.31

6 

33 DMU
33 UCO Bank 58.46

9 
-

0.16 
7.32

3 
1.97

5 
2.64

7 

-
21.31

3 

231.6
5 

160.1
87 

1.95
1 

2.32
2 

283.0
6 

61.57
2 

34 DMU
34 

Union Bank of 
India 

64.21
7 

0.41
8 

7.51
2 

2.24
9 

3.29
2 

50.81
3 

155.3
6 

264.3
37 

8.48
7 

2.47
6 

232.5
6 

74.45
1 
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35 DMU
35 

United Bank of 
India 

54.30
4 -0.1 7.2 1.83

9 
3.04

7 

-
16.98

2 
220 243.8

81 
0.52

1 
2.03

1 
248.6

9 
52.35

6 

36 DMU
36 Vijaya Bank 61.35 0.49

6 
7.84

6 
2.00

5 
2.82

5 39.68 241.4
4 

352.2
95 

8.52
6 

2.26
3 

300.8
8 64.37 

 
 

 
 

 
 

 

 
Annexure- II :Results of Factor Analysis for Input Variable Selection 

 

Correlation Matrixa 

 VAR00001 VAR00003 VAR00004 VAR00007 VAR00008 

Correlation VAR00001 1.000 .091 -.219 .143 -.071 

VAR00003 .091 1.000 -.096 .950 -.429 

VAR00004 -.219 -.096 1.000 -.071 .273 

VAR00007 .143 .950 -.071 1.000 -.514 

VAR00008 -.071 -.429 .273 -.514 1.000 
a. Determinant = .055 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 2.369 47.370 47.370 2.369 47.370 47.370 

2 1.175 23.509 70.879 1.175 23.509 70.879 

3 .862 17.244 88.123    

4 .552 11.046 99.169    

5 .042 .831 100.000    
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Annexure: III Results of Factor Analysis for Output Variable Selection 

 
 

Correlation Matrixa 
 VAR00001 VAR00004 VAR00005 VAR00006 VAR00007 VAR00010 

Correlation VAR00001 1.000 .144 -.056 .061 -.308 .054 

VAR00004 .144 1.000 .935 .509 -.006 .990 

VAR00005 -.056 .935 1.000 .590 .170 .952 

VAR00006 .061 .509 .590 1.000 .351 .539 

VAR00007 -.308 -.006 .170 .351 1.000 .059 

VAR00010 .054 .990 .952 .539 .059 1.000 

VAR00011 .139 -.774 -.866 -.646 -.121 -.803 

VAR00012 -.108 .796 .896 .596 .328 .838 
        

 
 

Correlation Matrixa 
 VAR00011 VAR00012 

Correlation VAR00001 .139 -.108 

VAR00004 -.774 .796 

VAR00005 -.866 .896 

VAR00006 -.646 .596 

VAR00007 -.121 .328 

VAR00010 -.803 .838 

VAR00011 1.000 -.765 

VAR00012 -.765 1.000 

 

a. Determinant = 8.91E-006 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 4.919 61.482 61.482 4.919 61.482 61.482 

2 1.405 17.557 79.040 1.405 17.557 79.040 

3 .850 10.620 89.660    
4 .473 5.907 95.567    
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Table I : Resuls of DEA (Stage –I) 
 

Indian Public Sector Banks  

Company CRS VRS Scale 
Efficiency 

Scale 
Type 

Super 
Efficiency 

CRS 

Super 
Efficiency 

VRS 
Allahabad Bank 1 1 1   1.0345 1.0372 
Andhra Bank 1 1 1   1.2903 Inf  
Bank of Baroda 0.7863 0.7911 0.99396969 DRS 0.7863 0.7911 
Bank of India 0.6715 0.7603 0.88322677 IRS 0.6715 0.7603 
Bank of Maharashtra 0.8222 0.8237 0.99821361 IRS 0.8222 0.8237 
Canara Bank 0.8811 0.8965 0.98284292 DRS 0.8811 0.8965 
Central Bank of India 0.9871 1 0.9871 DRS 0.9871 Inf  
Corporation Bank 1 1 1   1.5022 1.5554 

5 .167 2.092 97.659    

6 .152 1.900 99.559    
7 .031 .390 99.949    
8 .004 .051 100.000    

Correlation Matrixa 
 VAR00002 VAR00003 VAR00008 VAR00009 

Correlation VAR00002 1.000 .325 -.055 .906 

VAR00003 .325 1.000 .204 .217 

VAR00008 -.055 .204 1.000 -.148 

VAR00009 .906 .217 -.148 1.000 

a. Determinant = .140 

Total Variance Explained 

Component 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 2.051 51.263 51.263 2.051 51.263 51.263 

2 1.186 29.652 80.915 1.186 29.652 80.915 

3 .678 16.962 97.877    
4 .085 2.123 100.000    
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Dena Bank 0.8123 0.818 0.99305036 IRS 0.8123 0.818 
IDBI Bank Ltd. 1 1 1   Inf  Inf     
Indian Bank 1 1 1   1.1164 Inf  
Indian Overseas Bank 1 1 1   1.1236 1.1673 
Oriental Bank of Commerce 0.9177 1 0.9177 DRS 0.9177 Inf     
Punjab & Sind Bank 1 1 1   1.0264 Inf     
Punjab National Bank 1 1 1   1.1735 Inf     
State Bank of India 1 1 1   1.4032 Inf  
Syndicate Bank Ltd. 0.628 0.6485 0.96832588 IRS 0.628 0.6485 
UCO Bank 1 1 1   1.2482 1.2817 
Union Bank of India 1 1 1   1.0891 1.1344 
United Bank of India 1 1 1   Inf  Inf     
Vijaya Bank 1 1 1   1.081 Inf 

 
 

Table II : Results o DEA (Stage II) 
 

Indian Public &Private sector banks 

Company CRS VRS Scale 
Efficiency 

Scale 
Type 

Super 
Efficiency 

CRS 

Super  
Efficiency 

VRS 
Axis Bank Ltd. 0.7336 0.7363 0.996333 DRS 0.7336 0.7363 
City Union Bank Ltd. 0.8245 1 0.8245 DRS 0.8245 Inf 
DCB Bank Ltd. 0.67 0.7933 0.8445733 DRS 0.67 0.7933 
Dhanlaxmi Bank Ltd. 0.5769 1 0.5769 DRS 0.5769 Inf 
Federal Bank Ltd. 0.7121 0.8162 0.8724577 DRS 0.7121 0.8162 
HDFC Bank Ltd. 1 1 1  1.0487 3.1709 
ICICI Bank Ltd. 0.5279 0.5285 0.9988647 DRS 0.5279 0.5285 
IndusInd Bank Ltd. 0.9138 1 0.9138 DRS 0.9138 2.7019 
Jammu & Kashmir Bank Ltd. 1 1 1  1.0963 1.3161 
Karnataka Bank Ltd. 0.8956 0.9977 0.8976646 DRS 0.8956 0.9977 
Karur Vysya Bank Ltd. 0.7531 0.9962 0.7559727 DRS 0.7531 0.9962 
Kotak Mahindra Bank Ltd. 0.8511 1 0.8511 DRS 0.8511 Inf 
Lakshmi Vilas Bank Ltd. 0.6597 1 0.6597 DRS 0.6597 1.1418 
South Indian Bank Ltd. 0.7857 0.8652 0.9081137 DRS 0.7857 0.8652 
YES BANK Ltd. 1 1 1  Inf Inf 
Allahabad Bank 1 1 1  1.0337 1.0372 
Andhra Bank 1 1 1  1.0397 1.1539 
Bank of Baroda 0.5909 0.6662 0.8869709 IRS 0.5909 0.6662 
Bank of India 0.6313 0.7438 0.8487497 IRS 0.6313 0.7438 
Bank of Maharashtra 0.8046 0.808 0.9957921 IRS 0.8046 0.808 
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Canara Bank 0.7789 0.7849 0.9923557 IRS 0.7789 0.7849 
Central Bank of India 0.8366 1 0.8366 DRS 0.8366 1.4146 
Corporation Bank 0.8856 0.8917 0.9931591 DRS 0.8856 0.8917 
Dena Bank 0.7819 0.7842 0.9970671 DRS 0.7819 0.7842 
IDBI Bank Ltd. 1 1 1  Inf Inf 
Indian Bank 1 1 1  1.0734 1.1522 
Indian Overseas Bank 1 1 1  1.1204 1.1673 
Oriental Bank of Commerce 0.9066 1 0.9066 DRS 0.9066 2.3843 
Punjab & Sind Bank 1 1 1  1.0264 1.1813 
Punjab National Bank 1 1 1  1.0812 1.1112 
State Bank of India 0.7954 0.8019 0.9918943 IRS 0.7954 0.8019 
Syndicate Bank Ltd. 0.568 0.579 0.9810017 IRS 0.568 0.579 
UCO Bank 1 1 1  1.2377 1.2788 
Union Bank of India 1 1 1  1.0228 1.0294 
United Bank of India 1 1 1  Inf Inf 
Vijaya Bank 0.9827 0.9855 0.9971588 IRS 0.9827 0.9855 

 
****************************************************************************************** 
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ABSTRACT 
 

This research paper primarily focuses on the selection of input-output variables(IOVs) of36 
Indian commercial banks in the frame work of DEA. 20 financial ratios of those selected Indian banks as 
suggested by CAMEL model over the period 2009 to 2019 are initially used as multiple IOVs for 
measuring the technical and scale efficiencies of the selected banks. In this paper two types of financial 
indicators are used for the identification of efficient and inefficient banks-firstly, the CAMEL ratios to 
select IOVs and measuring technical and scale efficiencies of the Indian banks and secondly, the 
average logarithmic returns for measuring earning generating efficiency of the scale-efficient banks. 
Initially this paper focused on selection of IOVs using correlation matrix and multiple regression analysis. 
Then technical and scale efficiencies of the selected Indian banks is measured by applying non-
parametric Data Envelopment Analysis. We have examined the earning efficiency of scale-efficient 
banks based on their stock prices and returns. In the terminal section, we have identified that stock of 3 
Indian Banks namely City Union Bank Ltd., Kotak Mahindra Bank Ltd. and IndusInd Bank Ltd. are 
relatively scale-efficient as well as earning- efficient in Indian stock markets. Finally, a perceptual map 
based on the perception of the average investors has been constructed which, in turn, facilitates them to 
form a <portfolio basket of investment= based on the overall efficiency of the selected Indian banks. 

___________________________________________________________________________________ 
 

Keywords: CRS, VRS, IRS, IOVs, DMUs, DEA,CV. 
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Introduction 

While analysing the past studies related to the testing of technical efficiency through DEA, we 
have observed that limited attention has been given by the researchers on the selection of input and 
output variables which has a most significant impact in evaluating technical and scale efficiencies of the 
selected decision-making units (DMUs). Hence, our paper focuses on the techniques of selection of input 
and output variables out of multiple variables of the DMUs (Indian commercial banks in our present 
study). In contrast to the subjective selection of variables by many researchers, we have proposed here a 
new methodology for the selection of input and output variables using financial ratios of the DMUs. 
Average logarithmic stock returns are also used to identify the appropriate DMUs which have shown a 
continuous trend of earning efficiency in the Indian stock market. This paper has finally identified the 
banks which are technically efficient as well as efficient in generating earnings. Thus, our study has 
offered a new outlook by enclosing the earning efficiency of Indian banks to the process of measurement 
of their technical and scale efficiencies through DEA. In the present study, we have examined the earning 
efficiency and scale-efficient banks on the basis of Coefficient of Variation, Beta value , and  Stock 
Return. Further, it also has proposed a perceptual map and portfolio basket based on the magnitude of 
coefficient of variation and Beta values of individual scale and earning-efficient Indian banks. 

Review of Past Literature 

Most of the studies have applied DEA approach to measure the efficiency of banks in various 
countries and in different scenarios. Some of these past studies include the following: 

H Morita et al.(2009) revealed that it is difficult to select appropriate input and output from a larger 
number of possible combinations. They have demonstrated a model that uses diagonal layout experiment 
for finding out possible input-output combinations. A Bhatia et al (2015). studied the determinants of 
efficiency and the statistical difference in efficiency of Indian Public Sector Banks from 1990-91 to 2011-12 
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.They have used Paired  t-test and revealed the fact that Public Sector Banks show higher mean of the 
efficiency parameter in post-reformatory era, i.e., 2001-02 to 2011-12, than in the reformatory era, i.e., 
1990-91. T Subramanyam (2016) observed that a large number of input-output variables reduced the 
discriminatory power of DEA to evaluate the performance of profit-seeking and non-profit seeking DMUS. 
He tried to reduce the number of input and output variables before proceeding for DEA. The author 
proposed a new step-wise method to reduce the data set with the help of non-parametric test. Madhvi et 
a(2016). analyzed the productive and operating efficiencies of 41 Indian commercial banks through DEA 
over a period of 2002 to 2014. They took two input variables, i.e., employee and deposit, and two output 
variables, i.e., advance and interest income on arbitrary basis. They concluded that the increase in profits 
and expansion in the spread are not sufficient to improve the efficiency of the banks.  R I Singh et al(2016). 
evaluated the relative efficiency of Indian public and private sector banks by applying DEA and also 
identified the slack variables to locate the ineffectiveness of the banks. They found that the efficiency of 
private sector banks is higher than the efficiency of public sector banks. T Koltai et al.(2017) calculated the 
efficiency scores based on financial information of the DMUs with the help of linear programming (LP) 
method and have also used scoring methods to identify input and output variables for evaluating the 
performance of those DMUs with DEA technique. K Jayarani et al(2018) identified the cost, revenue and 
profit-efficient DMUs over a period of 2015-16. They concluded that cost-efficient banks used less costly 
input for making themselves efficient. Revenue-efficient banks maximized the output for making themselves 
revenue-efficient. Profit-efficient banks achieved their efficiency by using optimal combination of inputs and 
outputs. A G Quaranta et al.(2018) applied a multi-dimensional approach to analyze the performance of 23 
branches of an Italianregional bank. They used three steps namely the efficiency calculated by ratio 
method, co- linearity analysis to reduce the unnecessary information, and clustering procedure applied to 
categorize the bank branch in to efficiency classes.. I.Henriquesaet al (2018)applied CCR and BCC 
models through DEA to analyze the Scale Efficiency of 37 Brazilian banks over a period of 2012 to 2016 
and used intermediation approach to select input and output variables. The result found that the inefficiency 
of banks depends more to the scale of operations than that of the technical and administrative issues. R 
Ghaelia (2019)applied input-oriented CCR model through DEA to find out the relative efficiency of 5 
Canadian banks and 6 US big banks. They concluded that performance of US banks is better than 
Canadian banks. 

Research Objectives 

While analysing past studies, we have observed that limited attention has been paid on the 
selection of input and output variables and evaluation of revenue generating efficiency of Indian banks. 
Thus this paper is devoted towards the fulfilment of the following objectives: 

• To focus on the selection of appropriate IOVs in the framework of DEA by applying statistical 
techniques. 

• To measure the technical and scale efficiencies of the selected Indian banks using DEA; 

• To measure earning efficiency of the selected Indian commercial banks using their stock prices; 
and 

• To identify the Indian banks which are scale as well as earning- efficient in order to propose the 
portfolio basket of investment based on overall efficiency. 

Research Framework 

The present study has considered36 Indian commercial banks as decision making units out of 
which, 15 are public sectors banks and 21 are private sectors banks. Twenty CAMEL ratios over a pre-
merger period (2009 to 2019) have been taken from PROWESS data base for measuring the efficiency 
of the selected banks [Annexure 1]. Stock prices of the selected DMUs have collected from the website 
of National Stock Exchange of India  https://www.nseindia.com [Annexure 2] Considering the above data 
set, we have framed the overall structure of the paper in several sections: 

Section A: Selection of input-output variables prior to application of DEA and reduction of DMUs (Indian 
banks) based on logarithmic stock returns. 

Section B: Selection of Indian banks which are technically efficient as per BCC model. 

Section C: Selection of Indian banks which are scale-efficient as per CCR model. 

Section D: Testing of earning efficiency of the scale-efficient banks using their individual logarithmic 
stock return and overall market sensitivity index of NIFTY BANK in India. 

Section E: Derivation of a perceptual map and portfolio basket of efficient banks which are found 
technically and scale-efficient (based on financial ratios) as well as earning-efficient (based on risk and 
return).  
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Research Methodology 

In this paper, two types of financial indicators have been used for the identification of efficient 
and inefficient banks-one the CAMEL ratios and the other is stock prices and stock returns of thirty six 
selected Indian banks. The averages of twenty CAMEL ratios have calculated and summarised in 
[Annexture-1] These are initially considered as multiple IOVs. Then we have tested their multi-co linearity 
and the number of multiple IOVs are then reduced on the basis of correlation matrix. Finally, the input 
and output variables are selected using multiple regression analysis. 

Due to volatility of Indian stock market, the logarithmic method has been applied in order to get 
their average log return. Considering arithmetic mean of the average log returns of all selected DMUs as 
a standard yard stick, the numbers of DMUs (Indian banks) are then reduced for the purpose of 
conducting DEA in the next section of the study. Then DEA developed by Charnes et al (1978)  is applied 
to measure the efficiency of  the reduced DMUs. The thumb rule of the number of DMUs proposed by 
Golany and Roll (1989) and. Bowlin (1998) and Friedman and Sinuany-Stern (1998) has been followed.  

As an outset, the data set is normalized by dividing each value of input and output variables by 
the mean of their specific factors. Still we have found that some data sets are having negative numbers 
and zero values. Considering the positivity requirement of DEA, we have then added a sufficiently large 
positive constant to the values of input and output as advised in the study of Bowlin(1998).Thus, we have 
constructed the existing data free from the problem of <translation variance=.  

In the second section of the study, output–oriented BCC model is then applied to the normalized 
data set to identify technically efficient Indian banks. In the third section of our study, output-oriented 
CCR model is applied to the same data set to identify the scale- efficient Indian banks.  

In the fourth section of the study we have examined the earning efficiency of scale efficient 
banks on the basis of co-efficient of variation, beta value based on their stock prices and returns in 
National Stock Exchange of India. In the terminal section of the study we have proposed a perceptual 
map and portfolio basket based on the magnitude of co-efficient of variation and beta values of individual 
scale and earning efficient Indian Banks.  

Empirical Study, Analysis and Findings 

For the selection of IOVs, initially we have chosen 16 ratios and 4 output ratios arbitrarily and 
average of 11 years of each of those input and output ratios of 36 Indian banks have been considered for 
the study. Considering the determinants of correlation matrix of 16 input variables, we have observed that 
a high degree of multi-co linearity occurs amongst them as determinant value tends to be zero. Inputs 
that correlate highly with one another can be eliminated through correlation analysis. We have tried to 
reduce the number of input variables on the basis of accepted level of correlation of input which lies 
between -0.7 to 0.7 and thus we get 8input variables which have very low correlation with each other as 
shown in Table 1(a).In case of 4 output variables, we have eliminated none of them as less multi-co 
linearity occurs amongst them which are shown in Table 1(b). We have calculated P values of each of 
the 4 output variables with respect to 8 input variables separately. It is found that P value of one 
particular output variable (E1) with respect to all input variables is more than 0.05. Hence, output variable 
(E1) is excluded in the next stage of analysis. Again, considering the P values of remaining 3 output 
variables with respect to all input variables, 2 input variables namely C1 and C2 have been eliminated. In 
this way, number of output and input variables are reduced to 3 & 6 respectively as shown in 
Table:1(c).For final selection of IOVs, we have considered the multiple regression analysis of each of the 
3 output variables with respect to 6 input variables separately considering output variables as dependent 
and input variables as independent variables. Initially,we have conducted linear regression analysis of 
dependent variable (C3)on independent variables. As P value of the independent variable (M5) is more 
than 0.05, the next part of regression is conducted after eliminating it.The value of r square comes to 
72.9% in respect of which all conditions of regression are satisfied as shown in Table: 1(d).In the next 
stage, we take another dependent variable (E2) and 6 independent variables for conducting regression 
again but the P values of the 4 independent variables (C4, L1, L2 & M5) are not satisfied. After 
eliminating these 4 independent variables,we run the regression taking the remaining 2 independent 
variables (M1 & M4). On the basis of P value, M1 is eliminated again and thereafter it is observed that E2 
is explained by 55.7% by the independent variable M4. When we apply regression analysis after 
removing(M1), this time the regression analysis is satisfied and r square is 54.4%as shown in the Table: 
1(e).In final stage of regression, we have considered the third and last output variable (E5) and 6 
independent variables but it appeared that P values of3 independent variables (C4, M1 & M5) are not 
satisfied. Thus, we have decided to remove these 3 variables. All conditions of regression are satisfied 
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for other 3 remaining independent variables(r square comes to 59.1 %.).Out of 6 inputs variables initially 
taken, input M5 is eliminated as it does not significantly influence any of the output variables as shown in 
the Table: 1(f).The input variables M1 &C4 are important only for outputC3 while the 3other input 
variables (L1, L2, & M4) are influencing two output variables at a time. On this ground, the input variables 
M1 &C4 are rejected. The final selected input variables are M4 (BPP), L1(Cash to Deposit Ratio) and 
L2(Total Investment to Total Deposit Ratio), and output variables are C3(Return on Assets), E2(Return 
on Equity)& E5 (Average Stock Market Return).These are shown in the following chart: 

Sl Input Variables 
Labelled 

As 
Sl Output Variables 

Labelled 
As 

1 BPP M4 1 Return on Asset C3 

2 Cash to Deposit Ratio L1 2 Return on Equity E2 

3 
Total Investment to Total Deposit 
Ratio 

L2 3 Average Stock Market Return E5 
 

The second section of our study we have reduced the number of DMUs from 36 to 18 based on 
rank of average logarithmic stock return yielded by them in Indian stock market. The results of echnically 
efficient DMUs as per BCC model of DEA is presented in the following chart: 

Output Oriented BCC Model (VRS) 

DMU Bank Name Efficiency Returns to Scale Efficient Tier / Rank Radial Non-Radial 

Dmu1 City Union Bank Ltd. 1 CRS 1 0 0 

Dmu2 DCB Bank Ltd. 0.93817616 IRS 2     

Dmu3 Federal Bank Ltd. 0.99124169 IRS 2     

Dmu4 HDFC Bank Ltd. 1 CRS 1 0 0 

Dmu5 IndusInd Bank Ltd. 1 CRS 1 0 0 

Dmu6 Karnataka Bank Ltd. 0.93704597 IRS 2     

Dmu7 Kotak Mahindra Bank Ltd. 1 CRS 1 0 0 

Dmu8 Lakshmi Vilas Bank Ltd. 1 CRS 1 0 0 

Dmu9 South Indian Bank Ltd. 1 CRS 1 0 0 

Dmu10 YES BANK Ltd. 1 CRS 1 0 0 

Dmu11 Allahabad Bank 0.78198427 IRS 3     

Dmu12 Canara Bank 0.86373322 IRS 3     

Dmu13 Central Bank of India 0.61644395 IRS 3     

Dmu14 IDBI Bank Ltd. 1 CRS 1 0 0 

Dmu15 Indian Bank 1 CRS 1 0 0 

Dmu16 Punjab & Sind Bank 1 CRS 1 0 0 

Dmu17 Union Bank of India 0.96141181 IRS 2     

Dmu18 Vijaya Bank 0.98414116 IRS 2     
 

In third section, we have applied output–oriented CCR model on the same data set for 
measuring scale efficiency of the Indian banks and we have derived the following result: 

Output-Oriented CCR Model (CRS) 

DMU Bank Name Efficiency Return to scale Efficient Tier / Rank Radial Non radial 

Dmu1 City Union Bank Ltd. 1 CRS 1 0 0 

Dmu2 DCB Bank Ltd. 0.603966 IRS 2   

Dmu3 Federal Bank Ltd. 0.965987 IRS 2   

Dmu4 HDFC Bank Ltd. 1 CRS 1 0 0 

Dmu5 IndusInd Bank Ltd. 1 CRS 1 0 0 

Dmu6 Karnataka Bank Ltd. 0.93161 IRS 2   

Dmu7 Kotak Mahindra Bank Ltd. 1 CRS 1 0 0 

Dmu8 Lakshmi Vilas Bank Ltd. 0.772375 IRS 2   

Dmu9 South Indian Bank Ltd. 1 CRS 1 0 0 

Dmu10 YES BANK Ltd. 1 CRS 1 0 0 

Dmu11 Allahabad Bank 0.59588 IRS 3   

Dmu12 Canara Bank 0.855409 IRS 3   

Dmu13 Central Bank of India 0.551212 IRS 3   

Dmu14 IDBI Bank Ltd. 1 CRS 1 0 0 

Dmu15 Indian Bank 1 CRS 1 0 0 

Dmu16 Punjab & Sind Bank 0.984517 IRS 2   

Dmu17 Union Bank of India 0.857634 IRS 2   

Dmu18 Vijaya Bank 0.956937 IRS 2   
 

The above result shows that 8 Indian banks are relatively scale-efficient with respect to others. 
As a researcher, we are keen to know the ranks of the scale-efficient banks on the basis of their 
performance of stock return with respect to market sensitivity index. Thus, the present section of the 
study has made an intense effort to measure their stock market efficiency in the light of logarithmic stock 
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returns. As an outset, we have calculated the logarithmic stock return of 8 scale-efficient Indian banks as 
well as NIFTY-BANK Index of overall banking sector of India. The descriptive statistics (mean, standard 
deviation& variances) of logarithmic stock returns of each individual banks have also been 
computed[Table 2 (a) and (b)]. Co-efficient of variation (CV) of stock return and Beta of each individual 
stock is derived by applying the following formula [Table 2 (c)]. 

Co-efficient of variation (CV) of individual stock = 
Standard DeviationMean of Individual Stock 

Beta = 
Co−variance (Market Index,   Individual Stock)   Variance of Individual Stock  

Where, Beta measures the responsiveness of a stock’s price to changes in the overall stock 
market. 

CV determines the volatility of an investment in comparison to expected return rate of 
investment. 

The performance of stock returns has revealed that 2 scale-efficient Indian banks namely, South 
Indian Bank Ltd. and IDBI Bank Ltd. have negative mean of average logarithmic stock return, and 
therefore we have rejected them as they are proved inefficient in stock performance. Thus, remaining 6 
scale-efficient Indian banks namely, City Union Bank Ltd., HDFC Bank Ltd., IndusInd Bank Ltd., Kotak 
Mahindra Bank Ltd., Yes Bank Ltd., Indian Bank are found earning-efficient in stock market as shown in 
Table 2(d). 

Derivation of a Perceptual Map and Portfolio Basket 

In the terminal section of our present study, we have derived a perceptual map on the basis of 
investors’ attitude towards their investment in the highly volatile stock market of Indian Banks. The 
perceptual map consists of four quadrants depending upon the magnitude of CVs and Beta values as 
shown below: 
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The previous section of our study has revealed that the Beta value of the above mentioned 6 
scale and earning-efficient Indian banks lies between 0 and 1. Considering the risk-return relationship of 
financial management, the average investors will prefer high Beta value while they invest their hard-
earned money in the stocks of the above 6 Indian banks in order to maximize their return on investment. 
Thus, they will prefer those stocks which have high Beta value corresponding to low CVs as shown in 2nd 
quadrant of the perceptual map. Thus, they will prefer the stock of 3 Indian banks namely, City Union 
Bank Ltd., Kotak Mahindra Bank Ltd., and IndusInd Bank Ltd. which were found scale- efficient as well as 
earning-efficient in yielding returns in Indian stock market. The perceptual map as formed here, will in 
turn, facilitates the investors to form and decide on the <portfolio basket= of the stocks of 3 Indian banks. 
It falls in the 2nd quadrant of the perceptual map as shown above. 

Conclusion & Future Scope 

On the basis of the present study, we may infer that technically and scale-efficient DMUs (Indian 
banks) have tried to maximise their selected outputs with the given amount of selected inputs. 10 DMUs 
namely, City Union Bank Ltd., HDFC Bank Ltd., IndusInd Bank Ltd., Kotak Mahindra Bank Ltd., Laxmi 
Vilas Bank Ltd.., Yes Bank Ltd, IDBI Bank Ltd., Indian Bank, and Punjab & Sind Bank Ltd. are found 
relatively technically-efficient banks. While measuring their scale efficiency in DEA framework, 2 of them, 
namely Laxmi Vilas Bank Ltd., and Punjab& Sind Bank Ltd. are appeared as scale-inefficient and rest of 
8 Indian banks have shown their efficiency in scale size with respect to others. All scale efficient banks 
could not be able to attain earning efficiency in highly volatile Indian stock market scenario. Finally, we 
have invented that three scale-efficient banks namely, City Union Bank, Kotak Mahindra Bank and 
IndusInd Bank have added a feather to the crown of scale-efficient banks by showing their potentiality to 
generate stock return. Thus, the present and prospective investors who would be able to identify the 
appropriate stocks in Indian banking sector based on perceptual investment map. We acknowledge that 
the study on the application of DEA in banking sector specifically in the areas of Peer bank analysis with 
peer count, inclusion of Maximum Productive Scale Size (MPSS), etc., are still unaccomplished here. 
These undone areas may be comprehended in future study.   
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List of Abbreviation 

Abbreviations of the Ratios  

Sl. Abbreviation Financial Ratios 
1 AV_C1 Debt Equity Ratio 

2 AV_C2 Total advances to Total assets Ratio 

3 AV_C3 Return on Assets 

4 AV_C4 Interest Income to Total Assets Ratio (%) 

5 AV_C5 Net Interest Income to Total Assets Ratio (%) 
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6 AV_A1 Gross NPA to Net Advance Ratio 

7 AV_A2 Total Investment to Total Assets Ratio 

8 AV_M1 Total Expenditure to total Income Ratio 

9 AV_M2 Total Advance to Total Deposit Ratio 

10 AV_M3 Assets Turnover Ratio 

11 AV_M4 BPP 

12 AV_M5 PPP 

13 AV_ E1 Net Profit Margin (%) 

14 AV_E2 Return on Equity 

15 AV_E3 Net Interest Margin 

16 AV_E4 Interest Income to Total Income Ratio 

17 AV_E5 Average stock Market Return 

18 AV_L1 Cash to Deposit Ratio (%) 

19 AV_L2 Total Investment to Total Deposit Ratio(%) 

20 AV_L3 Interest Expanded to Interest Earned Ratio (%) 
 

List of Annexures 

Annexure 1 
Indian Banks (DMUs) and Their Average Ratios. 

Sl.  
No. 

Bank's Name 

OUTPUT INPUT 

AV_ 
C3 

AV_ 
E1 

AV_ 
E2 

AV_ 
E5 

AV_ 
C1 

AV_ 
C2 

AV_ 
C4 

AV_ 
C5 

AV_ 
A1 

AV_ 
A2 

AV_ 
M1 

AV_ 
M2 

AV_ 
M3 

AV_ 
M4 

AV_ 
M5 

AV_ 
E3 

AV_ 
E4 

AV_ 
L1 

AV_ 
L2 

AV_ 
L3 

1 Axis Bank Ltd. 1.3 444.1 14.94 229 1.73 60.5 7.25 2.85 2.343 0.54 39.7 85.1 13.45 114.6 425 3.27 154 1.38 0.012 60.5 

2 City Union Bank Ltd. 1.55 121.3 18.83 182 0.18 65.7 9.01 2.99 1.856 0.27 36.9 72.4 11.62 80.78 249 3.37 215 1.11 0 66.6 

3 DCB Bank Ltd. 0.56 255.7 5.994 145 0.91 62.6 8.5 2.94 3.785 0.17 63 89.2 12.78 62.68 211 3.44 204 1.12 0 65.3 

4 Dhanlaxmi Bank Ltd. -0.4 1689 -6.86 85.9 0.97 56.6 8.35 2.21 4.125 0.72 80.4 71.1 8.492 -26.5 148 2.43 275 1.33 0 73.2 

5 Federal Bank Ltd. 1.06 199.2 11.91 126 0.61 63.1 8.32 2.99 2.763 0.42 42.8 75.1 11.13 47.26 189 3.21 217 0.74 0.199 63.9 

6 HDFC Bank Ltd. 1.78 167.8 18.5 396 0.97 61.4 8.15 3.88 1.11 0.14 44.3 80.3 13.69 73.45 215 4.56 150 1.21 0.014 52.2 

7 ICICI Bank Ltd. 1.18 270.1 11.19 178 2.21 51.6 6.3 2.4 4.848 0.71 41.7 107 13.46 93.8 350 3.03 138 1.49 0.088 61.6 

8 IndusInd Bank Ltd. 1.52 196.1 16.06 330 1.61 60.4 8.55 2.99 1.094 0.19 44.8 87.4 9.588 84.97 311 3.47 180 0.76 0.04 64 

9 Jammu & Kashmir Bank Ltd. 0.87 209 11.7 90.6 0.4 57 7.75 2.94 4.904 1 39.5 71.8 8.28 41.46 241 3.51 215 0.41 0.223 60.6 

10 Karnataka Bank Ltd. 0.78 252.7 10.99 83.5 0.38 59.7 8.27 2.14 3.556 0.42 48.8 65.9 10.33 46.53 210 2.37 257 0.72 0.01 74.1 

11 Karur Vysya Bank Ltd. 1.13 241.2 14.66 139 0.53 65.3 8.86 2.83 2.424 0.83 41.9 74.4 11.23 68.73 286 3.11 226 1.06 0 67.9 

12 Kotak Mahindra Bank Ltd. 2.13 182.8 14.47 346 1.63 58.6 8.74 4.37 1.941 0.73 47.4 125 16.13 90.76 300 5.11 134 0.81 1.408 49.9 

13 Lakshmi Vilas Bank Ltd. 0.15 300.7 1.667 123 0.62 64.4 8.7 2.19 4.226 1.52 53.9 80.3 7.782 19.35 201 2.54 271 1.23 0 74.7 

14 South Indian Bank Ltd. 0.79 272 12.99 97.4 0.51 64.2 8.25 2.4 2.116 0.45 46.1 74.5 10.33 52.17 248 2.72 260 0.56 0 70.8 

15 YES BANK Ltd. 1.52 138.2 19.8 254 2.59 57.2 7.89 2.41 0.707 0.3 36.3 85.5 14.31 166.4 510 2.94 203 0.3 0 69.1 

16 Allahabad Bank -0 -41.4 -0.34 57.8 0.98 62.3 7.67 2.38 6.277 1.95 42 73.7 10.04 68.26 202 2.58 227 0.3 0.145 68.9 

17 Andhra Bank 0.38 372.6 6.316 65.7 1.18 63.9 8.13 2.62 6.016 1.7 41.2 75.3 8.879 79.99 230 2.89 229 0.54 0.093 67.6 

18 Bank of Baroda 0.62 180.8 10.56 97.1 0.95 60.7 6.33 2.2 4.761 1.02 42.4 80.5 10.54 51.41 191 2.45 202 0.55 0.151 65.3 

19 Bank of India 0.21 42.21 3.963 71 1.31 61.7 6.71 2.04 6.62 1.79 44 80.6 10.05 42.95 184 2.26 231 0.44 0.264 69.6 

20 Bank of Maharashtra -0.1 399 -0.78 56 1.17 61.5 7.65 2.36 6.91 1.77 49.8 72.8 8.911 62.58 211 2.61 243 0.58 0.108 69.1 

21 Canara Bank 0.5 256.6 8.462 69.2 0.87 60.7 7.41 1.94 4.831 0.99 43.3 72.9 9.764 50.76 177 2.16 255 0.37 0.206 73.5 

22 Central Bank of India -0.2 127.7 -3.05 75.1 0.86 57.5 7.68 2.07 8.484 2.15 55.7 70.6 7.672 48.74 374 2.29 277 0.64 0.199 73.1 

23 Corporation Bank 0.11 117.4 2.728 69 1.29 59.6 7.6 1.93 5.563 1.56 37.6 76.3 9.239 55.32 166 2.13 268 0.62 0.003 74.3 

24 Dena Bank 0.09 96.89 3.243 53.8 0.69 60.6 7.61 2.07 7.578 2.29 50.7 74.7 9.103 -4.09 230 2.26 277 0.52 0.033 72.6 

25 IDBI Bank Ltd. -0.5 114.8 -3.6 63 2.96 58.1 7.31 1.51 9.006 3.11 39.3 91.7 10.2 -23.3 475 1.71 297 0.66 0.015 79.3 

26 Indian Bank 0.93 286.2 11.74 69.2 0.39 63.2 7.8 2.69 3.888 0.76 40.1 72.7 10.49 55.94 160 2.97 219 0.27 0.118 65.4 

27 Indian Overseas Bank -0.3 80.51 -5.12 54.9 1.37 61.2 7.87 2.17 10.36 2.33 50.4 73.2 8.984 -35.3 247 2.38 256 0.62 0.059 72.2 

28 Oriental Bank of Commerce 0.2 1071 2.018 57.9 0.62 62.2 7.96 2.17 6.411 1.33 44.2 71.4 9.379 12.02 305 2.37 273 0.34 0.107 72.6 

29 Punjab & Sind Bank 0.36 291.3 6.659 37.1 0.75 62 8.09 2.07 4.778 1.13 50.1 73.8 9.125 21.42 251 2.27 309 0.28 1E-03 74.1 

30 Punjab National Bank 0.41 133.1 5.936 92.3 1.37 61.9 7.34 2.63 7.065 1.81 42.8 76.1 10.64 44.81 159 2.9 201 0.49 0.286 64.3 

31 State Bank of India 0.57 -5777 9.49 122 1.56 61 7.19 2.6 5.221 0.78 46.3 81 10.61 10.24 171 2.93 196 0.75 0.107 63.9 

32 Syndicate Bank Ltd. 0.29 166.3 6.909 57.3 1.47 66.7 7.4 2.2 4.646 1.37 46.9 88 11.17 28.89 297 2.38 251 0.33 0.44 70.3 

33 UCO Bank -0.2 160.2 -0.52 61.6 1.07 58.5 7.32 1.98 9.227 2.8 46.8 75.7 7.931 -21.3 232 2.32 283 0.28 0.094 73.1 

34 Union Bank of India 0.42 264.3 7.522 74.5 1.39 64.2 7.51 2.25 6.054 1.54 44.1 77.3 10.17 50.81 155 2.48 233 0.29 0.053 70 

35 United Bank of India -0.1 243.9 -1.76 52.4 0.62 54.3 7.2 1.84 9.332 1.64 60.2 64.5 7.617 -17 220 2.03 249 0.43 0 74.7 

36 Vijaya Bank 0.5 352.3 9.211 64.4 0.9 61.4 7.85 2 3.79 0.59 51.5 67.9 9.274 39.68 241 2.26 301 0.37 0.003 74.1 

 

Annexure: 2 

Stock Prices (NSE) 

Sl.  
No. 

Bank 
29-03- 
2019 

28-03- 
2018 

31-03- 
2017 

31-03- 
2016 

31-03- 
2015 

31-03 
2014 

28-03- 
2013 

30-03- 
2012 

31-03- 
2011 

31-03- 
2010 

31-
03- 

2009 

31-03- 
2008 

1 City Union Bank Ltd. 204.85 172.45 151.6 94.8 96.9 53.85 52.55 48.5 44.8 28.65 12.2 28.3 

2 HDFC Bank Ltd. 2,318.90 1,886.10 1,442.55 1,071.15 1,022.70 748.8 625.35 519.85 2,345.85 1,933.50 973.4 1,331.25 

3 IndusInd Bank Ltd. 1,780.00 1,796.75 1,425.15 967.6 886 501.85 404.7 321.65 263.6 170.1 32.1 78.65 

4 Kotak Mahindra Bank Ltd. 1,334.50 1,047.80 872.2 680.65 1,313.25 781.05 653 545.35 457.85 748.15 282.2 625.9 

5 South Indian Bank Ltd. 16.5 22.8 21.35 17.65 25.2 22.25 24.5 24.7 22.85 178.15 51.2 139.8 

6 YES BANK Ltd. 275.1 304.85 1,546.75 865.05 815.75 413.95 428.9 368.8 309.6 256.2 50 168.75 

7 IDBI Bank Ltd. 46.65 72.2 75.1 69.4 71 65.3 80.25 104.7 142.45 115 45.4 89.1 

8 Indian Bank 280.1 299.8 278.25 103.9 173.45 114.85 176.15 244 232.75 175.4 82.2 163.95 

9 NIFTY BANK 30426.8 24263.4 21444.2 16141.7 18206.65 12742.05 11361.9 10212.8 11705.5 9459.6 4133 6655 
 

List of Tables 
Correlation Matrix of Input variables. [Table 1(a)] 

  
AV_ 
C1 

AV_ 
C2 

AV_ 
C4 

AV_ 
C5 

AV_ 
A1 

AV_ 
A2 

AV_ 
M1 

AV_ 
M2 

AV_ 
M3 

AV_ 
M4 

AV_ 
M5 

AV_ 
E3 

AV_ 
E4 

AV_ 
L1 

AV_  
L2 

AV_ 
L3 

Correlation 

AV_C1 1.000 -.378 -.394 -.073 .080 .211 -.226 .611 .401 .208 .611 -.008 -.261 .076 .143 -.071 

AV_C2 -.378 1.000 .426 .144 -.244 -.105 -.205 -.223 -.009 .061 -.308 .054 .139 -.148 -.043 .025 

AV_C4 -.394 .426 1.000 .463 -.485 -.384 .187 -.055 .086 .127 -.032 .423 .058 .242 .057 -.094 

AV_C5 -.073 .144 .463 1.000 -.629 -.571 -.151 .496 .671 .509 -.006 .990 -.774 .392 .522 -.922 

AV_A1 .080 -.244 -.485 -.629 1.000 .897 .188 -.278 -.623 -.698 -.121 -.639 .506 -.385 -.091 .528 

AV_A2 .211 -.105 -.384 -.571 .897 1.000 .007 -.140 -.544 -.584 .030 -.583 .520 -.401 .005 .514 

AV_M1 -.226 -.205 .187 -.151 .188 .007 1.000 -.159 -.323 -.497 -.279 -.161 .315 .245 -.064 .255 

AV_M2 .611 -.223 -.055 .496 -.278 -.140 -.159 1.000 .719 .359 .395 .552 -.605 .341 .657 -.559 

AV_M3 .401 -.009 .086 .671 -.623 -.544 -.323 .719 1.000 .666 .367 .700 -.758 .374 .424 -.702 

AV_M4 .208 .061 .127 .509 -.698 -.584 -.497 .359 .666 1.000 .351 .539 -.646 .182 .149 -.537 

AV_M5 .611 -.308 -.032 -.006 -.121 .030 -.279 .395 .367 .351 1.000 .059 -.121 .123 .026 -.004 

AV_E3 -.008 .054 .423 .990 -.639 -.583 -.161 .552 .700 .539 .059 1.000 -.803 .423 .507 -.931 

AV_E4 -.261 .139 .058 -.774 .506 .520 .315 -.605 -.758 -.646 -.121 -.803 1.000 -.458 -.373 .905 

AV_L1 .076 -.148 .242 .392 -.385 -.401 .245 .341 .374 .182 .123 .423 -.458 1.000 -.097 -.365 

AV_L2 .143 -.043 .057 .522 -.091 .005 -.064 .657 .424 .149 .026 .507 -.373 -.097 1.000 -.514 

AV_L3 -.071 .025 -.094 -.922 .528 .514 .255 -0.56 -.702 -.537 -.004 -.931 .905 -.365 -.514 1.000 

a. Determinant = 2.189E-011 
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Correlation Matrix of output variables. [Table 1 (b)] 

  AV_C3 AV_E1 AV_E2 AV_E5 

Correlation 

AV_C3 1.000 -.055 .939 .830 

AV_E1 -.055 1.000 -.130 -.035 

AV_E2 .939 -.130 1.000 .673 

AV_E5 .830 -.035 .673 1.000 

a. Determinant = .024 
 

P values of each output variable with respect to input variables [Table: 1(c)] 

Correlations 

  AV_C1 AV_C2 AV_C4 AV_M1 AV_M4 AV_M5 AV_L1 AV_L2 AV_E1 

AV_E1 

Pearson Correlation -.160 -.042 .204 .171 .068 .114 .039 -.025 1 

Sig. (2-tailed) .350 .806 .234 .318 .693 .507 .821 .884   

N 36 36 36 36 36 36 36 36 36 

Correlations 

  AV_C1 AV_C2 AV_C4 AV_M1 AV_M4 AV_M5 AV_L1 AV_L2 AV_E5 

AV_E5 

Pearson Correlation .272 -.108 .323 -.177 .596** .328 .509** .295 1 

Sig. (2-tailed) .109 .532 .055 .300 .000 .051 .002 .081   

N 36 36 36 36 36 36 36 36 36 

Correlations 

  AV_C3 AV_C1 AV_C2 AV_C4 AV_M1 AV_M4 AV_M5 AV_L1 AV_L2 

AV_C3 

Pearson Correlation 1 .022 .074 .325 -.423* .747** .215 .329 .321 

Sig. (2-tailed)   .898 .668 .053 .010 .000 .209 .050 .056 

N 36 36 36 36 36 36 36 36 36 

Correlations 

  AV_C1 AV_C2 AV_C4 AV_M1 AV_M4 AV_M5 AV_L1 AV_L2 AV_E2 

AV_E2 

Pearson Correlation -.027 .205 .238 -.542** .746** .188 .184 .122 1 

Sig. (2-tailed) .874 .230 .163 .001 .000 .273 .282 .479   

N 36 36 36 36 36 36 36 36 36 

Regression of output variable C3 on selected input variables[Table: 1(d)]. 

Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the Estimate 

1 .857a .735 .680 .3647543 

a. Predictors: (Constant), AV_L2, AV_M5, AV_C4, AV_L1, AV_M1, AV_M4 

ANOVAa 

Model 
Sum of 
Squares 

df Mean Square F Sig. 

1 

Regression 10.690 6 1.782 13.392 .000b 

Residual 3.858 29 .133     

Total 14.549 35       

a. Dependent Variable: AV_C3 

b. Predictors: (Constant), AV_L2, AV_M5, AV_C4, AV_L1, AV_M1, AV_M4 

Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) -.834 .843   -.990 .331 

AV_C4 .229 .102 .229 2.243 .033 

AV_M4 .008 .002 .516 4.132 .000 

AV_M5 -.001 .001 -.080 -.769 .448 

AV_M1 -.022 .010 -.286 -2.294 .029 

AV_L1 .516 .198 .283 2.601 .014 

AV_L2 .643 .260 .242 2.476 .019 

a. Dependent Variable: AV_C3 

Regression of output variable C3 on selected input variables. 

Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the Estimate 

1 .854a .729 .684 .3622621 

a. Predictors: (Constant), AV_M4, AV_C4, AV_L2, AV_L1, AV_M1 

ANOVAa 

Model 
Sum of 
Squares 

df Mean Square F Sig. 

1 

Regression 10.612 5 2.122 16.172 .000b 

Residual 3.937 30 .131     

Total 14.549 35       

a. Dependent Variable: AV_C3 

b. Predictors: (Constant), AV_M4, AV_C4, AV_L2, AV_L1, AV_M1 

Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) -1.045 .792   -1.319 .197 

AV_C4 .234 .101 .234 2.312 .028 

AV_M1 -.021 .009 -.272 -2.220 .034 

AV_L1 .496 .195 .272 2.540 .017 

AV_L2 .644 .258 .243 2.497 .018 

AV_M4 .008 .002 .497 4.089 .000 

a. Dependent Variable: AV_C3 
 

Regression of output variable C3 on selected input variables[Table: 1(d)]. 

Model Summary 

Model R 
R 

Square 
Adjusted 
R Square 

Std. Error of the Estimate 

1 .857a .735 .680 .3647543 

a. Predictors: (Constant), AV_L2, AV_M5, AV_C4, AV_L1, AV_M1, AV_M4 
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ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

1 

Regression 10.690 6 1.782 13.392 .000b 

Residual 3.858 29 .133     

Total 14.549 35       

a. Dependent Variable: AV_C3 

b. Predictors: (Constant), AV_L2, AV_M5, AV_C4, AV_L1, AV_M1, AV_M4 

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 
B 

Std. 
Error 

Beta 

1 

(Constant) -.834 .843   -.990 .331 

AV_C4 .229 .102 .229 2.243 .033 

AV_M4 .008 .002 .516 4.132 .000 

AV_M5 -.001 .001 -.080 -.769 .448 

AV_M1 -.022 .010 -.286 -2.294 .029 

AV_L1 .516 .198 .283 2.601 .014 

AV_L2 .643 .260 .242 2.476 .019 

a. Dependent Variable: AV_C3 

Regression of output variable C3 on selected input variables. 

Model Summary 

Model R 
R 

Square 
Adjusted 
R Square 

Std. Error of the Estimate 

1 .854a .729 .684 .3622621 

a. Predictors: (Constant), AV_M4, AV_C4, AV_L2, AV_L1, AV_M1 

ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

1 

Regression 10.612 5 2.122 16.172 .000b 

Residual 3.937 30 .131     

Total 14.549 35       

a. Dependent Variable: AV_C3 

b. Predictors: (Constant), AV_M4, AV_C4, AV_L2, AV_L1, AV_M1 

Coefficientsa 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) -1.045 .792   -1.319 .197 

AV_C4 .234 .101 .234 2.312 .028 

AV_M1 -.021 .009 -.272 -2.220 .034 

AV_L1 .496 .195 .272 2.540 .017 

AV_L2 .644 .258 .243 2.497 .018 

AV_M4 .008 .002 .497 4.089 .000 

a. Dependent Variable: AV_C3 
 

Regression of output variable E2 on selected input variables [Table: 1 (e)]. 

Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the Estimate 

1 .816a .666 .597 4.4980219 

a. Predictors: (Constant), AV_M5, AV_L2, AV_C4, AV_L1, AV_M1, AV_M4 

ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

1 

Regression 1169.876 6 194.979 9.637 .000b 

Residual 586.734 29 20.232   

Total 1756.610 35    

a. Dependent Variable: AV_E2 

b. Predictors: (Constant), AV_M5, AV_L2, AV_C4, AV_L1, AV_M1, AV_M4 

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) 1.112 10.397  .107 .916 

AV_C4 2.180 1.258 .198 1.733 .094 

AV_M1 -.317 .118 -.375 -2.683 .012 

AV_L1 2.915 2.445 .146 1.192 .243 

AV_L2 .646 3.201 .022 .202 .842 

AV_M4 .092 .024 .547 3.904 .001 

AV_M5 -.010 .009 -.121 -1.037 .309 

a. Dependent Variable: AV_E2 
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Regression of output variable E5 on selected input variables [Table: 1(f)]. 

Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the Estimate 

1 .793a .630 .553 59.5378128 

a. Predictors: (Constant), AV_L2, AV_M5, AV_C4, AV_L1, AV_M1, AV_M4 

ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

1 

Regression 174762.744 6 29127.124 8.217 .000b 

Residual 102797.783 29 3544.751     

Total 277560.527 35       

a. Dependent Variable: AV_E5 

b. Predictors: (Constant), AV_L2, AV_M5, AV_C4, AV_L1, AV_M1, AV_M4 

Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) -182.816 137.616   -1.328 .194 

AV_M4 .797 .313 .376 2.547 .016 

AV_C4 24.152 16.654 .175 1.450 .158 

AV_M1 -.827 1.561 -.078 -.530 .600 

AV_M5 .123 .126 .120 .979 .336 

AV_L1 107.892 32.361 .429 3.334 .002 

AV_L2 96.032 42.366 .262 2.267 .031 

a. Dependent Variable: AV_E5 

Regression of output variable E5 on selected input variables. 

Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the Estimate 

1 .769a .591 .552 59.5739985 

a. Predictors: (Constant), AV_L2, AV_L1, AV_M4 

Regression of output variable E2 on selected input variables. 

Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the Estimate 

1 .772a .596 .572 4.6368284 

a. Predictors: (Constant), AV_M4, AV_M1 

ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

1 

Regression 1047.104 2 523.552 24.351 .000b 

Residual 709.506 33 21.500   

Total 1756.610 35    

a. Dependent Variable: AV_E2 

b. Predictors: (Constant), AV_M4, AV_M1 

Coefficientsa 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) 11.196 5.615  1.994 .054 

AV_M1 -.192 .108 -.227 -1.784 .084 

AV_M4 .107 .021 .633 4.969 .000 

a. Dependent Variable: AV_E2 

Regression of output variable E2 on selected input variables. 

Model Summary 

Model R R Square 
Adjusted R 

Square 
Std. Error of the Estimate 

1 .746a .557 .544 4.7832860 

a. Predictors: (Constant), AV_M4 

ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

1 

Regression 978.696 1 978.696 42.776 .000b 

Residual 777.914 34 22.880   

Total 1756.610 35    

a. Dependent Variable: AV_E2 

b. Predictors: (Constant), AV_M4 

Coefficientsa 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 
(Constant) 1.392 1.185  1.175 .248 

AV_M4 .126 .019 .746 6.540 .000 

a. Dependent Variable: AV_E2 



Dr. Sanbad Banerjee: A Study on Measurement of Efficiency of Indian Banks in Pre-Merger Regime 173 

ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

1 

Regression 163990.566 3 54663.522 15.402 .000b 

Residual 113569.961 32 3549.061     

Total 277560.527 35       

a. Dependent Variable: AV_E5 

b. Predictors: (Constant), AV_L2, AV_L1, AV_M4 

Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 

(Constant) -15.697 23.403   -.671 .507 

AV_M4 1.006 .247 .475 4.068 .000 

AV_L1 113.064 29.197 .449 3.873 .001 

AV_L2 98.017 42.227 .268 2.321 .027 

a. Dependent Variable: AV_E5 
 

Logarithmic stock return of 8 Indian banks as well as NIFTY-BANK index [Table 2 (a)] 

  
City Union  
Bank Ltd. 

HDFC  
Bank Ltd. 

IndusInd  
Bank Ltd. 

Kotak Mahindra  
Bank Ltd. 

South Indian  
Bank Ltd. 

YES 
BANK  
Ltd. 

IDBI  
Bank Ltd. 

Indian 
Bank 

Nifty  
Bank 

P1 0.1721707 0.206582 -0.009366 0.241863962 -0.32340016 -0.10269 -0.43677 -0.068 0.226 

P2 0.1288619 0.268099 0.2317024 0.183429252 0.065708796 -1.62409 -0.03938 0.0746 0.124 

P3 0.4694761 0.29768 0.3872136 0.247970531 0.190315956 0.581124 0.078934 0.9851 0.284 

P4 -0.02191 0.046287 0.0881018 -0.657212036 -0.35610821 0.058679 -0.02279 -0.512 -0.12 

P5 0.5874771 0.31173 0.5684157 0.519621092 0.124501986 0.678363 0.083688 0.4123 0.357 

P6 0.0244373 0.18016 0.2151552 0.179062039 -0.09633111 -0.03548 -0.20615 -0.428 0.115 

P7 0.0802013 0.184771 0.2296821 0.180149339 -0.00813013 0.150969 -0.26595 -0.326 0.107 

P8 0.0793557 -1.50686 0.1990312 0.174886171 0.077852126 0.174973 -0.30789 0.0472 -0.14 

P9 0.4470547 0.193316 0.4380463 -0.491061873 -2.05367477 0.189323 0.214059 0.2829 0.213 

P10 0.8537175 0.686292 1.6675305 0.974987453 1.24688636 1.633935 0.92942 0.7579 0.828 

P11 -0.841426 -0.31307 -0.896152 -0.796574575 -1.0044733 -1.2164 -0.67425 -0.69 -0.48 
 

Mean, Standard deviation, Variances of Logarithmic Stock Returns of each individual banks.[Table 2(b)] 

  
City Union  
Bank Ltd. 

HDFC  
Bank Ltd. 

IndusInd  
Bank Ltd. 

Kotak 
Mahindra  
Bank Ltd. 

South Indian  
Bank Ltd. 

YES BANK  
Ltd. 

IDBI  
Bank Ltd. 

Indian 
Bank 

Nifty  
Bank 

Average 0.179946 0.05045 0.283578 0.0688292 -0.194259 0.044428 -0.05883 0.0487 0.138 

Variance 0.190609 0.32181 0.356427 0.2724831 0.666901 0.76677 0.17402 0.281 0.108 

Beta 0.634536 0.33839 0.464345 0.4690010 0.193890 0.245358 0.60962 0.4319 0.909 

 

Co-efficient of variation of stock return and Beta of each individual stock [Table 2(c)] 

Bank Mean 
Standard  
Deviation 

Coefficient  
of Variation 

Beta 

City Union Bank Ltd. 0.179946927 0.436588034 2.426204443 0.634536583 

HDFC Bank Ltd. 0.050452235 0.567283327 11.24396822 0.338393039 

IndusInd Bank Ltd. 0.283578274 0.597015287 2.105292761 0.46434569 

Kotak Mahindra Bank Ltd. 0.068829214 0.521999142 7.583976498 0.469001052 

South Indian Bank Ltd. -0.194259314 0.816640361 -4.203867225 0.19389076 

YES BANK Ltd. 0.044428758 0.875654039 19.70917213 0.24535824 

IDBI Bank Ltd. -0.058826037 0.417167176 -7.091539676 0.609628347 

Indian Bank 0.048689562 0.530051062 10.88633874 0.431934653 
 

 

òñò 

Earning Efficient in Stock Market [Table 2(d)] 

Bank Mean SD 
Coefficient  
of Variation 

Beta 

City Union Bank Ltd. 0.179947 0.436588 2.426204 0.634537 

HDFC Bank Ltd. 0.050452 0.567283 11.24397 0.338393 

IndusInd Bank Ltd. 0.283578 0.597015 2.105293 0.464346 

Kotak Mahindra Bank Ltd. 0.068829 0.521999 7.583976 0.469001 

YES BANK Ltd. 0.044429 0.875654 19.70917 0.245358 

Indian Bank 0.04869 0.530051 10.88634 0.431935 

Average 0.112654 0.588098 8.992492 0.430595 
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Introduction 
Stock markets are considered to have a key role in economic conditions for countries worldwide. In this 

regard one of the major aspects of the stock markets is to model and estimate stock market volatility. It is 

the important indicator for the dynamic fluctuations in stock prices. Thus, volatility is considered to be a 

measure of uncertainty for changes in stock prices. It was used earlier by Markowitz (1952) as a measure 

of risk. Volatility is the measure of uncertainty about the variation in the return of stock market, bond 

market, commodity market and foreign exchange market. Higher  volatility implies large fluctuation in the 

stock market return, whereas low volatility indicates that fluctuation in the value of security is not dramatic. 

Very recently modelling of volatility of a financial time series has gained large popularity among the 

Abstract 

Volatility modelling in the stock market has significant implications in Economics and Finance. High 

volatility in the stock prices has adverse effects in an economy. This paper is developed to study the 

ARCH effect (Clustering), GARCH Effect (Long Memory), Leverage Effect (Asymmetric effect) and 

Risk-return Relationship in the Information Technology (IT) sector of India, using asymmetric 

EGARCH-M (1,1) model. The empirical study is based on daily return of BSE IT-INDEX, an Index 

consisting of selected listed Information Technology Companies of India from the beginning of April 

2014 till the end of March 2019. The nature of volatility of stock returns of Information Technology 

companies is found to possess the leverage effect as the co-efficient is negative and significant 

Volatility in IT sector is also explosive in that market. IT Sector has shown volatility clustering 

phenomena during the study period as well as property of long memory is significantly identified. 

However, no empirical support of Risk-return trade-off has been observed. Hence, it is concluded that 

the risk which increased had not raised the returns as the coefficient is not significant for the entire 

study period.  

Keywords: Volatility, Leverage, ARCH Effect, Persistence and Risk –Return Trade Off 
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researchers and academicians and market players. Volatility can be of two types, Unconditional volatility-

which is the single measure of volatility of asset return over time and Conditional volatility- which is 

varying over time. Conditional volatility depends on own past volatility (Autoregressive), depending upon 

past asset returns (conditional) and exhibits volatility clustering as well as leverage effect is perceived in 

the volatility of returns. This clustering means that there are periods when these series show wide swings 

for extended period followed by a period of relative calm. Knowledge of such volatility is extremely 

important to investors. The investors in the stock market or bond market, like domestic investors or foreign 

portfolio investors, are significantly affected by the nature of volatility. So modelling of stock return 

volatility becomes a necessity for those who are participating in the capital market. Volatility in the financial 

time series was first observed by Bechilier in 1900. Volatility clustering was first identified in 1963 by 

Mendel Bort. However, formal modelling of volatility was introduced by Engle in 1982 in his 

Autoregressive Conditional Hetroscedasticity (ARCH) model. A Generalized ARCH (GARCH) model was 

developed by Bollerslev (1986). Nelson (1991) introduced non-linear Exponential GARCH (EGARCH) 

model used to detention the leverage (asymmetric) effects and long memory property (persistence) of 

volatility. Identification of the nature of time varying conditional volatility has become one of crucial 

research areas in Finance in recent time. This research work has been conducted to study the nature of 

volatility in the Indian IT sector. This paper has identified and addressed the issues in respect of stock 

market conditional volatility. Here, we study the ARCH effect (volatility clustering), persistence of 

volatility, asymmetric effect (Negative return due to bad news has more impact on volatility than positive 

return due to good news)  and risk-return relationship using GARCH family Model.  

1.2 Literature Survey 
 Ahmed and Aal (2011) discussed the Egyptian stock market return volatility. His study highlights the 

EGARCH model and has tried to fit it among the other models for computing volatility.  

 Karmakar (2005) projected volatility model to detention the mouth of stock market volatility in India. 

The study also examined the occurrence of leverage effect in Indian stock market.  

 Goudarzi and Ramanarayanan (2010) examined the volatility of Indian stock market using BSE 500 

stock index as the proxy for ten years. ARCH and GARCH models were estimated and the best model 

was selected using the model selection criterion viz., Akaike information Criterion (AIC) and Schwarz 

Information Criterion (SIC). The study found that GARCH (1,1) was the most appropriate model for 

explaining volatility clustering. 

Based on the above literature review we can observe that in India very few empirical works have been 

conducted to model the Information Technology stock volatility using IT-INDEX of BSE, an  index 
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representing the stocks  of 65 IT companies. Hence, this paper is developed to bridge the research gap in 

this sector. 

1.3 Objectives of the Study 

1. To identify the nature of distribution either Leptokurtic (High peak and fat tail) or Mesokurtic (Normal 

distribution) of IT-INDEX. 

2. To study the existence of unit root (Stationarity) in the return series of IT-INDEX of BSE. 

3. To Study the Persistence and Clustering of volatility. 

4. To capture the leverage effect of the volatility in the IT-INDEX. 

5. To capture the Risk Return relationship of IT-INDEX. 

1.4 Research Methodology 

For this empirical study, we have selected an Index representing Information Technology  –IT-INDEX 

from the widely traded stock exchange in India- the Bombay Stock Exchange (BSE). Apart from using own 

past information we have used BSE Sensex as control variable, which can influence the return of IT-

INDEX. The returns of stock index are calculated based on logarithmic transformation of daily closing 

index value. 

Sample: For the purpose of the study we have used the closing value of IT-INDEX.  

Sample period: The sample covers daily observation of indices from  01.04.2014 to 29.03.2019.  In total 

there are 1231 observations. 

Data source: The entire data have been collected from BSE website. 

Research tools: In this paper we have used several statistical tools to achieve the research goal. 

(a) ADF (Augmented Dickey-Fuller) test : To study the existence of unit root (Stationarity) in the return 

series. 

(b) Jarque-Bera statistic: To identify the nature of distribution Leptokurtic (High peak and fat tail) or   

Mesokurtic (Normal distribution)  

(c) ARCH-LM test: To test the presence of Heteroscedasticity in the residual of return model   

(d) GARCH Model: To study the persistence and clustering of volatility. 

(e) EGARCH Model: To capture the existence of asymmetry in the volatility 

(f) GARCH-M model:  To capture the risk -return relationship of IT-INDEX. 

Volatility has been measured for the returns, but before doing all these tests, first we calculate the daily 

return of the Index data Rt = Log (Pt / Pt-1),  where Pt is the closing Index value at time t and Pt-1 is the 

corresponding value at time t-1. 

 Research Software: The entire econometric analysis has been done using E-views 8 Econometric package. 
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1.5 Research Findings  

Table 1: Descriptive Statistics of IT-INDEX Return 

  RSEN RITI  RSEN RITI 

 Mean 0.047686 0.049838  Skewness -0.43064 -0.14146 
 Median 0.05911 0.04  Kurtosis 5.80765 5.139659 
 Maximum 3.379489 4.8  Jarque-Bera 442.375 238.9262 
 Minimum -5.93622 -5.35  Probability 0 0 
 Std. Dev. 0.834179 1.108419  observations 1231 1231 

(a) Descriptive statistics:  

Table 1 reports the statistical description for daily observations BSE SENSEX during the period of 2014-

2019 that contains; mean, median, max, min, skewness, kurtosis and Jarque and Bera results. The average 

daily Return of SENSEX  is 0.047686 and IT-INDEX is 0.049838, which indicates that there were positive 

return across the period of the study on an average and the return of IT sector outperform the return of 

SENSEX. The standard deviations are 0.83 and 1.108 in respective markets. There is a substantial gap 

between the maximum and the minimum which gives support to the high variability of return in both 

indices. In a normally distributed series skewness must be 0 and kurtosis is around 3. Regarding our results 

in IT-INDEX the skewness is -0.14146 negatively skewed which implies that the distribution has a long 

right tail and significant  deviation from normality.  

In addition, the IT-INDEX returns are leptokurtic since kurtosis statistics of 5.13 exceeds normal value of 

3, which indicates that the return is fat tailed. Regarding Jarque and Bera test for normality, it is consistent 

with the outcome provided by both statistics of kurtosis and skewness, since the JB test is significant at 1% 

level, that means to reject null and accept the hypothesis which states that; returns are not normally 

distributed. Consequently, all the pre mentioned statistical analysis gives more support to the suitability of 

applying ARCH/GARCH model for our data gathered from Bombay stock exchange, since the selected 

observations can be described as leptokurtic, fat tailed and not normally distributed. 

 (b) Stationarity of Data 
Table 2 : Augmented Dickey-Fuller test of IT-INDEX Return Series 

  
RSEN RITI 

t-Statistic   Prob.* t-Statistic   Prob.* 
Augmented Dickey-Fuller test statistic 
  

-41.7977 0 -33.608 0 

Test critical values: 
  
  

1%  Level -3.434561  -3.43456 
 

5% level -2.863287  -2.86329 
 

10% Level -2.567748  -2.56775 
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Here we test the existence of unit root of these stock return series. The index data is basically a non 

stationary. However, we are testing volatility of the return data of these series. Here we have converted the 

series into log form and then take the first difference of the new series, which ultimately the stationary 

series of daily stock return. Table 2 represents the Augmented Dickey Fuller (ADF) test to examine the unit 

roots in return series. The main result based on this test is that ADF is statistically significant. This indicates 

to reject null hypothesis and accept that the returns are stationary, as the tabulated value of these series is 

much higher than critical values at 1%, 5% and 10% level of significance; hence, it is mean reverting. That 

confirms the non-existence of autocorrelation. However, since the series are stationary, the next step is to 

determine the best fitting mean equation through applying Auto Regressive Moving Average (ARMA) to 

choose the best process in modelling the conditional mean, and it can be expressed as follows: 

RITIt  =  C + RITIt-1 + RSENt + et 

RSEN is the control variable which can influence return of IT-INDEX. 

-6

-4

-2
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14 15 16 17 18 19

ITIR Residuals  
Fig 1: Excess return 

From  Figure 1 we can observe the excess return from the mean return equation. The excess returns display 

periods of turbulence and tranquillity. This suggests that there is volatility clustering, which further 

confirmed through ARCH-LM test. The ARCH-LM test is applied in IT-INDEX return to find out the 

presence of ARCH (Auto Regressive Conditional Heteroscedasticity). From  Table 3, it is observed that the 

ARCH-LM test statistics is highly significant. Since p < 0.05, the null hypothesis of ‘no arch effect’ is 

rejected at 1% level, which confirms the presence of ARCH effects in the residuals of returns equation and 

hence we can use GARCH family for estimation of volatility. 
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Table :3 ARCH-LM Test in the Residual of Return Model 

RITIR 
F-statistic 11.12903     Prob. F(1,1227) 0.0009 
Obs*R-squared 11.04697     Prob. Chi-Square(1) 0.0009 

The ARCH-LM test is applied in IT-INDEX return to find out the presence of ARCH (Auto Regressive 

Conditional Heteroscedasticity) effect in the residuals from the estimated mean return Model IT-INDEX. 

From  Table 3, it is observed that the ARCH-LM test statistics is highly significant. Since p < 0.05, the null 

hypothesis of ‘no arch effect’ is rejected at 1% level, which confirms the presence of ARCH effects in the 

residuals of returns equation and hence we can use GARCH family for estimation of volatility.  

(c) ARCH and GARCH effect in the Conditional Volatility of IT-INDEX 
After building the return equation for estimating mean return, the volatility has been modelled using 

GARCH (1,1) model as follows: 
GARCH = ω+ α*RESID(-1)^2 + β*GARCH(-1)+εt 

Table:4 GARCH (1,1) Model for Estimation of Volatility 

Mean Equation 

Variable Coefficient Std. Error z-Statistic Prob.   
C 0.032814 0.028324 1.158531 0.2466 
RBEN(-1) 0.013665 0.026164 0.522305 0.6015 
RSEN 0.644319 0.031127 20.69958 0 
 Variance Equation 
Variable Coefficient Std. Error z-Statistic Prob.   
C 0.08771 0.03116 2.814861 0.0049 
RESID(-1)^2 (α) 0.055453 0.012456 4.451864 0 
GARCH(-1) (β) 0.853685 0.041589 20.5266 0 

Akaike info criterion -7.21015 

Schwarz criterion -7.19421 

Table 4 indicates that there is a direct effect between news (Shocks) that enters the market and the level of 

volatility in IT-INDEX. The parameters of The ARCH and GARCH coefficients (0.055453 and 0..853685) 

are statistically significant, which implies to reject null hypothesis and accept the existence of volatility 

clustering in return series. In other words volatility from the previous periods has a power of explaining the 

current volatility condition. Thus, the sum of coefficients α and β in GARCH (1,1) model is a measure of 

the persistence in the volatility shocks, if the result is close to unity (i.e. one) then the more persistent is the 

stock to conditional variance. However, it appears from the analytical output that the (α + β) is around 
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(0.91) which means that the IT-INDEX return series have both attributes; volatility clustering and 

persistent. Hence, all previously mentioned tests indicate that the variance equation is well characterized 

and specified. 

(d) Leverage effect in Volatility 
Table 4: EGARCH model of IT-INDEX 

Dependent Variable: RMCI  
Method: ML - ARCH (Marquardt) - Normal distribution   

Mean Equation 
Variable Coefficient Std. Error z-Statistic Prob.   
C 0.040004 0.028323 1.412414 0.1578 
RITI(-1) 0.013442 0.025616 0.524756 0.5998 
RSEN 0.64834 0.030768 21.07212 0 

Variance Equation 
ω -0.09813 0.019131 -5.12944 0 
α 0.125811 0.024697 5.094166 0 
γ -0.03245 0.014122 -2.2975 0.02 
β 0.928284 0.021481 43.21421 0 

    Akaike info criterion -7.456014 
    Schwarz criterion -7.430948 

In order to capture the availability of asymmetric behaviour and the existence of asymmetry of information 

in the financial return of IT-INDEX, the study applies EGARCH (1,1) model in order to detect the leverage 

effect (asymmetric). The EGARCH model as proposed by Nelson (1991) to model the volatility of stock 

return in logarithmic form is as follows: 

LOG(GARCH) = ω + α *ABS(RESID(-1)/@SQRT(GARCH(-1))) +  

γ*RESID (-1)/@SQRT(GARCH(-1))+   β*LOG(GARCH(-1))  
where α is the coefficient of ARCH effect (clustering of conditional volatility), γ is the coefficient of 

asymmetric effect or leverage effect in the volatility and β is the coefficient of persistence of volatility. The 

leverage effect is captured by parameter (γ) in EGARCH model for estimation of volatility is negative and 

significant at 1% level of significance, as expected, which signifies that a positive shock has less effect on 

the conditional variance LOG (GARCH) compared to negative news or shocks. So good new (GST, high 

GDP Growth, liberal credit policy etc.) can generate less volatility than bad news (NPA, inflation, etc.) for 

Return of IT company.  
 

Heteroscedasticity Test: ARCH 
F-statistic 0.824987     Prob. F(1,1227) 0.3639 
Obs*R-squared 0.825777     Prob. Chi-Square(1) 0.3635 
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(e) Risk-return relationship in the return of IT-INDEX 

To study the Risk and Return relationship, as proposed in Capital Asset Pricing Model (CAPM) in the IT-

INDEX, we have used the GARCH-M model by incorporating GARH component (conditional variance) 

in the mean return equation as follows: 

RBENt = C + RBENt-1 + RSENt + GARCHt + et 

From the table we have observed that GARCH term is statistically insignificant suggesting there is no 

risk/return trade-off , implies that the hypothesis of  CAPM  is rejected. 

Table: GARCH-M Model of IT-INDEX 

Mean Equation 

Variable Coefficient Std. Error z-Statistic Prob.   

GARCH -0.1524 0.130386 -1.168844 0.2425 
C 0.172509 0.121866 1.415557 0.1569 
RITI(-1) 0.015758 0.026434 0.596123 0.5511 
RSEN 0.643631 0.031137 20.6707 0 
 Variance Equation  

C 1.54E-06 2.66E-07 5.799474 0 

RESID(-1)^2 0.056399 0.007253 7.775516 0 

GARCH(-1) 0.910951 0.010304 88.4082 0 

 

1.6 Conclusion 
Volatility is an important determinant in the investment decision in the stock market. The investors in the 

stock market are also likely to be affected by the volatility of stock prices as high volatility could mean 

huge losses or gains and hence greater uncertainty. Further, in the volatile capital market, it is difficult for 

the companies to raise capital. Now, before investing in IT stock as well as raising finance from these 

markets, I investors and IT companies should be aware of the nature of volatility in those markets. In this 

empirical research we have tried to model the conditional volatility of Return of IT-INDEX (Index 

reflecting stock of IT Companies) for exploring their nature. We have applied the non-linear Exponential 

Generalised Autoregressive Conditional Hetroscedasticity (EGARCH) model to capture the volatility 

clustering, leverage effect and long memory property of volatility over the study period and also the risk 

and return relationship. The model is employed after confirming that the return series has Unit Root 

(Stationary) using ADF test. The significance of Jarque-Bera statistic is suggesting the asymmetry of the 

distribution. High kurtosis (>3) indicates that the distribution of market return is leptokurtosis. We have 
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observed the volatility clustering in the market as α coefficient is statistically significant in EGARCH(1,1). 

We also perceived asymmetry effect of information, as γ coefficient is negative and statistically significant 

at 1% level of significance, which implies negative shock (information) in the Indian capital market will 

raise more volatility than positive shock. We have observed that volatility is persistent in the recent time as 

β coefficient is statistically significant which implies volatility of today not only influence the volatility of 

tomorrow but also about the volatility of many days ahead in the stock market.  We have identified that 

there is no significant risk-return relationship in IT sector through GARCH-M Model. The diagnostic check 

for the residual of the volatility model confirms that the model fitted above is satisfactory (Table 6). Further 

the study supports the findings of Ahmedand Aal (2004) , Karmakar (2005) and work of Mittal, Arora 

(2012). The paper is, however, not devoid of limitations. They are as follows: First, the data used in this 

study is restricted upto 5 years; however, we can extend our study period beyond 5 years to explore the 

nature of volatility of IT sector over long period. Second, we have used the inter day volatility for the study, 

although, we can study the nature of intraday volatility and compare it with the previous one.  Last but not 

least, in this study we have ignored the impact of volatility of Sensex while modelling the Variation 

equation.  
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ABSTRACT 

The spread of the Covid-19 pandemic has an 

unprecedented and immense impact on the world economy 

as well as the Indian economy. The stock market, treated as 

a barometer of the economic activity of any country is 

adversely affected. Not even in India, countries like 

Germany, France, the USA, and Spain have been strongly 

affected. Nationwide lockdown, restriction on the 

transportation system, demand-supply disequilibrium lead 

to slow down in the economy and create a fear factor 

among the participants of the capital market. Rapid fall in 

the share price and increased volatility are identified 

during this period.  The present study tries to compare the 

stock price return volatility, no of the transaction, and 

delivery percentage of various listed companies listed on 

BSE during the pre and post COVID 19 periods to examine 

the effect of this pandemic on the economy as a whole. 

Period of Study: In this paper, we have 

consideredthe pre-covid period from 1st September 2019 to 

15th March 2020 and post covid period from 16th March 

2020 to August 2020. 

Sample: for this study, we have selected 50 BSE 

listed Companies covering 5 sectors, viz. Pharma, 

Automobile, Industrial Products, Banking and Finance, 

and Consumer Goods. 

Statistical Method: We have used paired sample t-

test for comparing the arithmetical mean of different 

capital market parameters for these two sub-periods for 

each sector separately and standard deviation of daily 

return as a measure of volatility. 

Conclusion: From the study, we have observed 

that average daily share price; average daily return; daily 

no. of transactions and volatility is significantly different 

from pre and post covid period for most of the sectors. 

However, we have not perceived any significant difference 

in the delivery percentage of traded shares of these sectors 

between two study periods.  
 

Keywords-- Covid-19, Stock Prices, Stock Returns, 
Volatility, Number of Transactions and Delivery 
Percentage 
 
 

I.  INTRODUCTION 
 

The spread of the Covid-19 pandemic has an 
unprecedented and immense impact on the world 
economy as well as the Indian economy. The stock 
market, treated as a barometer of the economic activity 
of any country is adversely affected. Not even in India, 
countries like Germany, France, the USA, and Spain 
have been strongly affected. Nationwide lockdown, 
restriction on the transportation system, demand-supply 

disequilibrium lead to slow down in the economy and 
create a fear factor among the participants of the capital 
market. Rapid fall in the share price and increased 
volatility are identified during this period. It disrupts the 
market stability and position of systematic risk in the 
market. This pandemic is not only affecting public health 
but the financial market has intensely affected. The 
market value of Standard & Poor (S&P) 500 indexes 
declined to 30% since the Covid-19 outbreak. Sensex 
has also declined to almost 32% during this period. 
Uncertainty and risk created due to this pandemic, 
causing significant economic impact all over the globe 
affecting both advanced and emerging economies such 
as the US, Spain, Italy, Brazil, and India. Under this 
backdrop, the Capital market of India has been adversely 
affected by dramatic movement in stock return. To shed 
light on this aspect, this paper attempts to undertake a 
comparative study of few capital market parameters like 
average closing share price, average daily return, 
average volatility of daily return, the average number of 
transactions, and percentage of delivery of traded 
securities during the pre-covid and post-covid ear, based 
on 5 important sectors of the economy, like, 
Pharmaceuticals, Automobiles, Industrial Goods, 
Banking and Finance and Consumer Goods.This paper is 
arranged into six sections. Section I starts with an 
introduction, section II represents a literature review, 
Section III describes the objectives of the study, section 
IV describes the research methodology, section V shows 
results and discussion,andsection VI ends with the 
conclusion. 
 

II. LITERATURE  REVIEW 
 

Sahoo, P., & Ashwin. (September 2020), the 
study assesses the impact of Covid-19 on the Indian 
Economy with special emphasis on the manufacturing 
and MSME sectors. It is expected that growth of 
manufacturing sectors may decline from 20% to 5.5%, 
export from 20.8% to 13.7%, and MSME net asset value 
from 5.7% to 2.1% in 2020-21 financial year over the 
previous financial year 2019-20. GDP may shrink by -
7%. The economy is moving towards a recession. Some 
fiscal and monetary policy measures are suggested for 
economic recovery. 

Das, K. K., & Patnaik, S. (June 2020), study 
suggests that the Covid-19 pandemic could lead to a 
slowdown in domestic demand. Severe job losses and 
pay cuts and unemployment in the unorganised sector 
will lead to erosion of purchasing power. Covid-19 has 
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caused severe disequilibrium in the Indian economy. It is 
estimated that GDP growth rate to 1.9% for 2020-21 
which lowest by the recorded growth rate of 1.15% in 
1991-92. An outbreak of Covid-19 has disrupted tourism 
aviation, telecom, the auto sector, transportation sectors.  

Garg, D., K., Gupta, M., & Kumar, M. (Feb 

2021), this study indicates that the covid-19 crisis creates 
the instability of demand, and supply powers will 
continue even after lockdown. Indian growth fell to 3.1% 
in the 4th quarter of the fiscal year 2020. Unemployment 
increased to 26% in April, from 6.7% in March 2020. 
140 million people either lost employment during the 
period or face a severe salary cut. During the first phase 
of the lockdown Indian economy loses a daily 4.5 billion 
USD. For the complete lockdown period, the economy 
will expect to lose nearly 2.8 trillion USD. Export of 
gems and jewelry drop to 98.74% and leather and the 
leather product falls to 93.8%.  

Mhajan, M. (Sept 2020), the paper studies the 
impact of the Covid-19 pandemic on the manufacturing 
sector of India and its impact on unemployment. The 
paper found that contractual workers are affected in 
India as workers have moved to the home town due to 
this epidemic. The manufacturing sector gets affected 
due to decreasing demand and a broken supply chain. 
The decline in manufacturing activities will also have an 
impact on the expenditure on corporate social 
responsibilities of Indian companies.  

Ozili and Arun (2020) in their empirical study 
to explore the impact of social distancing policy to curb 
down the spread of the Covid-19 and their economic 
impact on four Continents, viz. Asia, Africa, Europe, and 
North America. The study found that lockdown 
destroyed economic stability and affect stock prices 
adversely.  

Azimili (2020) study empirically the impact of 
Covid-19 using regression on the intensity and 
composition of the risk-return relationship in the USA 
Capital Market. The results indicate that following the 
COVID-19 outbreak, the degree of association between 
returns and market portfolio has raised, as a result, the 
benefits of diversification are reduced. The author also 
studied the GSIC and stock return relationship and found 
that the GSIC return relationship revealed an asymmetric 
pattern, lower tails influenced negatively almost twice as 
compared to the upper tails. 

Shezad et al. (2020) conducted a study to 
analyze the nonlinear behavior of the return of stock 
markets of fin the USA, Italy, Japan, and China by using 
the P-GARCH model. The study confirmed that the 
COVID-19 pandemic affects the stock returns of the 
S&P 500 adversely. However, it revealed an 
inconsequential impact on the Nasdaq Composite index.  

Cepoi (2020), an empirical study conducted to 
find the association between COVID-19 related news 
and stock market returns across the topmost affected 
countries. This study identified that the Capital market 
shows asymmetry dependence on COVID-19 related 
news. This study is based on panel quantile regression. 

Osagie et al. (2020), by applying Quadratic 
GARCH and Exponential GARCH models with dummy 
variables found that the COVID-19 adversely affect the 
stock returns in Nigeria and suggested that a stable 
political environment, diversification of economy, 
financial incentive to domestic companies, flexible 
exchange rate regime can be implemented to improve the 
condition of the financial market.  

Basistha.D and Bora.D (2020), have studied 
empirically the volatility of BSE Sensex, and NSE Nifty 
using the GARCH family model. The outcome of the 
study is that the stock market in India has experienced 
high unfavorable volatility during the pandemic period. 
While comparing the results with that of the pre-
COVID-19 period, we find that return on the indices is 
higher in the pre-COVID-19 period than during COVID-
19. 

India is one of the emerging economies in the 
world, this paper shows the nature of volatility between 
the pre and post-Covid-19- period. Few studies have 
been conducted to focus the comparative study on this 
connection. In this study, I have attempted to compare 
the volatility of the returns of NSE- Nifty between these 
two above-mentioned sub-periods. 
 

III. OBJECTIVE OF THE STUDY 
 

1. To compare the closing average share prices of 
selected sectors during pre and post covid 
periods. 

2. To compare the average daily return of selected 
sectors during pre and post covid periods. 

3. To compare the average volatility of selected 
sectors during pre and post covid periods. 

4. To compare the number of daily trading of 
selected sectors during pre and post covid 
periods. 

5. To compare the average delivery percentage of 
selected sectors during pre and post covid 
periods. 

 

IV. HYPOTHESIS OF STUDY 
 

Based on the above objectives we have framed 
the following hypothesis for this study: 

a. H01: There is no difference in the average 
closing stock prices during pre and post covid 
periods. 

b. H02: There is no difference in the average daily 
return during pre and post covid periods. 

c. H03: There is no difference in the average daily 
transaction during pre and post covid periods. 

d. H04: There is no difference in the average 
delivery percentage during pre and post covid 
periods. 

e. H05: There is no difference in the average 
volatility during the pre and post covid periods. 
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Such hypotheses are tested for each of the 
following sectors separately: 

a. Pharmaceuticals sector 
b. Automobile sector 

c. Industrial Goods sector 
d. Banking sector 
e. Consumer Goods Sector 

 

Companies Covered for  the  Study 

Sectors 

Pharmaceuticals  Automobile Heavy Industrial Banking and 

Finance 

Consumer Goods 

WOCKHARDT TVS MOTOR TATA STEEL YES TITAN 

TORRENT TATA MOTORS SEMENCE SBI P & G 

SUN PHARMA MRF SAIL POWER NESTLE 

REDDY MARUTI L & T PNB ITC 

PFIZER MAHINDRA JINDAL IDBI HUL 

LUPIN J K TYRES ISGEC ICICI GODREJ 

CIPLA HERO MOTOR 
HINDUSTAN  
ZINC HOUSING EMAMI 

CADDILA EICHER HIDALCO HDFC DABUR 

AUROBINDO CEAT GAIL BANDHAN COLGATE 

ALKEM BOSCH BHEL AXIS BALRAMPUR 

 

IV.  RESEARCH METHODOLOGY 
 

For this empirical study, we have selected five 
sectors like, Pharmaceuticals, Automobiles, Industrial 
goods, Banking and Finance, and Consumer goods, and 
from which a total of 50 widely traded BSE listed large 
Cap companies are selected for this study purpose. The 
returns of the stock index are calculated based on the 
logarithmic transformation of the daily closing share 
price. we calculate the daily return of the share price data 
taking the log of the first difference of daily Average 
Index Value,  Rt = Log (Pt / Pt-1),  Where Pt is the closing 
share price at time t and Pt-1 is the corresponding value at 
time t-1.Volatility has been measured based on the 
standard deviation of the daily returns.    
Sample Period: The sample covers daily observation of 
Nifty of two-time frames. 
Sub Period 1: Pre-Covid-19 era (from September 2019 
to March 2020) and  
Sub Period 2: Post-Covid-19 era (from April  2020 to 
August 2020) 

Data Source: The entire data has been collected from 
BSE Website. 
Research Tools: To study the difference between the 
performance of stocks during post covid 19 and pre 
covid 19 periods, paired t-test was used. First, the 50 
companies were grouped into 5 sectors and then the 
return is calculated based on the daily closing prices of 
each company was calculated separately for the pre 
covid and post covid periods. Later the paired sample t-
test was performed separately for each sector. To 
measure the volatility of each sector the average of the 
standard deviation of stock returns of the companies 
about that sector was calculated. 
Research Software: The entire econometrics analysis 
has been done using the SPSS-23statistical package. 
 

V.    DATA ANALYSIS AND FINDINGS 
 
The analysis of data is done sector wise 

 

Table 1: Pharmaceutical Sector 

 

Paired Differences t Sig. (2-

tailed) Mean Std. 

Deviation 

Std. Error 

Mean 

Pair 1 PRE_CLP - POST_CLP -292.409 310.80027 98.28368 -2.97515 0.01557 
Pair 2 PRE_RET - POST_RET -0.00291 0.00317 0.00100 -2.89887 0.01763 
Pair 3 PRE_TRAN - POST_TRAN -2562.375 2128.11124 672.96786 -3.80757 0.00417 
Pair 4 PRE_DELIVERY - 

POST_DELIVERY 
1.090 5.55499 1.75664 0.62096 0.55003 

Pair 5 PRE_VOLA - POST_VOLA -0.0067 0.00693 0.00219 -3.06161 0.01354 
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The Indian Pharmaceutical sector ranks third 
globally in terms of volume and tenth in terms of value. 
The results of the t-test (Table 1) show that the mean 
value of closing stock prices of selected pharmaceutical 
companies in this sector has increased during the post 
covid period by Rs. 292.40 and it is statistically 
significant based on p-value (0.01557). Hence, we reject 
the null hypothesis and accept the alternative hypothesis 

(as the critical t-value is less than the calculated t-value).  
Similarly, we can accept the alternative hypothesis that 
there are significant differences in the daily return 
(increased by 0.00291), volatility (increased by 
0.00671), and transaction (increased by 2,562) during 
these two periods. However, we have not found any 
statistically significant difference concerning delivery 
percentage.

 
Table 2: Industrial Goods Sector 

 

Paired Differences t Sig. (2-

tailed) Mean Std. 

Deviation 

Std. Error 

Mean 

Pair 1 PRE_CLP - POST_CLP 112.74620 155.44 49.15759 2.29357 0.04750 
Pair 2 PRE_RET - POST_RET -0.00347 0.00291 0.00092 -3.77613 0.00438 
Pair 3 PRE_TRAN - POST_TRAN -2566.30 2525.85 798.74499 -3.21292 0.01061 
Pair 4 PRE_DELIVERY - 

POST_DELIVERY 
-0.32980 6.87597 2.17437 -0.15168 0.88279 

Pair 5 PRE_VOLA - POST_VOLA -0.03581 0.08802 0.02784 -1.28666 0.23032 

 
The heavy industrial sector is the backbone of 

the Indian Manufacturing Sector. We have observed that 
the average closing price has dropped significantly 
during the post covid period though return has increased 
significantly. Here we observed that the calculated t 
value of the cases is more than a critical value of t 
statistics. Hence, we reject the null hypothesis that there 
is no difference in the average closing price and daily 
return during the pre and post covid periods. Although 

we have observed that the number of transactions has 
increased significantly during the post covid period this 
is statistically significant at 5%. The results of the 
Volatility of stock returns of the Industrial sector show 
that the volatility of stock returns has increased 
significantly, based on the p-value. This indicates that 
the pharmaceutical stock's returns have slightly become 
more volatile in the post covid period 

 
Table 3: Automobile Sector 

  

Paired Differences t Sig. (2-

tailed) Mean Std. Deviation Std. Error 

Mean 

Pair 1 P  PRE_CLP - POST_CLP 13972.4870 40844.1980 12916.0695 1.0818 0.3075 

Pair 2 PRE_RET - POST_RET -140.4001 443.9848 140.4003 -1.0000 0.3434 

Pair 3 PRE_TRAN - POST_TRAN -1632.4771 1253.4470 396.3747 -4.1185 0.0026 

Pair 4 PRE_DELIVERY - 
POST_DELIVERY 

1.4996 4.9206 1.5560 0.9637 0.3604 

Pair 5 PRE_VOLA - POST_VOLA -0.0127 0.0832 0.0263 -0.4820 0.6413 

 
India is expected to emerge as the world's 

third-largest automobile market by 2021.From table 3 
we have observed that all the parameters except 
several transactions, are not showing the significant 
difference between pre covid and post covid era as 
calculated t-value is less than critical t-value. So, we 
can accept the null hypothesis that closing price, daily 
return percentage of delivery, and volatility have no 

difference between pre and post covid ear. For the 
auto sector, it may be assumed that the covid 
pandemic is not creating any significant shock in this 
sector. Rather, the number of the transaction has 
increased significantly at 1% level of significance. It 
indicates that investors are showing increasing 
enthusiasm in this sector. 
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Table 4: Bank and Financial Sector 

  

Paired Differences t Sig. (2-

tailed) Mean Std. 

Deviation 

Std. Error 

Mean 

Pair 1 PRE_CLP - POST_CLP 169.2146 166.053 52.51081 3.222 0.010 
Pair 2 PRE_RET - POST_RET -0.00170 0.0035 0.00111 -1.531 0.160 
Pair 3 PRE_TRAN - POST_TRAN -6158.835 12440.15 3933.92126 -1.566 0.152 
Pair 4 PRE_DELIVERY - 

POST_DELIVERY 
-1.82000 12.765 4.03677 -.451 0.663 

Pair 5 PRE_VOLA - POST_VOLA -0.00671 1.684 0.63676 -1.956 0.148 

 
As per the Reserve Bank of India (RBI), India’s 

banking sector is sufficiently capitalised and well-
regulated. The financial and economic conditions in the 
country are far superior to any other country in the 
world. Credit, market, and liquidity risk studies suggest 
that Indian banks are generally resilient and have 
withstood the global downturn well(Indian Banking 
Industry Report, Nov 2020). From table 4 we can 
observe that the mean value of closing share price of 
selected sample companies in the Banking and Finance 

sector has decreased by Rs.169.2 during the post covid 
period from pre covid period and the result is statistically 
significant at 1% level of significance. Hence we can 
reject the null hypothesis that there is no significant 
difference inthe average of the closing share price of the 
banking sector. However, for the other parameter, we 
can accept the null hypothesis that there is no 
statistically significant difference between pre and post 
covid era. 

 
Table 5: Consumer Goods  Sector 

  

Paired Differences t Sig. (2-

tailed) Mean Std. Deviation Std. Error 

Mean 

Pair 1 PRE_CLP - POST_CLP -123.38 605.1107 191.3528 -.645 0.535 
Pair 2 PRE_RET - POST_RET -0.0021 0.0026 0.0008 -2.566 0.030 
Pair 3 PRE_TRAN - POST_TRAN -2345.50 2538.3119 802.6847 -2.922 0.017 
Pair 4 PRE_DELIVERY - 

POST_DELIVERY 
0.4120 8.9988 2.8457 .145 0.888 

Pair 5 PRE_VOLA - POST_VOLA -0.0096 0.0034 0.0011 -8.937 0.000 

 
Indian consumer durables market is broadly 

segregated into urban and rural markets and is attracting 
marketers from across the world. The sector comprises a 
huge middle class, a relatively large affluent class, and a 
small economically disadvantaged class. Global 
corporations view India as one of the key markets from 
where future growth is likely to emerge. The growth in 
India’s consumer market would be primarily driven by a 
favorable population composition and increasing 
disposable income. (Indian Consumer durable Industry 
report 2, Nov 2020). From table 5 we have observed that 
daily return, volatility, and daily transactions are 
increased significantly during the post covid era. It is 
further confirmed by t-statistics as it is significant at a 
1% level. Therefore, we can reject the null hypothesis 
and accept the alternative hypothesis that daily return, 
volatility, and volume of trades are different from pre 
covid period to post covid period. This indicates that the 
Consumer durable sector returns are more vulnerable in 

the post-COVID 19 periods. Although we have observed 
no significant change in the mean closing price of shares 
and deliverable percentage. 
 

VI. CONCLUSION 
 

This paper devotes for comparative study of 
few capital market parameters to evaluate the impact of 
covid 19 in the stock market based on few sectors.  
The closing stock price and daily stock return are the 
significant parameters to determine the performance of 
the company as well sector over a specific time. 
Volatility is an important determinant in investment 
decisions in the stock market. The investors in the stock 
market are also likely to be affected by the volatility of 
stock prices as high volatility would be the reason for 
huge losses or gains and hence, greater uncertainty. The 
deliverable percentage indicated the trader's interest in 
the stock and sector.  High-quality shares have generally 
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a large delivery percentage. A high percentage implies 
that investors have good faith in the stock for this reason 
they are prepared to take delivery of this stock for a 
long-term purpose not for intra-day trading. The volume 
of trades shows how many transactions were placed on 
shares for a particular day. It can be used to measure the 
enthusiasm for the buyers and seller on the security. We 
have used paired sample t-test for comparing the mean 
of each sector. In the study, we have observed that the 
mean closing price and return are decreased for all the 
sectors except pharmaceuticals and consumer product, as 
these sectors business is not affected by this pandemic 
rather they have added value for their shareholders. 
However, during this pandemic volatility has increased 
from pre covid era to post covid era. As the stock market 
is not certain about the persistence of the covid-19 shock 
in the economy, we observed significant fluctuation in 
daily return. However, we have not observed any 
significant difference in the deliverable percentage for 
all these sectors during these two study periods. 
Moreover, we have identified that number of daily trades 
has increased significantly for all sectors except the bank 
and financial sector, where we have found no significant 
difference. The paper is, however, not devoid of 
limitations. They are as follows: first, the data used in 
this study is restricted up to 6-month pre and post; 
second, we have considers only five sector for the study 
and 50 listed companies for this study; last but not least 
in this study we have closing shares price for calculation 
of daily return.  
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ABSTRACT  
Volatility in capital markets is the measure degree 

of variability of stock return from their expected return. 

The volatility in the capital market is the basis for price 

discovery in the financial asset. The volatility index (VIX) is 

the measurement index of the volatility of the capital 

market. It is the fear index of the capital market. The 

concept is first coined in 1993 in Chicago Board Options 

Exchange (CBOE). In India, such an index was introduced 

in 2008 by NSE. India VIX calculates the expected market 

volatility over the coming thirty days on Nifty Options. It 

Market index is the performance metric of the Indian 

capital market. This index is designed to reflect the overall 

market sentiments. An index is an important parameter to 

measure the performance of the economy as a whole.  

While the market index measures the direction of the 

market and is calculated by the price movements of the 

underlying stocks, the Volatility Index measures the 

volatility of the market and is calculated using the order 

book of the underlying index's options. In this study, we 

examine the association between India VIX and Nifty Index 

returns by using Johanson's co-integration, Vector Error 

Correction Model (VECM), and Granger causality Tools. 

The data for this study covers closing data of VIX  value 

and Nifty closing value from January 2014 to December 

2019 and has a total of 1474 daily observations. The result 

confirms that there are co-integrating relationships (long-

run association) between VIX and Nifty. The Granger 

causality indicates Nifty does Granger Cause VIX but VIX 

does not granger Cause Nifty.  
  
Keywords-- VIX, Data Stationarity, Johansen 
Cointegration Test, VECM 
 
 

I. INTRODUCTION 
 

Volatility is the measure of uncertainty about 
the variation in the return of the stock market, bond 
market, commodity market, and foreign exchange 
market. A higher volatility means a large variation in the 
return, whereas low volatility indicates fluctuation in the 
value of a security is not dramatically. Estimation of the 
volatility of a financial time series has gained large 
popularity among researchers and academicians and 
market players. Volatility can be of two types. 
Unconditional volatility-which is the single measure of 
the volatility of asset return over time and other, is 
conditional volatility which is varying over time and 
depends on own past volatility (Autoregressive) and 
upon past asset returns (conditional). The volatility in the 
capital market is the basis for the determination of price 
in the financial asset, like option pricing. In this context 

Volatility index (VIX) is the measurement index of the 
volatility of a capital market. It is the fear index of the 
capital market. The concept is first coined in 1993 in 
Chicago Board Options Exchange (CBOE). In India, 
such an index was introduced in 2008 by the National 
Stock Exchange. India VIX captures the expected market 
volatility over the next thirty days based on the implied 
volatility in the used in Nifty Options. The market index, 
Nifty is the performance metric of the Indian capital 
market. This index is designed to reflect the overall 
market sentiments. An index is an important parameter 
to measure the performance of the economy as a whole.  
While the market index measures the direction of the 
market and is calculated by the price movements of the 
underlying stocks, the Volatility Index measures the 
volatility of the market and is calculated using the 
underlying Index’s options. Volatility is the indicator of 
expected risk in the capital market. Market return 
decreases when the volatility increases as investors are 
reluctant to invest in the risky market, leads to a fall in 
the demand of share as well as price (as demand in the 
stock market is less). However, return increases when 
volatility decreases as investors are willing to invest in 
the capital market, which leads to an increase in demand 
as well as price. Thus the correlation between the capital 
market return and volatility is negative. Most of the 
researches on volatility modelling are based on the past 
fluctuation in market return. Hence it has less future 
prediction capability. In this context, VIX is based on the 
future Nifty option price of the next 30 days. It is the 
Index of the market expectation of volatility over a 
short-term period and indicates the implied volatility as 
well as an implied risk of the stock market. Since the 
volatility index looks into the future and is derived from 
the option prices, it may offer important clues to the 
investors by observing the sentiments of the options 
investors to buy and sell in the market. This paper will 
investigate the association between VIX and Nifty and 
their short-term causality and dynamics using VAR 
Framework. 

 

II. LITERATURE STUDY 
 

Floros (2008) modelled the volatility applying 
daily data from two Middle East stock indices viz., the 
Egyptian CMA index and the Israeli TASE-100 index, 
and used GARCH, EGARCH, and TGARCH. The study 
found that the coefficient of the EGARCH model 
showed a negative and significant value for both the 
indices, indicating the existence of the leverage effect.  
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Ahmed and Aal (2011) studied Egyptian stock 
market return volatility and his study showed that 
EGARCH is the best fit model among the other models 
for measuring volatility.  

Karmakar (2005) estimated the volatility model 
to study the feature of Indian stock market volatility.. 
The study also capture the presence of leverage effect in 
the Indian stock market volatility and the study showed 
that the GARCH (1,1) model provided reasonably good 
forecasts of market volatility. Whereas, in another study, 
he (Karmakar2007) found that the conditional variance 
was asymmetric during the study period and the 
EGARCH-M was found to be an adequate model that 
reveals a positive relationship between risk and return.  

Goudarzi and Ramanarayanan (2010) examined 
the volatility of the Indian stock market using the BSE 
500 stock index as the proxy for ten years. ARCH and 
GARCH models were estimated and the best model was 
selected using the model selection criterion viz., Akaike 
information criterion (AIC) and Schwarz Information 
Criterion (SIC). The study found that GARCH (1,1) was 
the most appropriate model for explaining volatility 
clustering.  

Goudarzi and Ramanarayanan (2011) in their 
study, investigated the volatility of the BSE 500 stock 
index and modelled two non-linear asymmetric models 
viz., EGARCH (1,1) and TGARCH (1,1) and found that 
TGARCH(1,1) model was found to be the best-preferred 
model as per Akaike Information Criterion (AIC) and 
Schwarz Information Criterion (SIC).  

 Mittal, Arora, and Goyal (2012) examined the 
behaviour of Indian stock price and investigated to test 
whether volatility is asymmetric using daily returns from 
2000 to 2010. The study reported that GARCH and 
PGARCH models were found to be best-fitted models to 
capture symmetric and asymmetric effects respectively.  

Mall, S.Mishra P.K Mishra  B.B Pradhan 
(2014) in their study they examine the relationship by 
implementing Johanson's co-integration and Granger 
causality methods between India VIX and Nifty index 
returns. This study confirms cointegration between VIX 
and Nifty as well as in the long run VIX will cause Nifty 
movement whereas in the short run reverse is true. 

Based on the above literature review we can 
conclude that in India very little work has been 
conducted to study the co-integration between VIX and 
Stock return under the VECM framework.  
 

III. OBJECTIVES OF THE STUDY 
 

1. To study the existence of unit root (Stationarity) 
in the Nifty data and VIX data using ADF 

(Augmented Dickey-Fuller) and PP (Phillips-
Perron) Test.  

2. To study the long-term association between 
Nifty and VIX using Johansen Co-integration 
Test. 

3. To study the cause-effect relationship between 
the two variables using Granger Causality Test. 

4. To study the long-term and short-term causality 
and dynamics among these variables Using 
VAR Framework. 

 

IV. RESEARCH METHODOLOGY 
 

Sample: The data for this study covers the closing value 
of the Volatility Index (VIX) and Market Index (Nifty). 
Sample Period: The sample covers daily data from 
January 2014 to December 2019 and has a total of 1474 
daily observations. 
Data Source: The entire data has been collected from 
the NSE (National Stock Exchange) Website.  
Research Tools: Various statistical tools ADF 
(Augmented Dickey-Fuller) and PP (Phillips-Perron) 
Test and Jarque-Bera statistic were utilised to study the 
stationarity. For the long-term relationship between the 
indices, we can use Engle-Garner Cointegration Test or 
Johansen Co-integration Test. However, we use here the 
Johansen Co-integration Test. Now to study the 
interrelationship in the variation among the variable we 
can use Vector Auto-Regressive (VAR) model or Vector 
Error Correction Model (VECM).  If the variables are 
non-stationary at the level form and cointegrated we can 
use restricted VAR but if data are not cointegrated then 
we should use unrestricted VAR. The entire null 
hypothesizes are tested using appropriate test statistics at 
a 5% level of significance. 
Research Software: The entire econometrics analysis 
has been done using E-views 8 Econometrics package.  
 

V. RESEARCH FINDINGS 
 

We have used the Augmented Dickey-Fuller 
Test to check whether the time series data are stationary 
at the level form and stationary at the first difference. 
For that purpose, we can form the following 
hypothesizes. 
Null Hypothesis: VIX return (growth) and Nifty return 
(growth) data are not stationary. 
Alternative Hypothesis: The above time series is 
stationary. 

If the p-value is less than 5%, we will reject the 
hypothesis, and if the p-value more than 5% we accept 
the null hypothesis.  
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Table 1: Augmented Dickey-Fuller test statistic and Phillips-Perron test statistic 

  

Return Nifty Return VIX 

    t-Statistic   Prob.* t-Statistic   Prob.* 

Augmented Dickey-Fuller test statistic   -35.631904 0.00 -30.60226 0.00 

Test critical values: 1% level -3.4345728   -3.434579   

  5% level -2.8632921   -2.863295   

  10% level -2.5677513   -2.567753   

    Adj. t-Stat   Prob.* Adj. t-Stat   Prob.* 

Phillips-Perron test statistic   -35.534196 0.00 -38.42132 0.00 

Test critical values: 1% level -3.4345728   -3.434576   

  5% level -2.8632921   -2.863293   

        -2.567752   

 
The results of the test are given in table 1. The 

result indicates that all the daily index data are not 
stationary at the level form but stationary at first 
difference i.e. I (1). This result indicates that we can 
move on with the two tests of cointegration. The 
stationarity is further confirmed by the Phillips-Perron 
test. The tabulated values of these series are much higher 
than critical values at 1%, 5%, and 10% levels of 
significance. Hence we reject the null hypothesis that 
these series have no unit root and conclude that data of 
the time series for the entire study period is non-
stationary at the level form but stationary at the 1st level 
difference. 

The next step is to examine whether there exists 
a long-run equilibrium relationship among variables. 
This is called Co-integration analysis which is very 
significant to avoid the risk of spurious regression. The 
co-integration analysis is important because if the Co-

integration relationship is identified, the model should 
include residuals from the vectors (lagged one period) in 
the dynamic VECM system. In this stage, Johansen's Co-
integration test is used to identify a co-integrating 
relationship between the variables. The Johansen method 
applies the maximum likelihood procedure to determine 
the presence of co-integrated vectors in non-stationary 
time series.  
Null Hypothesis: No cointegration among the time 
series data. 
Alternative hypothesis: there is cointegration among 
the variables. 
The test statistics used for this purpose are Trace 
Statistic and Max-Eigen Statistic and they are tested at a 
5% level of significance. The decision rule is the same as 
above. If the p-value is less than 0.05 we will reject the 
hypothesis and if the p-value more than 0.05 we accept 
the null hypothesis. 

  
Table 2: Johansen’s Co-integration test 

Trend assumption: Linear deterministic trend   

Series: NIFTY VIX  

Lags interval (in first differences): 1 to 3 
 

  

Unrestricted Cointegration Rank Test (Trace)   

Hypothesized   Trace 0.05   

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

None * 0.015450155 24.26460306 15.49471288 0.00186611 

At most 1 0.000901755 1.328884964 3.841465501 0.249002854 

 Trace test indicates 1 cointegrating equation(s) at the 0.05 level 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized   Max-Eigen 0.05   
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No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

None * 0.015450155 22.93571809 14.26460015 0.001690988 

At most 1 0.000901755 1.328884964 3.841465501 0.249002854 

 Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level   

 **MacKinnon-Haug-Michelis (1999) p-values   

 
The result of the Johansen Cointegration Test 

indicates that VIX and Nifty have a long-term 
association at level form as both the Trace and the Max-
Eigen statistics is significant at 5%. If the variables are 
cointegrated or have long-run relationships or 
associations then we can use restricted VAR i.e. VECM 
(vector error correction model) to study short-term 

dynamics and causality. The existence of Co-integration 
implies the existence of Granger causality at least in one 
direction. To study the short-run causality between the 
VIX and the Nifty a standard Granger causality test has 
been performed based on F statistics. The result is given 
in table 3. 

 
Table 3: Granger Causality 

Pair-wise Granger Causality Tests 

 Null Hypothesis: F-Statistic Prob.  Decision 

 NIFTY does not Granger Cause RVIX 5.2039 0.0055 Reject 

 RVIX does not Granger Cause NIFTY 1.492 0.2252 Accept 

 
The result in Table 3 indicates VIX does not 

Granger cause of Nifty. However, Nifty Granger causes 
the VIX index in the short run.  Here variables (VIX and 
Nifty) are non-stationary (at level form) and stationary at 
1st level difference. Hence, we can use the vector error 
correction model (VECM). The VECM is the restricted 
VAR designed for use with non-stationary series that are 
co-integrated. The VECM has co-integrating relations 
built into specification so that it restricts the long-run 
behaviour of endogenous variables to converge to their 

co-integrating relationship while allowing for short-run 
adjustment dynamics. The co-integrating term is known 
as the error correction term since the deviation from 
long-run equilibrium is corrected gradually through a 
series of short-run dynamic adjustments. In VECM, the 
value of variables is expressed as a linear function of 
past or lagged values of that variable and all other 
variables included in the model. Here the result is 
presented in table -4 below: 

 
Test 4: Vector Error Correction Estimates 

Error Correction: D(RVIX) Prob. Decision  D(NIFTY) Prob. Decision   

CointEq1 –C1 -0.03214 0.00  Sig.  0.87005 0.140681  No Sig. 

D(VIX(-1))-C2 0.062 0.04  Sig  -2.45815 0.317402  No Sig. 

D(VIX(-2)) –C3 -0.11694 0.00  Sig.  0.272667 0.911058  No Sig. 

D(NIFTY(-1))-C4 0.001059 0.00  Sig  0.061943 0.037836 Sig  

D(NIFTY(-2))-C5 -0.00041 0.05  Sig. -0.00579 0.846153  No Sig. 

C -0.00621 0.80  No Sig. 3.817607 0.059778  No Sig. 

 R-squared 0.034661     0.00737     

 Akaike AIC -2.703894     11.54415     

 
The coefficient of the co-integrated equation of 

D(VIX) is negative and significant at a 5% level. Hence, 
there is long-term causality running from Nifty and VIX. 
However, The coefficient of the co-integrated equation 

of D (NIFTY) is positive and not significant. Hence, 
there is no long-term causality running from VIX to 
Nifty. We also state that there is short-term casualty 
running from Nifty and VIX and Short-run dynamics in 
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the variable D(VIX) as the coefficient C2, C3, C4, and 
C5  are significant statistically in the case of the first 
equation. However, there is no short-term causality 
running from VIX to Nifty and short-run dynamics in 
variable D(Nifty) as most of the variables are statistically 
insignificant. The negative value of the Akaike 
Information Criterion indicates the appropriateness of 
the VAR system in the first equation. To examine the 
possible presence of autocorrelation in our model, we 
have conducted the Autocorrelation LM test which 
shows the absence of serial correlation in the VAR 
model that we have estimated. 
 

VI. CONCLUSION 
 

Augmented Dickey-Fuller Test indicated that 
VIX and Nifty are non-stationary at the level form but 
stationary at first difference. Co-integrating relationships 
between the variables are confirmed through the 
Johansen test of cointegration. The Trace statistic and 
Max-eigenvalue statistic suggest the presence of a 
cointegrating vector. The Granger causality test also 
indicates that Nifty does granger causes VIX. The 
VECM shows that the long-run and short-run casualty 
running from Nifty to VIX but no such causality running 
from VIX to Nifty. This study is useful for 
understanding the behaviour of India VIX and helps for 
hedging and risk management for the financial 
institution and the investors. Further, this study will help 
policymakers in the design of appropriate derivative 
instruments based on India VIX for hedging and risk 
management. The paper is, however, not devoid of 
limitations. First, the data used in the study is restricted 
to the last six years which can be extended from 2008; 
second, we are using the closing value of Nifty and VIX, 
however, we can use the average value of opening, 
closing, a high and low value of these variables of 
particular trading days; third we have used here Johansen 
Co-integration Test to study the Long-run relationship. 
However, we can use Engle-Garner Co-integration Test. 
Subject to these limitations the study reveals that long 
term association between VIX and Nifty and there exist 
long and short-term casualty running from Nifty to VIX.   
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Abstract It seems surprising that the emissivity proper-

ties of the accretion disk (à la Page and Thorne) surround-

ing the Gibbons–Maeda–Garfinkle–Horowitz–Strominger

(GMGHS) black holes of heterotic string theory have not yet

been studied. To fill this gap in the literature, we study the

emissivity properties of the thin accretion disks around these

black holes both in the Einstein and in the string frame using

the Page–Thorne model. For illustration, we choose as a toy

model a stellar-sized spherically symmetric black hole and

find that, while the emissivity properties do not significantly

differ from those of Reissner–Nordström and Schwarzschild

black holes, they remarkably differ at GMGHS extreme

limits corresponding to naked singularity and wormhole at

higher frequencies. These differences provide a novel way to

speculatively conclude about different types of objects from

the observational point of view.

1 Introduction

String theory is a promising candidate for a consistent quan-

tum theory of gravity and needless to say that the character-

istics of black holes (BH) in string theory would be utmost

interest. The predictions of string theory differ from those of

general relativity and one of the reasons for this difference is

the presence of a scalar field called dilaton that can change

the properties of the BH geometries.

The spherically symmetric static charged BH solution in

low energy heterotic string theory in four dimension was

found by Gibbons and Maeda [1] and independently by

Garfinkle, Horowitz, Strominger [2], which from now on will

be referred to as the Gibbons–Maeda–Garfinkle–Horowitz–

Strominger (GMGHS) solution. These works generated enor-

a e-mail: izmailov.ramil@gmail.com

mous interest in the dilatonic charged BHs (see, e.g., [3–16]

and references therein). In particular, the GMGHS BH space-

time can be described either in the Einstein frame (EF) or in

the conformally related string frame (SF). (Unless the frame

is specifically mentioned, the solution will be understood to

be in EF). In EF, the action is in the form of the Einstein-

Hilbert action, while in the SF strings directly couple to the

metric as e2Çgμ¿ , whereÇ is the dilaton and gμ¿ is the EF met-

ric. Even though the solutions in the two frames are related by

a conformal transformation so that they are mathematically

isomorphic to each other [3], there are differences in some

of the physical properties of the BH solutions in these two

frames [4]. For instance, Sagnac delay for rotating Kerr-Sen

metric of heterotic string theory was studied and an esti-

mate of assumed terrestrial dilatonic charge was given in [5].

Strong gravitational lensing by charged stringy BHs do not

produce any significant string effect on the Schwarzshild BH

as was shown by Bhadra [6]. Timelike geodesics of particles

around GMGHS BH were investigated in [7]. The magneti-

cally charged GMGHS interior spacetime was studied in [8].

Particle collision near the horizon of GMGHS BH was stud-

ied in [9]. Quasinormal mode frequencies in the string BH

were evaluated by using WKB approximation with Pöschl–

Teller potential in [10]. Some notable works on the impli-

cations of electric charge on various relativistic observables

in the context of general relativistic BHs can be found in

[17–21].

In addition to the above studies, which are by no means

exhaustive, the accretion disk properties could be yet another

diagnostic for distinguishing various types of objects. The

first comprehensive study of accretion disks using a Newto-

nian approach was made in [22]. Later a general relativistic

model of thin accretion disk was developed in three seminal

papers, by Novikov and Thorne [23], Page and Thorne [24]
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and Thorne [25] under the assumption that the disk is in a

steady-state, that is, the mass accretion rate Ṁ0 is constant in

time and does not depend of the radius of the disk. The disk

is further supposed to be in hydrodynamic and thermody-

namic equilibrium, which ensure a black body electromag-

netic spectrum and properties of emitted radiation. The thin

accretion disk model further assumes that individual parti-

cles are moving on Keplerian orbits, but for this to be true

the central object should have weak magnetic field, otherwise

the orbits in the inner edge of the disk will be deformed.

More recently, the properties of the accretion disk around

exotic central objects, such as wormholes (WH) [26,27], and

non-rotating or rotating quark, boson or fermion stars, brane-

world BHs, gravastars or naked singularities (NS) [28–44],

f (R) modified gravity models [44–46] have been studied.

One of the most promising method to distinguish the types

of astrophysical objects and their spin through their accre-

tion disk properties is the profile analysis of iron line for dif-

ferent spacetimes [47–52]. While various accreting objects

have been considered, the study of emissivity properties of

the GMGHS objects, for which the celebrated Page–Thorne

model is the most ideal one, have somehow been left out in

the literature, to our knowledge.

One recent work by Bahamonde and Jamil [11] pertains

to fluid motion (as opposed to particle motion) in different

spherically symmetric spacetimes, where the authors focused

on the radial variation of the fluid velocity, the density and

the accretion rate Ṁ0 of the fluid to the GMGHS BH. The

work in [11], though useful in its own right, is distinct from

the Page–Thorne emission model since it studied only the

non-emissivity aspects of the fluid flow with the predicted

mass accretion rate Ṁ0 depending on the radius of the disk.

Also the critical radius rc used in [11] is not the marginally

stable radius rms required in the Page–Thorne model. On the

other hand, we are motivated by the understanding that gen-

uine observable signatures of the accretion disk should be

provided by an analysis of the properties of radiation emerg-

ing from the surface of the disk for which the Page–Thorne

model is most suitable.

The present paper is thus devoted to studying the kine-

matic and emissivity properties of a central object repre-

sented by stringy GMGHS solutions (not necessarily BHs)

in the EF and SF using the Page–Thorne model. We shall

analyze the luminosity spectra, flux of radiation, tempera-

ture profile, efficiency etc. In particular, we wish to see how

the kinematic and accretion features compare between EF

and SF including their extreme counterparts and with similar

features from Reissner–Nordström and Schwarzschild BH of

general relativity. We shall assume for numerical illustration

a toy model of a central object with mass 15M� and accre-

tion rate Ṁ0 = 1018 gm s−1, which could be a BH, a WH or

a NS.

The paper is organized as follows: In Sect. 2, we give

a brief preview of the GMGHS solutions and in Sect. 3,

summarize the main formulas relating to the accretion phe-

nomenon to be used in the paper. In Sect. 4, we present the

kinematic and accretion properties in two frames and com-

pare how they differ from those for the Reissner–Nordström

and Schwarzschild BH. In Sect. 5, the obtained results are

summarized. We take units such that 8ÃG = c = 1, metric

signature (−,+,+,+) and Greek indices run from 0 to 3.

2 GMGHS solutions

In this section, a brief preview of the action and the static

spherically symmetric dilaton BHs are given. In the EF, the

GMGHS action is [1,2]

SEF =
∫

d4x
√

−g[R(g) − 2(�Ç)2 − e−2Ç Fμ¿ Fμ¿], (1)

whereÇ is a dilaton, R(g) is the scalar curvature related to gμ¿ ,

and Fμ¿ is the Maxwell field. The line element representing

a 4-dimensional charged dilatonic GMGHS BH in the EF is

given by

dÇ 2
Mag,EF = −

(
1 −

2M

r

)
dt2 +

(
1 −

2M

r

)−1

dr2

+ r

(
r −

Q2

M

)
(d»2 + sin2 »d×2), (2)

where M is the mass and Q is the magnetic charge. The

Maxwell field is given by

F = Q sin »d» ' d× (3)

and the dilaton field Ç is defined as

e−2Ç = e−2Ç0

(
1 −

Q2

Mr

)
, (4)

where Ç0 is the asymptotic value of the dilaton. As we con-

sider only asymptotically flat cases, we will assume Ç0 c 0.

Solution (2) describes BHs of mass M and charge Q when

Q/M is sufficiently small. For Q =
√

2M , the event horizon

r = 2M becomes singular. (Figs. 1, 4, 5 show the properties

of this singularity at r = 2M : potential Veff, Flux of radiation

and Temperature diverge).

Since the metric, for fixed » and ×, is the same as that of

Schwarzschild, r = 2M is a regular event horizon only when

Q <
√

2M . Note that the area goes to zero at r = Q2/M <

2M causing this surface to be singular since the Kretschmann

scalar and the dilaton Ç diverge there. However, the surface is

hidden under r = 2M and no information can emerge from

it to outside observers (All observable quantities also diverge

on that surface). The dilatonic charge for the charged BH (2)

is
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Fig. 1 The effective potential Veff(r) for a GMGHS BH in the EF

(a), magnetically charged one in SF (b), electrically charged one in the

SF (c) and Reissner–Nordström BH (d). The specific angular momen-

tum of the orbiting particle is chosen to be L̃ = 4M . The potentials

for Q <
√

2M do not show appreciable difference with those of the

Reissner–Nordström and Schwarzschild BH (d). At the extreme limit,

Q =
√

2M , the potential diverges at the NS radii (a, c) and at the

WH throat (b). The potential coincides with that of the Schwarzschild

asymptotically

D = −
Q2

2M
, (5)

where D is not a new free parameter in (2) since once the

asymptotic value of Ç is fixed, it is determined by M and Q,

and is always negative. The dilaton charge is also responsible

for a long-range, attractive force between BHs.

Electrically charged solutions may be obtained by a dual-

ity rotation defined by

F̃μ¿ =
1

2
e−2Çε»Ã

μ¿ F»Ã . (6)

The equations of motion (2) are invariant under F ³ F̃ and

Ç ³ −Ç. Such solutions can therefore be obtained by simply

changing the sign of Ç while keeping the metric fixed. This

implies that the dilaton charge is D is positive for electrically

charged BHs in the EF.

The effective action and equations of motion can be further

modified by applying the conformal transformation g̃μ¿ =
e2Çgμ¿ thus obtaining the action in the SF

SSF =
∫

d4x
√

−g̃e−2Ç[R(g̃) − 4(�Ç)2 − Fμ¿ Fμ¿], (7)

in which the space-time coordinates have been left unchanged

and R(g̃) is the Ricci curvature from g̃μ¿ . Upon transforming

to SF one obtains magnetically charged GMGHS BH metric

is given by [15,16]:

dÇ 2
Mag,SF = −

(
1 − 2M

r

)
(

1 − Q2

Mr

)dt2 +
dr2

(
1 − 2M

r

) (
1 − Q2

Mr

)

+ r2(d»2 + sin2 »d×2). (8)

This is the metric that appears in the string Ã model. The

Kretschmann scalar diverges at r = Q2/M , hence it is a sin-

gular surface. For SF, the statement that the horizon is sin-

gular when Q2 = 2M2 is actually irrelevant. This is because

strings do not couple to the metric gμ¿ but rather to e2Çgμ¿ .

For Q2 < 2M2, this again describes a BH with an event

horizon at reh = 2M . We have simply rescaled the metric by
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a conformal factor, which is finite everywhere outside (and

on) the horizon. However, at the extremal value Q2 = 2M2,

the metric becomes

dÇ 2
WH,SF = −dt2 + (1 − 2M/r)−2 dr2

+ r2(d»2 + sin2 »d×2). (9)

The geometry of a t = const. surface in this spacetime is

identical to that of a static slice in the extreme Reissner–

Nordström metric. But the horizon, along with the singu-

larity inside it, have completely disappeared. In its place

have appeared a WH. This metric, with r > 2M , is globally

static and geodesically complete and has all the properties

of a traversable Morris–Thorne WH with a regular throat at

rth = 2M with redshift function § = 0 and a shape function

b(r) = 4M
(
1 − M

r

)
having an imbedding surface

z(r) = 4
√

M

[√
r − M

−
√

Marctanh

{√
r

M
− 1

}]
. (10)

The solution of the electrically charged GMGHS solution

in the SF is given by [15,16]

dÇ 2
Elec,SF = −

(
1 + Q2−2M2

Mr

)

(
1 + Q2

Mr

)2
dt2 +

dr2

(
1 + Q2−2M2

Mr

)

+ r2(d»2 + sin2 »d×2). (11)

This solution describes a BH, when Q2 < 2M2, but in the

extremal case ( Q2 = 2M2) the resulting solution is

dÇ 2
NS,SF = − (1 + 2M/r)−2 dt2 + dr2

+ r2(d»2 + sin2 »d×2). (12)

which describes a singularity at r = 0 since the Kretschmann

scalar diverges there but this divergence is not covered by an

event horizon, and so the point r = 0 represents a NS.

3 Thin accretion disk

The accretion disk is formed by particles moving in circular

orbits around a compact object, with the geodesics deter-

mined by the space-time geometry around the object, be it

a WH, BH or NS. For a static and spherically symmetric

geometry the metric is generically given by

dÇ 2 = −gt t dt2 + grr dr2 + g»»d»2 + g××d×2. (13)

At and around the equator, i.e., when |» − Ã/2| � 1,we

assume, with Harko et al. [27], that the metric functions

gt t , grr , g»» and g×× depend only on the radial coordinate

r . The radial dependence of the angular velocity « , of the

specific energy Ẽ , and of the specific angular momentum L̃

of particles moving in circular orbits in the above geometry

are given by

dt

dÇ
=

Ẽ

gt t

, (14)

d×

dÇ
=

L̃

g××

, (15)

gt t grr

(
dr

dÇ

)2

+ Veff (r) = Ẽ2. (16)

From the last equation, the effective potential Veff(r) can be

obtained in the form [53]

Veff (r) = gt t

(
1 +

L̃2

g××

)
. (17)

Existence of circular orbits at any arbitrary radius r in the

equatorial plane demands that Veff (r) = 0 and dVeff/dr = 0.

These conditions allow us to write

Ẽ =
gt t√

gt t − g××«2
, (18)

L̃ =
g××«√

gt t − g××«2
, (19)

« =
d×

dt
=

√
gt t,r

g××,r

. (20)

Stability of orbits depend on the signs of d2Veff/dr2, while

the condition d2Veff/dr2 = 0 gives the inflection point or

marginally stable (ms) orbit or innermost stable circular orbit

(ISCO) at r = rms. For the solutions under consideration, we

explicitly find the rms as under:

V
Mag,EF

eff = −
(r − 2M)2(2Mr − Q2)

r J
, (21)

V
Mag,EF ′′

eff = −
4M3(r − 6M)

r(Mr − Q2)J

−
8M2 Q2(3Mr − Q2)

r3(Mr − Q2)J
, (22)

where

J = 2Mr(r − 3M) − Q2(r − 4M).

Solving V
Mag,EF ′′

eff = 0, we find

rMag,EF
ms = 2M +

(
2

M

) 1
3

(2M2 − Q2)
2
3

+2
2
3 {M(2M2 − Q2)}

1
3 . (23)

Similarly, the effective potential Veff(r) and V ′′
eff(r) for

magnetic GMGHS spacetime in SF is

V
Mag,SF

eff = −
2M(r − 2M)2

J
, (24)

V
Mag,SF ′′

eff = −
2M(r − 6M)(2M2 − Q2)

r(Mr − Q2)J
. (25)
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Solving V
Mag,SF ′′

eff = 0, we find

rMag,SF
ms = 6M. (26)

The effective potential Veff(r) and V ′′
eff(r) for electric

GMGHS spacetime in SF

V
Elec,SF

eff = −
2Mr{M(r − 2M) + Q2}2

(Q2 + Mr)P
, (27)

V
Elec,SF ′′

eff = −
2M N

r(Mr + Q2)3 P
. (28)

Solving V
Elec,SF ′′

eff = 0, we find the marginally stable orbit

rElec,SF
ms =

2M2 − Q2

M
+ 2

4
3 M2(2M2 − Q2)K − 1

3

+
2

2
3 K

1
3

2M2 + Q2
, (29)

where

P = 2M2r(r − 3M) − Q2(2M2 − 3Mr − Q2), (30)

N = 2M5r2(r − 6M) + M3 Q2r3 + M2 Q4

×(4M2 − 3Mr + 3r2) − Q6(4M2 − 3Mr − Q2),

(31)

K = 16M9 − 8M5 Q4 + M Q8 + M Q2(Q4 − 4M4)
3
2 .

(32)

We assume geometrically thin accretion disk, which

means that the disk height H above the equator is much

smaller than the characteristic radius R of the disk, H � R.

The disk is assumed to be in hydrodynamical equilibrium sta-

bilizing its vertical size, with the pressure and vertical entropy

gradient being negligible. An efficient cooling mechanism

via heat loss by radiation over the disk surface is assumed to

be functioning in the disk, which prevents the disk from col-

lecting the heat generated by stresses and dynamical friction.

The thin disk has an inner edge defined by the marginally

stable circular radius rms, while the orbits at higher radii are

Keplerian.

In the above approximation, Page and Thorne [24], using

the rest mass conservation law, showed that the time averaged

rate of rest mass accretion d M0/dt is independent of the

radius: Ṁ0 c d M0/dt = −2Ãrur� = const. (Here t and r

are the coordinate time and radial coordinates respectively,

ur is the radial component of the four velocity uμ of the

accreting particles and � is the averaged surface density of

the disk). In the steady-state thin disk model, the orbiting

particles have « , Ẽ and L̃ that depend only on the radii of

the orbits. We omit other technical details here (see [27]), but

quote only the relevant formulas below.

The flux F of the radiant energy over the disk can be

expressed in terms of « , Ẽ and L̃ as [22–24]

F(r) = −
Ṁ0

4Ã
√−g

«,r(
Ẽ − « L̃

)2

∫ r

rms

(
Ẽ − « L̃

)
L̃ ,r dr.

(33)

The disc is supposed to be in thermodynamical equilibrium,

so the radiation flux emitted by the disk surface will follow

Stefan–Boltzmann law:

F (r) = Ã T 4 (r) , (34)

where Ã is the Stefan–Boltzmann constant. The observed

luminosity L (¿) has a redshifted black body spectrum [36]

L¿ = 4Ãd2 I (¿) =
8Ãh cos i

c2

∫ rf

rin

∫ 2Ã

0

¿3
e rdrd×

Exp
[

h¿e

kB T

]
− 1

,

where i is the disk inclination angle, d is the distance between

the observer and the center of the disk, rin and rf are the inner

and outer radii of the disc, h is the Planck constant, ¿e is the

emission frequency, I (¿) is the Planck distribution, and kB is

the Boltzmann constant. The observed photons are redshifted

and their frequency ¿ is related to the emitted ones in the

following way ¿e = (1 + z)¿. The redshift factor (1 + z) has

the form [27]:

(1 + z) =
1 + «r sin × sin i√

gt t − «2g××

, (35)

where the light bending effect is neglected.

Another important characteristic of the accretion disk is

its efficiency ε, which quantifies the ability with which the

central body converts the accreting mass into radiation. The

efficiency is measured at infinity and it is defined as the ratio

of two rates: the rate of energy of the photons emitted from

the disk surface and the rate with which the mass-energy is

transported to the central body. If all photons reach infinity,

an estimate of the efficiency is given by the specific energy

of the accreting particles measured at the marginally stable

orbit [25]:

ε = 1 − Ẽ (rms) . (36)

The Eqs. (18–20, 33–36) are valid for any static spherically

symmetric spacetime and hence valid both in the EF and

SF since spherical symmetry is preserved under conformal

transfomation.

4 GMGHS solutions: kinematic and accretion features

We shall consider for illustration a central compact object of

mass M = 15M� with an accretion rate Ṁ0 = 1018gm s−1

and assume that it possesses magnetic charge Q with the
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Fig. 2 The specific angular momentum L̃(r) of the orbiting particle as

a function of the radial coordinate r (in cm) for a GMGHS BH in EF

(a), magnetically charged in the SF (b), electrically charged in the SF

(c) and Reissner–Nordström BH (d) plotted for different values of Q.

We see that L̃ ³ 0 at the NS radii r ³ 2M (a), r ³ 0 (c), but L̃ ³ 0

at the WH throat (b). d displays the behavior only for BHs. All plots

show no appreciable difference with those for Schwarzshild BH either

in the far field of the accreting object

spacetime described by stringy BH solutions (2), (8) and

(11).

We examine how kinematic features of the concerned

solutions differ from those of Schwarzschild BH. First, the

plot for Veff are shown in Fig. 1a–c, for r * [reh,>), while the

parameter Q is taken to assume values 0.5M , M , 1.2M and√
2M . The plots reveal that all potentials show finite maxima

for Q2 < 2M2 but diverge at r
Mag,EF

eh = r
Mag,SF

eh = 2M in the

extreme case Q2 = 2M2 and at r
Elec,SF
eh = 0 corresponding

to a NS, see after Eq. (12). The effective potentials of the

Schwarzschild and Reissner–Nordström solution are plotted

in Fig. 1d for comparison. An interesting feature is that all the

potentials in the EF and SF show smooth asymptotic fall-off

approaching the Schwarzschild curve from above. In con-

trast, the potential V
Elec,SF

eff , after reaching a local maximum

at rms, dips below the Schwarzschild curve intersecting it at

a radius given by (Fig. 1c):

r |
V

Elec,SF
eff

=V Sch
eff

=
4M2 − Q2 +

√
16M4 + Q4

2M
. (37)

Second, we can observe similar features in Fig. 2a–d

demonstrating the effect of Q on specific angular momenta L̃ .

Note that, in all these plots, the distance scale is r * [reh,>)

except for Q2 = 2M2, when reh = 0 (singularity). How-

ever, in case of L̃Elec,SF, its intersection point with that of

the Schwarzschild BH differs from the intersection point of

effective potential and is given by

r |L̃Elec,SF=L̃Sch =
8M2 − Q2 +

√
32M4 + Q4

2M
. (38)

Third, Fig. 3a–d show influence of Q on the specific orbital

energies. Figure 3a shows that energies of a particle orbiting

a Schwarzschild BH is higher than that orbiting a magnetic

GMGHS BH at the same radius in the EF. A similar behav-

ior is seen for orbits in the electric GMGHS BH in the SF

(Fig. 3c). This behavior is similar to that in the Reissner–

Nordström case (Fig. 3d). However, exactly the opposite

behavior is shown by the orbits in the magnetic GMGHS

BH in the SF, where orbital energies for particles in the

Schwarzschild BH spacetime are at the lowest (Fig. 3b).

Finally, we focus on the observable emissivity features

such as the radiation flux, luminosity, temperature and con-
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Fig. 3 The specific energy Ẽ(r) of the orbiting particles as a function

of the radial coordinate r (in cm) for a GMGHS BH in EF (a), mag-

netically charged in the SF (b), electrically charged in the SF (c) and

Reissner–Nordström BH (d) plotted for different values of Q. We see

that Ẽ ³ 0 at the NS radii r ³ 2M (a), r ³ 0 (c), but Ẽ assumes

a constant value at the WH throat (b). d displays the behavior only

for BHs, and there are no appreciable differences in the far field of

observation

version efficiency. Figure 4a–d display the flux of radiation

F (r) emitted by the disk between rms and received at an

arbitrary radius r [Eq. (33)], Fig. 5a–d show variation of

temperature over the disk from rms to an arbitrary radius and

Fig. 6a–d show observed luminosity variations on a logarith-

mic scale over different frequency ranges. The conversion

efficiency ε of the accreting mass into radiation, measured at

infinity is given by Eq. (36). In Table 1, we show the radia-

tion properties of the accretion disks using marginally stable

orbits rms and ε with the parameter Q in the range used in

the previous plots.

Table 1 demonstrates the variation in the location of the

inner disk edge with the changing charge Q. For GMGHS

BH in EF, we notice that the higher values of charge Q are,

the closer are the marginally stable orbits to the center. How-

ever, for magnetically charged GMGHS BH in SF, we see

that its conversion efficiency for Q > 0.3M mimics that of

the Schwarzschild BH, both being 0.0572. For electrically

charged GMGHS BH in SF, the efficiency increases to over

20%, whereas, interestingly, that for magnetically charged

GMGHS BH in SF the efficiency decreases to lower than

2.45%. These features are characteristic of the frames cho-

sen for describing BHs.

The Figs. 1, 2, 3, 4, 5 and 6 show different kinematic and

emissivity parameters for different values of Q related to

dilatonic charge D [Eq. (5)]. We have assumed the central

mass to be M = 15M�, and mass accretion rate Ṁ0 = 1018

gm s−1.

5 Summary

The spacetime structure of GMGHS BHs differ from that of

the Schwarzschild BH in many important ways, which are

expected to show up in their kinematic and accretion disk

properties. In the present paper, we analyzed thin accretion

disk properties around magnetically and electrically charged

GMGHS BHs in EF and in SF. The physical parameters

describing the disk such as the effective potential, radiation

flux, temperature and emissivity profiles have been explicitly
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Fig. 4 The time averaged radiation flux F(r) as a function of the radial

coordinate r (in cm) radiated by the disk around a GMGHS BH in EF (a),

magnetically charged in the SF (b), electrically charged in the SF (c) and

Reissner–Nordström BH (d) plotted for different values of Q. We see

that F(r) ³ > at NS radii 2M coinciding with rms (a), r = rms ³ 0

(c), but F(r) assumes a finite value at the WH throat (b). d displays the

behavior only for BHs. All plots except that of WH show no appreciable

differences at the asymptotic limit

Table 1 The rms and the

efficiency ε for GMGHS and

Reissner–Nordström BHs, all

having a mass M = 15M� with

the accretion rate Ṁ0 = 1018

gm s−1. The general relativistic

Schwarzschild BH corresponds

to Q = 0

Q Magnetic, EF Magnetic, SF Electric, SF Reissner–Nordström BH

rms (M) ε rms (M) ε rms (M) ε rms (M) ε

BH

0 (Sch) 6.0000 0.0572

0.5M 5.7426 0.0607 6.0000 0.0506 5.2746 0.0715 5.6066 0.0608 (BH)

M 4.8473 0.0768 6.0000 0.0298 3.2743 0.1361 4.0000 0.0814 (extr. BH)

1.2M 4.1644 0.0950 6.0000 0.0170 2.1163 0.2080 2.4548 0.1149 (NS)

– NS WH NS
√

2M 2.0000 1.0000 6.0000 0 0 1.0000 2.3129 0.0773 (NS)

obtained for several values of the parameter Q, that in turn

correspond to several values for dilationic charge D for a

given mass M . All the astrophysical quantities related to the

observable properties of the accretion disk in the two frames

have been compared with those for the Schwarzschild BH of

the same mass. We considered as a toy model a stellar sized

compact object of mass M = 15M� with an accretion rate

Ṁ0 = 1018 gm s−1 and assumed that its accretion properties

can be described by the those of the GMGHS spacetimes

including their extreme limits of NS and WHs. Our aim has

been to examine whether the kinematic and emissivity prop-

erties significantly change when the central object changes.

The main conclusions of our analyses are as follows: Kine-

matic properties were already analyzed in Sect. 4 with cor-

responding figures and need not be repeated here. Suffice it

to say that at the NS radius, all kinematic quantities diverge,

123



Eur. Phys. J. C (2018) 78 :788 Page 9 of 11 788

Fig. 5 Temperature distribution T (r) of of the accretion disk for a

GMGHS BH in EF (a), magnetically charged in the SF (b), electrically

charged in the SF (c) and Reissner–Nordström BH (d) plotted for dif-

ferent values of Q. We see that T (r) ³ > at NS radii 2M coinciding

with rms (a), r = rms ³ 0 (c), but T (r) assumes a finite value at the

WH throat (b). d displays the behavior only for BHs. All plots except

that of WH show no appreciable differences at asymptotic distances of

observation

as expected. The emissivity properties of GMGHS BHs do

not appreciably differ from those of the Schwarzschild or

Reissner–Nordstr öm BH for Q <
√

2M . This conclusion

is in accord with the strong lensing properties of GMGHS

BH studied by Bhadra [6]. However, in the extreme limit

Q =
√

2M , the GMGHS BH in the EF yields NS. In the SF,

there are two GMGHS solutions, one is electrically charged

and the other is magnetically charged. In the extreme limit

the former yields NS and the latter yields WHs. These latter

types of geometries are interesting in their own right since

the existence of NS is associated with the no-hair theorem

and a recent work includes accretion properties in the JNW

NS [42,43]. Also, the horizonless WHs are seriously con-

sidered as candidates for mimicking initial post-merger ring

down signals characteristic of BH horizon [54–60]. While the

emissivity properties of ordinary GMGHS BHs in EF and in

SF do not differ appreciably from those of the Schwarzschild

BH, their extreme counterparts studied here show that they

differ quite significantly from those of the Schwarzschild BH.

These differences provide yet another avenue to distinguish

between ordinary and extremal objects.

A very interesting result, qualitatively similar to the one

obtained by Torres [36] for boson stars, is presented in Table 2

and correspondingly in Fig. 6a–d for our toy model. The

table shows the difference with Schwarzschild BH, when

NS and WH are concerned. From these, we see that for BHs

(Q <
√

2M), and WHs in the SF (Q =
√

2M) the spectra

decay rapidly for ¿ > 1016 Hz but for NS (Q =
√

2M), the

luminosity (Fig. 6a, c) does not decay until a frequency ¿ >

1018 Hz (for magnetic NS in EF) beyond which it becomes

nearly invisible. The same thing happens for electric NS in SF

beyond ¿ > 1020 Hz. In either case, there is almost an infinite

increase in observed luminosity compared to nearly invisible

WH and BH at the same frequency. Thus NS should be the

brightest objects in the sky (like QSOs). This conclusion is

supported by the efficiency ε = 1 for NS in Table 1. It thus

seems that, at the singular radius r = rms = 2M (first column
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Fig. 6 The emission spectra ¿L(¿) vs frequency (¿ in Hz) of the accre-

tion disk with inclination i = 00 for a GMGHS BH in EF (a), mag-

netically charged in the SF (b), electrically charged in the SF (c) and

Reissner–Nordström BH (d) plotted for different values of Q. a shows

that, at Q f
√

2M , ¿L(¿) behaves like a BH of general relativity at

the low frequency range but assumes a steady value until ¿ > 1019

Hz, when it begins to decline to the Schwarzschild profile (not shown).

Similar behavior is seen in c. b shows the emission spectra of the disk

around WH throat. At low ¿, the features are almost indistinguishable

from those of BHs but at higher frequency, the spectra diminishes con-

siderably. d displays the behavior only for BHs. These features are

consistent with efficiency of conversion (see summary)

Table 2 Comparison with BH

of luminosity spectra from

accretion disk around different

extreme GMGHS central objects

¿ (1/s) ¿L(¿) (erg s−1)

Naked singularity Wormhole Schwarzschild

Magnetic, EF Electric, SF Magnetic, SF Black hole

1012 1.15 × 1024 1.63 × 1024 8.75 × 1022 1.15 × 1024

1013 1.13 × 1026 1.60 × 1026 8.20 × 1024 1.11 × 1026

1014 1.07 × 1028 1.51 × 1028 6.21 × 1026 9.84 × 1027

1015 9.08 × 1029 1.31 × 1030 8.95 × 1027 5.57 × 1029

1016 4.57 × 1031 1.02 × 1032 1.13 × 1019 1.90 × 1029

1017 2.13 × 1031 8.43 × 1033 > 0 1.01 × 100

1018 3.34 × 1015 6.77 × 1035 > 0 > 0

1019 > 0 8.31 × 1036 > 0 > 0

1020 > 0 1.10 × 1027 > 0 > 0

1021 > 0 > 0 > 0 > 0
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of the Table, see Fig. 6a, c), all infalling matter is minced into

radiation all of which then escape to us.

It would be of interest to examine the physical reason as

to why such rapid decays in the luminosity spectra occur at

higher frequencies but it is evident that observable distinc-

tions exist among different objects described by GMGHS.

Understandably, a more adequate and realistic model for the

central object should include spin. A choice for this pur-

pose could be the spinning Kerr-Sen solution [61] but it is

expected that spin might not drastically alter the main con-

clusions derived here. We keep it as an open problem for

future work.
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In the article cited above, Goulart [1] proposed a phantom wormhole solution by including 

the Einstein–Maxwell-dilaton �eld in the action. The extended solution is claimed to yield 

the anti-Fisher solution, when the electric charge Q is switched off. The anti-Fisher solution 

is just the massive BE solution found independently by Bronnikov [2] and Ellis [3]. Because 

of the obvious importance attached to any extended solution, a closer scrutiny of it is always 

desirable.

The purpose of this comment is to show that the light de�ection angle obtained in [1] is 

incorrect and to point out some of its related problems, especially its contradictory behav-

ior against the anti-Fisher or massive BE wormhole. These facts physically invalidate the 

extended solution of Goulart.

We shall work out the correct de�ection angle up to third order using the PPN method 

devised by Keeton and Petters (KP) [4]. The extended wormhole metric in the positive asymp-

totic region r → +∞ is [1]

ds
2
≈ −e

−m1

(

1 −

m2

r

)

dt
2 + e

m1

(

1 −

m2

r

)

−1

[dr
2 + r

2(dθ2 + sin2 θdφ2)],

 

(1)

where m1 and m2 are constants. Making the following rescaling

t → e
m1/2

τ , r → e
−m1/2

u, (2)

the metric becomes

ds
2
≈ −

(

1 −

m2e
m1/2

u

)

dτ 2 +

(

1 −

m2e
m1/2

u

)−1

[du
2 + u

2(dθ2 + sin2 θdφ2)].

 

(3)
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In the weak-�eld limit the metric can be expressed as

ds
2 = −(1 + 2UN)dτ

2 + (1 − 2UN)[du
2 + u

2(dθ2 + sin2 θdφ2)], (4)

where

UN = −

M

u
 (5)

is the attractive Newtonian potential used by Goulart and M ≡ m2e
m1/2  is de�ned to be the 

positive mass of the gravitating object. Using Gauss–Bonnet theorem, Goulart obtained the 

de�ection up to only �rst order in 1

b
, where b is the impact parameter de�ned by the original 

radial variable r (as evident from his equations (80)–(82)).

KP Post-Parametric-Newtonian (PPN) method starts with a generic metric

ds
2 = −A(u)c2

dτ 2 + B(u)
(

du
2 + u

2
dθ2 + u

2 sin2 θdϕ2
)

 (6)

and taking the potential (5)

Φ

c2
= −

M

u
, (7)

one can write a PPN expansion of (6) as

A(u) = 1 + 2α′

(

Φ

c2

)

+ 2β′

(

Φ

c2

)2

+
3

2
ξ′
(

Φ

c2

)3

+ ... (8)

B(u) = 1 − 2γ′

(

Φ

c2

)

+
3

2
δ′
(

Φ

c2

)2

−

1

2
η′
(

Φ

c2

)3

+ ... (9)

By comparing similar powers between (3) and (8), (9), we �nd

α′
=

1

2
, γ′

=

1

2
,β′

= 0, ξ′ = 0, η′ = 0, δ′ = 0, (10)

where the coef�cients α′, γ′, β′
, ξ′, η′, δ′ correspond to the PPN expansion of the metric writ-

ten in the isotropic coordinates [4]. The two way de�ection angle is

δ = A1

(

M

b0

)

+ A2

(

M

b0

)2

+ A3

(

M

b0

)3

+ ... (11)

where b0 is the impact parameter de�ned by the radial variable u and [4]

A1 = 2(α′ + γ
′), (12)

A2 =

(

2α′2
− β′

+ 2α′γ′
+

3δ′

4

)

π, (13)

A3 =
70

3
α′3

+ 30α′2γ′
− 12β′γ′

−

2γ′3

4
+ 3γ′δ′ (14)

+α′
(

6γ′2
− 20β′

+ 9δ′
)

+ η′ + 3ξ′. (15)
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In view of the values in (10), we �nd

A1 = 2, A2 = π, A3 =

22

3
, (16)

so the de�ection angle for M  >  0 is

δ+ =
2M

b0

+
πM

2

b2

0

+
22M

3

3b
3

0

. (17)

Using the radial rescaling of (2), it follows that b0 rescales as r → e
−m1/2

u yielding

b = b0 exp

(

−

m1

2

)

, (18)

whence the one-way de�ection δ+ on the positive mass side is

δ+ = 2

(

m2

b

)

+ π

(

m2

b

)2

+
22

3

(

m2

b

)3

. (19)

This is the correct expression for light de�ection, which is expected since the potential is 

UN = −

M

u
= −

m2

r
, showing that m2 is the attractive gravitating central mass. Hence the de�ec-

tion angle should appear as powers of 
(

m2

b

)

, which as we see is indeed the case. The two-way 

de�ection would be given by 2δ+.

We observe the following:

The �rst problem is that equation (19) including signs is very different, both in sign and 

magnitude, from the de�ection angle derived by Goulart (his equation (93)), namely

δ
Goulart
+ = −

2m2em1

b
− π (1 + e

m1) , (20)

which shows that δGoulart

+  is incorrect. Another problem is that the last term in it, proportional 

to π, being independent of b, has no meaning!

Second, the negative value δGoulart

+  signi�es that the light rays bend away from the central 

positive mass residing on the positive side of the wormhole, which directly contradicts the 

attractive potential (7) used by the author. On the other hand, if we introduce, just for argu-

ment’s sake, a repulsive potential UN = +
M

u
 in place of equation (7), and follow exactly the 

same PPN steps as in equations (6)–(19) above, we would obtain

δ
−
= −2

(

m2

b

)

+ π

(

m2

b

)2

−

22

3

(

m2

b

)3

, (21)

which shows a combination of repulsive and attractive terms on the negative side of the worm-

hole. There is however no scope for a repulsive potential since both the masses M± in equa-

tions (28) and (29) in [1] are of the same positive sign (attractive masses) despite the �ipped 

sign (phantom) kinetic term in the action.

And �nally, the de�ection angles δGoulart

±
 are both negative as evident from his equations 

(94) and (95)even though both the masses M± are attractive. While this result is already unac-

ceptable on elementary grounds, it contradicts the fundamental behavior of anti-Fisher or 

massive BE wormhole, which has positive (+M) and negative (−Me
πβ) masses on either side 

of the throat. Matter is attracted (focussing) on the positive side and repelled (de-focussing) on 

the negative side like in a Janus-faced object characteristic of a traversable wormhole (see for 

notation and details, [3]). It is impossible that a correctly extended version would contradict 

this fundamental behavior.
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All of the above observations suf�ce to physically invalidate the extended solution of 

Goulart.
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1 Introduction

Damour and Solodukhin (DS) [1] defined black hole “foils” as objects that mimic some
aspects of black holes, while differ in other aspects. An ingenious toy model of such an
object is what we shall call here the DS wormhole. Wormholes are solutions of Einstein’s and
other theories of gravity sourced by exotic matter (matter violating known energy conditions)
although objects have not yet been ruled out by experiments. On the contrary, there are
useful applications of Ellis wormholes as galactic halo objects [2]. A fundamental theoretical
distinction between a black hole and a wormhole is that while the former possesses event
horizon, the latter does not. Despite this distinction, it is found that many strong field
features previously thought of as indicative of a black hole event horizon (e.g., ring-down
quasi-normal modes) can be remarkably mimicked by a static wormhole [3–7].

A very effective tool for sampling strong field regime of gravity is provided by the
gravitational lensing phenomenon, be it by a BH [8] or a wormhole [9], when the light rays
pass arbitrarily close to the photon sphere in either case. Light rays passing infinitesimally
close to the photon sphere wind up a large number of times before escaping away. While
the theoretical effect of light bending plays the role of core physics (see, e.g., [10, 11]), the
observable effect of gravitational lensing is a step ahead providing observable set of values
that may constitute a kind of “identity card” (name coined by Bozza [12]) for different types
of lenses. Since good evidences exist in favor of black holes (e.g., each galaxy is believed to
host a black hole in its center), a curious question is to what extent a wormhole can reproduce
strong field lensing observables of a Schwarzschild black hole.

DS wormhole introduces a deviation parameter λ in the Schwarzschild metric converting
it into a black hole foil. The event horizon then is replaced by a high tension distribution
of exotic matter localized around the wormhole throat at rth = 2GM . DS found that many
observational features of a Schwarzschild black hole on classical and quantum level could
be well mimicked by a wormhole, if the parameter λ is sufficiently (exponentially) small,
λ > e24πGM2

. They argued that the only way to observationally distinguish a wormhole from
a black hole is to observe the classical effect of matter accretion over the long “wormhole
bounce” time scale ∆t = 2GM ln

(

1
λ2

)

, or quantum effect of Hawking evaporation again over
a long time scale ∆t = 16πG2M3. Further, the accretion effect shows that if λ is small
enough, it is impossible for observations over some limited time interval ∆T to distinguish
the fall of matter onto the throat of a wormhole from the fall into the horizon of a black
hole since ∆t k ∆T . As an example, assuming that the candidate black hole SgrA* in our

– 1 –
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galaxy started accreting matter 6 billion years ago, it could be a wormhole if λ j e21015 , an
incredibly tiny value indeed [1].

The purpose of the present paper is to investigate the strong field lensing observables
for the DS wormhole and examine how small the values of the deviation parameter λ need
be for reproducing the observables for the Schwarzschild black hole. We shall use Bozza’s
method [8] for calculating the observables and provide an upper bound on λ.

The paper is organized as follows. In section2, an outline of Bozza’s method is given and
in section3 it is applied to DS wormhole. Numerical comparisons are presented in section4,
while section5 concludes the paper. We take units such that 8πG = 1, c = 1 unless specifically
restored.

2 Bozza’s method in outline

This method has by now gained considerable attention for its usefulness. The purpose of
this preview is to ensure clarity by letting the readers readily see what quantities have been
calculated to get to the final lensing observables. The method starts with a generic spherically
symmetric static spacetime

ds2 = A(x)dt2 2B(x)dx2 2 C(x)
(

dθ2 + sin2 θφ2
)

. (2.1)

The equation
C 2(x)

C(x)
=

A2(x)

A(x)
(2.2)

is assumed to admit at least one positive root and the largest root is called the radius of the
photon sphere xm (the subscript m meaning minimum radius). The strong field expansion
will take the photon sphere radius as the starting point, which is required to exceed the
horizon radius of a black hole or throat radius of a wormhole as the case may be. A light
ray coming in from infinity will reach the closest approach distance x0 from the centre of
the gravitating source before emerging in another direction. By the conservation of angular
momentum, x0 is related to the impact parameter u by

u =

√

C0

A0

(2.3)

where the subscript 0 indicates that the function is evaluated at x0. The minimum impact
parameter is defined by

um =

√

Cm

Am
, (2.4)

where Cm c C(xm) etc. From the null geodesics, the deflection angle α(x0) can then be
calculated as a function of the closest approach:

α(x0) = I(x0)2 π, (2.5)

I(x0) =

>
∫

x0

2
:
Bdx

:
C
√

C
C0

A0

A 2 1
. (2.6)

In the weak field limit of deflection, the integrand is expanded to any order in the
gravitational potential and integrated. When we decrease the impact parameter u (and

– 2 –
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consequently x0), the deflection angle increases. Decreasing u further bringing the ray in-
finitesimally closer to the photon sphere will cause the ray to wind up a large number of times
before emerging out. Finally, at x0 = xm, corresponding to an impact parameter u = um,
the deflection angle will diverge and the ray will be captured, i.e., it will wind around the
photon sphere indefinitely.

Bozza [8] has shown that this divergence is logarithmic for all spherically symmetric
metrics, which yields an analytical expansion for the deflection angle close to the divergence
in the form

α(x0) = 2a log

(

x0

xm
2 1

)

+ b+O (x0 2 xm) . (2.7)

The coefficients a, b depend on the metric functions evaluated at xm, and eq. (2.7) defines
the strong field limit x0 ³ xm of the light deflection angle. Next define two new variables

y = A(x), (2.8)

z =
y 2 y0

12 y0
, (2.9)

where y0 = A0. The integral (2.6) then becomes

I(x0) =

1
∫

0

R(z, x0)f(z, x0)dz, (2.10)

R(z, x0) =
2
:
By

CA2
(12 y0)

√

C0, (2.11)

f(z, x0) =
1

√

y0 2 [(12 y0) z + y0]
C0

C

, (2.12)

where all functions without the subscript 0 are evaluated at x = A21 [(12 y0) z + y0]. The
function R(z, x0) is regular for all values of z and x0, while f(z, x0) diverges for z ³ 0, where

f(z, x0) > f0(z, x0) =
1

√

αz + βz2
, (2.13)

α =
12 y0

C0A
2
0

(

C 2
0y0 2 C0A

2
0

)

, (2.14)

β =
(12 y0)

2

2C2
0A

2
0
3

[

2C0C
2
0A

2
0
2
+
(

C0C
22
0 2 2C 2

0
2
)

y0A
2
0 2 C0C

2
0y0A

22
0

]

, (2.15)

where primes denote differentiation with respect to x.

For the calculation of lensing observables, note that the angular separation of the image
from the lens is tan θ = u

DOL
, where DOL is the distance between the observer and the lens [8].

Specializing to the photon sphere x0 = xm, the deflection angle in eq. (2.7) can be rewritten

– 3 –
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into a final form

α(θ) = 2a log

(

u

um
2 1

)

+ b, (2.16)

u c θDOL (assuming small θ), (2.17)

a =
a

2
=

R(0, xm)

2
:
βm

, (2.18)

b = 2π + bR + a log
2βm
ym

, (2.19)

ym = A(xm), (2.20)

βm = β|x0=xm
, (2.21)

bR =

∫ 1

0

g(z, xm)dz, (2.22)

g(z, xm) = R(z, xm)f(z, xm)2R(0, xm)f0(z, xm). (2.23)

The impact parameter u is related to the angular separation θ of images by the relation-
ship given in eq. (2.17). Using this, Bozza proposed three strong lensing observables as [8]

θ> =
um

DOL

, (2.24)

s = θ> exp

(

b̄

ā
2 2π

ā

)

, (2.25)

r = 2.5 log10

[

exp

(

2π

ā

) ]

, (2.26)

where θ> is the asymptotic position approached by a set of images in the limit of a large
number of loops the rays make around the photon sphere ( θ> ia also called the angular
radius of the black hole shadow [13]), s is the angular separation between the outermost image
resolved as a single image and the set of other asymptotic images, all packed together, while
r is ratio between the flux of the first image and the flux coming from all the other images.

We shall calculate in the next section the strong field lensing coefficients
{

a, b, um
}

and
the resultant observables (θ>, s, r) applying respectively the formulas (2.18)–(2.19)
and (2.22)–(2.24) to the DS wormhole. The set

{

a, b, um
}

defines the “identity card” of
the concerned lens that differs from lens to lens.

3 Application to DS wormhole

For future works, it will be useful to have the relevant expressions in one place, some of which
are:

R(z, x0) =

(

2M 2 λ2x0

M

)

(

√

1 + 2z 2 zλ2 + λ2

1 + 2z 2 zλ2 2 2λ2

)

, (3.1)

f(z, x0) > f0(z, x0) =
1

√

αz + βz2
, (3.2)

α =

(

λ2x0 2 2M
) {

3M 2 x0(1 + λ2)
}

Mx0
, (3.3)

β =

(

λ2x0 2 2M
)2 {

6M 2 x0(1 + λ2)
}

4M2x0
(3.4)

– 4 –
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The radius xm of the photon sphere can be found from eq. (2.2) as (it also follows from
α = 0)

xm =
3M

1 + λ2
, (3.5)

which yields the expressions

R(z, xm) =

(

22 λ2

1 + λ2

)

(

√

1 + 2z 2 zλ2 + λ2

1 + 2z 2 zλ2 2 2λ2

)

,

αm = α|x0=xm
= 0, βm = β|x0=xm

=

(

λ2 2 2
)2

4(1 + λ2)
, ym = A(xm) =

1 + λ2

3
, (3.6)

g (z, xm) =
2

z

[
√

3 {(1 + λ2)2 z(λ2 2 2)}
{(12 2λ2)2 z(λ2 2 2)} {z(λ2 2 2) + 3(1 + λ2)} 2 1:

12 2λ2

]

. (3.7)

and the minimum impact parameter um follows from eq. (2.4) as

um = 3
:
3M(1 + λ2)3/2. (3.8)

Then it follows from eqs. (2.18)–(2.19) that the exact coefficients are

a =
1:

12 2λ2
(3.9)

b = 2π + bR + a log

[

3

2

(

λ2 2 2
)2

(1 + λ2)2

]

, (3.10)

bR(λ) =

∫ 1

0

g(z, xm)dz, (3.11)

g (z, xm) =
2

z

[
√

3 {(1 + λ2)2 z(λ2 2 2)}
{(12 2λ2)2 z(λ2 2 2)} {z(λ2 2 2) + 3(1 + λ2)} 2 1:

12 2λ2

]

.

4 Numerical comparisons

For numerical illustration of the strong lensing signatures, we choose as a candidate massive
black hole SgrA* residing at our galactic center.1 The table below shows how the variation
of λ leads to variations in the strong field lensing observables, when SgrA* is portrayed as a
DS wormhole (λ 6= 0) and as a Schwarzschild black hole (λ = 0). We take the SgrA* values
to be: M = 4× 106M», DOL = 8 kpc [15], r (magnitude)= 2.5× log10 (r) .

5 Summary

It is evident from the table that the strong field coefficients (a, b) and observables (um,θ>, s, r)
are very close to those of Schwarzschild when 0.001 f λ f 0.05. For λ f 0.001, the values
coincide with those of Schwarzschild black hole up to any accuracy. As the last two rows show,
for λ > 1023, lensing coefficients and observables exactly reproduce known Schwarzschild

1Strictly speaking, SgrA* black hole has spin and for comparison of observables, the appropriate wormhole
examples should also be the spinning ones. While choosing SgrA* is not mandatory for our analysis, we point
out that SgrA* has been modeled purely as a Schwarzschild black hole in the literature [13].

– 5 –



J
C
A
P
0
7
(
2
0
1
8
)
0
2
7

Lens λ a b um × 1012 cm θ>(µas) s(µas) r(mag)

0.05 1.0025 20.4163 3.0876 25.8054 0.0323 6.8048

0.04 1.0016 20.4105 3.0835 25.7707 0.0322 6.8109

DS wh 0.03 1.0009 20.4046 3.0802 25.7436 0.0322 6.8157

0.02 1.0004 20.4028 3.0779 25.7244 0.0321 6.8191

0.01 1.0001 20.4008 3.0765 25.7128 0.0321 6.8212

0.001 1.0000 20.4002 3.0761 25.7089 0.0321 6.8218

Sch bh 0 1.0000 20.4002 3.0761 25.7089 0.0321 6.8218

Table 1. Strong field lensing coefficients and observables for DS wormhole.

values accurate up to four decimal places [8]. Among the lensing observables, the best
one from the observational point of view is the angular diameter of the shadow 2θ> cast
upon the background accretion flow. To measure the diameter for SgrA* shadow, the Event
Horizon Telescope (EHT) array have been set up with international collaboration. The EHT
is primarily expected to achieve a resolution of only 15 µas at 345 GHz [14] against the
basic value > 50 µas (see table). The first set of EHT data is expected to be available
approximately in July 2018. However, it is evident that the experimental sensitivity needed
to distinguish between the DS wormhole and black hole is still far ahead in the future.

The range λ f 1023 from strong field lensing is quite compatible with tiny values
suggested by other observations in [1]. Therefore, at best λ > 1023 can be interpreted
as an upper bound on the parameter. What however is more important is to constrain λ

from below. Plausible lower bounds appear to come from the example of matter accretion or
Hawking evaporation or some other experiment. Hence, we conclude that until a lower bound
is established, all values of λ below the upper bound should be treated as equally probable.
A similar, but not the same, type of categorization of compact object radii differing from
those of black holes by a parameter ε have been found by Cardoso and Pani [5] in the context
of the emission of gravitational waves.

Note added. After the paper was submitted, we noticed a recent work by D. Sarkar,
C. Berthiere and S. Soludukhin [16] that analytically shows that DS class of solutions arise
naturally as a result of non-perturbative effects, already within the usual Einstein-Hilbert
matter action. The work provides an extremely clear origin of the deviation parameter λ at
the level of a usual semi-classical quantum field theory setting. Hence there is further strong
motivation for taking the wormhole models seriously even within classical general relativity.
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Tsukamoto [N. Tsukamoto, Phys. Rev. D 95, 064035 (2017)] developed a method, which
is an improvement over that of Bozza [V. Bozza, Phys. Rev. D 66, 103001 (2002)], for
calculating light deflection angle in the strong gravity field of a spherically symmetric
static spacetime. The method is directly applicable to the massless Ellis–Bronnikov
wormhole (EBWH), while Bozza’s method is not applicable. We wish to show that it is
still possible to obtain the same deflection angle by applying Bozza’s method but only
in an indirect way, that is, first calculate the deflection by the parent massive EBWH
and then take its massless limit.

Keywords: Bozza’s deflection angle; massless Ellis–Bronnikov wormhole.

PACS No.: 04.20.-q

1. Introduction

Wormhole spacetimes predicted by gravitational theories have nontrivial topologi-

cal structures and study of light propagation/lensing in such spacetimes can yield

useful information about the lens (see, e.g. Ref. 3 — to cite only a few). To set the

context, a brief review of some such studies seems to be in order. To our knowl-

edge, astrophysical application of gravitational microlensing properties of massless

Ellis–Bronnikov wormholes (EBWH) presumed to be populating the galactic halo,

have first been investigated by Abe.4 This work has thrown up a wealth of informa-

tion such as light curves, optical depths and event rates, etc. A follow-up work by

∗Corresponding author
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A. Bhattacharya & A. A. Potapov

Toki et al.5 dealt with astrometric images. Tsukamoto et al.6 argued that the

hypotheses of astrophysical wormholes can be tested in the future experiments

by measuring their Einstein ring systems. The high resolution required for this

measurement may be achieved by the planned Event Horizon Telescope (EHT)7

expected to attain an astounding resolution of 15 μarcsec at 345 GHz. Other useful

diagnostics include, but not limited to, the distinct light curves of light rays passing

through the wormhole throat and those passing around individual mouths,8 wave

influence on lensing by the EBWH,9 retrolensing10 and extended source effect.11

With regard to lensing in the strong field, Bozza2 developed a method for com-

puting light deflection and lensing observables, especially the shadow of the lens.

However, as correctly pointed out by Tsukamoto,1 Bozza’s method cannot be di-

rectly applied to massless EBWH (“ultrastatic” spacetime) because the relevant

variable zB becomes ill-defined. To rectify this problem, Tsukamoto1 developed an

improved method by suitably redefining a new variable that can be generically ap-

plied to asymptotically flat, static, spherically symmetric spacetimes.1,12 Among

the advantages of the improved method, it yields an error residual more consistent

with that obtained from the expansion of exact deflection angle and allows an inte-

gral IR(rm) in the Reissner–Nordström spacetime, otherwise non-integrable, to be

exactly integrable leading to a closed expression for a certain deflection coefficient b̄.

Having said the above, we show here that Bozza’s method still yields the correct

strong field deflection angle by the massless EBWH in an indirect way, that is, start

with the massive EBWH, calculate the strong field lensing coefficients and then

take their massless limit. The obtained result completely agrees with that derived

by Tsukamoto1 using his improved approach. We shall outline Bozza’s algorithm

and indicate exactly where the improvement is introduced and clarify other related

questions.

2. Outline of the Algorithm

For the benefit of readers, we shall first outline Bozza’s2 algorithm and then point

out where Tsukamoto1 introduced his improvement. We shall however omit the

details of both approaches as they can be found in the respective original papers.

The algorithm starts with the generic metric (G = 1, c = 1):

dτ2 = −A(r)dt2 +B(r)dx2 + C(r)(dθ2 + sin2 θ dϕ2) (1)

and defining the photon sphere by the positive root of

A′

A
=

C′

C
, (2)

where primes denote differentiation with respect to the argument. The photon

sphere r = rm demarcates the strong field limit since photons get captured there.

Light rays coming in from infinity will reach a closer approach distance r0 before
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On strong field deflection angle by the massless Ellis–Bronnikov wormhole

emerging in another direction and the impact parameter b is defined by

b =

√

C(r0)

A(r0)
. (3)

The minimum or critical impact parameter bc defined by

bc =

√

C(rm)

A(rm)
, (4)

corresponds to a minimum radial distance rm.

The two-way deflection angle α(r0) straightforwardly follows from the light

geodesic equation and is given by

α(r0) = I(r0)− π

= 2

∫

∞

r0

dr
√

RC
B

− π , (5)

R ≡ A0C

AC0
− 1 , (6)

where A0 ≡ A(r0), etc. The task is to evaluate the integral close to the photon

sphere, which is performed by defining a certain variable z. Using it, the integral

I(r0) is divided into two parts, one divergent ID(r0) and the other regular IR(r0) ob-

tained by subtracting the divergent part from the exact integral I(r0). The problem

is then reduced to expanding the regular integral IR(r0) as powers of (r0− rm) and

then taking the limit r0 → rm. This is the algorithm that finally led to logarithmic

deflection angle α(b) with certain error term.

Originally, Bozza2 defined a variable distinguished here by zB, viz.,

zB =
y − y0

1− y0
, (7)

y ≡ A(r) , y0 = A(r0) , (8)

followed the algorithm and obtained a logarithmic α(b). However, Tsukamoto1

recently pointed out that the variable zB is not well defined in the special case

y ≡ A(r) = 1 (“ultrastatic” case, A′ = 0) so that the method based on zB does

not work in this case. To solve the problem, Tsukamoto introduced a new variable

distinguished here by zT , viz.,
1

zT ≡ 1− r0

r
, (9)

that yields

I(r0) =

∫ 1

0

f(zT , r0)dzT , (10)

f(zT , r0) ≡
2r0

√

G(zT , r0)
, G(zT , r0) ≡

RC

B
(1− zT )

4 . (11)
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Following the algorithm, splitting I(r0) as I(r0) = IR(r0)+ID(r0), the regular part

IR(r0) is written as

IR(r0) =

∫ 1

0

fR(zT , r0)dzT , (12)

fR(zT , r0) = f(zT , r0)− fD(zT , r0) . (13)

Expanding IR(r0) in powers of (r0 − rm) and taking the limit r0 → rm or b → bc,

Eq. (12) becomes

IR(rm) =

∫ 1

0

fR(zT , rm)dzT +O[(r0 − rm) ln(r0 − rm)] . (14)

After some algebra, Tsukamoto1 obtained the deflection angle as follows:

α(b) = −ā log

(

b

bc
− 1

)

+ b̄+O[(b − bc) ln(b − bc)] , (15)

where

ā =

√

2BmAm

C′′

mAm − CmA′′

m

, (16)

b̄ = ā log

[

r2m

(

C′′

m

Cm

− A′′

m

Am

)

]

+ IR(rm)− π . (17)

The new variable zT in Eq. (9) is precisely the point of improvement and its merit

is that it can be used directly for the ultrastatic spacetimes. An additional merit

of the variable zT is that it shows that the order of the error term in the deflection

angle α(b) in the Schwarzschild case is not O(b − bc), contrary to that stated in

Ref. 2, but logarithmic O[(b − bc) ln(b − bc)] is consistent with the error obtained

by Iyer and Petters.13

3. Tsukamoto Deflection Angle for Massless EBWH

Using zT , Tsukamoto1 computed the strong field deflection angle with coefficients

ā and b̄, Eqs. (16) and (17), for an ultrastatic metric, viz. for the massless EBWH

metric given by

dτ2massless = −dt2 + d�2 + (�2 +m2
0)(dθ

2 + sin2 θ dϕ2) , (18)

where −∞ < � < ∞ and m0 is a nonzero constant (we have replaced the constant

a of Ref. 1 by m0). The EBWH spacetime is sourced purely by the exotic scalar

field energy causing focussing and de-focussing of light rays in individual mouths.

The throat coincides with the photon sphere at �m = 0.

Photon sphere demarcates the boundary of the strong field region of a spacetime

since gravity there is so strong as to bend the light onto itself, not allowing it to es-

cape. However, photon sphere having a radius �m = 0 does not pose any divergence
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On strong field deflection angle by the massless Ellis–Bronnikov wormhole

since the metric (18) is regular everywhere. It does not necessarily mean that the

photon sphere has shrunk to zero size — physically it does not make much sense to

have so much scalar field energy concentrated all at a point, where geometrically

nothing spectacular happens (no divergence in the Kretschmann scalar). It is hence

preferable, but not mandatory, to redefine � so as to have a familiar sphere with a

positive nonzero areal radius defined by 4πr2 like in the Morris–Thorne form of a

wormhole. One may, for example, redefine r2 = �2+m2
0 in (18), which immediately

yields �m = 0 ⇒ rm = m0, yielding a minimum impact parameter bc = m0 > 0.

Tsukamoto1 redefined r = �+ p to have a positive nonzero radius of the photon

sphere rm = p > 0 so that the metric functions now are

A = 1 , B = 1 , C(r) = (r − p)2 +m2
0 . (19)

With these, he obtained the coefficients from Eqs. (16) and (17) as

ā = 1 , (20)

b̄ = 3 log 2− π . (21)

We shall derive these coefficients starting with the massive EBWH using Bozza

deflection angle than taking the massless limit.

4. Bozza Deflection Angle for Massive EBWH

The massive EBWH metric is given by14,15

dτ2massive = Adt2 −B d�2 − C(dθ2 + sin2 θ dϕ2) , (22)

A(�) = exp

[

−πγ + 2γ tan−1

(

�

m0

)]

, (23)

B(�) = A−1(�), C(�) = B(�)(�2 +m2
0) , (24)

φ(�) = κ

[

π

2
− 2 tan−1

(

�

m0

)]

, 2κ2 = 1 + γ2 , (25)

where φ is the minimally coupled scalar field, � ∈ (−∞,∞), m0 and γ are arbitrary

constants. This static, horizonless, traversable, everywhere regular wormhole has

manifestly two asymptotically flat regions, one with positive Keplerian mass M

(= m0γ) and the other with negative mass −Meπγ, residing, respectively, on two

sides of the throat at �th = M . The wormhole metric (22)–(25) reduces to that of

Schwarzschild black hole for γ = −i.16 The photon sphere appears at

�m = 2M = 2m0γ .

We shall be concerned with the positive mass side, where the light rays bend toward

the mass (focussing) unlike on the negative mass side (de-focussing).

Using the variable zB, the strong deflection angle α(b) obtained by Bozza2 is

α(b) = −ā log

(

b

bc
− 1

)

+ b̄+O(b − bc) , (26)
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where ā and b̄ are constants. Note that the order of the error term above is different

from that in Eq. (15). From Bozza’s expressions, one may verify for the massive

EBWH metric (22)–(25) that

ā = 1 , (27)

b̄ = −π + bR + ā log

(

2βm

ym

)

, ym = A(�m) , (28)

bR = IR(�m) =

∫ 1

0

g(zB, �m)dz , (29)

where

log

(

2βm

ym

)

= log

[

exp[−4γ tan−1(2γ)][exp(πγ)− exp{2γ tan−1(2γ)}]2[1 + 4γ2]

2γ2

]

(30)

readily yields the known Schwarzschild value,2 log
(

2βm

ym

)

= log 6 = 1.7917 at γ =

−i, as it should.

The integrand g(zB, �m) in Eq. (29) is the counterpart of Tsukamoto integrand

fR(zT , rm) in Eq. (14) but otherwise different due to differences in zB and zT . The

Bozza integrand g(zB, �m), when written out in full, has an intimidating expression

g(zB,M, γ) but nevertheless can be numerically integrated by using Mathemat-

ica 10.3 (see Ref. 16 for details). To check the correctness of the expression, it can

be verified that

bR =

∫ 1

0

g(zB,M, γ)dzB (31)

yields the known Schwarzschild value bR = 0.9496 corresponding to γ = −i. Col-

lecting the results, one finally has b̄ = −0.4002, which is exactly the same as that

obtained for Schwarzschild black hole in Ref. 2.

5. Massless Limit

We now turn to the massless EBWH. The massless limit (M = m0γ = 0) is achieved

by setting γ = 0 but m0 �= 0 so that the Keplerian masses are zero on either side

of the throat and the massive metric reduces to the form (18). Also, in this case,

�m = 0. The weak field light deflection in this metric was already calculated by us

using as many as three different methods.17

The approach of massless limit is justified as it does not lead to divergences of

any kind in the calculation. In fact, the resulting function

g(zB, 0, 0) =
πzB −

√
2
√

1− cos(πzB)

zB sin
(

πzB
2

) , (32)

is smooth and monotonically increasing in the interval zB ∈ [0, 1]. For strong field

deflection, we then find

1950040-6

M
od

. P
hy

s.
 L

et
t. 

A
 2

01
9.

34
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 J

A
D

A
V

PU
R

 U
N

IV
E

R
SI

T
Y

 o
n 

06
/1

6/
24

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



On strong field deflection angle by the massless Ellis–Bronnikov wormhole

bR =

∫ 1

0

g(zB, 0, 0)dzB = log 16− 2 logπ , (33)

log

(

2βm

ym

)

= log

(

π2

2

)

. (34)

Collecting the values from Eqs. (26)–(28), (33) and (34), we find with bc =
√

C(�m)
A(�m) = m0 that

α(b) = −ā log

(

b

m0
− 1

)

+ b̄ , (35)

ā = 1 , (36)

b̄ = −π + bR + ā log
2βm

ym
= −π + 3 log 2 , (37)

which exactly coincide with those in Ref. 1. Thus, Bozza’s method does work for the

massless EBWH (18), when one starts from the massive parent metric (22)–(25).

Tsukamoto12 has further shown that the same deflection coefficients ā and b̄ as

in Eqs. (20) and (21) can be obtained by using yet another definition of z, viz.,

zC = 1−
√

r20 +m2
0

√

r2 +m2
0

instead of zT in Eq. (9). Thus, one might ask why, despite the non-uniqueness in

the definition of z, the coefficients turn out to be always the same. We guess that

they are same probably because z is just a dummy integration variable [see Eq. (14)

or Eq. (29)] that can be redefined at will without changing the value of the definite

integrals.

6. Conclusion

In conclusion, we say that although Bozza’s method works indirectly in the massless

limit without giving rise to any pathology, it is always useful to have a generic well-

defined variable z consistent with the starting metric functions as shown in Ref. 1.
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Abstract. Recent trend of research indicates that not only massive but also massless (asymptotic Newto-
nian mass zero) wormholes can reproduce post-merger initial ring-down gravitational waves characteristic
of black hole horizon. In the massless case, it is the non-zero charge of other fields, equivalent to what we
call here the “Wheelerian mass”, that is responsible for mimicking ring-down quasi-normal modes. In this
paper, we enquire whether the same Wheelerian mass can reproduce black hole observables also in an al-
together different experiment, viz., the strong field lensing. We examine two classes of massless wormholes,
one in the Einstein-Maxwell-dilaton (EMD) theory and the other in the Einstein Minimally coupled Scalar
(EMS) field theory. The observables such as the radius of the shadow, image separation and magnification
of the corresponding Wheelerian masses are compared with those of a black hole (idealized SgrA∗ chosen
for illustration) assuming that the three types of lenses share the same minimum impact parameter and
distance from the observer. It turns out that, while the massless EMS wormholes can closely mimic the
black hole in terms of strong field lensing observables, the EMD wormholes show considerable differences
due to the presence of dilatonic charge. The conclusion is that masslessless alone is enough to closely
mimic Schwarzschild black hole strong lensing observables in the EMS theory but not in the other, where
extra parameters also influence those observables. The motion of timelike particles is briefly discussed for
completeness.

1 Introduction

Wormhole spacetimes predicted by gravitational theories have non-trivial topological structures and their observational
aspects can be one of the interesting topics to understand our Universe. Although wormholes require exotic matter and
the formation mechanism of wormholes is not well understood, these objects have not been ruled out by observations
to date. In fact, recently some remarkable developments have taken place: It has been shown that the gravity waves
from a particle near a phantom thin-shell wormhole surgically created by matching two copies of Schwarzschild black
hole can mimic the time domain of quasinormal ringing of the Schwarzschild black hole at early times and differ from
it only at sufficiently late times [1,2]. Such a possibility was previously discussed in [3] in connection with an analytic
wormhole model. For some recent works relating to this wormhole, see [4–6]. Ellis-Bronnikov wormhole of the EMS
theory1 (hereinafter EMS wormhole) have been considered in [10], who showed that the massless wormhole, depending
on the values of its parameters, either rings exclusively as a black hole at all times or rings differently at all times. (By
the term massless wormhole, we shall always mean that its asymptotic Newtonian mass of the parent metric is zero.)

a e-mail: izmailov.ramil@gmail.com
1 It should be mentioned here that Ellis [7] derived two classes of asymptotically flat solutions, one showing naked singularity

and the other a regular massive traversable wormhole, which we call here the massive Ellis-Bronnikov wormhole since Bron-
nikov [8] independently derived it (see the metric (42)–(45) below). Interestingly, the two Ellis classes are not really independent
but can be connected by a complex Wick rotation, as shown in [9].
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Ringing by massive EMS wormhole mimicking Schwarzschild black hole has been analyzed from a different approach
in [11].

An important factor concerning wormholes in general is its stability. While thin-shell wormholes are stable within
certain parameter limits, the stability of massless EMS wormhole sourced by ghost field seems to be still an open
question: It has been argued that the wormhole is stable under arbitrary space-time perturbations [12]. It has also
been shown that the same wormhole metric can also be generated by a special type of non-ghost equation of state
and that the wormhole is stable against spherically symmetric and non-spherical axial perturbations [13,14]. However,
arguments against the stability of massless EMS wormhole persist showing that the instability leads either to scalar
field inflation or to collapse to black hole [15]. Some authors also argue for instability of the massive EMS wormhole
collapsing into a Schwarzschild black hole with the exotic scalar field radiated away [16]. Mathematically, it means
that the massive wormhole parameter γ has to drastically cross over from a real value to a complex value (γ = −i)
during collapse to a final black hole [11]. While the collapse scenario under arbitrary perturbations is not contended,
it is unclear what physical phenomenon would mark the cross-over from the real to complex value of γ during the
evolution of collapse. With all these, it is fair to say that the stability of EMS wormhole, massive or massless, is not
yet completely understood for arbitrary perturbations even in the linear approximation, as argued in [10].

Returning to the main topic of the paper, we note that the gravitational lensing phenomenon is an important tool
for understanding the nature of the lens that could be a black hole, wormhole or even a naked singularity. However,
there is a fundamental difference between weak and strong field lensing. Strong field light deflection by a Schwarzschild
black hole or by a spherically symmetric wormhole displays a logarithmic divergence at the photon sphere [17, 18],
where light rays get captured (making infinite number of loops on it) demarcating the strong field limit for those lenses.
There is no way that the strong field deflection angle could be expanded to yield the known weak field deflection terms
supposed to be valid far away from the photon sphere. This is so because, as shown in [19], even the zeroth order affine
parametric expansion of the exact deflection angle already shows a logarithmic divergence. On the other hand, while
the weak field light deflection is useful in itself, strong field gravitational lensing is expected to provide a completely
different genre of observables for different types of lenses. Also, wormholes mimicking post-merger quasi-normal mode
ringing [1–5,10,11] provides a strong motivation for enquiring whether or not massless wormholes of different theories
can mimic black hole lensing observables.

Despite having zero asymptotic Newtonian masses, the wormholes are sourced by other types of fields, such as
scalar or dilaton having energy, hence an equivalent non-zero mass can be attributed as secondary source that can curve
the spacetime causing deflection of light and consequent lensing effects. For instance, the massless EMS wormhole [7,8]
is sourced entirely by an exotic (negative energy density) scalar field (a.k.a. ghost field), with the wormhole structure
consisting of an exterior positive and an interior negative mass, both of equal magnitude symmetrically lying on either
side of the throat. We call each of them a Wheelerian mass following “Wheeleresque mantra: Mass without mass [20]”
as humorously phrased in [21]. The positive Wheelerian mass causing the light rays to bend toward the mass eventually
leads to observable lensing effects. The existence of such non-zero Wheelerian mass then allows us to compare how
the strong lensing properties of massless wormholes in the two theories, EMD and EMS, differ between themselves as
well as with those of the Schwarzschild black hole. Wheelerian mass is a useful concept already used in astrophysical
application accounting for dark halo objects in the exterior of our galaxy (see [22]).

The purpose of the present paper is to investigate the strong field lensing observables caused by lightlike motion
in the massless EMD and EMS wormholes using Bozza’s method [17]. We shall enquire if these observables can mimic
those of Schwarzschild black hole assuming that the three types of lenses share the same minimum impact parameter
um and distance DOL from the observer. The stability of circular orbits of timelike particles is briefly discussed for
completeness.

The paper is organized as follows. A brief preview of the method for obtaining strong field lensing observables
would be worthwhile and is presented in sect. 2. The method is applied to massless EMD wormhole in sect. 3 and to
EMS wormhole in sect. 4. Numerical estimates are presented in sect. 5 and a brief analysis of the motion of timelike
particles is added in sect. 6. Section 7 concludes the paper. We take units such that 8πG = 1, c = 1.

2 Bozza’s method: A brief preview

This method has by now gained considerable attention for its usefulness, so the purpose of this preview is to let the
readers readily see what quantities have been calculated to get to the final lensing observables. The method starts
with a generic spherically symmetric static spacetime

ds2 = A(x)dt2 − B(x)dx2 − C(x)
(

dθ2 + sin2 θφ2
)

. (1)

The equation
C ′(x)

C(x)
=

A′(x)

A(x)
(2)
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is assumed to admit at least one positive root and the largest root is called the radius of the photon sphere xm. The
strong field expansion will take the photon sphere radius as the starting point, which is required to exceed the horizon
radius of a black hole or throat radius of a wormhole as the case may be. A light ray coming in from infinity will reach
the closest approach distance x0 from the centre of the gravitating source before emerging in another direction. By
the conservation of angular momentum, x0 is related to the impact parameter u by

u =

√

C0

A0
, (3)

where the subscript 0 indicates that the function is evaluated at x0. The minimum impact parameter is defined by

um =

√

Cm

Am

, (4)

where Cm ≡ C(xm), etc. From the null geodesics, the deflection angle ³(x0) can then be calculated as a function of
the closest approach:

³(x0) = I(x0) − π, (5)

I(x0) =

∫ ∞

x0

2
√

Bdx
√

C
√

C
C0

A0

A
− 1

. (6)

In the weak field limit of deflection, the integrand is expanded to any order in the gravitational potential and
integrated. When we decrease the impact parameter u (and consequently x0), the deflection angle increases. Decreasing
u further bringing the ray infinitesimally closer to the photon sphere will cause the ray to wind up a large number of
times before emerging out. Finally, at x0 = xm, corresponding to an impact parameter u = um, the deflection angle
will diverge and the ray will be captured, i.e., it will wind around the photon sphere indefinitely.

It has been shown that this divergence is logarithmic for all spherically symmetric metrics, which yields an analytical
expansion for the deflection angle close to the divergence in the form [17]

³(x0) = −a log

(

x0

xm

− 1

)

+ b + O (x0 − xm) . (7)

The coefficients a, b depend on the metric functions evaluated at xm, and eq. (7) is defined as the strong field limit
of the light deflection angle. The coefficients a, b are, respectively, redefined to a and b that are obtained as follows.
Define two new variables

y = A(x), (8)

z =
y − y0

1 − y0
, (9)

where y0 = A0. The integral (6) then becomes

I(x0) =

∫ 1

0

R(z, x0)f(z, x0)dz, (10)

R(z, x0) =
2
√

By

CA′ (1 − y0)
√

C0, (11)

f(z, x0) =
1

√

y0 − [(1 − y0)z + y0]
C0

C

, (12)

where all functions without the subscript 0 are evaluated at x = A−1[(1− y0)z + y0]. The function R(z, x0) is regular
for all values of z and x0, while f(z, x0) diverges for z → 0, where

f(z, x0) ∼ f0(z, x0) =
1

√

³z + ´z2
, (13)

³ =
1 − y0

C0A′
0

(C ′
0y0 − C0A

′
0) , (14)

´ =
(1 − y0)

2

2C2
0A′

0
3

[

2C0C
′
0A

′
0
2

+
(

C0C
′′
0 − 2C ′

0
2
)

y0A
′
0 − C0C

′
0y0A

′′
0

]

, (15)

where primes denote differentiation with respect to x.
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For the calculation of lensing observables, note that the angular separation of the image from the lens is tan θ = u
DOL

,
where DOL is the distance between the observer and the lens. Specializing to the photon sphere x0 = xm, the deflection
angle in eq. (7) can be rewritten into a final form

³(θ) = −a log

(

u

um

− 1

)

+ b, (16)

u � θDOL (assuming small θ) (17)

a =
a

2
=

R(0, xm)

2
√

´m

, ´m = ´|x0=xm
, (18)

b = −π + bR + a log
2´m

ym

, ym = A(xm), (19)

bR =

∫ 1

0

g(z, xm)dz, (20)

g(z, xm) = R(z, xm)f(z, xm) − R(0, xm)f0(z, xm). (21)

The impact parameter u is related to the angular separation θ of images by the relationship given in eq. (17). Using
this, Bozza proposed three strong lensing observables as [17]

θ∞ =
um

DOL
, (22)

s = θ1 − θ∞ = θ∞ exp

(

b̄

ā
− 2π

ā

)

, (23)

r = 2.5 log10

[

exp

(

2π

ā

)]

, (24)

where θ1 is the angular position of the outermost image, θ∞ is the asymptotic position approached by a set of images
in the limit of a large number of loops the rays make around the photon sphere, s is the angular separation between
the outermost images resolved as a single image and the set of other asymptotic images, all packed together, r is the
ratio between the flux of the first image and the flux coming from all the other images.

We shall calculate in what follows the strong field lensing coefficients {a, b} and observables (θ∞, s, r) applying,
respectively, formulas (18), (19) and (22), (23), (24) to the massless EMD and EMS wormholes with the understanding,
once again, that only the asymptotic Newtonian mass of the parent metric is zero, while the Wheelerian mass is not.

3 Massless wormhole in EMD theory

The wormhole solution in the EMD theory together with its massless limit has been derived in the literature [23] and
light deflection in it using the Gauss-Bonnet method has been obtained in [24]. The weak field lensing observables have
been recently computed and compared with those of EMS wormhole in [25]. The massive parent metric (redefining
r = x in it [23]) is

A(x) = 1/B(x) =
(x − r1)(x − r2)

(x + d0)(x + d1)
, C(x) = (x + d0)(x + d1), (25)

e2φ =
P (x − Σ)

Q(x + Σ)
, Fxt =

P

(x + Σ)2
, Fθϕ = P sin θ, (26)

where P is the magnetic charge, Q is electric charge, Σ is the dilatonic charge and r1, r2, d0, d1 are constants. The
metric expands in the weak field as

A(x) = 1 − 2M

x
+ O(1/x2), (27)

M =
r1 + r2 + d0 + d1

2
(28)

is the asymptotic Newtonian mass, which is assumed to be zero under the choice of constants r1 = −r2, d0 = −d1.
By further redefining q2 = 2PQ and k2 = Σ2 + q2, and using certain other conditions (see [23, 24] for details), the
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massless EMD wormhole metric components read

A(x) =

(

1 +
q2

x2

)−1

, (29)

B(x) =

(

1 +
q2

x2

)(

1 +
k2

x2

)−1

, (30)

C(x) = x2 + q2. (31)

In the “standard” radial coordinate R =
√

x2 + q2, the throat appears at Rth = q, which translates to xth = 0.
The two functions R(z, x0) and f(z, x0) work out to

R(z, xm) =

(

√

2

1 − z2

) (
√

q2(1 + z)

q2(1 + z) + k2(1 − z)

)

, (32)

f(z, xm) ∼ f0(z, xm) =
1

√

³z + ´z2
, (33)

³ = 1 − 2q2

q2 + x2
m

, (34)

´ =
q2

q2 + x2
m

. (35)

The radius xm of the photon sphere can be found from eq. (2) as (it also follows from ³ = 0),

xm = q ⇒ ´m = ´|q=xm
=

1

2
, ym = A(xm) =

1

2
, (36)

and the minimum impact parameter um follows from eq. (4) as

um = 2q. (37)

To compare the strong field lensing observables of this massless EMD wormhole with those of Schwarzschild black
hole, we shall non-dimensionalize the parameters by the Schwarzschild radius Rs as q → q

Rs
, Σ → Σ

Rs
, Rs = 2Ms,

where the subscript “s” stands for Schwarzschild. Then it follows from eqs. (18), (19) that the exact coefficients, with
2βm

ym

= 2, are

a =
q

√

k2 + q2
⇒ a =

(

q

Rs

)

/

√

(

Σ

Rs

)2

+ 2

(

q

Rs

)2

, (38)

b = −π + bR + a log 2, (39)

g(z, xm) = − 2q

z
√

1 − z2

[

√

1 − z2

k2 + q2
+

√

1 + z

k2(1 − z) + q2(1 + z)

]

, (40)

bR =

∫ 1

0

g(z, xm)dz = − 8q log(q)
√

k2 + q2
(41)

= −
[

8

(

q

Rs

)

ln

(

q

Rs

)]

/

√

(

Σ

Rs

)2

+ 2

(

q

Rs

)2

. (42)

For a correct comparison, the minimum impact parameter um of rays in the Schwarzschild black hole and EMD
wormhole spacetime should be the same, which implies

uSch
m =

(

3
√

3

2

)

Rs =
(

3
√

3
)

Ms = uEMD
m = 2q (43)

⇒ q

Rs
=

3
√

3

4
. (44)
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The last equation yields a formal identification of the Wheelerian mass q with the BH mass Ms as

q =

(

3
√

3
)

Ms

2
. (45)

The only variable in eqs. (38), (39) now is the adimensionalized dilatonic charge Σ
Rs

and, by varying it, we shall tabulate
below the observables for massless EMD wormhole.

4 Massless wormhole in EMS theory

This massless wormhole is the zero Newtonian mass limit of the massive EMS wormhole [7, 8] sourced by an exotic
scalar field φ. The parent massive EMS wormhole metric is given by

dτ2
EMS = Adt2 − B dx2 − C(dθ2 + sin2 θ dϕ2), (46)

A(x) = exp
[

−πγ + 2γ tan−1
( x

m

)]

, (47)

B(x) = A−1(x), C(x) = B(x)(x2 + m2), (48)

φ(x) = ±κ
[π

2
− 2 tan−1

( x

m

)]

, 2κ2 = 1 + γ2, (49)

where x ∈ (−∞,∞), m and γ are arbitrary constants. This solution represents a static, horizonless, traversable,
everywhere regular massive wormhole that has manifestly two asymptotically flat regions, one with Newtonian positive
mass M (= mγ) and the other with negative mass −Meπγ , on either side of a regular throat at xth = M [7]. The
photon sphere has a radius xm = 2M . The metric (46) is indistinguishable from the Schwarzschild black hole as far as
weak field predictions are concerned and that it can mimic the black hole with regard to the ring-down gravitational
waves [11].

For the strong field deflection ³ in the EMS wormhole metric (46), we find that the integrand g(z, xm) has a
formidable expression that has to be integrated only numerically. Thus, we can in general write, using xm = 2M = 2mγ,

bR =

∫ 1

0

g(z, xm)dz =

∫ 1

0

g(z,M, γ)dz. (50)

For the exact but complicated expression of g(z,M, γ), see [11]. It can also be verified for the metric (42) that

log

(

2´m

ym

)

= log

[

exp[−4γ tan−1(2γ)][exp(πγ) − exp{2γ tan−1(2γ)}]2[1 + 4γ2]

2γ2

]

. (51)

The exact Schwarzschild black hole and the strong field coefficients can be deduced by choosing γ = −i in
eqs. (18), (19), (50), (51). Carrying out the numerical integration for bR for γ = −i, we obtain

a = 1, (52)

bR = 0.9496, (53)

b = −0.4002, (54)

which are just the known Schwarzschild values [17].
The massless EMS wormhole is defined by M = mγ = 0. For this, one option is to choose γ = 0 but m 
= 0 so that

the metric reduces to

dτ2 = dt2 − dx2 − (x2 + m2)
(

dθ2 + sin2 θ dϕ2
)

, (55)

φ(x) = ±
√

1

2

[π

2
− 2 tan−1

( x

m

)]

� ±φ0 ±
√

2m

x
+ O

(

m3

x3

)

, (56)

which has been considered in [10] for quasi-normal mode ringing. The other option γ 
= 0, m = 0 yields trivial flat
space and is of no physical consequence in our context.

The weak field deflection of light by this wormhole has been verified by three independent methods in [26]. The

meaning of ±m as Wheelerian masses, up to an unimportant constant factor of
√

2, is evident from eq. (56). These
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masses can also be called scalar charges, since the total integrated energy of the ghost scalar field φ is ±m. The mass
+m is responsible for inward bending of light on the positive side of the massless EMS wormhole. We find that

log

(

2´m

ym

)

= log

(

π2

2

)

, (57)

and a much simplified expression

g(z, 0, 0) =
πz −

√
2
√

1 − cos(πz)

z sin(πz
2 )

, (58)

leading to

bR =

∫ 1

0

g(z, 0, 0)dz = log(16) − 2 log π. (59)

Collecting the values from eqs. (52), (57) and (59), we find

b = −π + bR + a log
2´m

ym

= −π + 3 log(2), (60)

a = 1. (61)

Further, since xm = 0 in the coordinate of the metric (55), it follows, from eq. (4), that

uEMS
m = m. (62)

To compare the strong field lensing observables of the Ellis-Bronnikov wormhole with those of Schwarzschild black
hole, we impose that the minimum impact parameters um be the same for both so that

uSch
m =

(

3
√

3

2

)

Rs =
(

3
√

3
)

Ms = uEMS
m = m (63)

⇒ m

Rs
=

3
√

3

2
, (64)

which allows us to connect the Wheelerian mass m with the black hole mass Ms as

m =
(

3
√

3
)

Ms. (65)

There is no free variable like dilaton in this case so that the coefficients are fixed. We shall estimate the observables
in the ensuing table.

5 Numerical estimates

For numerical estimates of the strong lensing signatures, we choose as Schwarzschild black hole the SgrA∗ residing in
our galactic center2 but add that any other black hole would be good enough for comparison with wormhole signatures
provided they share the same um. If any other black hole is chosen, then only uSch

m /Rs would numerically change as
would the corresponding values of q/Rs for EMD wormhole and m/Rs for EMS wormhole. We adopt the latest observed

data pertaining to SgrA∗ from [28]: Mass Ms = 4.2×106M�, DOL = 7.6 kpc, which imply Rs = 2Ms, uSch
m = (3

√
3

2 )Rs,

θ∞ = (
uSch

m

DOL
) × 206265 × 106 μarcsec = 28.41μarcsec.

For Ellis-Bronnikov wormhole, uSch
m /Rs → m/Rs = 3

√
3

2 (see eqs. (64), (65)) so that the deflection angle is

³(Δ) = −a log

(

Δ

m/Rs

)

+ b, (66)

where Δ = (u − um)/Rs represents the proximity of rays to the photon sphere (hence we call it the “proximity
parameter”) and (ā, b) given by eqs. (60), (61).

2 Strictly speaking, SgrA∗ black hole has spin and, for comparison of observables, the appropriate wormhole examples should
also be the spinning ones. However, choosing SgrA∗ is not mandatory for our analysis, any known Schwarzschild black hole
would do. We point out that SgrA∗ has nonetheless been modeled purely as a Schwarzschild black hole in the literature [27].
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Table 1. The units in the table are: θ∞ and s in microarcseconds, r in magnitudes. For the massless EMS and EMD wormholes,

the adimensionalized Wheelerian masses are m/Rs = 3
√

3

2
and q/Rs = 3

√
3

4
, respectively, so that θBH,EMS

∞ = 2θEMD
∞ . The values

of ∆ correspond to the same deflection angle 2π in all cases, but the strong field lensing observables (θ∞, s, r) are determined
solely by ā and b and are different for different types of lenses.

Lens um/Rs – ∆ ā b̄ θ∞ (µas) s (µas) r (mag)

SgrA∗ BH 3
√

3

2
– 3.25 × 10−3 1 −0.40 28.41 0.035 6.82

Massive 3
√

3

2
– 2.66 × 10−3 1 −0.60 28.41 0.029 6.82

EMS WH

EMS WH 3
√

3

2
– 1.68 × 10−3 1 −1.06 28.41 0.018 6.82

EMD WH q/Rs Σ/Rs – – – – – –

– 3
√

3

4
±10 2.95 × 10−33 0.12 −3.32 14.20 3.2 × 10−32 4.23

– – ±5 5.26 × 10−18 0.24 −3.48 14.20 5.7 × 10−17 3.53

– – ±1 8.22 × 10−8 0.62 −4.01 14.20 9.0 × 10−7 2.51

– – ±0.5 3.21 × 10−7 0.68 −4.09 14.20 3.5 × 10−6 2.41

– – ±0.1 5.11 × 10−7 0.70 −4.13 14.20 5.6 × 10−6 2.37

– – ±0.0 5.21 × 10−7 0.71 −4.13 14.20 5.7 × 10−6 2.37

For EMD wormhole, uSch
m /Rs → q/Rs = 3

√
3

4 (see eqs. (43), (44)) so that

³(Δ,Σ/Rs) = −a log

(

Δ

q/Rs

)

+ b (q/Rs, Σ/Rs) . (67)

Table 1 shows comparison of strong lensing coefficients (ā, b) and observables (θ∞, s, r) of wormhole lenses composed
of Wheelerian mass vis à vis SgrA∗ black hole lens of the same minimum impact parameter um as stipulated. To
calculate the relevant quantities, the algorithm is as follows: First we consider EMS wormholes, both massive and
massless. Putting the xm of wormholes in the master eqs. (18), (19), we tabulate (ā, b) in the 3rd and 4th rows of the

table. Second, putting the adimensionalized Wheelerian mass m/Rs = 3
√

3
2 in the expression for ³, we end up with

the remaining unknown quantity, the proximity parameter Δ, in eq. (66). To fix it, next, we note that the outermost
image appears where ³ just equals 2π,

³(Δ) − 2π = 0. (68)

This equation is solved to find Δ, which tells us how close the rays should pass by the photon sphere in order to
enable the wormholes to mimic the deflection angle 2π caused by a black hole. However, the observables (θ∞, s, r),
determined solely by ā and b, do not show much difference from those of black hole except a minor one in s. This
means that the EMS wormholes, massive or massless, can closely mimic a black hole in terms of strong field lensing
observables.

The story with the EMD wormhole is quite different since there is now a freely specifiable dilatonic charge Σ/Rs.

Specifying different values to it, we find that the equation, with the Wheelerian mass q/Rs = 3
√

3
4 , viz.,

³(Δ,Σ/Rs) − 2π = 0, (69)

corresponds to different sets Δ and of (θ∞, s, r) for EMD wormholes, the difference signalling the presence of dilatonic
charge in the lens. These sets of values are markedly different from those of EMS wormhole and black hole. The near
zero values of s for the EMD wormhole show that the set of secondary asymptotic images will merge with the outermost
image producing a single image of the source, with the characteristics that the flux ratio r gradually increases as the
parameter Δ decreases or equivalently as the rays pass gradually closer to the photon sphere.

6 Motion of timelike particles: stability of circular motion

Although the main focus in this article has been the strong field lensing observables caused by lightlike particles (rest
mass zero), we shall for completeness briefly touch upon the motion of timelike particles (rest mass nonzero)3. In
particular, we shall examine here the location of two asymptotically flat regions as required of a wormhole geometry
and the existence of stable circular orbits around the positive mass side.

3 We thank an anonymous referee for drawing our attention to the motion of timelike particles. This is a useful topic since
the influence of secondary gravitating sources on such particles has not yet been addressed in the literature, to our knowledge.
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6.1 EMD theory

We start with the massless metric (29)–(31). To establish that it truly represents a wormhole, we have to show that it
has two asymptotically flat regions on either side of the throat at xth = 0. For convenience, we put the metric (29)–(31)
in the isotropic form (t, R, θ, ϕ) by introducing the transformation

x =
R2 − k2

2R
, (70)

which, when inverted, yields the “isotropic” throat radius Rth = 1
2x(1±

√

1 + k2/x2) → k as x → xth = 0. Discarding

the negative sign, we find R
x
→ 1 as x → ∞, so at large distances R and x coincide. The metric (29)–(31) under the

transformation (70) assumes an isotropic form

dτ2 = A(R)dt2 − B(R)
(

dR2 + R2dθ2 + sin2 θ dϕ2
)

=

[

1

1 + 4R2q2

(R2−k2)2

]

dt2 −
[

k4 + 4q2R2 − 2k2R2 + R4

4R4

]

(

dR2 + R2dθ2 + R2 sin2 θ dϕ2
)

. (71)

This metric is flat as R → ∞ and is also invariant under inversion: R = k2

y
, which implies the presence of another

asymptotically flat region at y = 0. So, the metric form (71) represents a twice asymptotically flat regular wormhole
as the spacetime on either side of the throat shows no curvature divergence at any point. Now redefine R = 2R so that

dτ2 = A(R)dt2 − B(R)
(

dR
2

+ R
2
dθ2 + R

2
sin2 θ dϕ2

)

. (72)

Then the metric functions expand as

A(R) = 1 − q2

R
2 − q4

R
4

(

k2

2q2

)

+ . . . , (73)

B(R) = 1 +
q2

R
2

(

1 − k2

2q2

)

+
q4

R
4

(

k4

16q4

)

+ . . . . (74)

Timelike test particles, with arbitrarily controllable parameters like energy and angular momentum, are not relevant
at least for lensing observations. To understand what those particles would nevertheless see as the “effective gravitating
mass” of the massless wormhole, it would be necessary to study the orbital precession of timelike test particles in both
the spacetimes. But if weak field light deflection angle ³ is any indication, then note that the leading order deflection
by the massless EMD wormhole obtained in [24] using the Gauss-Bonnet method:

³(b) =
π

4b2

(

3q2 − Σ2
)

, (75)

which reveals, following Schwarzschild formula, that the effective gravitating mass is M0 =
√

3q2 − Σ2, and not merely
q. On the other hand, it can be verified that the PPN method of Keeton and Petters [29] for the metric functions (73)
and (74) using the gravitational potential Φ = q

R
(and not Φ = M0

R
) also yield the same deflection (75)4 although the

first-order deflection term is absent anyway! So what is the mass seen, q or M0? When dilaton is switched off, Σ = 0,
the metric (29)–(31) reduces to the famous Einstein-Rosen bridge [30] and in this case, the mass is proportional to
just q. While the intriguing question raised above warrants a separate detailed investigation, it is expected that both
the parameters q and Σ would influence the motion of timelike particles. A good example for demonstrating it is to
investigate the stability of circular orbits of timelike particles.

To this end, it is convenient to define x2 + q2 = ρ2 in metric (29)–(31) so that the metric functions assume the
“standard” coordinate Morris-Thorne form [31],

dτ2 = A(ρ)dt2 − B(ρ)dρ2 − C(ρ)
(

dθ2 + sin2 θ dϕ2
)

, (76)

A(ρ) = 1 − q2

ρ2
, B(ρ) =

ρ4

(ρ2 − q2)(ρ2 + Σ2)
, C(ρ) = ρ2. (77)

4 Details omitted to save space but the calculation is straightforward.
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Fig. 1. Critical radius ρ = ρc for the potential (80) for specific values q = 0.1, Σ = 0.001, L = 0.5 (all in suitable units).

Fig. 2. Stability of circular radius ρ = ρc for the potential (80) for specific values q = 0.1, Σ = 0.001, L = 0.5 (all in suitable
units), V ′′(ρc) < 0.

Henceforth, define affine parameter λ, use the four-velocity Uµ = dxµ

dλ
, and normalize the constants of motion by ε,

viz., E = U0/ε, L = U3/ε. The geodesic motion on the equatorial plane (θ = π/2) has the equations

A(ρ)
dt

dλ
= E, ρ2 dϕ

dλ
= L, (78)

gµµUµUν = −ε2, (79)

where ε is the conserved rest mass of the test particle, ε = 1 for timelike and 0 for lightlike particles. The geodesic
equation (79) can be recast in the form

1

2

(

dρ

dλ

)2

+ V (ρ) =
E2

2
, (80)

V (ρ) =
ε2

2
+

L2 − q2ε2 + Σ2(ε2 − E2)

2ρ2
+

L2(Σ2 − q2) − q2ε2Σ2

2ρ4
− L2q2Σ2

2ρ6
. (81)

With the potential V (ρ) at hand, the rest of the algorithm is quite well known. At the constant critical radius

ρ = ρc, one has dρ
dλ

|ρ=ρc
= 0 and dV

dρ
|ρ=ρc

= 0, which provide ρ = ρc(q,Σ,E,L) for ε = 1. If there is a stable circular

timelike orbit at ρ = ρc, then we should find V ′′(q,Σ,E,L) ≡ d2V
dρ2 |ρ=ρc

< 0. The expressions for ρc and V ′′ are rather

large, hence omitted but what we find is that, for given spacetime parameter values (q0, Σ0), and for some choices of
orbital angular momentum L0 (all in suitable units), circular orbits with radii ρ = ρc show V ′′(ρc) < 0 for all values
of energy E. Two typical figures (figs. 1 and 2) are presented for illustration.
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6.2 EMS theory

We start with the massless wormhole metric (55) that is covered on two sides by the coordinate ranges ∞ < t < ∞,
−∞ < x < ∞, 0 ≤ θ ≤ π, 0 ≤ ϕ ≤ 2π. The metric is twice asymptotically flat at x → ±∞ since the curvatures vanish
there. For example, in the orthonormal frame (ˆ) of an observer, the Riemann curvature components are

R
θ̂ϕ̂θ̂ϕ̂

= −R
x̂θ̂x̂θ̂

= −Rx̂ϕ̂x̂ϕ̂ =
m2

(x2 + m2)
2 , (82)

which → 0 as x → ±∞. For the present purpose, we cast the metric (55) in the Morris-Thorne “standard” form [31]
using x2+m2 = r2, so that the metric on one side of the wormhole manifold becomes (−∞ < t < ∞, r > m, 0 ≤ θ ≤ π,
0 ≤ ϕ ≤ 2π):

dτ2 = A(r)dt2 − B(r)dr2 − C(r)
(

dθ2 + sin2 θ dϕ2
)

, (83)

A(r) = 1, B(r) =
1

1 − m2/r2
, C(r) = r2. (84)

The weak field light deflection angle ³, to leading order in the massless EMS wormhole, is [26]:

³(b) =
πm2

4b2
, (85)

which reveals, following the Schwarzschild formula, that the “effective gravitating mass” is just m. The orbital pre-
cession of timelike particles should also involve only m, as there are no other extra solution parameters.

Proceeding exactly as in (a), we find for timelike particles (ε = 1) the potential

V (r) =
1

2
+

L2 + m2(E2 − 1)

2r2
− L2m2

2r4
, (86)

which yields the critical circular radius rc and V ′′(rc):

rc =

√
2Lm√

L2 + E2m2 − m2
(87)

V ′′(rc) = − [L2 − m2(1 − E2)]3

2L4m4
. (88)

V ′′(rc) < 0 implies the stability condition
L2 − m2

(

1 − E2
)

> 0. (89)

Thus stability is not decided by the mass m alone, but also by the orbital parameters L,E of timelike particles that
are to be so adjusted as to satisfy the above inequality.

7 Conclusion

Throughout the paper, by the term massless, we mean that only the asymptotic Newtonian mass is zero but the
Wheelerian mass is not, so it can cause observable lensing effects and stable circular orbits for timelike particles. Since
the nature of the mass of a black hole is not yet known, we speculated that the same mass could as well be constituted
by scalar/dilaton/eletromagnetic fields. Although massless EMS wormhole has been studied in the literature for its
non-trivial lensing properties in astrophysical applications, it is scarcely explained why, despite being massless, it still
bends light and exhibits observable lensing properties.

The present paper attempts to provide an explanation by invoking the Wheelerian mass inherent in the massless
wormholes and shows how its strong field lensing properties compare with those of Schwarzschild black hole, when
both masses are quantitatively the same. Thus, for the massless EMS wormhole, the asymptotic masses on either
side, viz., M (= mγ) and −Meπγ , could be zero for γ = 0, but the Wheelerian masses ±m need not be zero. The
mass +m is responsible for the inward deflection of light and observable lensing effects as well as for the motion of
timelike particles. Likewise, the Wheelerian mass q of the massless EMD wormhole is provided by electric charge P
and magnetic charge Q in a combined form q =

√
2PQ that is perceived in the observation of angular radius of the

shadow θ∞, while the dilatonic charge Σ remains a free parameter. Our conclusion is that, while the massless EMS
wormhole can closely mimic a black hole (SgrA∗ chosen for illustration) in terms of strong field lensing observables,
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the massless EMD wormhole shows considerable deviation due to the presence of dilatonic charge Σ. Additionally, we
showed that stable circular orbits of timelike test particles exist in both massless spacetimes depending on the choice of
the orbital parameters.

In a little more detail, we devised a proximity parameter Δ, which tells us how close the rays should pass by
the photon sphere in order to enable the wormholes to mimic the deflection angle 2π by a black hole producing the
outermost image, while the lensing observables (θ∞, s, r) are determined exclusively by ā and b. These observables are
entered in the 4th row of the table, which show that they are the same as those of black hole SgrA∗ except for a slight
difference in s.

The EMD wormhole strong field lensing observables differ quite significantly from those of SgrA∗ black hole
depending on the value of the freely specifiable dilatonic charge Σ. Its presence in the lens renders the values of image
separation s to be near zero as is evident from the table. It indicates that the set of secondary asymptotic images will
merge with the outermost image producing a single image of the source, with the characteristics that the flux ratio
r gradually increases as the parameter Δ decreases or equivalently as the rays pass gradually closer to the photon
sphere. This feature seems to be a fundamental characteristic of EMD wormhole that could constitute a potential test
of string theory.

The simplest strong field observable is the angular radius of the shadow θ∞ [32], which alone can distinguish
between massless EMS and EMD wormholes since θEMS wormhole

∞ = 2θEMD wormhole
∞ . Remarkably, our table (2nd and

3rd rows) shows that the measurement of θ∞ cannot distinguish between the black hole and a massive EMS wormhole
at the level of current technology. A μas resolution is reachable in the next years by Very Long Baseline Interferometry
projects although there are lots of challenges that would make the identification of the relativistic images very difficult,
as already enumerated in [33]. Ongoing Event Horizon Telescope project aims to achieve an accuracy of ∼ 15μas [32],
obviously still falling far short of the accuracy needed.

For completeness, we devoted sect. 6 to the study of timelike particles and argued that stable circular orbits exist
provided the orbital parameters are suitably adjusted so as to satisfy the stability condition V ′′ < 0. In addition, we
had shown the EMD metric (71) is twice asymptotically flat as required of a wormhole: One flatness is located at

R → ∞ and the metric is also invariant under inversion: R = k2

y
, which implies the presence of another asymptotically

flat region at y = 0. The asymptotic expansion of the metric is shown in eqs. (73), (74). Similar properties of the EMS
metric (55) are discussed in sect. 6.2. To answer what the timelike test particles would see as the gravitating mass, it
would be more approriate to study the orbital precession of timelike test particles in both the massless spacetimes in
the potentials (81) and (86). Work is underway.

The reported study was funded by RFBR according to the research project No. 18-32-00377.
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Abstract: Einstein and Rosen conceived charged particles in the form of a bridge (wormhole throat) that are simulated here 

in terms of fluid analogy. It is found that the first kind of modelling requires a thin layer of exotic matter at the bridge. An 

acoustic equation is also derived which has characterised the model. Using a second kind of model, it is already demonstrated 

that the Einstein- Rosen charge has a sonic Hawking- Unruh temperature. Present work suggests that the Unruh’s fluid 
model can be consisted with the wormhole geometry too.  
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I. INTRODUCTION: 

A class of static spherically symmetric acoustic wormholes has been recently advanced as a natural completion of the acoustic 

analogue of black holes [1]. (The work contains the acoustic analogues of Morris-Throne wormholes with a minimally coupled 

scalar field [2]). Acoustic model of black hole geometry have originated with Unruh’s novel discovery that a sonic horizon in 
transonic flow could give out a thermal spectrum of sound waves mimicking Hawking’s general relativistic black hole evaporation 

[3]. The radiation of such sound waves is now commonly known as Hawking-Unruh radiation [4]. This basic acoustic analogy has 

been further explored under different physical circumstances by several authors [5]. For a good discussion of acoustic geometries 

including the Hawking – Unruh temperature, see Ref. [6].The works surrounding the analogy have engendered the practical 

possibility of detecting Hawking – Unruh radiation in fluid (particularly in super fluid) models under appropriately simulated 

conditions [7]. For this reason, the analogue models have attracted widespread attention as they open up alternative windows to 

look for many unknown effects of quantum gravity on black holes in the laboratory. 

 

II. OUTLINE OF THE WORK: 

However, the work reported here is somewhat limited in its scope but the result could still be curious and useful. We shall begin by 

recalling a history. Einstein was not satisfied with the representation of ponderable matter appearing in the general relativity field 

equations: <But it (general relativity) is similar to a building, one wing of which is made of fine marble ( the left side of the equation 

), but the other wing of which is built of low grade wood ( the right side of the equation). The phenomenological representation of 

matter is, in fact, only a crude substitute for a representation which would do justice to all known properties of matter= [8]. In 

particular, Einstein was averse to accepting material particles as singularities of the field. In an effort to avoid these singularities, 

Einstein and Rosen [9] geometrically modelled massive neutral elementary particles as <bridges= connecting two sheets of space-

time. These objects are similar to what are now generally dubbed as Lorentzian wormholes and the connecting bridges as wormhole 

throats. They also represent massless charged particles as bridges in a similar fashion. The physicality of such mathematical 

representations could always be arguable and my intention is not to discuss here. Instead, in the present letter, we shall develop the 

acoustic analogue of the massless electrical particle in two inequivalent ways and show that sonic Hawking-Unruh temperature 

could be assigned to the particle in a purely formal manner. 

 

III. THE ACOUSTIC WORMHOLE: 

The construction of the acoustic analogue is based on the identification of a given general relativity metric with the acoustic metric 

derived from the standard set of irrational, non-relativistic inviscid, baroscopic fluid equations given by  ∇⃗⃗ × ă = 0 → ă = ∇⃗⃗ � (1) āÿāā + ∇⃗⃗ . (Āă ) = 0(2)  Ā [āă⃗ āā + (ă ⃗⃗⃗  . ∇⃗⃗ )ă ] = 2∇⃗⃗ Ă(3) Ă = Ă(Ā)(4) 

In which all relevant terms have their own meanings. Now linearize the equations around a background exact solution set [Ă0(ā, � ), Ā0(ā, � ), �0(ā, � )] such that  Ă = Ă0 + �Ă0 + �(�Ă0)2, Ā = Ā0 + �Ā0 + �(�Ā0)2, � = �0 + ��0 + �(��0)2 (5) 

Where� denotes a small perturbation to the relevant quantities. Then the perturbation satisfies the equation [3]. 2ÿā [āÿāþ Ā0(ÿā�1 + ă0⃗⃗⃗⃗ . ∇⃗⃗ �1)] + ∇⃗⃗ . [Ā0∇⃗⃗ �1 2 āÿāþ Ā0ă0⃗⃗⃗⃗ (ÿā�1 + ă0⃗⃗⃗⃗ . ∇⃗⃗ �1)] = 0 (6) 

This equation can nearly be rewritten as the minimally coupled wave equation [6] 1√2ý āā�� (√2ąą�����ā āÿ1ā�Ā) = 0 (7) 

Whereą̅�ā is the acoustic metric, ă̅0 = ∇��0,     �1 = ��0,      ą̅ = Ăăā|ą̅�ā|, and the stationary metric form is given by  ĂĀÿāýĂĀāÿā2 = ą̅�āĂ��Ă�ā = ÿ0āĀ [āĀ2Ăā2 2 (Ă�ÿ 2 ă0ÿĂā)�ÿĀ(Ă�Ā 2 ă0ĀĂā)]  (8) 
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In which ÿ, Ā = 1,2,3 and the local speed of the sound is given by āĀ2 = Ăþ0Ăÿ0 . Before closing this part, we note that in a physical 

situation where ă 0 = 0 ,and 
ÿ0āĀ = āāĀĀāÿĀā , we have an exact Minkowski space-time where the role of the signal speed is delayed 

by that of sound waves. On a scale larger than interatomic distance and in a reasonably local neighbourhood inside the fluid, this 

geometry underlies the basic ingredient of what one might call sonic special relativity where the observers are equipped with only 

sound waves, that is, a word where the observers can only <hear= and <see=. It might be of some interest to note that a similar 

framework of sonic relativity was conceived decades ago in which the subsonic and the supersonic Lorentz like transformations 

containing āĀ as the invariant speed were employed in the treatment of many acoustical problems in a very profitable manner [10]. 

 

Proceeding further, note that the signature convention in use in this paper is (+,2,2,2) and unless otherwise noted, we shall use 

units8ÿ� = ā = 1. Consider now the metric form used by Einstein and Rosen in standard coordinates(ā, �, �, �) : ĂĀ2 = (1 2 2�� 2 Ă22�2) Ăā2 2 (1 2 2�� 2 Ă22�2)21 Ă�2 2 �2Ă�2 2 �2ĀÿĀ2�Ă�2 (9) �0 = Ă�(10) 

where�0 is the electrostatic potential while the magnetic potentials �ÿare set to zero. An elementary electrical particle without mass (ÿ = 0)is represented by the singularity free solution obtained by the radial transformation (� → Ă) as follows: Ă2 = �2 2 Ă22 (11) 

The bridge (or the particle) is located at Ă = 0 or �Ā = Ā √2d  connecting two sheets Ă > 0 and Ă < 0, (Similarly, a neutral particle 

corresponds to Ā = 0 with the radial transformation �2 = � 2 2ÿ so that the particle is represented by a bridge Ă = 0. ) For our 

purposes, we shall rewrite the solution in isotropic coordinates (ā, ÿ, �, �) : ĂĀ2 = ą�āĂ��Ă�ā = �2(ÿ)Ăā2 2 �22(ÿ)[Ăÿ2 + ÿ2Ă�2 + ÿ2ĀÿĀ2�Ă�2] (12) �2(ÿ) = [1 2 �2+Ā24ÿ2 ]2 [1 + �ÿ + �2+Ā24ÿ2 ]22
(13) �22(ÿ) = [1 + �ÿ + �2+Ā24ÿ2 ]2(14) �0 = 4√2  Āÿ(�+2ÿ2)2+Ā2  (15) 

The massless bridge is now located at ÿĀ = Ā 2d . For the sake of generality, we keep ÿ b 0 for the moment. The factor √2is 

imported in to Eq. (15) as the constant Āis slightly redefined in Eq. (9) as Ā2 = 2Ā2 for the ease of calculations. The arbitrary 

constants ÿ and Ā represent, respectively, the mass and the electric charge of the configuration with the solutions satisfying the 

field equations without denominators given by [9] ��ā = ��,ā 2 �ā,�(16) ą2��ā,ÿąāÿ = 0(17) ą2 (�ÿĀ + �ÿă�Āă 2 14 ąÿĀ�ĀĂ�ĀĂ) = 0(18) 

in which ą = Ăăā|ą�ā|, �� = (�0, �ÿ) and �ÿĀ is the Ricci Tensor. The metric (9) above with the term 2Ā2 (Ā > 0) is not quite 

the familiar Reissner- Nordstrā̈m metric which has +Ā2in its place. Correspondingly, there appears an overall negative sign before 

the stress energy tensor of the electrostatic field appearing at the right hand side of the field equations. This, in turn, indicates that 

the electrical stress violate the energy conditions, as long as we hold Ā2 (or Ā2) > 0 in the metric (9), thereby providing materials 

necessary for the construction of the Einstein-Rosen bridge making up charged particles. This violation (of energy conditions) is 

precisely the price that one has to pay in order to build the bridge. 

 

Let us return to the acoustic metric (8) and consider a preassigned velocity profile ăý⃗⃗  ⃗ b 0. If the vector ă0⃗⃗⃗⃗ (āĀ2 2 ă02)⁄ = 0, then 

defining a new time coordinate Ă� = Ăā + [ă0.⃗⃗⃗⃗  ⃗ Ă�⃗⃗ ⃗⃗  /(āĀ2 2 ă02)] , it is possible to write the acoustic metric in the static form as [3b,6] ĂĀÿāýĂĀāÿā2 = ą̅�āĂ��Ă�ā = ÿ0āĀ [(āĀ2 2 ă02)Ă�2 2 (�ÿĀ + ă0ÿă0ĀāĀ22ă02) Ă�ÿĂ�Ā] (19) 

The first kind of acoustic model is obtained by choosing the simplest velocity profile of the background fluid: ă0⃗⃗⃗⃗ = 0. This choice 

allows us to directly build the analogy in the fashion suggested by Visser and Weinfurtner [11] : Replace the vacuum speed of light ā in (12) [which we have set to unity] by the asymptotic speed of sound ā∞ corresponding to a linear medium. Just a formal 

replacement; it does not mean that numericallyā ≡ ā∞. Identify ā with � and the metric (12) with the metric (19), that is, set ą�ā ≡ą̅�ā. Immediately one obtains the density and sound speed profiles respectively as  Ā0(ÿ) = Ā∞ (1 2 �2+Ā24ÿ2 ) (20) āĀ(ÿ) = ā∞ [1 2 �2+Ā24ÿ2 ]2 [1 + �ÿ + �2+Ā24ÿ2 ]22
 (21) 

The main aim is to look for an acoustic analogue to the Einstein- Rosen charge which is essentially a wormhole. Consequently the 

analogue fluid energy density Ā0(≥ 0) is not the actual energy density of wormhole matter provided by the electrostatic field �0 , 

the latter density being strictly negative (exotic) for Ā2 > 0, as already mentioned. Returning to the fluid description, the Euler 

Equation (3) can be rewritten for Ă0 = Ă0(ÿ) by explicitly displaying the force required to hold the fluid configuration in place 

against the pressure gradient: 
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Ą = Ā0(ă0⃗⃗⃗⃗ . ∇⃗⃗ )ă 0 + āĀ2ÿÿĀ0ÿ̂(22) 

It is now possible to find the pressure profile by integrating the equation: Ąÿ̂ = Ăþ0Ăÿ = āĀ2 Ăÿ0Ăÿ  (23)    

which gives, under the physical condition that Ă∞ → 0, Ă0(ÿ) = 112 Ă∞ā∞2 (ÿ2 + Ā2) [16(�4+2�3ÿ26�ÿĀ22Ā4){(�+2ÿ)2+Ā2}3 2 4(�4+2�3ÿ+3�2Ā2218�ÿĀ226Ā4)Ā2{(�+2ÿ)2+Ā2}2 2 6(�4+2�3ÿ+�2Ā2+2�ÿĀ2+2Ā4)Ā4{(�+2ÿ)2+Ā2} +3�(�2+Ā2)Ā5 (ÿ 2 2ÿÿāāÿĀ {�+2ÿĀ })] (24) 

The barotropic equation of state can be found by eliminating ÿ from Eqs. (20) and (24), but this is not displaying here. Instead let 

us concentrate on the ÿ = 0 case in accordance with the Einstein-Rosen model. Then Ă0(ÿ) = 2 ÿ∞ā∞2 Ā2(48ÿ4+Ā4)3(4ÿ2+Ā2)3  (25) 

Using the relationÿ = Ā2√12ÿ0 ÿ∞d , we can write the equation of state as 

Ă0(Ā0) = 2Ā∞ā∞2 (12ÿ0 ÿ∞d )(422ÿ0 ÿ∞d +ÿ02 ÿ∞2d )3(22ÿ0 ÿ∞d )3  (26) 

The radial force required to maintain the acoustic configuration is  Ąÿ̂ = Ā∞ā∞2 × Ā22ÿ3 × (12ÿ24ÿ2)2
(1+ÿ24ÿ2)4 (27) 

which is finite for all values of ÿ b 0. It further turns out that Ă0(Ā0) blows up at Ā0 Ā∞ = 2⁄ , but that is of no concern as the radial 

variable ÿ is defined only for Ā0 Ā∞⁄ < 1. At the bridge ÿĀ = Ā 2d , we have Ā0 = 0, āĀ = 0 and Ă0 = 2Ā∞ā∞2 /6. The Eqs. (20) , 

(21) with ÿ = 0 and Eqs.(26), (27) represent the exact acoustic model for the Einstein- Rosen massless electrical particle that was 

the actual aim to look for. The following characteristics are observed. From the expression (25), it follows that the pressure drops 

from zero at infinity to negative values as one proceeds to the bridge radius. However, with regard to the overall energy condition, 

normalizing Ă∞ = ā∞ = 1,we can see that Ā0(ÿĀ) + Ă0(ÿĀ) < 0 implying that the (dominant) energy condition is violated at the 

bridge. Taking further Ā = 1, that is,ÿĀ = 0.5, it is graphically found that at ÿ j 0.55, Ā0 + Ă0 = 0 and for ÿ > 0.55, we have Ā0 +Ă0 > 0. Thus, there is a thin layer of exotic acoustic material of the order of thickness � j 0.05 wrapping up the bridge radius. 

Finally, we find that there is a relation between the sound speed and density is given by  āĀā∞ = ÿ0ÿ∞ (2 2 ÿ0ÿ∞)22
(28) 

which holds at every point in the medium characterizing the massless charge in its acoustic model.  

 

The second acoustic model may be formed as follows. Consider the ă 0 b 0 situation together with the metric (19) and note Unruh’s 
derivation [3]. The key assumptions were the constancy of the sound speed āĀ (which is normalized to unity, but it can be set to any 

other value as well) and a radial flow with a particular form of the fluid velocity profile  ă0� = 21 + ÿ(� 2 �0) + �(� 2 �0)2(29) 

in which ÿ[≡ (ÿă0� ÿ�⁄ ) evaluated at � = �0 is a constant proportional to sonic Hawking-Unruh temperature [�� = (/ÿ 2ÿᴋ⁄ )], 

where ᴋ is the Boltzmann constant and �0 is the sonic horizon defined as the surface where ă0� = ±1, the minus denoting the 

opposite motion of the fluid and the sound. Plugging Eq.(29) in to the metric (19) , and after dropping the angular parts, it has the 

form  ĂĀ2 j ÿ0āĀ [2āĀÿ(� 2 �0)Ă�2 2 Ă�22ÿ(�2�0)] (30) 

which compares the black hole metric near the horizon  ĂĀ2 j [(ÿ̂22�)2� ] Ăā̂2 2 2�Ăÿ̂2/(ÿ̂ 2 2�)(31) 

provided one identifies ÿ ≡ 14�. 

IV. THE WORMHOLE SPACETIME: 

Our acoustic configuration, on the other hand, has modelled a wormhole space-time given by (9) instead of Schwarzschild black 

hole (for which Ā = 0) and the two physical situations are entirely different [12]. For instance, black holes are the possible end 

results of a collapse due to Hawking-Penrose singularity theorems while these theorems do not apply when energy conditions are 

violated. Nonetheless, using the assumption of constancy of sound aped, and comparing the matrices (9) and (19), we get profiles (ă0�)2 = 2�� + Ā2�2   , Ā0 = 1, Ă0 = 0. This implies that we now have a dust-like fluid. The fluid horizon occurs at � = �0 = ÿ ±√ÿ2 + Ā2where ă0� = ±1. Note from the metric (9) that the wormhole is non traversable due to the fact that the throat radius �ā/ 

coincides with the geometric horizon �/ and that �ā/ = �/ = �0. By the Taylor Expansion of ă0�around � = �0asin Eq.(29), we 

find that ÿ = ∓ 1�0 (1 2 ��0).We can keep the sign open  knowing that wormholes can have negative Hawking temperatures as 

speculated by Hong and Kim [13] on different grounds. The constants ÿ,Ā appearing in ÿ and �0 of the fluid configuration must 

be treated as mere constants bereft of their original physical meanings and it signifies the limitations of the present approach. The 

main thing however is that ÿ is finite at the throat and it can be related to the temperature of a massive electric charge (ÿ b 0, Ā b0). Within the framework embodied in Eqs. (30) and (31), an equivalent description can be assigned to the wormhole in terms of a 
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fictitious Schwarzschild horizon for mass � given by � = ± �024(�02�). In the Einstein-Rosen model of neutral particle (Ā = 0), the 

value of the sonic ��  is proportional to ∓1/4ÿ, as expected , while for the massless (ÿ = 0) electrical particle, it is proportional 

to ∓1/Ā. All these results have followed from  direct application of Unruh’s method with the only physical difference that the 
metric (9) represents a wormhole, not s black hole. If , on the other hand, we had Ā2 < 0 ( that is, the usual Reissner- Nordström 

case with positive stresses), then the �0 or the sonic ��  would have been imaginary for ÿ = 0. This indicates that the existence of 

the real sonic ��  is consistent more with the exotic matter present in spacetime than the ordinary matter at least in the case under 

discussion here. 

Finally, one might write down the acoustic equations corresponding to the general Morris-Throne wormhole given by  ĂĀ2 = ă2�(�)Ăā2 2 Ă�212�(�)� 2 �2Ă�2 2 �2ĀÿĀ2�Ă�2   (32) 

where�(�) and Ā(�) are the redshift and the shape functions , respectively, satisfying the appropriate conditions. The throat is 

defined at � = �0by Ā(�0) = �0. A procedure similar to that in the above paragraph leads to the exact expressions for density, 

radial velocity and gradient as follows: Ā0(�) = ă� (1 2 Ā�)21/2
(33) (ă0�)2 = 1 2 ă� (1 2 Ā�)1/2

(34) Ăă0�Ă� = 2 12ă0� [(1 2 Ā�)1/2 Ă(ă�)Ă� + ă� ĂĂ� (1 2 Ā�)1/2](35) 

This shows that at � = �0, we have a fluid horizon defined by ă0� = ±1, but the gradient ÿ ≡ Ăă0�Ă� → ∞ due to the last term thereby 

rendering the notion of sonic Hawking radiation meaningless. It might be possible to choose Φ and Ā in such a way as to offset the 

divergence like Einstein-Rosen case. 

 

V. CONCLUSION: 

The result in this paper have been derived in a quite straightforward way using a <back door= approach that has its own limitations. 

Nonetheless, the analyses above have attempted to provide some curious insights as to how acoustic analogue to Einstein-Rosen 

charge (actually wormhole) would look like. The conclusions are essentially of academic interest at present knowing that the 

corresponding sonic configurations may even be physically absurd. The important lesson seems to be that the Hawking-Unruh 

radiation (involving the existence of sonic horizon) need not emanate from dumb hole alone; it can, in principle, emanate also from 

the throat of a wormhole threaded by nontrivial exotic matter reinterpreted as a fictitious Schwarzschild mass �. that is, worms can 

squeal- acoustically, and that is! However few words of caution are necessary. As shown recently, the possibility of actual black 

hole evaporation itself depends on several crucial assumptions if has be independent of the laws of Planck scale physics [14]. The 

situation in the context of wormholes seems to be worse. The Ford-Roman quantum inequality [15] suggests that the wormhole 

sizes could be tiny but the mechanism of any wormhole evaporation is altogether unknown as these subjects are not formed in a 

collapse process. All these circumstances considerably complicate, if not nullify, the very foundation of the acoustic reincarnations 

of Hawking radiation from wormholes. Thus the ultimate validity of acoustic analogies playing the role of alternative black or 

wormholes must come from the success of appropriately designed acoustic/optics experiments in the laboratory. At any rate, two 

inequivalent acoustic models of Einstein-Rosen charge are provided here also in the first case(ă0⃗⃗⃗⃗ = 0), one needs a thin layer of 

exotic fluid for its construction. This exotic behaviour together with the Eqs.(28) seem to characterize the model in an interesting 

way. The second analogue of the charge ă0⃗⃗⃗⃗ b 0 shows up a sonic Hawking temperature proportional to±1/Ā. Work is underway 

to further redefine the results. 

 

REFERENCES: 

[1] Kamal Kanti Nandi, Yuan-Zhong Zhang and Rong-Gen Cai, [arXiv:gr-qc/0409085]. 

[2] Kamal Kanti Nandi, Yuan-Zhong Zhang, Phys. Rev. D 70, 044040 (2004); K.K.Nandi, Yuan-Zhong Zhang and K.B Vijaya 

Kumar, Phys. Rev. D 70,064018 (2004); K.K. Nandi, A. Islam and J. Evans, Phys. Rev. D 55, 2497 (1997), K.K. Nandi, B. 

Bhattacharjee, S.M.K Alam and J. Evans, Phys. Rev. D 57, 823(1998). 

[3] W.G Unruh, Phys. Rev. Lett. 46, 1351 (1981); Phys. Rev. D 51, 2827 (1995). 

[4] W.G Unruh, Phys. Rev. D 14, 870 (1976). 

[5] The literature is too vast to be exhaustive. The articles in the following recent book convey the present state of affairs: M. 

Novello, M. Visser and G. Volovik (Eds): Artificial Black Holes, (World Scientific, Singapore, 2002); For a critique, a new process 

of regeneration and some open questions regarding black hole Hawking radiation, see: T. Jacobson, Phys. Rev. D 44,1731 (1991). 

For several other latter works, see: T. Jacobson, Phys. Rev. D 48, 728 (1993); ibid. D 53,7082 (1996) ; T. Jacobson and G.E. 

Volovik, JETP Lett. 68, 874 (1998); C. Barcelo, S. Liberati, S. Sonego and M. Visser, Int.J. Mod. Phys, D 12, 1641 (2003); M. 

Visser, Phys. Rev. D 48, 583 (1993); ibid D 48, 5697 (1993); Phys. Rev. Lett. 80,3436 (1998); ibid. 85,5252 (2000), S. Corley , 

Phys. Rev. D 55, 6155 (1997); S. Corley and T. Jacobson , Phys. Rev. D 54, 1568 (1996); ibid. D 57, 6269 (1997); G. E. Volovik 

and T. Vachaspati, Int. J. Mod. Phys. B 10, 471 (1996). 

[6] M. Visser, Class. Quant. Grav. 15,1767 (1998). 

[7] G.E. Volovik, Universe in a Human Droplet (Oxford University Press, Oxford, 2003); L.J. Garay, J.R. Anglin, J.I. Cirac and P. 

Zoller, Phys. Rev. Lett. 85,4643 (2003); Phys, Rev. A 63, 023611 (2001); C. Barcelo, S. Liberati and M. Visser, Class. Quant. Grav. 

18, 1137 (2001); M. V. Berry, R. G. Chambers, M.D. Large, C. Upstill and J. Walmsley, Euro. J. Phys. 1,154 (1980);  P.Raux, J. 

de. Rosny, M. Tanter and M. Fink, Phys. Rev. Lett. 79, 3170 (1997); For optical black holes and slow light, See: L.V. Hau, S.E. 

http://www.ijsdr.org/


ISSN: 2455-2631                                       December 2022 IJSDR | Volume 7 Issue 12 
 

IJSDR2212070 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  469 

 

Harris, Z. Dutton and C.H. Behroozi, Nature (London) 397, 594 (1999); H. Davidowitz and V. Steinberg, Europhys. Lett. 38,297 

(1997); U. Leonhardt and P. Piwnicki, Phys.Rev.Lett. 84, 822 (2000);ibid,85,5253 (2000); U. Leonhardt, Phys. Rev. A 65, 043818 

(2002) and references there in ; I.Brevik and G.Halnes, Phys. Rev. D 65, 024005 (2002); R. Schützhold, G. Plunien and G. Soff, 

Phys. Rev. Lett. 88, 061101 (2002). 

[8] Recently quoted in T.A. Roman [arXiv: gr-qc/0409090]: A. Einstein from Physics andReality (1936), reprinted in Ideas and 

Opinions (Crown, New York, 1954), p.311. 

[9] A. Einstein and N. Rosen, Phys. Rev. 48, 73 (1935). 

[10] T.S. Shankara and Kamal Kanti Nandi, J. Appl. Phys. 49, 5783 (1978); J. Tech. Phys. Polish Acad. Sci. 27, 399 (1986). 

[11] M. Visser and S.E. Ch. Weinfurtner, [arXiv:gr-qc/0409014]. 

[12] The Schwazschild black hole can also be interpreted as a non-traversable Morris-Throne wormhole for which the throat and 

horizon radii coincide. However, the interpretation is more of a technical nature as the spacetime is empty unlike the case Ā2 > 0 

for which there is nontrivial exotic material provided by the electrical stresses. 

[13] S-T. Hong and S-W. Kim , [ arXiv:gr-qc/0303059]. The negative temperature is referred to also by T.A. Roman in Ref [8] and 

P.F. González- Dĺaz and C.L.Sigüenza, Phys. Lett. B 589, 78 (2004). 

[14] A very recent article argues that the phenomenon of black hole Hawking radiation may still be an open question: W.G. Unruh 

and Ralf Schützhold, {arXiv:gr-qc/0408009]. 

[15] L.H. Ford and T.A. Roman, Phys. Rev. d 53, 5496 (1996). A comprehensive recent discussion can be found in T. A. Roman, 

Ref [8] and [2b]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijsdr.org/




























International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com  

 
    423 | P a g e  

 

 

 
ICT in higher education for sustainable development in India: Perspective from NEP 
2020 
 
Gulnasin 1, Dr. Reshma Khatun 2 
1 Ph.D. scholar, Department of Education, Aliah University, West Bengal, India 
2 Assistant Professor, Department of Education, Aliah University, West Bengal, India 

 

 

 

Article Info 
 
ISSN (online): 2582-7138 

Volume: 04  

Issue: 04 

July-August 2023 

Received: 26-05-2023;  

Accepted: 13-06-2023 

Page No: 423-426

Abstract 
This study is examined from a theoretical perspective of the importance of Information 

and Communication Technology (ICT) in education, where the focus is largely on the 

system of analyzing Learning Outcome, for the means of improving teaching and 
learning environment in higher education. The study suggested that with advanced 

technology, has yet not being very successful in meeting the demands of Infrastructure 

facilities placed by the faculty members, the academicians are increasingly involved 

in administrative tasks, rather than the teaching and learning, and research activity. 

The application of Information and Communication Technology (ICT) does not focus 

on technology that adds value to education and promotes Quality Education for 

Sustainable Development. The New Education Policy 2020 has envisaged for the 

promotion of Information and Communication Technology (ICT) in Education for 

Sustainable Development. The paper focus on the steps taken into consideration by 

the government of India for the promotion of Information and Communication 

Technology (ICT) in Higher Education for Sustainable Development, and the outcome 

would be of how these recommendations could be implemented at the grassroot level 

of Higher Education system in India. 

 

DOI: https://doi.org/10.54660/.IJMRGE.2023.4.4.423-426 
 
Keywords: ICT, Higher Education, Sustainable Development, NEP 
 

 

 

Introduction 
The increasing rate of information and communication technologies (ICTs) has development a widespread implementation 

across all sectors of the economic and social life bringing about a radical change in the way one9s work, think, learn and 
communicate. A broad definition of information and communication technologies is concerned with the difference between 

traditional technologies such as radio, television, video, DVD, computers) and new modern technologies such as video 

conferencing, e-mail, cellular telephones, weblogs, Web 2.0, and other social networking software. The educational system, 

worldwide, face the challenge of preparing individuals, who needs to be equipped with the necessary skills and competencies to 

transform current unsustainable practices. Teachers are incited to switch from roles of being knowledge transmitters to towards 

taking more active roles as curriculum developers, knowledge constructors and transformative learning outcomes.  
 

The major focus for shaping the 21st century Higher Education is to  
1. The development and intermingling of Information and Communication Technologies (ICT);  

2. The increasing demand for new Educational Approaches that foster transformative and lifelong learning and,  

3. The reorientation of Educational curriculum to label Sustainable Development.  
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Thus, Information and Communication Technologies can be 

a context for Education for Sustainable Development. More 

precisely, Education for Sustainable Development should 

integrate into the higher educational Institution to provide a 

context for Information and Communication Technologies in 

education. Such as, social, economic and environmental 

issues which can provide meaningful and challenging 

contexts for developing a wide range of Information and 

Communication Technologies skills. Education for 

Sustainable Development methods are conducive with 

constructivist and transformative learning theories, which 
can provide a context and rationale for using technological 

based learning tools such as concept mapping, modeling, 

social networking, etc.  

 
Education for sustainable development  
<Sustainable development is development that meets the 
needs of the present without compromising the ability of 

future generations to meet their own needs=1. Education for 

Sustainable Development should concentrate on many 

different components of Higher Education. United Nations 

Educational, Scientific and Cultural Organization. 

considered the challenges of Education for Sustainable 

Development and states that it needs: 8to integrate the 

principles, values, and practices of sustainable development 

into all aspects of education and learning9 as well as that 8this 
educational effort will encourage changes in behavior that 

will create a more sustainable future in terms of 

environmental integrity, economic viability, and a just 
society for present and future generations9 (UNESCO, 
2005)2.Reflecting these challenges UNESCO set the focus 

more intensively on cross-sectional learning settings 

including informal and non-formal education and applying 

that is games, online education, blended learning, usage of 

Internet, social networks etc. Thus, the creation of an 

infrastructure for knowledge exchange as well as efforts to 

foster competences on the educational application of digital 

media had seem to be an urgent task of Education for 

Sustainable Development regarding the innovation of 

sustainable educational landscapes. 

Higher Educational Institutions is trying to take initiative for 

initiating and implementing use of Information 

Communication Technology, to facilitate with real practice 

of learning and teaching, which effectively can improve and 

change the system of Higher Education Institutions. The 21st 

century Information Communication Technology platforms 
Artificial Intelligence, Internet of Things, Massive Open 

Online Course (MOOC) , Study Webs of Active-Learning for 

Young Aspiring Minds (SWAYAM) , Augmented reality 

(AR) and Virtual Reality (VR) sharpen the critical thought 

process of learners and researchers and answers to all the 

queries related for enhancing of sustainable productive 

Information Communication Technology and digital 

technology facilitate quality education, and providing good 

study material, and better learning opportunities to students 

who are located at geographically remote and rural areas.  
1Verma, S. (2017) [4]. Ict integration in education for 

sustainable development. International Journal of Recent 

Trends in Engineering and Research, 3(5), 347-349. 

https://doi.org/10.23883/ijrter.2017.3233.xdmjy 
2UNESCO WORLD SUMMIT (2005) [5], Outcome 

document, 15 September 2005 

These learners and researchers have meagre or nil 
accessibility and availability of direct learning resources. 

Impacts of Massive Open Online Courses (MOOCs) and 

Small Private Online Courses (SPOCs) are well appreciated 

as they promote skill-based learning to unlimited numbers of 

executives and students as well in all streams of knowledge. 

Implementing the innovative strategies into practice opens 

doors to enhance learning, earning and raise economic 

standard of living in the society at a fast rate compared to 

traditional (face-to-face) education. Higher Educational 

Institutions are quite serious to adopt the technologies having 

more sustainable, adaptable, and productive approaches 

initiated by all stakeholders and society at large. 
  

Need of Information Communication Technology in 
Education for Sustainable development  
The Teachers of the new curriculum to be retrained in the use 

of Information Communication Technology to create and 

develop creativity to cater for different needs of individual 

learners. The need for proper management of information in 

technologies in higher Education, the policies of the country 

have to put information and guidance, it has brought up with 

relevant recommendations to meet the demands of the society 

at large. it is very well known that the government policies 

and indicatives will be having information policy in place 

will go a long way to assist to be able to properly manage the 

system of information just like any other developed countries. 

On the issue of language, it observed that a number of 

initiatives are taking place to facilitate the use of ICTs in 

other languages for those people who are not literate in 

English could also have access to it.  

 
Review of literature  
Dwivedi, V. J., & Joshi, Y. C. (2021) [1] in his study states, 

Artificial Intelligence and Augmented-Virtual Reality 

present both opportunities and challenges for rural and 

remote areas in developing and underdeveloped countries. 

The responsibilities of the leadership of HEIs to promote 

ICT-integrated pedagogy, staff-training and up-grading of 

infrastructure are discussed. Prevailing trends, approaches, 

hurdles, and future requirements of ICT-infrastructure, usage 

and training are presented based on analysis of data collected 

through qualitative survey research conducted in India for a 

population of 583 multidisciplinary respondents. 89.7 percent 

of respondents are highly qualified with research degrees 

having experience of 12-35 years. The results are expected to 

motivate policymakers to enhance sustainable productivity 

by promoting ICT-digital technologies. The authors 
discovered lack of motivation, willingness, training 

opportunities, and facilities as barriers to adopting ICT at 

Higher Educational Institutions. 

Moodly, A. L., & Adu, E. (2014) [2]. This study examined 

from a theoretical perspective the importance of ICTs in 

education, in the context of education for sustainable 

development (ESD). More specifically, it also focused on the 

system of analyzing intended learning outcomes (ILOs) as a 

means of improving teaching and learning. The study 

suggested that with advanced technology, cognizance has not 

been taken of the demands placed on the faculty members, 

who as academicians are increasingly involved in 

administrative tasks, rather than the core business of teaching 

and learning, community engagement and research. It 

concluded that the application of ICTs does not necessarily 

add value to the maxim of Education for Sustainable 

Development, or education in general. The focus has to be on 
technology that adds value to the education experience, and 
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Faculty needs to guard strongly against administrative 

processes and procedures that threaten to overwhelm and 

detract from the value of teaching and learning. 

González-Zamar, M., Abad-Segura, E., López-Meneses, E., 

& Gómez-Galán, J. (2020) [3]. In their study states that 

educational technology in the context of a sustainable higher 

education must achieve the internalization of ethics and the 

sustainable development of humanity. The main objective of 

this study is to, at a global level, examine the research during 

the period 2000–2019 on the management of ICTs for 

sustainable education in the context of higher education. 
Global research trends on this topic during the period 2000–
2019 have been analyzed. Consequently, bibliometric 

techniques have been applied to a sample of 1814 articles 

selected from the Scopus database. The results provided data 

on the scientific productivity of the journal, authors, research 

institutions, and countries that contribute to the development 

of this topic. The evidence reveals an exponential trend, 

mainly in the last five years. In addition, current and future 

lines of research have been identified. Research at an 

international level presents a growing trend of publication 

that allows determination of the relevance of research on ICT 

management to achieve sustainable education in the context 

of higher education. This study makes it possible to establish 

the relationship between science, sustainability, and 

technology in higher education institutions, and to base the 

decision-making process for the driving agents of this area of 

knowledge. 

Hofstetter, M., Gees, T., Riedl, R., & Koumpis, A. (2020) [7]. 
In their opinion promote the idea of an open dialogue to take 

place from within the Sustainable Futures journal that will 

offer the opportunity to a wide range of actors and 

stakeholders to present their ideas, concerns and worries on a 

variety of issues relevant and related to aspects of 

sustainability. Such an open-ended approach will help 

overcome opposing dynamics that currently cater for 

polarization and as a result to the segregation within the 

scientific community and the society at large. On the positive 

side, there is a wide spectrum of ambitious, game-changing 

and disruptive initiatives that can be taken from academia, 

from the industry, from the activists9 movements and the 
citizens at large, which will aim to increase our freedoms and 

not reduce them. 

Gogoi, L. (2016) [8]. States that the demand for having basic 

and updated knowledge and skills of information and 

communication technology (ICT) along with basic, higher 
order and affective skills within the employee is growing day 

by day. As such, institutions of higher education today need 

to focus preferably on imparting education with ICT so that 

basic knowledge and skills of ICT can be acquired by the 

students in the process of education, i.e. teaching-learning. 

The basic task of HEIs is to create an ICT-enabled learning 

environment. For this, an ICT policy needs to be evolved 

strategically for institutional practice including well equipped 

ICT infrastructure, education-industry collaboration, 

competence building of teachers and pedagogy-ICT 

integration. 

Kler, S. (2014) [9]. In his paper states that the use of ICT in 

teaching learning have changed the whole concept of 

education and had proved to be of great benefit both for the 

teachers as well as the students. Through ICT, teachers get an 

opportunity to use new innovations in their teaching and 

present the study material in a more refined manner which is 
easily understood by the students and apart from this, ICT 

usage in teaching learning by the teachers gives an 

opportunity to the teacher to get acquainted with the new 

innovation and become contributors to its use in education. 

The students gain a lot by learning through ICT and they learn 

to seek knowledge on their own by using ICT. They also get 

an opportunity to share their knowledge with others through 

ICT. But there are certain factors which effect the successful 

ICT integration in teaching learning. This paper throws light 

on the benefits of ICT usage in teaching learning, three 

phases to successful ICT integration, factors influencing ICT 

by teachers, the barriers to successful ICT integration, 
implications to check barriers, and the changed role of the 

teachers. 

 
National Educational Policy 2020 regarding ICT in 
Higher Education for Sustainable Development: 
The global education development agenda reflected in the 

Goal 4 (SDG4) of the 2030 Agenda for Sustainable 

Development, adopted by India in 2015 - seeks to <ensure 
inclusive and equitable quality education and promote 

lifelong learning opportunities for all= by 2030. Such a lofty 
goal will require the entire education system to be 

reconfigured to support and foster learning, so that all of the 

critical targets and goals (SDGs) of the 2030 Agenda for 

Sustainable Development can be achieved.3 The vision of the 

Policy is to instill among the learners a deep-rooted pride in 

being Indian, not only in thought, but also in spirit, intellect, 

and deeds, as well as to develop knowledge, skills, values, 

and dispositions that support responsible commitment to 
human rights, sustainable development and living, and global 

well-being, thereby reflecting a truly global citizen. 

Given the emergence of digital technologies and the 

emerging importance of technology for teaching-learning in 

Higher Education, the Policy recommends the following key 

initiatives: 

a. Digital infrastructure: There is a need to invest in 

creation of open, interoperable, evolvable, public digital 

infrastructure in the education sector that can be used by 

multiple platforms and point solutions, to solve for 

India9s scale, diversity, complexity and device 
penetration. This will ensure that the technology-based 

solutions do not become outdated with the rapid 

advances in technology. 

b. Online teaching platform and tools: Appropriate existing 

e-learning platforms such as SWAYAM, DIKSHA, will 

be extended to provide teachers with a structured, user-
friendly, rich set of assistive tools for monitoring 

progress of learners. Tools, such as, two-way video and 

two way-audio interfaces for holding online classes are 

a real necessity as the present situation. 

c. Content creation, digital repository, and dissemination: 

A digital repository of content including creation of 

coursework, Learning Games & Simulations, 

Augmented Reality and Virtual Reality will be 

developed, with a clear public system for ratings by users 

on effectiveness and quality.  

 

Manoj K. Saxena; Anu G. S. (2020). New education policy 

on higher education (Prabhat Prakashan). Prabhat 

Prakashan. 

d. Addressing the digital divide: Given the fact that there 

still persists a substantial section of the population whose 

digital access is highly limited, the existing mass media, 
such as television, radio, and community radio will be 
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extensively used for telecast and broadcasts. Such 

educational programmes will be made available in 

different languages to cater to the varying needs of the 

student population.  

e. Virtual Labs: Existing e-learning platforms such as 

DIKSHA, SWAYAM and will also be leveraged for 

creating virtual labs so that all students have equal access 

to quality practical and hands-on experiment-based 

learning experiences. The possibility of providing 

adequate access to Socio-Economically Disadvantaged 

Groups students and teachers through suitable digital 
devices, such as tablets with pre-loaded content, will be 

considered and developed. 

f. Online assessment and examinations: Appropriate 

bodies, such as the proposed National Assessment 

Centre or PARAKH, School Boards, NTA, and other 

identified bodies will design and implement assessment 

frameworks encompassing design of competencies, 

portfolio, rubrics, standardized assessments, and 

assessment analytics. 

g. Blended models of learning: While promoting digital 

learning and education, the importance of face-to-face 

in-person learning is fully recognized. Accordingly, 

different effective models of blended learning will be 

identified for appropriate replication for different 

subjects. 

h. Laying down standards: As research on online/digital 

education emerges, NETF and other appropriate bodies 

shall set up standards of content, technology, and 
pedagogy for online/digital teaching-learning. These 

standards will help to formulate guidelines for e-learning 

by States, Boards, schools and school complexes, Higher 

Educational Institutions. 

 

Discussion  
The learning processes in Education for Sustainable 

Development projects, students to achieve competences, 

which are important for the global sustainable development, 

but the key competences that is Information Communication 

Technology competences helps enabled Higher Education 

Institutions trying to create culture for studying from remote 

areas and access to all students from the Home though 

Information Communication Technology. Government and 

policy makers must have knowledge, skills, and attitude to 

implement ICT in Higher Educational Institutions. They must 

be aware of its norms, policies, and demands that can make 
an effective administrative management, an effective 

leadership management in Higher Educational Institutions 

must take into consideration the current emerging 

Information Communication Technology to forms, related 

concepts and sufficient knowledge of technological and 

processes, methodology to collaborate to integrate 

Information Communication Technology for enhancing 

productivity of Higher Educational Institutions for 

Sustainable Development.  

 
Conclusion  
Many colleges and communities have access to Information 

Communication Technology resources to join the global 

economy with knowledge workers who have 21st century 

skills and are inspired by life-long learning. Information 

Communication Technology have great potential for 

knowledge dissemination, effective learning and the 
development of more efficient education services. 

Information Communication Technology will not only 

sustain development of education but also the global energy, 

environmental and social challenges. Besides, the present 

study argues that technological advancement has not 

necessarily meant an improvement in teaching and learning 

standards. The introduction of new technological methods 

and the assessment, thereof, does not necessarily add value to 

maximize Education for Sustainable Development. The focus 

now in higher education has completely been shifted to 

technological methods that adds value to the educational 

experience, and Faculty need to guard the processes and 
procedures that can detract the value of teaching and learning 

process from the system.  

 
References 
1. Dwivedi VJ, Joshi YC. ICT Perspectives of Productive 

and Sustainable  Development for 21st Century 

Higher Education Institutions. International Journal of 

Education and Development using Information and 

Communication Technology (IJEDICT). 2021; 

17(3):81-96. 

2. Moodly AL, Adu E. Information and communication 

technology (ICT) in education for sustainable 

development (ESD): Quality teaching and learning 

outcomes. Journal of  Communication. 2014; 5(2):197-

202. https://doi.org/10.1080/0976691x.2014.11884839. 

3. González-Zamar M, Abad-Segura E, López-Meneses E, 

Gómez-Galán J. Managing ICT for sustainable 

education: Research analysis in the context of higher 
education. Sustainability. 2020; 12(19), 

8254. https://doi.org/10.3390/su12198254 

4. Verma S. Ict integration in education for sustainable 

development. International Journal  of Recent 

Trends in Engineering and Research. 2017; 3(5):347-

349. https://doi.org/10.23883/ijrter.2017.3233.xdmjy 

5. UNESCO World Summit. Outcome document,15 

September, 2005. 

6. Manoj K Saxena, Anu GS. New education policy on 

higher education (Prabhat Prakashan). Prabhat 

Prakashan, 2020. 

7. Hofstetter M, Gees T, Riedl R, Koumpis A. Sustainable 

ICT equals not ICT for sustainability. Sustainable 

Futures, 2020, 2, 

100007. https://doi.org/10.1016/j.sftr.2019.100007 

8. Gogoi L. Education with ICT for developing 

employability in higher education institutions. Techno 
Learn: An International Journal of Educational 

Technology. 2016; 6(2):45. 

https://doi.org/10.5958/2249-5223.2016.00007.3 

9. Kler S. ICT Integration in Teaching and Learning: 

Empowerment of Education with Technology. Issues 

and Ideas In Education. 2014; 2(2):255-

271. https://doi.org/10.15415/iie.2014.22019.  











KANPUR PHILOSOPHERS 

ISSN 2348-83O1 

International Journal of 
Humanities, Law and Social 

Sciences Published Biannually 
by New Archaeological & 

Genological Society Kanpur India 

Vol. X, Issue V, May 2023 



International Journal of Humanities, Law and Social 
Sciences Published Bianually by New Achaeological & Genological Society 

Dr Dibyendu Roy 

STRESS MANAGEMENT AND PHYSICAL ACTIVITY 

Kanpur Philosophers 
ISSN 2348-8301 

Bengal, India. 

Vol X, Issue V, May 2022 

Assistant Professor, HOD.Department of Physical Education, Kidderpore College, Kolkata u.. 

Kanpur India 

Abstract: Stress is a pervasive aspect of modern life, impacting individuals across various domein 
including work, relationships, and personal well-being. This abstract provides an overview of stress 
exploring its definition, causes, physiological and psychological effects, as well as potential coping 
strategies. Psychologically, stress can manifest as emotional distress, cognitive impairments nd 
behavioral changes. It can contribute to the development or exacerbation of mental health disorders 
such as anxiety and depression. 
Stress is a complex phenomenon that affects individuals on multiple levels. Acknowledging its impact 
and implementing effective coping mechanisms can help individuals navigate the challenges of life while maintaining their mental and physical health. 
Keywords: stress, emotion, physical health, mental health. 

Introduction: Stress is a fact ofeveryday life. When people reach out for help, they are often deal1ing with circumstances, situations, and stressors in their lives that leave them feeling emotionally and physically overwhelmed. Many people feel that they have very little resources or skills to deal iu the high levels of stress they are experiencing. Stress is a psychological and physiological response to demands or pressures placed on an imaviu It is a natural reaction that occurs when we perceive a situation as challenging or overwhelming can be triggered by various factors, including work-related issues, financial problems, relato difficulties, health concerns, or major life changes. 
intuitive sense of what it means, stress is difficult to precisely define as it t is often used interchangeably 

Although "stress" is a commonly used term in today's vernacular, and most people appear to have an 

times, environmental demands are easily handled, such as when you 
83 

with a variety of other terms, such as anxiety, pressure, or strain. In a general sense, stress refers to a collection of physiological, emotional, behavioral and cognitive reactions that occur in ressponse to environmental demands. As we interact with the world around us, we must make constant appraisals of environmental threats, challenges, and demands and attempt to cope with any issues that arise. Al 

have to press a button on a key 
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Introduction:  

Yoga aims for the integrity of the body, mind and spirit through a system of Asana, Pranayama and 

meditation. In reality, it consists of disciplines designed to bring humans closer to God. With the integration 

of the body, mind and spirit, you can attain a balance (physically and mentally) in your life as well as an 

inner peace to your body.  

Yoga brings control over breathing and that works in effectively increasing the psycho- motor 

coordination. Practice of Yoga is a conscious process of gaining control over the mind, and thus 

concentration and attention- span improve, and hence intelligence of the children get increased.  

Yoga is an ancient discipline designed to bring balance and health to the physical, mental, emotional, 

and spiritual dimensions of the individual. Yoga is often depicted metaphorically as a tree and comprises 

eight aspects, or 88limbs:99 yama (universal ethics), niyama (individual ethics), asana (physical postures), 
pranayama (breath control), pratyahara (control of the senses), dharana (concentration), dyana (meditation), 

and samadhi (bliss). Long a popular practice in India, yoga has become increasingly more common in 

Western society. 

 

In modern era yoga is not only important for good mental health but it9s also beneficial for good 
physical appearance. Good health consists of a good mind and a good mind produces good citizens, which 

means that yoga is not only important to the individual, but we also see the importance of yoga for the crime 

free nation. The practice of yoga helps us to work with the nature of the mind, the nature of the human being, 

how emotions live in our mind. 

 

HISTORY OF YOGA EDUCATION: 

 

The origin of Yoga is obscured in its great antiquity. Historically what we know about it is very little. 

Undoubtedly, it is a gigantic task to understand the systematic development and various progressive stages of 

the development of yoga. 

It is beyond doubt that all the saints and sages (seers) of Aryavarta have been practicing Yoga since 

time immemorial. Moreover, it is a well-known fact that Lord Brahma is the creator of the universe and that 

he had to perform austerity (Tapa) to create this universe. This austerity (Penance) performed by lord 

Brahma is nothing else but an integral part of yoga itself. 

According to mythical tradition, Siva is said to be the founder of Yoga and Parvati is his first disciple. Lord 

Siva represents supreme consciousness and Parvati represents supreme knowledge, will and action, and in 

responsible for all creation. Parvati is regarded as the Mother of the whole universe. Out of Love and 

compassion for her children, she imparted her secret knowledge of liberation in the form of Tantra. The 

techniques of Yoga have their source in Tantra and the two can9t be separated, just as consciousness (Siva), 
can9t be separated from energy (Sakti). 

http://www.ijcrt.org/
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 The first books to refer to Yoga were the ancient 8Tantras9 and later the 8Vedas9 which were written 
about the time when the Indus Valley culture was flourishing. Although they don9t give specific practices, 

they reflect Yoga symbolically. In fact, the verses of the Vedas were heard by the r9sis, seers, in states of 
deep, yogic meditation or Samadhi and are regarded as revealed scriptures. It is however in the Upanisadas 

that Yoga began to take a more definable shape. These scriptures collectively form Vedanta, culmination of 

the Vedas and are said to contain the essence of the Vedas.  

Yoga has been defined and explained by many yogis, saints, scholars and philosophers but it is to 

maharisi Patanjali that credit goes for systematizing it. Yoga was kept by MaharsiPatanjaji in a jar which we 

know as the Yoga- Sutra of Patanjali. 

Now in the contemporary times, everybody has conviction about yoga practices towards the 

preservation, maintenance and promotion of health. Yoga has spread all over the world by the teachings of 

great personalities like Swami Shivananda, Shri T.Krishnamacharya, Swami Kuvalayananda, Shri 

Yogendara, Swami Rama, Sri Aurobindo, Maharshi Mahesh Yogi, Acharya Rajanish, Pattabhijois, BKS. 

Iyengar, Swami Satyananda Sarasvati and the like. 

 

MEANING AND IMPORTANCE OF YOGA EDUCATION: 

Yoga is the art of right living. It is based on the tenets of <simple living and high thinking.= Yoga is a 
way of life, an integrated system of education for the body, mind and inner spirit. This art of right living was 

preferred and practiced in India thousands of year ago but, since Yoga deals with universal truth, its teaching 

are as valid today as they were in ancient times. Literally, the word Yoga means 8Union9, the union of the 
finite with the infinite. The World Yoga is derived from the Sanskrit root Yuj (To join, to use, to concentrate 

one9s attention on) meaning to blind, join, attach and Yoke to direct and concentrate one9s attention on, to 
use and apply. 

Etymologically the word 8Yoga9 is derived from the Sanskrit root 8Yugira9 meaning to write, to 
combine or to integrate. Gradually, the word Yoga gained three different meanings with different views. 

Yoga does not adhere to any particular religion, belief system or community; it has always been 

approached as a technology for inner wellbeing. Anyone who practices yoga with involvement can reap its 

benefits, irrespective of one9s faith, ethnicity or culture. Traditional Schools of Yoga :These different 

Philosophies, Traditions, lineages and Gurushishyaparamparas of Yoga lead to the emergence of different 

Traditional Schools of Yoga e.g. Jnana-yoga, Bhaktiyoga,Karma-yoga, Dhyana-yoga, Patanjala-yoga, 

Kundalini-yoga, Hatha-yoga, Mantra-yoga, Laya-yoga, Raja-yoga, Jain-yoga, Bouddha-yoga etc. Each 

school has its own principles and practices leading to ultimate aim and objectives of Yoga. 

 

 

 Effects of Yoga on the Mind:  

 

 Yoga helps with anxiety and depression. 

Anxiety and depression are two serious health concerns that damage silently; however, a daily yoga 

practice can be effective in improving mental health by reducing anxiety and depression. According to a 

Harvard University article, yoga helps in regulating a person9s stress response. 
 Yoga strengthens memory and improves concentration. 

At some point in life, we all struggle with concentrating on our day-to-day tasks. Yoga has proven to be 

useful in improving memory and concentration. There is a limb of yoga known as Dharana—the practice of 

concentration4that is widely famous because it helps us understand how to clear the mind and calm our 

senses. 

 Yoga improves mental as well as psychological well-being. 

Life can be stressful but with the help of yoga, one can set aside overthinking and negative, unwanted 

feelings as it involves concentration and is all about breathing techniques4a great way to relieve stress and 

sooth themind. 

 Yoga reduces the effects of traumatic experiences. 
There are many people in the world who have developed a condition known as Post Traumatic Stress 

Disorder(PTSD)4often as a result of powerful and unpleasant incidents in their lives. People with this 

http://www.ijcrt.org/
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mentalillness often experience flashbacks and nightmares. A form of yoga known as Hatha has been shown 

to beeffective in reducing PTSD symptoms. 

 

NEED OF YOGA EDUCATION: 

Yoga works on the level of one9s body, mind, emotion and energy. This has given rise to four broad 
classifications of Yoga: karma yoga, where we utilize the body; bhakti yoga, where we utilize the emotions; 

gyana yoga, where we utilize the mind and intelect; and kriya yoga, where we utilize the energy.Each system 

of Yoga we practice would fall within the gamut of one or more of these categories. Every individualis a 

unique combination of these four factors. 

 

RESEARCHES BASED ON YOGA EDUCATION: 

After review of various researches based on yoga education their summary shown below: 

 

S.No.  Title of the Paper Findings 

1. The science of yoga 4 what research 

reveals For WorldYoga Day, a 

virtual special issue 

What9s next for yoga? 

2. The effects of yoga practice in school 

physical education on children's 

motor abilities and social behaviour. 

Paper suggests that the implementation 

of yoga practice in physical education 

lessons 

contributed to children's development 

3. Effects of Yoga on Mental and 

Physical Health: A Short Summary 

of Reviews 

Reviews suggest a number of areas 

where yoga may well be beneficial, but 

more research is required for virtually 

all of them to firmly establish such 

benefits. yoga may have potential to be 

implemented as a beneficial treatment 

that is relatively cost-effective, may be 

practiced at least in part as a self-care 

behavioural treatment, provides a life-

long behavioural skill, enhances self-

efficacy and self-confidence and is 

often associated with additional 

positive side effects. 

4.  Bhat GR, Effect of yogic education 

system and modern education system 

on memory 

GES(Gurukul education system) meant 

for 

total personality development adopting 

yoga way of life is more effective in 

enhancing visual and verbal memory 

scores than the MES(Modern education 

system). 

5. The Health Benefits of Yoga and 

Exercise:A Reviewof Comparison 

Studies 

yoga interventions appeared to be equal 

or 

superior to exercise in nearly every 

outcome measured except those 

involving 

physical fitness 

6.  Analysis of the effect of Yoga on 

selective attention and mental 

concentration in young adults. 

Finding reveals various benefits of 

Yoga for good mental health. 

 

ANALYSIS AND DISCUSSIONS: 

The holistic practice of yoga includes ethical, physical, emotional, and mental disciplines as well as 

the attainment ofenlightenment. Many modern yoga classes isolate specific aspects, such as posture holding, 

from the original holistic view of yoga. 
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In the literature, there is a lack of consensus on the definition of yoga. After the survey of various 

researches based on it concludethat yoga helps every individual for their balanced life. 

 

CONCLUSION: 

`  It is concluded by the researcher that the Yoga is a mind and body practice with historical origins in 

ancientIndian philosophy. Various styles and methods of yoga combine physical postures, breathing 

techniques, meditationand relaxation. Traditional forms of yoga use teaching methods which focusing on 

highly spiritual in nature. Modernform of yoga uses various teaching methods which focusing on not only 

spiritual aspect but also strength, flexibility,and breathing to boost our body physically and mentally well-

being. Teaching methods of modern yoga includes factorslike spiritual, psychological, therapeutically, health 

and fitness which are making modern yoga better to thetraditionalyoga. The conclusion of this study is to the 

teaching of the modern yoga practice is the better yoga teaching practicethan the traditional yoga practice. 

Hence, the conclusion of this study reveals that the modern teaching method is betterthan traditional teaching 

method. 

 

The practice of yoga shows promises for promoting better population mental health. It is acceptable, 

accessible,cost-effective and encourages self-reliance. In today9s modern age of stress n tensions, 

mechanized life style, yoga is theholistic approach to achieve mental equilibrium, peace and refreshment 

towards overall wellbeing wellness of humanbeings. Its best to introduce yoga at the school level for the 

students that can be continued further so that the childrencan learn to bear increasing pressure of studies n 

face the competitions more effectively with positive approach towardslife. It9s a high time when we should 
return to our roots for the wellness of mind and body. As our ancestors and ancientgurukulam system also 

used to follow rigrousall-round training to children apart from studies, students were taught 

marshal arts, fighting skills, various sports, yoga and meditation. That9s why India is known to b a land of 
mindfulinventors as well as skilled warriors. In this modern age we should realize that howsoever we may 

progress, earn moneybut still top priority should be mental and physical health as that cannot be substituted 

with anything nor can bepurchased with money. Physical and mental wellbeing requires self-dedication, 

motivation and working on self-body forhealthy body and mind through regular practicing of yoga, the 

easiest possible way. 
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ABSTRACT 

Physical activity is an important determinant of health. Its 
fundamental role in energy balance and weight control and in 
decreasing the risks of coronary heart disease, stroke, hypertension, 
diabetes, colon cancer, breast cancer, and depression is widely 
known. The emphasis is therefore on moderate physical activity and 
the focus on integration of physical activity into one’s lifestyle which 
offers additional opportunities for sedentary individuals to improve 
their health through participation in physical activities that are 
enjoyable, personally meaningful and fit more easily into daily 
schedules. 

Therefore people who regularly participate in moderate amounts of 
physical activity and fitness can live longer and healthier and also, 
physical activity and fitness not only help prevent illness and 
diseases, but also promote quality of life. 
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INTRODUCTION 

Regular physical exercise is beneficial to the body on 
a long term basis. Most experts believe that healthy 
eating enhances the health of the body. However, 
recent research indicates that healthy eating has to be 
in tandem with physical exercises in order to ensure 
that the body systems function best. Regular physical 
exercises ensure that the body is able to manage heart 
diseases and other ailments such as diabetes. Being 
healthy and fit in simple terms means taking good 
care of the body. We should remember that a healthy 
mind resides only in a healthy body. 

Good health of both mind and body helps one 
maintain the required energy level to achieve success 
in life. All of us must strive to achieve wholesome 
health. Protecting your body from the intake of 
harmful substances, doing regular exercises, having 
proper food and sleep are some of the important 
instances that define a healthy lifestyle. 

At no time in our history has so much evidence been 
accumulated to demonstrate the health and wellness 
benefits of physical activity and fitness. There is no 
doubt that the public is becoming more aware of the 
Importance of Physical activity and fitness 
programmes. Most people believe that regular 
exercise is important to health and well-being, but yet 
do not exercise at all. The recent surgeon general’s  

 
report on physical activity and health is an amazing 
document summarizing the benefits of regular 
physical activity and good physical fitness. 

There are three major ways in which regular physical 
activity and good fitness contribute to optimal health 
and wellness. 

First, they can aid in disease/illness prevention. There 
is considerable evidence that the risk of hypokinetic 
conditions can be greatly reduced among people 
who do regular physical activity and achieve good 
physical fitness. Virtually all chronic disease that 
plague the society are considered to be hypokinetic, 
though some are related more to inactivity than 
others. 

Secondly, physical activity and fitness can be a 
significant contributor to disease/illness treatment. 
Even with the best disease-prevention practices, some 
people will become ill. Regular exercise and good 
fitness have been shown to be effective in alleviating 
symptoms and aiding rehabilitation after illness for 
such hypokinetic conditions as diabetes, heart attack, 
backpain and others. 

Finally, physical activity and fitness are methods of 
health and wellness promotion. They contribute to 
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quality living associated with wellness, the positive 
component of good health. 

Exercise provides an entertaining way to spend 
enjoyable time. People of all age who are usually 
inactive can improve their health and well-being by 
becoming active at a level of moderate intensity in 
daily basis. Regular Exercise significantly reduces the 
high blood pressure, risk of developing heart disease, 
stroke, some cancers, diabetes, and may help to 
remove the stress, anxiety, and depression. At any age, 
being physically fit is an advantage to your overall 
health. 

Types of exercise 

Exercise and physical activity fall into four basic 
categories— endurance, strength, balance, and 
flexibility. Most people have a habit of to focus on 
one activity or type of exercise and think they're doing 
enough for their health. Each type of exercise is 
different; however, doing them all will give you extra 
benefits. Mixing it up also helps to reduce boredom 
and stop the possibility of injury. 

Endurance: Endurance, or aerobic, activities increase 
your breathing and heart rate. They keep your heart, 
lungs, and circulatory system healthy and improve 
your overall fitness. Building your endurance makes it 
easier to carry out many of your everyday activities. 
Walking or jogging, mowing, raking, digging and 
Dancing are kinds of this type. 

Strength: Strength exercises make your muscles 
stronger. Even small increases in strength can make a 
big difference in your ability. We can find this type 
of exercise in Lifting weights, using a resistance band 
with your own body weight. 

Balance: Balance exercises help prevent falls, a 
public problem in older adults. Many lower- body 
strength exercises also will improve your balance. 
This type can be noticeable in Standing on one foot, 
Heel-to-toe walk and Tai Chi. 

Flexibility: Flexibility exercises stretch your muscles 
and can help your body stay limber. Being flexible 
gives you more freedom of movement for other 
exercises as well as for your everyday activities. Some 
examples are for that in shoulder and upper arm 
stretch, Calf stretch and Yoga. 

According to the intensities of the exercise it can 

also divided to three categories. 

Light exercise: Does not induce sweating unless it's a 
hot, humid day. There is no obvious change in 
breathing patterns, sleeping, writing, desk work, 
typing, very slow walking, are examples for the first 
category. 

Moderate exercise: It should raise your heart rate, 
make you breathe faster and make you feel warm 
enough to start to sweat after performing the activity 
for about 10 minutes. Breathing becomes deeper and 
more frequent. You can carry on a conversation but 
not sing, bicycling, very light effort, calisthenics, home 
exercise, light or moderate effort are examples for the 
second one.  

Vigorous exercise: Will make you breathe hard, 
increase your heart rate significantly and make you 
hot enough to sweat profusely after 3-5 minutes. 
Breathing is deep and rapid. You can only talk in 
short phrases, the examples for this type include 
running, jogging, jogging in place, calisthenics (e.g. 
pushups, sit-ups, pull ups, jumping jacks), heavy 
vigorous effort, rope jumping. 

Principles of Exercise 

Progression—The intensity and duration of exercise 
must gradually increase to improve your fitness level. 
A good guideline for improvement is a 10 percent 
gain at specified intervals. 

Regularity—To achieve effective training you should 
schedule workouts in each of the first four fitness 
components at least three times a week. Regularity is 
also key in resting, sleeping, and following a good 
diet. 

Overload—The workload of each exercise session 
must exceed the normal demands placed on your body 
to bring about a training effect. You’ve often heard 
this expressed as “No pain, no gain.” A fitness trainer, 
such as your ROTC instructor, can help you learn to 
tell the difference between pain that results from an 
optimum level of overload and pain that indicates 
potential injury. 

Variety—Changing activities reduces the boredom 
and increases your motivation to progress.  

Recovery—You should follow a hard day of training 
for a given component of fitness by an easier training 
or rest day for that component. This helps your body 
recover. Another way to promote recovery is to 
alternate the muscle groups you exercise every other 
day, especially when training for strength and muscle 
endurance. 

Balance—To be effective, a fitness program should 
address all the fitness components, since 
overemphasizing any one of them may detract from 
the others. 

Specificity—You must gear training toward specific 
goals. For example, Soldiers become better runners if 
their training emphasizes running drills and 
techniques. Although swimming is great exercise, it 



International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470 

@ IJTSRD  |  Unique Paper ID – IJTSRD56295   |   Volume – 7   |   Issue – 2   |   March-April 2023 Page 1240 

will not improve a two-mile-run time as much as a 
coordinated running program does. 

Benefits of Exercise 

Regular exercise makes the heart stronger and the 
lungs fitter, enabling the cardiovascular system to 
deliver more oxygen to the body with every heartbeat 
and the pulmonary system to increase the maximum 
amount of oxygen that the lungs can take in. Exercise 
lowers blood pressure, slightly decreases the levels of 
total and low-density lipoprotein (LDL) cholesterol 
(the bad cholesterol), and increases the level of high-
density lipoprotein (HDL) cholesterol (the good 
cholesterol). These helpful effects decrease the risk of 
heart attack, stroke, and coronary artery disease. 

Reduce stress and anxiety: Stress relief is one of the 
most common mental benefits of exercise. Regular 
Exercise can help to manage physical and mental 
stress. Exercise also increases concentrations of 
norepinephrine, a chemical that can moderate the 
brain’s response to stress. Being active greatly causes 
a reduction in tress levels. Aerobic and anaerobic 
physical training are helpful for overall health. On the 
other hand Physical activity makes you more tired so 
you’re more ready to sleep. Good quality sleep helps 
improve overall wellness and can reduce stress. 

Boost happy chemicals: Exercise releases 
endorphins, which create feelings of happiness and 
euphoria. Studies have shown that exercise can even 
improve symptoms among the clinically depressed. 
For this reason, doctors recommend that people 
suffering from depression or anxiety. 

In some cases, exercise can be just as effective as 
antidepressant pills in treating depression. Higher 
energy levels resulting from exercise help a person in 
remaining fresh and happy. 

Improve self-Confidence and self-Image: Physical 
fitness can boost self-esteem and improve positive 
self-image. Regardless of weight, size, gender, or age, 
exercise can quickly elevate a person's perception of 
his or her attractiveness, that is, self-worth. It has been 
proved that in less time of aerobic exercise and 
resistance training method definitely will help to 
improve self- image. 

Increase brainpower: Various studies on mice and 
men have shown that cardiovascular exercise can 
create new brain cells (aka neurogenesis) and improve 
overall brain performance. Studies suggest that a 
vigorous workout increases levels of a brain-derived 
protein (known as BDNF) in the body, believed to 
help with decision making, higher thinking, and 
learning. 

Sharpen memory: Regular physical activity increases 
memory and ability to learn new things. Getting 
sweaty increases production of cells in hippocampus 
responsible for memory and learning. 

Improve muscles and bones strength: Exercise 
involves a series of sustained muscle contractions, of 
either long or short duration, depending on the nature 
of the physical activity. Muscle-strengthening 
activities can help you increase or maintain your 
muscle mass and strength. Strong muscles and 
ligaments reduce your risk of joint and lower back 
pain by keeping joints in proper alignment. 
Additionally, with exercise improvements to the 
circulatory and respiratory systems can facilitate better 
delivery of oxygen and glucose to the muscle. 

Reduce the risk of Heart Diseases: The heart is a 
muscle and needs exercise to stay in shape. When it's 
exercised, the heart can pump more blood through the 
body and continue working at optimal efficiency with 
little strain. This will likely help it to stay healthy 
longer. Regular exercise also helps to keep arteries 
and other blood vessels flexible, ensuring good blood 
flow and normal blood pressure. Daily exercise helps 
in strengthening of heart muscles. It helps maintain 
desired cholesterol levels. Daily physical activity 
reduces one’s chances of stroke and the risk of heart 
disease. 

Preventing obesity: Obesity and overweight are 
associated with hypertension, osteoarthritis, abnormal 
cholesterol and triglyceride levels, type 2 diabetes, 
coronary heart disease, stroke, gallbladder disease, 
sleep apnea, respiratory problems and some cancers. 
Obesity is a significant health problem all over the 
world for all ages. Genetics can play a role in the 
possibility that a person will become obese, the 
condition occurs when the amount of calories 
consumed exceeds the amount of calories expended 
over a long period of time. The more you exercise, the 
easier it is to keep your weight under control. Excess 
calories are stored as fat in the body, and with long- 
term caloric excess, an individual eventually becomes 
obese. Exercise can help prevent excess weight gain 
or help maintain weight loss. 

Exercise and Diabetes: Diabetes and exercise go 
hand in hand, at least when it comes to managing your 
diabetes. Exercise can help you improve your blood 
sugar control, boost your overall fitness, and reduce 
your risk of heart disease and stroke. But diabetes and 
exercise pose unique challenges, too. To exercise 
safely, it's crucial to track your blood sugar before, 
during and after physical activity. You'll learn how 
your body responds to exercise, which can help you 
prevent potentially dangerous blood sugar 
fluctuations. 
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Substances to Avoid 

Proper health and fitness reflect a mature decision you 
make to set a good example for your unit. Moreover, 
it’s a wise lifestyle choice that will help you live a 
longer, more productive life. 

Alcohol: Many people in our society have 
traditionally believed that alcohol—wine, beer, or 
hard liquor—relaxes you, increases your self-
confidence, and alters your perception of stress or 
fatigue. It’s true that for most people, light 
consumption of alcoholic beverages can be a pleasant 
social diversion. But habitual, heavy drinking or binge 
drinking can cause severe dehydration, decreased 
performance, dependence, and harm to your 
metabolism. 

Tobacco: Cigarettes, cigars, and “smokeless” 
tobaccos contain a whole gamut of cancer-causing 
chemicals that provide no positive health effects. 
Some maintain that the “buzz” from tobacco leads to 
improved performance and reaction times, but no 
medical evidence supports this position. In the interest 
of good physical fitness, it is better if you don’t smoke 
at all. If you do smoke, however, limit your intake and 
avoid smoking before, during, and after workouts. 
Smoking increases your heart rate and blood pressure. 

Controlled Substances: Controlled substances are 
those strictly regulated by the government and may 
require medical prescription. You should use such 
substances only under medical supervision. Other 
drugs such as amphetamines, narcotics, steroids, and 
other so-called “performance enhancing drugs” are 
illegal and banned by the military. These drugs change 
performance by increasing central nervous system 
arousal. They increase your heart rate and blood 
pressure and they may cause dizziness, nausea, 
irritability, insomnia—even death. 

Conclusion 

Health is the most important thing that a person 
should take care of. Leading a healthy lifestyle leads 
to happiness, success and achievements. Sound health 
not only means keeping a health body but it also 
includes a healthy mental condition. Our health 
depends upon several factors such as food, pollution, 
regular sleeping habits, fresh air, water, sunlight, and 
healthy mental condition. Morning walks and physical 
exercises are very helpful for ensuring the fitness of 
our mind and body. We create the conditions that lead 
to an unhealthy and unfit lifestyle. By engaging in 
physical exercises, an individual is able to enhance his 
or her chances of living longer, while keeping diseases 

at bay. Daily exercise can reduce stress and anxiety, 
boost happy chemicals, improve self-confidence, 
increase the brain power, sharpen the memory and 
increase our muscles and bones strength. Physical 
activity and exercise can have immediate and 
longterm health benefits. Most importantly, regular 
activity can improve your quality of life. 
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Physical education and sports in daily life 

 
Dr. Dibyendu Roy and Dr. Deba Prasad Sahu 

 
Abstract 

Physical education and sports plays a vital role in educating process. Physical Education is "education 

through the physical". It aims to develop students9 physical competence and knowledge of movement and 
safety, and their ability to use these to perform in a wide range of activities associated with the 

development of an active and healthy lifestyle. It also develops students9 confidence and generic skills, 
especially those of collaboration, communication, creativity, critical thinking and aesthetic appreciation.  

In modern times, Physical Education is one of the most exciting and dynamic subjects. Earlier, physical 

education was generally understood as physical activities either in school time table or some free hand 

exercises, games, sports, racing, swimming, etc. If we look at the Indian history of physical education 

after Independence, a number of schemes were launched by the Government of India for schools, where 

every student must participate in physical activities. Physical education plays a major part in the 

development of the human being and helps to improve physical, mental, social, emotional and spiritual 

life. 

 

Keywords: Physical education, sports, society, mental development 

 

Introduction  

Evolution of human life started with movement. Human beings have been very active and 

creative by native and physical activity has been part of their life all along since evolution. For 

primitive man, search for food and shelter was the first activity. This first physical activity was 

necessitated by his instinct for survival. Physical activity was the first mode of 

communication; it was also a means of expression. As human beings evolved culturally, 

emotionally and socially, physical activities also evolved. As the society became more and 

more complex leading towards the modern age, physical activity came to recognized as an 

organized and supervised form of education, and as Physical Education. 

Physical education means different things to different people. Throughout the history, physical 

education has been misunderstood and often confused with physical training, physical culture, 

games, play, recreation, heath education etc. But Physical education is much more merely 

these singularly. 

Physical education, today, has turned a new leaf. It has received academic credentials and been 

a curricular activity. Playing has a significant role in development of human personality to its 

perfection. Physical development is considered as the primary objective of education. It is 

realized, more than ever before, that there cannot be sound in mind without sound body and 

there may not be sound body without sound physical education programme in schools and 

institutions of higher learning. In this era of awaking, physical education is a torch of bearer of 

health, fitness, strength and vigor, so important for us all to live a life. Whose values are 

measured in quality, not in quantity. 

 

Meaning and Definition 

The word physical education is derived from two separate words, <physical= and <education= 

the plain dictionary meaning of the word physical is 8relating to body9. The word 8education9 
means systematic instruction or training or preparing for life or for some particular task. A 

complete meaning of these two words would be that systematic instructions or training which 

relate to physical activities necessary for development and maintenance of human body. 
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Definition 

1. According to Charles A. Butcher: Physical education, 

and integral part of the total education process, is a field 

of endeavor that has as its aim the improvement of 

human performance through the medium of physical 

activities that have been selected with a view to realizing 

this outcome. 

2. According to Harold M. Barrow: Physical education is 

an education of and through human movement where 

many of the educational objectives are achieved by 

means of big muscle activities involving Sports, Games, 

Gymnastics, Dance, and Exercise. 

3. According Jay B. Nash: Physical education is that phase 

of the whole field of education that deals with big muscle 

activities and their related responses. 

4. According to A.R. Wayman: Physical education is that 

part of education which has to do with the development 

and training of the whole individual through physical 

activities. 

 

Role of Physical Education 

1. Physical Education for health, fitness, wellness 

There is a relationship between physical education and health, 

and they are two sides of one coin. Physical education is a 

way of promoting high standards of health, and health is an 

integral part of physical education as well. Physical activity is 

central to health, and its importance clearly extends beyond its 

role in achieving energy balance to prevent and treat obesity 

and overweight. Adequate daily physical activity improves 

cardiovascular health, metabolic health, brain and mental 

health, and musculoskeletal health-benefits. 

Health is a broader term which includes all the aspects of 

wellbeing such as physical, mental, social and emotional 

where as physical fitness is the ability to carry out daily 

activity with alertness, without fatigue and have reserve 

energy to meet unforeseen situation. Wellness is a modern 

and broader concept which means the state of being healthy 

and free from disease. Wellness include many different 

components such as emotional, intellectual, spiritual, social, 

financial and environmental that expand one quality of life 

and work effectively to make significant contribution to 

society. 

Health, Physical fitness and wellness can be achieved through 

physical activities, exercise and sports. Regular participation 

in exercise and physical activities is the component of 

positive life style. A number of research found that the doing 

regular exercise result in many physical and mental health 

benefits. Exercise on regular basis can help your body to 

remain fit and healthy. 

 

2. Physical Education for Leisure 

Play is of vital importance for the healthy development of 

children. It allows children and adolescents to develop motor 

skills, experiment with their (social) behavioral repertoire, 

simulate alternative scenarios, and address the various 

positive and negative consequences of their behavior. Play is 

considered one of the most important physical needs of the 

individual, and is as important as rest, recreation and 

enjoyment. It is a free time activity, voluntarily chosen which 

provides joy, satisfaction and development for the individual. 

Recreation is a voluntary activity where participants engage 

due to the benefits and values attached to it. Recreation which 

is also termed as amusement, entertainment, hobbies or fun is 

an essential part of our daily life. Recreation has many health 

benefits and it is used as a therapy to cure sick people. Sports 

and dance helps in the rehabilitation of many chronical health 

issues. 

Today life full with drastic change, violence, economic 

problem, rhythm of work, sorrow and joy, health and 

sickness. People from all economic levels and ages should 

have to think seriously of how to get away from the 

insufficiency, meaninglessness and monotony of their lives. 

They need to find ways to spend their free time in meaningful 

activities to gain joy and happiness. Moreover with the 

increase of leisure time or free time and the advancement of 

technology the youth tends to get involve in many destructive 

activities. Sports and games are the best form of recreation 

activities. It not only used for fun and recreation but also it 

helps in channelizing the energy of the youth. 

 

3. Physical Education for Education 

Physical Education is "education through the physical". It 

aims to develop students9 physical competence and 
knowledge of movement and safety, and their ability to use 

these to perform in a wide range of activities associated with 

the development of an active and healthy lifestyle. Play could 

be considered as a phase of learning, and learning as a phase 

of play as well. When children take part in various physical 

activities (jumping, throwing, running), they will discover 

new environments, and their well-being will be promoted to 

and perhaps lead to reflective thinking.  

Physical education is integral part of education and with the 

help of movement education physical education brings about 

positive change in the behavior of an individual in a desired 

direction. Teaching method such as Physical activities, Play, 

games and sports used in physical education facilitate both the 

growth and development. When a child take part in physical 

activity and sports it influences his systems and organs 

involves in it.  

By engaging in sports a person is exposed to many situations 

where he has to take decision. Play in sports requires 

concentration and attention thereby improving the mental 

development. It also helps in the social development of the 

child when he became a member of the team. 

 

4. Physical Education for Prevention of diseases 

Regular physical activity, fitness, and exercise are critically 

important for the health and well being of people of all ages. 

Research has demonstrated that virtually all individuals can 

benefit from regular physical activity, whether they 

participate in vigorous exercise or some type of moderate 

health-enhancing physical activity. Even among frail and very 

old adults, mobility and functioning can be improved through 

physical activity. 

Regular physical activity helps improve your overall health, 

fitness, and quality of life. It also helps reduce your risk of 

chronic conditions like type 2 diabetes, heart disease, many 

types of cancer, depression and anxiety, and dementia. 

 

5. Physical Education for Cultural and Social values 

Sports and physical activity play an important role in the 

culture of all peoples. During such activity, individuals from 

different cultures mingle in each other and come to know 

about other9s customs, traditions, and way of life. 

Certain social qualities like leadership, cooperation, teach 

cohesion, team work, self-discipline and trust are imparted 

through sports and games. Physical education helps in 

developing leadership in individuals. By the mean of games 

and sports a person establishes relationship with other person 

and group. A good sports person displays the qualities like 
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obedient, fair, generous, courteous, modest, ethics and 

morality. So physical activities and sports nurtures social 

values and qualities. 

 

6. Physical Education for National and International 

Integration 

Physical education provides a platform to act across barriers 

of national and international boundaries. Sports unite and 

integrate members of difference caste, culture and religion. 

Sports provide an equal opportunity and platform to all the 

members of the society. Through sports people of different 

communities learn, share and appreciate the culture and 

values of other. Sports also help in peace and bringing cordial 

relationship among the nations. Therefore sport and physical 

education cultivate harmony, peace and brotherhood within 

the national and among the countries. 

 

Career Option in Physical Education and Sports: 

1. Teaching: Teaching is considered to be one of the most 

noble and ancient profession. In the present day scenario 

the scope of teaching career in physical education has 

expanded there are different teaching opportunities are 

available. 

a. Elementary/primary school  

b. Middle school  

c. High school  

d. Senior secondary school 

e. College and university 

2. Sports Administrator: s there are lot of job opportunity 

in private as well government institution of sports mange 

and administration like Director of Sports, Sports officer. 

The job involves planning and organization of sports 

program and operational and maintenance of sports 

infrastructure and facilities. 

3. Coaching: Coaching is also a traditional career where 

job profile of a coach to prepare and give training to the 

team in various sports. Coaches are appointed at various 

level school, college and university, state sports 

department, Sports authority of India, Sports association, 

Sports academies, commercial sports club etc. To become 

a professional coach on has to qualify either a diploma in 

sports coaching from Netaji Subhas national institute of 

sports or certification from respective sports federation. 

4. Fitness Instructor: Today fitness is the need of the hour 

due to increase in Hypokinetic diseases like diabetes, 

obesity, lower back problem, Joint pain and other health 

disorders. Gym, fitness center and wellness center 

available in the market are offering packages in physical 

fitness, yoga aerobics, weight management etc. Fitness 

industry comprises of private and government sector and 

sports academies and sports association also hire fitness 

trainer for sports specific fitness. 

5. Sports officiating: Sports competitions cannot be 

organized without the help of official e.g. referee, 

umpire, line judges etc.in a sports competition there is a 

requirement of set number of official as per the need of 

sports at state. 

6. Sports Management: Sport management is the field of 

business dealing with sports and recreation. Sports 

management involves any combination of skills that 

correspond with planning, organizing, directing, 

controlling, budgeting, leading, or evaluating of any 

organization or business within the sports field. 

7. Sports Journalism: Sports journalism focuses on 

reporting amateur and professional sporting news and 

events. Sports journalists work in all media, including 

print, television broadcasting and the internet. 

 

Conclusion 

Physical education today is as much about increasing self-

awareness as it is about promoting physical fitness. It doesn't 

just mean going through some routine physical exercises, but 

is also about learning how to master self-discipline, increase 

concentration, and become more focused on your life goals. 

In today9s world, physical education is essential. Man can live 
a healthy life only by doing physical work and exercises. 

Physical fitness is not only about a fit body, but it is about 

both bodily and emotional fitness. Being healthy must be a 

part of our daily lifestyle. 
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Abstract :  The prevalence of technology affects the education system at large. Technology has greatly 

impacted the way things are presented and taught in the class room. Technology has revolutionized the 

field of education. Students not only have computer and other gadgets to help in higher education work, 

they have easy access to research tools and other related materials, while teachers use technology to 

improve the impact of the lessons. Technology has greatly impacted the way things are presented and 

taught in the class room, this paper focuses to elaborate those impacts. This paper is to study role of 

Education Technology in higher education in India and the measure that could be taken to bring in 

effectiveness for more utilization of technology in the field of higher education. There is an emerging 

broad consensus around the world about the benefits that can be brought to education system through 

the appropriate use of evolving information and communication technologies, many complex and 

critical processes can be carried out with ease and greater efficiency with the help of modern 

technology. Computers in education, has helped teachers to impart knowledge and for students to 

acquire it. The use of technology has made the process of teaching and learning all the more enjoyable. 

 
Key word : Higher education, learning,  Technology. 

 

1. INTRODUCTION  :   
Information and Communication technology has great impact towards the progress and 

development of quality and improvement of Higher education. Technology has helped to meet the 

changing and increased demands in the educational institutions, Technology has also helped to bring in 

a changing scenario in teaching learning process. These technological devices in classroom has helps 

in enhancement of academic performance of the students in the system of education. Introduction of 

technology has made learning to be more student centered, it encouraged Individualized Learning as 

well as Group learning & stimulated interaction among Students,  it was also revealed that the use of 

modern equipment and tools, has helped the learning and interactivity of students. They also found that 

learning was  it much more interactive, as well as full of interest, when aided by technology. The transfer 

of knowledge becomes very easy and convenient, as well as effective. The reliance and dependence of 

such an innovation, that simply makes life an easy, smooth journey is completely unavoidable these 

days even in schools, universities and colleges. Students today can make use of technology in the 

following ways: Internet connection and round the clock connectivity, Using projectors and visuals, 

Digital footprint in the education sector, Online degrees with the use of technology.  

 

In the modern system of education, the teacher has to help, to guide and facilitate the learner9s 
development. It9s a flipped Classroom where teacher on stage to guide by side has taken place.  The 
teachers have to inspire and motivate the young leaners in their quest for knowledge and skills for better 

acquisition of knowledge.  

 

The word technology is derived from the two Greek word Technic and Logia. 'Technic' -means 

'art or skill. ''Logia'3 means 'Science or Study'. Thus, Educational Technology (ET) is the study and 

ethical practice of facilitating e-learning, which is the learning and improving performance by creating, 

using and managing appropriate technological processes and resources. Educational Technology relies 
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