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INVESTORS ATTITUDE TOWARDS MUTUAL FUNDS IN ROHTK DISTRCT IN STATE OF HARYANA 
 

Dr. Sunil Kumari 
Assistant Professor, Department of Higher Education, Haryana 

 

ABSTRACT 
Mutual funds are seemingly the easiest and the least stressful way to invest in the stock market but same as 
much difficult to choose the any of the MF schemes offered by mutual fund. So Understanding the attitude of 
investors on their investment would help the company to increase their profits, so marketer always remains keen 
in knowing the investors’ attitude towards mutual fund. Present study aims at finding the same and results 

showed that reputation of fund and brand name of sponsor are major determinants of investors’ decision and 
out of all available schemes, balanced fund and income funds were most preferred by investors. 

Keywords: Mutual Funds, Scheme, Marketers, Investors. 
 

INTRODUCTION 
At present, in economic and financial scenario of India financial instruments, particularly Mutual Funds are 
emerging in crucial role to allocate the scarce resources from savers to borrowers for making the productive use 
of idle resources thus accerlating investment in economy. The increasing volatility has pushed the investors 
towards relatively safe mode of investment and this move seems to mutual fund that mobilizes and channelizes 
the savings of individuals and institutions in corporate securities to provide the steady stream of returns and 
capital appreciation. But a lot of mutual fund schemes are available in the market giving different kinds of 
benefits like growth schemes, income schemes, balanced schemes, tax saving schemes, money market schemes 
etc. Now question arises how investor selects one or more of the mutual fund schemes, we can say what factors 
are taken into account in mutual fund investment decision. Need to answer this question initiated the researcher 
to make the study on this topic. 

REVIEW OF LITERATURE 
De Bond and Thaler (1985) while investigating the possible psychological basis for investor behavior, argue 
that mean reversion in stock prices is an evidence of investor over reaction where investors over emphasize 
recent firm performance in forming future expectations of the investment 

Gupta (1994) made a household investor survey with the objective to provide data on the investor preferences 
on MF’s and other financial assets. The findings of the study were more appropriate, at that time, to the policy 

makers and mutual funds to design the financial products for the future. 

Syama Sunder (1998) conducted a survey to get an insight into the mutual fund operations of private institutions 
with special reference to Kothari Pioneer. The survey revealed that awareness about Mutual Fund concept was 
poor during that time in small cities. Agents play a vital role in spreading the Mutual Fund culture; open-end 
schemes were much preferred then; age and income are the two important determinants in the selection of the 
fund/scheme; brand image and return are the prime considerations while investing in any Mutual Fund. 

Shanmugham (2000) conducted a survey of 201 individual investors to study the information sourcing by 
investors, their perceptions of various investment strategy dimensions and the factors motivating share 
investment decisions, and reports that among the various factors, psychological and sociological factors 
dominated the economic factors in share investment decisions. 

Akhilesh Mishra (2008) has done a study on the topic “Mutual Fund as a Better Investment Plan” and states that 
many of the people have the fear of Mutual Funds. “They think their money will not be secure in Mutual 
funds,” says Mishra. He also says that the investors need the knowledge of Mutual Funds and its related terms. 

From the above review it can be inferred that Mutual Fund as an investment vehicle is capturing the attention of 
various segments of the society, like academicians, industrialists, financial intermediaries, investors and 
regulators for varied reasons and deserves an in depth study. 

OBJECTIVES OF THE STUDY 
 To study priorities of investors in selection of mutual fund schemes. 

 To know the factors affecting investors’ decision regarding mutual fund. 

RESEARCH METHODOLOGY 
1. Research Design: Being study exploratory in nature, it will go through primary data collection through 

questionnaire, its’ analysis using mean scores & mean index. The Investors’ attitude shall be measured in 

terms of their preference and factors affecting their decisions which shall be analyzed at two levels: 
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 Ascertaining the level of effectiveness for individual parameters.
The scores for the parameter are derived by multiplying the number of respondents with the respective score 
and its subsequent summing. Effectiveness index was calculated by applying the formula: 

Actual scores obtained for the statement x 100 
Maximum obtainable score for the statement 

 The overall effectiveness Index is calculated by using the formula:
Top scores obtained for the seven parameters x 100 
Sum of maximum scores obtainable for seven parameters 

Overall index is taken as benchmark 

2. Data Collection: Both primary as well as secondary data have been collected. 

3. Sampling: A questionnaire was structured at five rating scale to meet the stated research’s objective and got 
it filled up by 100 people were selected on the basis of systematic sampling living in Rohtak District of 
Haryana who were having mutual fund experience. 

OVERVIEW OF EXISTING SCHEMES IN MUTUAL FUND INDUSTRY 
Each category of funds is backed by an investment philosophy, which is pre-defined in the objectives of the 
fund. The investor can align his own investment needs with the funds objective and invest accordingly. So on 
the basis of investment parameter, Mutual Funds can be broadly classified as 

 Growth Schemes: Growth Schemes are also known as equity schemes. The aim of these schemes is to 
provide capital appreciation over medium to long term. These schemes normally invest a major part of their 
fund in equities and are willing to bear short-term decline in value for possible future appreciation.

 Income Schemes: Income Schemes are also known as debt schemes. The aim of these schemes is to provide 
regular and steady income to investors. These schemes generally invest in fixed income securities such as 
bonds and corporate debentures. Capital appreciation in such schemes may be limited. 

 Balanced Schemes: Balanced Schemes aim to provide both growth and income by periodically distributing 
a part of the income and capital gains they earn. These schemes invest in both shares and fixed income 
securities, in the proportion indicated in their offer documents (normally 50:50).

 Money Market Schemes: Money Market Schemes aim to provide easy liquidity, preservation of capital and 
moderate income. These schemes generally invest in safer, short-term instruments, such as treasury bills, 
certificates of deposit, commercial paper and inter-bank call money.

OTHER SCHEMES 
 Tax Saving Schemes
Tax-saving schemes offer tax rebates to the investors under tax laws prescribed from time to time. Under Sec.88 
of the Income Tax Act, contributions made to any Equity Linked Savings Scheme (ELSS) are eligible for 
rebate. 

 Index Schemes
Index schemes attempt to replicate the performance of a particular index such as the BSE Sensex or the NSE 50. 
The portfolio of these schemes will consist of only those stocks that constitute the index. 

 Sector Specific Schemes
These are the funds/schemes which invest in the securities of only those sectors or industries as specified in the 
offer documents. e.g. Pharmaceuticals, Software, Fast Moving Consumer Goods (FMCG), Petroleum stocks, 
etc. Investors need to keep a watch on the performance of those sectors/industries and must exit at an 
appropriate time. 

RESULTS & DISCUSSIONS 
Results are to be discussed into two parts: 
1. Parameter wise Investors’ Attitude 

2. Overall Investors’ Attitude towards MF Schemes 

1. Parameter wise Investors’ Attitude: As selection of mutual fund depends upon the various factors but here 
major 5 factors have been taken into account, in which so many other factors have been comprised of. 
Example infrastructure consists of fringe benefits, disclosure of investment from original pattern, sponsor’s 
expertise & past performance etc. Flexibility represents the minimal initial investment whereas transparency 
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underlies disclosure of periodicity of valuation in the advertisement. Scores were gathered through survey at 
point rating scale and has been analyzed in table 1 

Table-1: Parameter wise Investors’ Attitude 
S N Factors/ variables Strongly 

Agree 
Agree Not 

Agree 
Disagree Strongly 

Disagree 
Mean 
Scores 

Mean 
Index 

1 Infrastructure 29 32 26 5 8 456 81 
2 Reputation of Fund 35 27 25 7 6 479 86 
3 Flexibility 33 25 27 8 7 453 81 
4 Transparency 32 24 27 10 7 451 81 
5 Brand Name of 

Sponsor 
33 30 22 10 3 470 84 

6 Additional facilities 25 30 28 7 10 449 80 
 Overall Mean Index 2758 83 

Table1 highlights that mean indices of both factors i.e. reputation of fund and brand name of sponsor are 86 and 
84 respectively that indicates that these are most influential factors in MF investment decision whereas other 
factors have almost similar scores in mean index that indicates their less consideration in MF decision in 
comparison to Funds Repudiation & brand name of sponsor. This doesn’t mean that except of two major factors 
don’t affect the MF decision, as overall mean index is 83 and all variables’ mean indices are near about this 
value, so they also have the impact on MF decision. So all stated variables are determinants of investors attitude 
of Rohtak District in Haryana. 

2. Overall Investors’ Attitude towards MF Schemes 

Table-2: Investors’ Preference in Mutual Fund Schemes 
MF Schemes High 

Favorable 
Favorable Somewhat 

Favorable 
Not very 

Favorable 
Not at All 
Favorable 

Mean 
Scores 

Mean 
Index 

Growth Schemes 3 10 29 26 32 33 28 
Income Schemes 35 28 20 12 3 90 78 

Balanced Schemes 37 29 21 7 6 93 85 
Money Market Schemes 5 15 25 31 29 30 25 

Tax Saving Schemes 7 14 24 30 25 31 26 
Other Schemes 12 18 25 15 20 40 30 

 Overall Mean Index  45 

As table 2 shows that mean index of balanced schemes is highest that means it most preferred by investors. 
Income schemes are at third place that indicates that a big part of MF investors is risk averse and it believes in 
getting fixed rate of return. Equity schemes got last rank even mean index of them is lesser than overall mean 
index, so only a small number of investors chooses such funds. 

CONCLUSION 
Present study discussed investors’ priorities in mutual fund schemes as well as factors affecting the MF decision 
to know investors’ attitude towards different MF Schemes and determinants of their attitude. Outcomes of the 
study reveal that balanced funds are most preferred investment of respondents. Further, all stated variables i.e. 
infrastructure, flexibility, transparency, reputation of fund, brand of sponsor, and other facilities, affect the 
investors’ MF decision but reputation of fund and brand of sponsor, these two factors are major determinants of 
this decision. 

LIMITATIONS OF THE STUDY 
 The project done is restricted to Mutual funds in Rohtak district in Haryana and its surroundings only. 

 As the survey was pertaining to investment attitude of investors, biased information may restrict validity of 
inference possible. 

 The study was constrained by limitations of time. 

 The raw data was collected with the help of structured questionnaire technique. Therefore study is bounded 
by the limitation of this technique 
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LEVERAGING THE SPIRITUALITY IN MARKETING 
 

Dr. Sunil Kumari 
Assistant Professor, Govt. College Meham, Haryana 

 

ABSTRACT 
In modern era where logical and rational thinking is taking its height but simultaneously spirituality is also 
regaining its worth to the society. In this scenario, marketer needs to change his marketing strategy according 
thereto. Present study focuses on determining the relationship between spirituality and marketing environment. 
On the basis of survey analysis of 212 people, it has found that marketing is significantly affected by spirituality 
level of buyers. Consequently, marketers are required to incorporate the spirituality concept in product 
features. 

Keywords: Spirituality, Marketing, Consumers, Buying Decision. 
 

INTRODUCTION 
Spirituality refers to truth (Satya). The phrase “Satyamev Jayate” which means truth always wins has been well 

heard to everyone. In the world of commercialization spirituality had been supposed to be lost somewhere but 
ignorance of truth cannot run in long run. Thus this is the time when entire world seems to return to its original 
roots. As level of education is increasing people seems to be free from institutional religions and seek for truth. 
The 21st century will be spiritual or won’t be at all (Malraux). Spirituality is a integral part of our human body 
which represent the existence of human in entirety. This is the inner state of human being which is responsible 
for all physical acts of a person. All physical activities of a person are backboned by spiritual aspect which is 
the processed output of unconscious and sub-conscious sheaths of body. What the consumer would purchase is 
determined by one’s internal stimuli. If a marketer is able to connect his products’ utility to target customers’ 

spirituality can raise much more demand in market. This is the new age of spirituality which is being taken a big 
business where new age of spiritualism witnesses truth-seeking buyers who believes in experiments instead of 
religious obscurantism and hierarchy (Van Der Veer, 2009). Such individualism has forced the marketers to 
rethink upon their marketing philosophy and designing it accordingly. Transformation of consumers’ realism to 

idealism or spiritualism has considerable value to marketers in present scenario. Marketer needs to incorporate 
the spiritual content in product features to make it high profitable. Human organisms consists of four sheaths – 
physical, subtle, causal and absolute. 

LITERATURE REVIEW 
Emre Basci (2015) gave a holistic marketing review by combining the 4Ps of marketing with 1C (customer). 
Under it four types of spiritualities i.e. anti-capitalist, reformist, consumerist and capitalist, have been studied 
with their distinctive features. Study found the inner state of world is changing due to political and social factors 
where marketers need to make marketing strategy accordingly. Liberalized economic policies led to put the 
spiritual content in the product to make more salable. 

Vinod Kumar & Ankit Jain (2016) this paper talks about marketing through spirituality through the case 
study and success story of Patanjali Yogpeeth. The research uses a qualitative approach to collect data 
from various officials of Patanjali Yogpeeth through unstructured face-to-face interviews. The study 
revealed that yoga and pranayam are very effective tools in marketing through spirituality and influence 
the consumption behavior of masses. Patanjali Yogpeeth is best suited example to study the present topic. 

RESEARCH METHODOLOGY 
Present research studies the cognition of the buyer in terms of spirituality. Spirituality is an internal stimulus 
that directs the consumer behavior. However it is very difficult to define the parameters of spirituality but study 
prescribes the certain measures i.e. religion, nationalism, cognition and subtle sheath of an individual. Study 
proceeded with a sample size of 212 people through a structured questionnaire as well as personal interviews. 

RESULTS & DISCUSSIONS 
Majority of the respondents said that they connect their spiritual aspect to the buying decision. Majority (67%) 
of the rural but minority (33%) of the urban was found connected with nationalism concept like swadeshi, in 
their buying decision. Religion has been found an eminent concept, majority (71%) of the people don’t 

compromise with their religious view. They always keep priority of their religious view over economic view. In 
India, sometimes it is named superstition but it is Indian scenario where majority (82%) of the people firmly 
believe in their traditions and customs without any logic or reasoning. They strongly believe in succeeding their 
ancient culture. Most of the people surrender and sacrifice a lot of money or things to pay the tribute to their 
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God. A significant number of people were found very rigid to their culture. Marketers could be able to sell their 
product more and more by connecting their products’ features with the religious view of the customers. 
Consumers’ cognition is another major factor affecting the purchase decision. Cognition is the inner concept of 
a person that derives from his own thinking and view point. It is a self concept that also determines the 
consumer behavior. It is supposed that intelligent people are found more rational and intellectual. They have 
their own technical view to interpret the things. It is a strong stimuli to behave in righteous manner. Study found 
the cognition least affected by the external forces like peers, groups and society. Generally it moves genetically 
from one generation to another generation. In present study majority (%%%) of the people accepted that they 
use their own sense in buying decision. So marketers should frame such strategy that associate the product with 
the cognition of the consumers. They should make surveys to know the cognition value of the buyers. The last 
aspect of the spirituality is subtle sheath of the person. Subtle represents the unconscious sheath of human body. 
There are so many things which continuously run in unconscious mind of the human body, which is micro in 
nature but gets activated when certain kinds of external forces interact with them. It is very difficult to measure 
this subtle aspect of consumer, so there is lot of chances to mismatch the products features to subtle sheath of 
the buyer. It is a psychological concept that needs a keen and close observation of the behavior of the person. 
But with the help of past data and behavior, marketers can be able to understand such casual and subtle part of 
buyer. Majority (61%) of the respondents stated that they don’t make deliberate efforts to bring out their subtle 
sense to use it in their decisions. It works automatically but it becomes important to understand to marketers 
being its impact on buyer behavior. 

CONCLUSION 
Present study aims at measuring the impact of spirituality on marketing strategy. Present market scenario is 
changing where logical attitude as well as rationality is stimulating the people to analyze the things 
economically but simultaneously, it can not be denied that people’ spiritual roots are getting stronger day by 

day. It can be said that personal, societal, spiritual and economic all aspects move together. With the changing 
time spirituality may arise in different color but it can not get finished because it is an integral part of a human 
being. Consequently Giants of corporate world have started to make the studies on how to connect the product’s 

characteristics to the spirituality aspect of target customers. On the basis of data analysis in descriptive manner, 
study explores that there is a significant relationship between spirituality and buying decision of the people. 
Hence present study adds value to the existing literature. 
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1. INTRODUCTION : 

India is home to 21 percent of the world’s 

unbanked adults and about two-thirds of 

South Asia’s (Global Findex Database report 

2014). Albeit, government also interfere to 

address flaws and disappointments in the 

regulated financial institutions. But 

subsidized government interventions also 

come out as a failure mainly due to 

inefficiency in execution and presence of 

asymmetry information. No doubt, that 

problem associated with informational 

asymmetries, moral hazard, and adverse 

selection is difficult to interpret for the 

design of specific policies and institutions. 

Thus, disappointment with the 

effectiveness of formal financial systems in 

fostering economic growth has diverted 

towards reevaluation of the role of informal 

financial institution as a medium of 

mobilization and allocation of resources. 

 

 
2. REVIEW OF LITRATURE : 

 
Bouman, F.JA. (1976) traces the 

indigenous saving and credit societies in the 

third world through various literatures 

available on it. It reveals that rotating 

credit association is a worldwide 

phenomenon, appearing in many parts of 

Africa, Asia both Americas, the Caribbean 

area, the middle east and even in early 

Europe. The paper provides the ingredients 

of ROSCAs success in diverse cultures and 

also identifies its multi dimension function. 

It was suggested that in order to build 

stronger institutions upon traditional form 

of savings and credit, an idea of 

traditionalizing modern institution must be 

cooperated with the idea of modernizing 

traditional institutions. 

Low, Alaine (1995) conducted a 

biographical survey of ROSCAs. The major 

objective  of  the  study  was  to  provide 

06 Ms Jyoti Sharma"cost-benefit Analysis local saving group Vs bank" Year 2019 
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systematic and up to date literature 

available on ROSCAs. This survey covers the 

wide range of literature on these 

associations regarding various aspects like – 

its definition, characteristics, geographical 

spread, membership advantage and so on. 

The findings of the study revealed that 

major literature was available in the form of 

case study, not in the general demise of 

ROSCAs. 

3. ROTATING SAVING AND CREDIT 

ASSOCIATIONS (ROSCAs): 

The term ‘rotating credit and saving 

associations’ was given by Geertz (1962) for 

institutions which have previously been 

called esusu ( small rotating credit 

associations exist in Africa around the mid 

19th century) or have been included in the 

wider groups of thrift, loan and benevolent 

associations. But the credit of making this 

term more famed and mirror image of 

various indigenous Savings and Credit 

societies over great part of that broadband 

of underdeveloped or semi developed 

countries stretching from Japan on the east 

through South East Asia and India to Africa, 

known by different local names1 goes to 

Aderner (1964) . According to Aderner “The 

rotating credit association has been defined 

 
 

as a group of participants who make regular 

contributions to a fund which is given, in 

whole or in part, to each member in turn.” 

In its simplest form, ROSCAs 

comprised of four participants, who 

regularly contribute a pre-agreed amount of 

Rs. 1000, to a saving pot2 each month, will 

thus eventually receive amount of Rs. 4000 

each. After, four months the cycle is closed 

(fig.1.2). 

 Working Process of ROSCAs : 

The first collector receives an interest-free 

loan from all others. While the last in line is 

only saving money as he extends credit to 

his fellow members. The others alternate 
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between debtor and creditor positions. A 

member saves until he receives the fund, 

after which he starts to repay a loan in 

installments. Thus, not only the credit 

rotates, the saving positions rotate too. 

The procedure and methodology adopted 

from the word kameti and ROSCAs are used 

interchangeably in this chapter being the 

first used to refer an institution found in 

Haryana, and the second to similar 

institutions all over the world. 

 Evaluating Financial Benefits Or 
Losses Of Joining Kameti 

 
In kameti a participant is predicted to 

contribute a fixed periodic contribution from 

the beginning to the end of the cycle. 

Assuming that the individual will win the 

last pot (about which the individual will also 

be 100% definite), s/he will come to be with 

a saving equal to what s/he'll make a 

contribution. This individual, nevertheless, 

have another hazard free and easy option to 

place or get monetary savings. That's 

depositing it right into a financial institution 

periodically. By doing so, he will also be 

able to get an interest income throughout the 

time that he hold the money within the bank. 

If he determined to contribute to kameti, the 

advantage might be calculated depending on 

what he's going to do with the pot money he 

won from the kameti. But, absolutely, a only 

financially prompted individual will have to 

calculate and compute the net amount of 

money that he can earn from both options 

and will decide whether to participate or not 

to participate. 

There would be difference between 

the decision made by those who consider 

kameti as an saving mechanism and those 

recall it as a credit mechanism. In both 

cases, the individual should comprehend the 

point at which he'll be detached in order that 

he can come to a decision among the options 

that he has. Calculating the monetary part 

here will aid to understand the empirical 

findings higher. Calculating the financial 

aspect here will help to understand the 

empirical findings better. 

 Kameti as a saving mechanism 

Now individual is available with two 

option that will help to generate earnings on 

the money whilst he's saving at the same 

time: both he's going to use bank or he's 

going to join kameti. 

I.  No involvement in kameti, put it 

aside in a bank periodically 

This situation is viewed as a standard 

to evaluate the advantages or loses incurred 

with the aid of becoming a member of 

kameti, rather of using bank. As long as the 
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individual keep on depositing the periodic 

repayments this alternative is risk free. 

In this case, the total money that an 

individual will have at the end of the nth 

period can be calculated using the future 

value of annuity formula. 

FVoa = PMT [((1 + i)n - 1) / i] 

Where, FVoa is the future value of annuity 

PMT is value of the periodic payment, 

i is the periodic interest rate 

(annual interest / number of periods) , 

n is the number of periods for 

annuity contribution 

For our case we assume that the 

individual will save 8,000 Rs every month 

for 12 months or a year for all scenarios 

demonstrated below. Given a 6% annual 

interest rate (the prevailing bank saving 

interest rate in India), the monthly interest 

rate will be calculated as 6%/12. Thus the 

Fv of money accumulated at the end of the 

12 month will be: 

=  8000  [((1  + 

(6%/12))12 - 1)/ (6%/12) 

= Rs. 99177.92 

Of this value 96000 (calculated as 12 

* 8000) is the principal, making the interest 

income Rs.3177.92. The formula can be 

modified to find only the interest income as 

follows: 

Interest income from annuity = 

{PMT [((1 + i)n - 1) / i]} – (PMT*n) 

The periodically accumulated 

interest is depicted in the following graph. 

 
 

Fig 3.1.1.1  Accumulated Interest 

As it is shown in the graph, the accumulated 

interest will rise at a lower rate at the 

beginning and rises at higher rate later as the 

principal as well as compounded interest 

increases. The accumulated interest income 

will stand at Rs. 3177.12 at the end of the 

period. 

ii.    Involvement in kameti 

Having the same amount of money 

to contribute the same person can also join 

kameti. The person joins kameti as if he will 

get the last pot since that is the point where 

he can be 100% sure about getting the pot 

(assuming there is no default by members). 

Consequently, logically he can keep on 
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contributing the Rs. 8000 periodic 

contributions regardless of when he will 

definitely get the pot. Nevertheless, he may 

get the pot at the first period however he still 

continue to make a contribution of the 

periodic payment without touching the pot 

money he gained. Now the question is what 

will he do with the pot money? The 

individual has a options to deposit it in a 

financial institution right away after he get 

the pot money at the bank interest rate– in 

our case 6% 

a) Deposit it in a financial institution 

instantly after getting the pot: 

here the individual makes use of both 

kameti and bank. S/he's going to bring the 

pot money to deposit in a bank. The interest 

rate the bank deposit interest rate. As soon 

as the individual deposited the cash it's 

assumed that he will not withdraw it until 

the end of the kameti cycle. 

For instance, let us suppose that the 

kameti has 12 members in which monthly 

contribution is made. If the individual get 

the pot at the 3 period, he will deposit it 

right away and will not withdraw it until the 

end of the 12 month whilst keep on paying 

the contribution to the kameti. 

This individual joins kameti instead 

of saving by his own in a bank. If order to 

calculate the financial benefit that the 

individual enjoys by joining kameti, we 

should know the period that he will get the 

pot money. The financial benefit (interest 

income) he enjoyed differs based on the 

period he gets the pot since the interest is 

dependent on the time that the money will 

keep within the bank. 

 
At the beginning of the cycle, however, the 

individual do not know when he will get it. 

Therefore, we should calculate the interest 

income for every possible period. At 6% 

interest rate compounded monthly, the 

individual’s interest income at the end of the 

12 month period given the period where he 

get the pot money is depicted in the 

following graph. 

As it can be seen clearly from figure, 

the individual gain will be high if s/he wins 

and deposits the pot money in a bank in 

early period. If s/he wins the 1st pot and 

deposits it immediately, the interest income 

will be Rs. 5760, while s/he will not have an 

interest if s/he wins the last pot. 



P a g e | 2668 Available online: https://journals.eduindex.org/index.php/ejbss 
 

European Journal of Business & 
Social Sciences 

Available at https://ejbss.org/ 

ISSN: 2235-767X 
Volume 07 Issue 04 

April 2019 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3.1.1.2 if s/he win the pot & 

deposit it into a bank account 

 
Now we can compute when the 

individual will be better off financially if he 

joins kameti instead of using the bank. It is 

important to note here is that the gain from 

the bank if he don’t involve in kameti is 

constant since his deposit is not affected by 

other parties involved. 

 
 
 
Fig 3.1.1.3 kameti participation vs using 

bank 

 
from the above graph one can infer that a 

given kameti participant will be financially 

better off if and only if he can win the pot at 

beginning period of the cycle. 

4. CONCLUDING THE FINANCIAL 

ANALYSIS : 

The following concluding remark are 

drawn from the points discussed above : 

If the individual is going to deposit 

the pot money s/he win in a bank at the 

average bank saving interest rate, the 

breakeven point is always before the middle. 

Thus if the individual win before half of the 
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kameti cycle, s/he will be better off than 

making an ordinary annuity saving in a 

bank. 

Implications: 

1 For those who join kameti to be 

committed or for some other reason and 

want to take the last pot, the kameti is 

costing them a value equal to the interest 

they could have enjoyed by making an 

ordinary saving in a bank. Net payment 

to the service they intended toget from 

kameti, however is equal to: 

= (the interest they forgo + the 

transaction cost they incur in kameti - 

the transaction cost had they use the 

bank) 

Usually the transaction cost in 

formal institutions is higher than the 

informal and hence the net loss after 

calculating transaction cost will be lower 

than the interest they forgo. 

2 For those who use the kameti as a credit 

mechanism and use the ordinary bank 

saving as a standard, the net gain they 

enjoy by joining kameti will be: 

= the gain from the investment + the 

transaction cost in bank - transaction 

cost in kameti 

3 For those who use the kameti as a credit 

mechanism and use bank lending rate 

as a standard, the net gain they enjoy 

by joining kameti will be: 

= the interest expense they avoid + 

transaction cost in bank - transaction 

cost in kameti 

By the same effect of the 
transaction cost, the net gain from joining 
kameti will be higher that the interest 
expense avoided 
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Abstract 

Present study is evaluating gender perception towards treatment and service quality at Yog Gram. 

Gender is Independent variables categorised in male and female. Dependent variables are patient 

satisfaction and service quality. Study is based on formative scale and data is collected on 

deliberate sampling. Analysis is performed using software JAMOVI for computing t-test. Findings 

include there is significant difference found in the perception of spiritual health seekers satisfaction and 

service quality at Yog Gram. 

 
Key words: Health, Seeker, Spiritual, Treatment 

 

Introduction 

 
Health is not only attained by physiological aspect 

but also spirituality, psychology and other factors 

are related to it are concerned. That’s why 

muskurana  (Smiling) and  shukrana (Be 

thankful) are the two ornaments given by Yog 

Gram for being healthy. Enjoy with  the 

concerns you are blessed with as well as thankful 

to god and everybody and everything made 

by almighty God. Are these spiritual therapies are 

related to patient satisfaction for male and 

females present in Yog Gram, is the research 

question to be answered in this paper. 

 
Literature Review 

 
Chatterjee and Ramu (2017) in a survey 

segues into a round table discussion with a 

distinguished set of women entrepreneurs, 

academics and scientists on the challenges to the 

participation of women in Indian innovation 

and entrepreneurship and how it could be 

facilitated.  Kuamr  and Mehrotra (2006) 

studied the   requirement  of  health  study 

related  to complementary and alternative 

medicine (CAM) and checked the effectiveness of 

self-care ad found significant. Hasan, etal(2001) 

also found high recurrence of self-awareness 

using CAM  in  Malaysian   was significant. 

Choi(2017) etal found conventional medicine 

was managing parallel form and was important in 

treatment. Farooqui (2016) studied on tumor 

patients and found that using local herbs were 

found useful with the treatment as they were 

claiming   cure  of sarcoma.  Wazaify(2011). 

studied in Jordon and found herbal use among 

patients  was found commend able .  Also 

Qureshi(2016) estimated the presence of CAM 

use provided affirmative insolence towards CAM. 

Kumar, Mamidala Jagadesh(2017) laid impact 

of happiness with technology advancement. In A 
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survey, Sharma and Prajapati and Tripathi (2018) 

presented a state of art over diverse attitudes 

engaging PM-QPSK skills for accomplishment 

as well as development of several ophthalmic 

concert rebukes. Arora M (2018) observed two 

types of customers. Consequently different 

profiles have been described. The obtained 

cluster groups in users are labelled as techno 

shrewdness and nonengrossed. The above 

literature review shows that there is gap to study 

on Gender Perception towards spiritual health 

seekers satisfaction and service quality at Yog 

Gram, therefore present study is intended to fill 

the research gap. 

 
Research Methodology: 

 
Paper is descriptive. Data used is primary and 

secondary. Primary data from patients based on 

structured questionnaire from males and females. 

Based on selective sampling sample size of 54 is 

enough as it covers about 25 per cent of 

population of about 200 patients available. Data 

analysis is done using open software JAMOVI. 

Cronbach alpha for internal consistency in 

statement, Mean, Standard deviation for analysis 

and t-test is used for validity of results at 5 per 

cent and 1 per cent level of significance. 

 
Results and Discussions: 

 
Cronbach's α results for patient satisfaction 

are .815 which shows internal consistency for 

statement is justified being >.60. also 

Cronbach's α for service quality is .860 

calculated using JAMOVI also > .60. 
 
 

Scale Reliability Statistics for Constructs 
 
 

Constructs/Latent variable Cronbach's α 
 

Patient Satisfaction 0.815 (4 items) 
 

Service quality 0.860 (4 items) 
 

 

 

Subsequent table shows descriptive related 

patient satisfaction (PS), service quality (SQ) and 

Spiritual therapy (Spi). 

 
 

Descriptives for patient satisfaction, service quality and Spiritual Treatment 
 

 Gender PS SQ Spi 

N Male 28 28 28 
 Female 26 26 26 

Mean Male 4.15 3.94 4.25 
 Female 4.09 3.88 4.28 

Standard deviation Male 0.853 0.436 0.658 

 Female 0.840 0.668 0.676 
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From above table it is clear that male feels more 

patient satisfaction (Mean=4.15, SD=.853) than 

female respondents (Mean=4.09, SD=.840) , male 

feels  more service quality at yog gram 

( Mean=3. 94,  SD=. 436)    than  female 

respondents (Mean=3.88, SD=.668). But that 

female feels more spiritual treatment 

(Mean=4.28, SD=.676) than male respondents 

(Mean=4.25, SD=.658) 

 

Patient satisfaction 
 

Ps1: I intend to continue coming to yog gram 

PS2: I have confidence in recommending yog gram to friends and relatives 

PS3: I resist influences for me to switch to other naturopathy centres 

PS4: Loyalty programmes will make me strongly connected to the yog gram 

 
 

Descriptive for Patient satisfaction 
 

 Gender Ps1 Ps2 PS3  

Ps4      

Mean Male 4.59 4.56 3.93 3.85 

 Female 4.32 4.12 3.88 4.28 

Standard deviation Male 0.636 0.751 1.14 1.03 

 Female 1.03 1.33 1.27 0 

 
 
 

Independent Samples T-Test for Patient satisfaction  

  statistic df p 

Iintendtocontinuecomingtoyoggram Student's    

 t 1.158  a 52.0 0.252 

Ihaveconfidenceinrecommendingyoggramtofriendsandrelati Student's    

 t 1.466  a 52.0 0.149 

Iresistinfluencesformetoswitchtoothernaturopathycentre Student's    

 t 0.137 52.0 0.891 

Loyaltyprogrammeswillmakemestronglyconnectedtotheyoggr     

 Student's    

 t -1.600 52.0 0.116 

ᵃ Levene's test is significant (p < .05), suggesting a violation of the assumption of equal variances 
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My concerns are highly valued by yog gram 

My treatment experiences with yog gram has exceeded my expectations 

Environment at yog gram temperature, light were virtuous 

The level of ICT applications in customer service at the yog gram are comprehensive 

 

Independent Samples T-Test for Service Quality  

  statistic df p 

ThelevelofICTapplicationsincustomerserviceattheyoggra Student's    

 t 0.110 52.0 0.913 

Environmentatyoggramtemperaturelightwerevirtuous Student's    

 t -0.319 52.0 0.751 

Mytreatmentexperienceswithyoggramhasexceededmyexpectat Student's    

 t 1.555 52.0 0.126 

Myconcernsarehighlyvaluedbyyoggram Student's    
 t 1.050  a 52.0 0.299 

ᵃ Levene's test is significant (p < .05), suggesting a violation of the assumption of equal variances 
 

The independent sample t-test for service quality 

shows that there is no significant difference 

between opinion of male and female regarding 

the concerns are highly valued by Yog gram 

(p=.299), treatment experiences with Yog 

gram has exceeded the expectations(p=.751), 

Environment at Yog gram temperature, light 

were virtuous (p=.751) and The level of ICT 

applications in customer service at the Yog gram 

are comprehensive (p=.913) at 5 per cent level of 

significance therefore null hypothesis is accepted. 

 
Correlation Matrix of spiritual treatment, overall transformation, patients satisfaction and service quality 

Overall PS SQ Spi Gender 

Overall Pearson's r — 0.706 *** 0.187 0.757 *** 0.043 

 
Correlation Matrix of spiritual treatment, overall transformation, patients satisfaction and service quality 

  Overall PS SQ Spi Gender 

 p-value — < .001 0.142 < .001 0.758 

PS Pearson's r  — 0.093 0.646 *** -0.035 

 p-value  — 0.467 < .001 0.800 

SQ Pearson's r   — 0.243 -0.055 

 p-value   — 0.055 0.692 

Spi Pearson's r    — 0.016 

 p-value    — 0.906 

Gender Pearson's r     — 

 p-value     — 

Note. * p < .05, ** p < .01, *** p < .001 
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Correlation matrix shows there is correlation 

between overall transformation and patient 

satisfaction which shows higher the patient 

s a t i s f a c t i o n , h i g h e r w i l l b e o v e r a l l 

transformation. 

 
Also higher is the spiritual treatment, higher is 

the overall transformation. Results are also 

significant at 5 per cent and 1 per cent level. 

 
Findings and Recommendations: 

 
Male feels more patient satisfaction than female 

respondents, male feels more service quality at 

yog gram than female respondents but that 

female feels more spiritual treatment than male 

respondents. High degree of correlation is found 

between overall transformation and patient 

satisfaction which shows higher the patient 

s a t i s f a c t i o n , h i g h e r w i l l b e o v e r a l l 

transformation. 

 
Also higher is the spiritual treatment, higher is 

the overall transformation. It is recommended 

that more patient satisfaction will lead to 

more overall transformation of health seekers 

so efforts should be made to know the satisfaction 

level of patients. 
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Farmers Attitude towards New Crop Insurance 

Scheme (PMFBY) 

[A Study of Sanghi Village of Rohtak District in 

Haryana, India] 
Dr. Sunil Kumari, Assistant Professor, Govt. College Meham, Rohtak 

Abstract 

Present study aims at finding the effectiveness of new crop insurance scheme launched by Government in India, 

particularly at a village Sanghi in Rohtak district of Haryana. Success of any program depends upon the active 

participation of all stakeholders therein but how the Indian farmers take it, is ambiguous. Hence, the present study 

is an attempt to explore the perceptions and attitude of people engaged in agri business. Study is descriptive in 

nature which went through primary data collection via getting the questionnaire filled up from 100 households 

chosen on the basis of purposive sampling, making the content analysis using mean value index and testing the 

validity of results with the help of F-values to ensure the generalization of outcome. Study finds the majority of 

people aware of this scheme and thinking upon it rationally but their policy buying decisions are affected by 

multiple factors of which peer’s influence is significant one. 

Key Words: Agriculture, Risk, Crop Insurance, Farmers. 
 
 
INTRODUCTION 

The field of agriculture has been full of uncertainties in terms of yield as well as price volatility where a single 

natural calamity puts the farmers in a pitiable condition (O Brien et al, 2004) but announcement of PMFBY by 

Finance Minister Arun Jeitely in his budget speech (2016-17) seems to be a big changer for the life of Indian 

farmers. No doubt agriculture is a very risky venture and practically, a larger insurance premium would cover 

more risks. But, it is necessary to opt for optimum insurance (Bastian, 1999). It is a biggest attempt of Govt of 

India taken ever in de-risking this sector but it strikes the minds of researchers and throws a big question – could 

it be effectively implemented at ground level? Need of answer this question initiates the researcher to make a 

study on this topic. No doubt it is being taken a big move of Government to mitigate a big part of agri-risk, Agri 

minister Radha Mohan has called it a “Amrit Yojna” which also covers the post-harvest and localised crop losses 

like hailstones. 

As we know that a major part of Haryana is a rural economy based on agriculture and village Sanghi of Rohtak 

district has always been active participatory in various fields such as politics, education, social issues etc. Thus 

researcher finds it interesting to know the attitude of the people residing in this village towards new crop 

09. Dr. Sunil Kumar Farmers Attitude towards New Crop Insurance Scheme (PMFBY) [A Study of Sanghi Village of Rohtak District in Haryana, India 
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insurance scheme named Pradhan Mantri Fasal Bima Yojna. PMFBY mitigates the yield risk against the natural 

calamity which is attempt to transfer the anticipatory loss of agriculturists with the least premium offer (2% for 

kharif crops and 1.5% for ruby crops and 5% for horticulture & commercial crops) of all earlier crop insurance 

plans or programmes. It is also notable that today around 23% area of crops is insured under either of NAIS or 

MNAIS whereas new crop insurance plan targets to reach the level of 50%. LITERATURE REVIEW 

Vast literature is available on insurance but on crop insurance it is limited of which few studies are as under: 

Mamata Swain (2014) made a study on crop insurance for adoption to climate change in India analyzing the 

performance of NAIS and WBCIS on the basis of secondary data in the state of Odisha the climate change hot 

spot of India and revealed the WBCIS as a better plan than NIAS but it covers only losses of climate 

uncertainities. 

Sabina Yasmin & C. Hazarika (2015) stated in his study that people of Kamrup village of Assam are very 

illiterate and not much aware of crop insurance scheme named Modified National Agricultural Insurance Scheme 

(MNAIS) which mark the scheme failed. 

Mukesh. H.V (2015) revealed that the factors like access to loan, education, off-farm income, and region (based 

on nature of irrigation) in which a farmer is located have significantly influenced the adoption of crop insurance. 

Moreover, landholding-size, whether insured or non-insured, has depicted a positive influence on the income of 

farmers. 

Tao Ye & Yangbin Liu (2016) carried out a survey of data for paddy rice farmers in Hunan Province, China. It 

shows that the sampled farmers’ crop insurance perception was surprisingly low despite years of pilot programs 

and tens of billions of expenditure in government subsidies. The result of simultaneous equations model indicates 

that crop insurance perception and participation are simultaneously determined and mutually improving. 

Being the agriculture a low profit potential has been unable to find attention from business point of view that’s 

why only few studies have been made thereon and further different scholars with different outcome could not 

provide a uniform solution to reduce or transfer the risk involved therein which provides the scope to choose this 

subject for the purpose of study and bridges the gap lying in the literature. 

 
OBJECTIVES OF THE STUDY 

Present study focuses on analyzing the new crop insurance plan (PMFBY) in terms of farmers’ view, perception 

and reaction. 

RESEARCH METHODOLOGY 

Target Population: Total number of 1705 families with the population of 9108 of which 4889 are males and 

4229 are females as per census 2011 are living in the Sanghi village. 

Sampling: 100 households have been chosen for the purpose of study where a household represents the collective 

opinion of a family determined on the basis of majority of the members thereof. Survey contains respondents’ 

demographic as well as agricultural information, risk perceptions & management and rating to PMFBM. 

http://www.ijrti.org/


 

© 2020 IJNRD | Volume 5, Issue 1 January 2020 | ISSN: 2456-4184 | IJNRD.ORG 
Parameters of the Study: Five factors/ variables i.e. Education, Risk Management, Buying Decision, Perceived 

Premium and Perceived Value have been taken as parameters of the study to determine attitude of farmers 

towards PMFBY which further have been classified into different statements to get them rated by respondents at 

five point rating scale i.e. Strongly Agree, Agree, Indifferent, Disagree and Strongly Disagree. Further weights 

have also been given to each statement to include the subjective assessment of the researcher and reach the more 

concrete results.Table I: Parameters of the stated variables 

 Variables Code Statements  

Education/ 

Awareness 

E1 I know about the Pradhan Mantri Fasal Bima Yojna. 

E2 Government campaign for raising the awareness of new 

crop insurance plan is satisfactory. 

E3 I am skilled in managing yield risk of my crop. 

E4 I disseminate my view on new crop insurance plan to 

others. 

Perceived Risk PR1 Agri-business is very risky and Agriculturists are risk 

averse. 

PR 2 Probability of variation in personal yield from country yield 

is high. 

PR 3 There is a lack of risk management tools available in India. 

NAIS, MNAIS, WBCIS and all other previous crop plans 

were not proved good. 

PR 4 PMFBY is able to mitigate the yield risk absolutely. 

Perceived Influence PI1 I take my policy decision at my own rationality. 

PI2 I prefer the advice of my friends and peers on purchasing 

the policy. 

PI3 Premium is major concern in buying the policy. 

PI4 I prefer to follow the advice of experts to invest in Risky 

Market Instrument. 

Perceived Premium PP1 Premium to be charged under new crop plan is reasonable. 

 PP2 Variation in premium of different kinds of crops is justified. 

PP3 Time interval of premium is appropriate 

PP4 More premium covers more risk. 

Perceived Value PV1 PMFBY indemnifies the fair value of loss to farmers. 

 PV2 New plan provides the ease of getting claim. 

PV3 Claim settlement process is transparent. 

PV4 Probability of recovery of compensation is fast. 
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Tools & Model Framework 
Farmers’ attitude has been measured in terms of their preference and factors affecting their perceptions which 
have been analyzed at two levels: 

 

 Ascertaining the level of effectiveness for individual parameters. 

The scores for the parameter are derived by multiplying the number of respondents with the respective score and 
its subsequent summing. Effectiveness index was calculated by applying the formula: 

Actual scores obtained for the statement x 100 

Maximum obtainable score for the statement 

 The overall effectiveness Index is calculated by using the formula: 
 

Top scores obtained for the seven parameters x 100 

Sum of maximum scores obtainable for seven parameters 

Overall index is taken as benchmark 

Hypotheses: Following null hypotheses have been set regarding all stated variables: 

H1: Awareness has no impact on farmers’ attitude towards PMFBY. 

H2: Perceived Risk has no impact on farmers’ attitude towards PMFBY. 

H3: Perceived Influence has no impact on farmers’ attitude towards PMFBY 

H4: Perceived Risk has no impact on farmers’ attitude towards PMFBY. 

H5: Perceived Value has no impact on farmers’ attitude towards PMFBY. 

Following research model given in figure 1, has been developed to achieve the objectives of the study:- 

Figure 1: Research Model 
 

Awareness H1 

 

 
Perceived Risk H2 

 
 

 
Perceived 

H3
 

 

Perceived   
H4 

Farmers 

Attitude 

 
 

 

  H5 
Perceived Value 
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Where; Farmers Attitude is a dependent variable and Education, perceived Risk, Buying Decision, Perceived 

Premium and Perceived Value are independent variables. These five independent variables have been taken as 

determinants of intension to adopt the Pradhan Mantri Fasal Bima Yojna. 

RESULTS & DISCUSSIONS 
 
Results are to be discussed into two parts: 

 
1. Parameter wise Analysis 

2. Overall Analysis 

3. Hypothesis Testing 

1. Parameter wise Analysis: As selection of crop insurance scheme depends upon the various factors but 

here major 5 factors have been taken into account, in which so many other sub factors have been 

comprised of. Scores were gathered through survey at point rating scale and has been analyzed in table 2 

Table 2: Parameter wise Farmers’ Attitude 
 

S 

N 

Factors/ 

Variables 

Strongly 

Agree 

Agree Not 

Agree 

Disagree Strongly 

Disagree 

Mean 

Scores 

Mean 

Index 

1 Education/ 

Awareness 

29 32 26 5 8 456 81 

2 Perceived 

Risk 

35 27 25 7 6 479 86 

3 Perceived 
Influence 

33 25 27 8 7 453 81 

4 Perceived 

Premium 

32 24 27 10 7 451 81 

5 Perceived 

Value 

33 30 22 10 3 470 84 

 Overall Mean Index 2758 83 

Table2 highlights that mean indices of two factors i.e. perceived risk and perceived value are 86 and 84 

respectively that indicates that these are most influential factors in farmers attitude to PMFBY whereas other 

factors have almost similar scores in mean index that indicates their less consideration in adoption of crop 

insurance plan. This doesn’t mean that except of two major factors don’t affect the farmers’ perceptions, as 

overall mean index is 83 and all variables’ mean indices are near about this value, so they also have the impact on 

farmers’ attitude. So all stated variables are determinants of farmers attitude of Sanghi village at Rohtak District  

in Haryana. 
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2. Overall Analysis (Correlation Analysis): 

Table 3 shows the Pearson Correlation Analysis among all stated variables. Most of the correlations are 

significant. 

Table 3: Pearson Correlation between Latent Variable 
 

 EA PR PE PP PV 

EA 1 0.109 0.035 0.187* 0.385** 

PR 0.109 1 0.274** 0.004 -0.145 

PE 0.035 0.275** 1 0.177* 0.191 

PP 0.187* 0.004 0.177* 1 0.289** 

PV 0.385** 0.125 0.191* 0.289** 1 

*: Correlation is significant at the 0.05 level (2-tailed). 
 
**: Correlation is significant at the 0.01 level (2-tailed). 

With the integration of finance and psychological theories, it has been found that most of the stated variables 
 

i.e. awareness, perceived risk, perceived influence, perceived premium and perceived value are significantly 

correlated. Furthermore degree of correlation between awareness and perceived value of PMFBY is highest 

i.e. 0.385 whereas awareness and perceived risk are not found significantly correlated. Between risk and 

premium least amount of correlation has been traced. 

http://www.ijrti.org/
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Hypotheses Testing 
 

Hypotheses have been tested with the help of regression results as shown in following figure; 
 

Figure 2: Results of Hypotheses Tests (H1 to H5) 
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The values shown in figure2 are regression coefficients of stated variables which all are significant at 0.01 as well 

as .05 level which confirms that farmers attitude towards PMFBY is dependent on awareness, risk, others actions 

& decisions, premium and value creation of policy. 

CONCLUSION 

Study found the crop insurance to absorb the production risk effectively, encouraging the farmers to concentrate 

on a fewer number of profitable crops instead of spreading their resources and energy across many crops. In this 

way, it has acted as an incentive for specialization in agriculture. The crop insurance scheme has led to the use of 

high-value inputs like seed, fertilizer and plant protection chemicals. The insured farmers have realized more 

returns than their non-insured counterparts. 

Farmers face constraints like tedious and time consuming procedure, non-availability of crop loan, lack of 

motivation and information from officials, etc. On the other hand, the agencies implementing crop insurance 

expressed that lack of staff, lack of coordination among them and hindrance to their routine functions were the 

major constraints. 

Moreover, empirical evidence indicates that the impact of crop insurance participation on perception is slightly 

stronger than that of perception on participation, and thus provides weak evidence of a ‘learning-by-doing’ stage 

Awareness 
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in China at present. Together with evidence of substantial local disparities in perception, implications for the 

Chinese government in further cultivating the crop and rural insurance market are discussed. 
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Abstract 
Present study identifies the corporate financial behavior towards the global recession. Study explores 
how financial markets reacted to the economic downturn. Study reveals that old financial theories and 
models could not predict the worldwide recessionary conditions and were replaced by new financial 
concepts like behavioral finance, multi-factor & agent based modeling and non-trival probability etc. 
Financial mix was also redefined as per changing the priorities of investors during the global financial 
crisis. (G10, G11, G12, G13, G14, G15, G17 7 G18) 

 

Introduction 
In the history of human beings the kind of events, global financial recessions have been witnessed 

time to time and have a significant effect on the economic systems but generally we fail to predict them 
apparently and when they happen then we throw away our orthodox and move towards the new ways 
and approaches [Rudd Kevin, 2009]. Recently world has faced severe economic crisis during the year 
2008-09 where even AAA rated securities didn’t follow the Efficient Market Hypothesis and were found 
crashed [Jeremy J. Siegel, 2010]. Aftermath of various economic crises at global level, the term “Herd” is 

again on the edge of disapproval in financial literature [Bikhchandani, S. & Sharma, 2000]. Traditional 
financial theories have again been questioned during the period of global recession which needs to be 
incorporated the behavioral finance with the integration of various disciplines. Efficient market 
hypothesis gained a lot of dominance in 1970s but during the 1980s it couldn’t predict the financial market 
behavior significantly. During 1990s the behavioral finance emerged as a research concept and various 
feedback theories were developed. Models of assessment of impact of smart money on investors were also 
designed in this era [Robert J. Shiller, 2003]. The global crisis in subprime mortgage bank loans in US, 
could have been better managed with the involvement of all stakeholders, investment fund managers, 
rating agencies, regulatory and monitoring authorities of financial and banking markets [Pezzuto, Ivo, 
2008]. The fourth quarter which is the peak point of the global financial crisis, 2008 declined the rate of 
new loans to big borrowers by 47% in comparison to previous quarters in US [Victoria Ivashina, 2008]. 
Despite the innovative financial strategies of leveraging and funding, the banks couldn’t reduce the 
systematic risks and financial instability in 2008 and they were titled as ‘Old Wine in New Bottle’ [Mah- 
Hui, Michael Lim, 2008]. Many of the financial firms which took rescue operations during the economic 
crisis became insolvent. This financial crisis is not last, it will happen again but in some other sort [Alan 
Greespan, 2009]. 

As we know, traditional financial theories have again been questioned during the period of global 
recession occurred in 2008. These theories have been failed to predict and address recent global financial 
crisis which has pushed to financial professionals and economists to rethink about financial theories to 
make their disciplines compatible with changing present scenario. No one can deny that there is a gap 
between theory and practice or there is a fundamental problem in finance theory itself. Even if the 
problems are only with the practice and not with the theory, finance academicians must revisit how 
financial theories can be renowned so that these problems do not reoccur. If there are problems in finance 
theory itself, then finance academics must reflect on the directions that finance research should take to 
redress these problems. 
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Now question arises what kind of change is required in finance mix/ theory to make it compatible 
with global economic slowdown. Need to answer this question initiated the researcher to make the study 
on this topic. This paper focuses on how finance theory needs to change to cope with global economic 
meltdown. 

Literature review 
Present study reviews the following previous studies made on global recession occurred at different 

time intervals. 
Author, Year Title of Research Findings 

John H. Cochrane, 
1999 

New Facts in Finance CAPM explains the cause of variation in average returns of different  
stocks, assets, portfolios and funds etc. but not all investment  
options. So multi-factor models have been superseded to CAPM to 
explain it further in adequate manner. To infer the market 

expectations, price variables are used by the firms. Rewards for risk 
of recession, financial distress along with the risk of market 
fluctuations, are also offered by the financial marketers. 

Burton G. Malkiel, 
2003 

The Efficient Market 
hypothesis and its critics 

Stock markets are efficient and cannot be predicted precisely and 
accurately. 

Ian M. McDonald, 
2009 

The Global Financial Crisis 
and Behavioral Economics 

Traditional economics which is based on home-economics was not 
found enough to explain the financial crisis 2008-09. Behavioral 

finance has emerged as a predictor of market movements. Free 
market, self-interest approach based on rationality 

J. Doyne Farmer & 
Duncan Foley, 2009 

The economy needs agent- 
based modelling 

Financial behavioral patterns are changing at global level. In micro- 
structure theories, agent-based modeling has been emerged as a 

necessity of the economies to enable them to predict the market 
behavior. 

Jeremy J. Siegel, 2010 Efficient Market Theory and 
the Recent Financial Crisis 

Efficient market hypothesis didn’t work in the economic crisis 2008- 
09. This recession was not because of EMH. Efficient market  

hypothesis doesn’t mean the prices are right and risk is none. EMH 

cannot be made responsible for this meltdown. 

Schwaab, Bernd and 
Koopman, Siem et. Al, 
2011 

Systemic Risk Diagnostics: 
Coincident Indicators and 
Early Warning Signals 

Study formulated a model to assess the financial system risk and 
with the help of this framework conterminous measures and 
predictors based on underlying macro-economic and credit risk 
constituents for the whole world were constructed. Study revealed 

that credit risk conditions can be segregated from macro financial 
fundamentals significantly in a continuous manner which can 
function as an alarming signal for wise macro- economic policy. 

Andrew K. Rosea & 
Mark M. Spiegel, 2011 

Cross-country causes and 
consequences of the 2008 
crisis: Early warning 

Study is based on cross sectional analysis of 107 countries. No 
common cause was found to the incidence of such severe economic 
downturn across the countries. Such negative findings disappointed 
the researcher. 

   

Nicola Cetorellia & 
Linda S. Goldberg, 

2012 

Liquidity management of U.S. 
global banks: Internal capital 

markets in the great recession 

Location wise pecking order theory was adopted by the parent  
banks to reallocate the liquidity in case of financing shock arisen in 

global economic downturn. From revenue point of view, more 
valuable affiliates to parent banks were prioritized in protection. 

Eamon Duede and 
Victor Zhorin, 2016 

Convergence of Economic 
Growth and the Great 

Recession as Seen from a 
Celestial Observatory 

Study evidenced that the mechanisms driving the 

σ convergence couldn’t work properly and recession started at 
global level. Macro-economic theories had massive effect on 
domestic as well as worldwide economic and social policies. 

Troy Davig, & Aron 

Smalter Hall, 2017 

Recession Forecasting using 

Bayesian Classification 

Study uses the Naïve Bayes model which is closely connected to 
Markov’s switching models and logistic regression with some  

significant differences as well, to predict the recession. It revealed 

that a very large asymptotic error rate was found in naïve Bayes 
Model, but it merges this error quicker than the logistic regression. 

   

 
The available literature on global recessionary conditions and interpretations thereof, provides the 

scope to researchers to make a consolidated view of all studies to determine a new roadmap to predict 
and prevent such economic slowdown. The present study is purely based on the literature evidences and 
opinions of financial experts. 
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Objectives of the study 
Present study aims at knowing the corporate behavioral change towards global recessionary 

conditions. It also examines the practical implications of financial models/ theories in worldwide 
economic crisis to explore the substitutes of traditional financial mix. 

Research methodology 
Present study is descriptive in nature which describes the implications of financial models 

applicable to the recessionary conditions. Study went through the review of various studies made on 
global meltdown along with the personal interviews of financial experts engaged in financial consultancy 
to the corporate; to draw some concrete results regarding to failure of prediction about the worldwide 
recession occurred. Study is based on following assumptions: 

Preferences: It implies the risk preference. Generally, investors are found risk averse, but it is to be 
found whether it is time invariant or it varies with market conditions or trade cycles. 

Probabilities: It implies the uncertainty in returns in terms of cash on investments which depends 
on the investors’ prediction with precision and accuracy. Investors may have homogenous expectations or 
subjectively heterogeneous. 

Prices: It implies the investment options with investors. Being the reaction of quotes and orders a 
very complex process, it is not necessary the price to be in equilibrium at every point of time. 

Global recession in India & UK 
A recession is a downward state of trade cycle which is officially declared by the National Bureau 

of Economic Research (NBER) for any economy. Economic activities in terms of real GDP, employment, 
income, industrial production and sales turnover (retail and wholesale both) get declined significantly. 
International Monetary Fund (IMF) which is global nodal agency of management of finance defines the 
global recession considering many aspects as if any of the economies keeps its growth rate equivalent or 
less than 3%, will be taken in global recessionary condition. As per this specified measurement here time 
periods i.e. 1990-93, 1998 and 2001-02 have been qualified as global economic slowdown. 

Most of the countries have been got influenced by the global economic crisis stringently. America, 
Europe, and Japan faced a severe crises of liquidity as well as credit during the recessionary periods but 
India has not been insulated as much of it, Being the India a developing and rural based economy with a 
large untapped markets, running on cautious reforms, it has not been found much affected but it could 
not completely isolated itself from the recessionary impacts. 

Figure 1: Economic downturn of Indian Economy 

Source: http://www.nipfp.org.in 

Table 1: Volatility of UK Macro Economics Variables during the Great Moderation Compared with 
150-years Average 

Variable Volatility Volatility 
 (1998-2007) (1857-2007) 

GDP growth (%) 0.6 2.7 

Earnings growth (%) 0.5 6.4 

Inflation (%) 0.9 5.9 

Unemployment (%) 0.6 3.4 

Source: Haldane (2009) 
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Results & discussion 
On the basis of review of the various studies and opinions of financial analysts, it has been found 

that conventional financial theories could not indicate the early warning signal of the global meltdown in 
2008 but the enterprises which adopted the behavioral finance models and new theories to cope with 
changing patterns of the markets were found least affected by such worldwide recession. Results of the 
study have been presented in following table: 

Table 2: Move of Financial theory during Global Recession 
 Aspects of Finance Theory Move during Global Recession Substitution in Global Recession 
 Efficient Market Hypothesis Irrational investment decisions Behavioral Finance 
 Factor Models Inadequacy of CAPM Multi-Factor Model 
 Liquidity Micro has become macro! Systemic Risk- non diversifiable risk 
 Risk Free Rate Mere a useful approximation Overnight Index Swap 
 Microstructure theories Heterogeneous Players Agent–based Modeling 

 Tail Risk – Real Risk Non-linear dependence Quantitative  models  based  on  non- 
Gaussian fat-tailed distributions 

 Econometrics Several possible regimes Non-trivial Probability 

 
Global recession has opposed the two aspects of Efficient Market Hypothesis (EMH). Burton G. 

Malkiel (2003) clearly stated that first aspect is that there is no free lunch means it is not possible to beat 
the market in risk adjusted terms. During recession low-risk, high return investments turned out to be 
high-risk that failed the EMH. Second aspect is that prices are “right” in the sense that they reflect 
fundamentals. The economic slowdown has also denied this claim. Many prices were clearly not right.  

Global Recession has proved that CAPM should be substituted by Fama-French three-factor model 
and it should be taken as core financial model in prediction of market behavior. Further finance analyst 
should go beyond even to reflect liquidity as an overt risk aspect. 

Most of the studies depicted that during the global meltdown, liquidity risk has been identified as a 
systematic risk that cannot be diversified. The second important aspect is that there is key relationship 
between funding liquidity and market liquidity, both were found deeply connected. As it is well known 
that market liquidity is related to microstructure of markets whereas funding liquidity is associated with 
macroeconomics. It shows that how suddenly micro has turned to macro. 

After worldwide economic downturn Overnight Index Swap (OIS) has been regarded as a thing 
very closely associated to the risk-free rate of return. It is supposed that high credit rated entities have 
very low (negligible) probability of being defaulter over a one-day time span. Its front runs to a very 
popular two curve discounting model. Hence the usefulness of risk-free rate of return should be taken 
only in approximation. 

Financial behavioral patterns are changing at global level. In micro-structure theories, agent-based 
modeling has been emerged as a necessity of the economies to enable them to predict the market 
behavior. Agent based modeling permit arbitrary number of heterogeneous market players having 
diverse information sets, dealing approaches, and purposes. If it is taken correct that microstructure 
theories are capable to understand the portents at macro stage, then it becomes essential to adopt agent- 
based modeling in finance theories. 

Financial move in recessionary conditions have also explored that a large amount of tail risk doesn’t 

depend on tail risks of assets individually but on ordinary jump and other conditions of non- linear 
dependency. Quantitative models which depend on non-gussian fat tailed distributions based on 
nonlinear structure have been suggested to apply. These models are hard but technical sound. 

Risk models having Gaussian probability distributions along with linear correlation are now no 
longer defendable after witnessing the facts related thereto during global recession. 

Before occurrence of this global meltdown, Great moderation had been accepted as a perpetual 
structural change in the global economy which signified permanently reduced volatility but this global 
crisis 2008-09 has compelled to review the statistical procedures in wholesomeness of probability of 
various policy regimes. Hence it should be taken that nontrivial probability of moving to a separate 
regime exits. 
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Conclusion 
The global economic slowdown has caused the serious problems with the rejection of implications 

of traditional finance mix and theories. It seems that finance courses have not coped with the 
developments in finance theories in the last decade or more. Since late 1990s, finance theory had shifted to 
new multifactor Network models that are used in modern finance. In other words, change in finance 
teaching is required, a lot in comparison to change in finance theory itself. Interpretation of the various 
studies states that home-economics actions were found inconsistent with the prediction of the global 
crisis. This is the era of a large amount of innovations in financial markets and products where free 
markets and self-interest approach are taking place. Study also reveals that there are some aspects of 
finance which are required to be espoused in mainstream of new models in better manner. However, 
finance theory itself is upgrading with the incorporation behavioral finance which integrates the new 
ideas and insights from several other disciplines and models, but the this worldwide economic meltdown 
has depicted that sociological factors have significant impact on many financial phenomena. To achieve 
the optimized point of finance theory, not only sociology but finance professionals must incorporate 
newly evolved biology, neurosciences, financial antiquity, and the multidisciplinary arenas of network 
theory in finance. At the end, it can be said that in globalization and increasing complex world, finance 
theory must be converged with sophisticated mathematical models and statistical tools. 
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Stochastic Model on Three-Similar Units Three- 
Phased Mission System with FCFS Repairs Pattern 

Sudesh Kumari, Rajeev Kumar 
 

Abstract. The paper allocates a stochastic model on three- 
similar units three-phased mission system. The developed system 
consists of units working in parallel, series and parallel 
configurations respectively. Initially, the three similar units are 
operational. Each component has only three states: good, 
degraded and failed. In this case, the single repair facility that 
repairs the units in first come first serve (FCFS)pattern has been 
thought of. Using Semi-Markov Process and regenerative point 
techniques, various measures of the system performance at each 
phase are obtained. The system has been analyzed graphically 
taking a particular case. Various conclusions are made regarding 
the reliability and cost consideration of the system at each phase 
as well as for the whole system(as combined Phase I, Phase II, 
Phase III). 

Keywords: Three Phased Mission System, Parallel 
Configuration, Series Configuration, Reliability, Profit. 

 
I. INTRODUCTION 

A phased mission system is a system that performs a 

sequence of various tasks in different time periods 
undergoing different environmental conditions and success 
criteria. Compared to a single phased system, it consists of 
multiple, consecutive and non-over lapping phases (time 
periods) of operations, during which the system’s 
configuration, the phase duration, system performance, 
components’ behavior, the parameters like failure rates, 
repair rates of the components may vary from one phase to 
alternative phase.If each phase completes successfully the 
task, then phased mission system obtains an overall mission 
success. By failing of any of these phases, the mission may 
fail. The phased mission system must be evaluated to obtain 
the reliability of each phase. As an application, an aircraft 
mission has many phases including taxing, take-off, 
cruising, descending and landing phases [6]. 

In the recent years, the modeling on phased mission 
systems that involves single or multi-phases with several 
components [1] has been widely investigated and many 
different approaches appear in the literature to evaluate the 
reliability of the phased mission system. Theresearchers [1]- 
[7] have focused on the problem of phase independence, 
mainly using Fault Tree Analysis, Boolean algebra and Petri 
Nets. But with the growing number of the system 
construction, it is more difficult to be applied to these 
systems. 
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Keeping this view, thepaper allocates a stochastic model on a 
three-similar units three-phased mission system with relation to its 
reliability and cost consideration. 

 
II. MODEL DESCRIPTION 

In this paper, a stochastic model is developed with three similar 
units working in parallel, series and parallel configurations 
respectively. The model is based on separate phased modeling. The 
duration of each phase is fixed and in all phases, units are initially 
considered to be operative. Each unit has only three states: good, 
degraded and failed. In this case, the single repair facility that 
repairs the units in first come first serve (FCFS) pattern has been 
thought of.If any one of unit fails, the system goes for repair to the 
repairman. The system slowly works and goes to degradation state. 
It is assumed that the failure rate and hence repair rate in 
successive phases varies, however within the phase the rates 
remain constant. If all the units fail, the system stopped and goes to 
completely failed state. As operating life of the system consists of a 
series of separate time intervals/phases, the reliability of whole 
phased mission is taken as combined reliabilities of these phases. 
The phase III is assumed as phase I but rates are taken different. 
Using Semi-Markov Process and regenerative point techniques, 
various measures of the system performance at each phase have 
been obtained. The system has been analyzed graphically taking a 
particular case using exponential distribution. Various conclusions 
have been made regarding reliability of the system at each phase as 
well as for the whole system. 
Other essential assumptions made in formulation of model are: 
1. The system is as good as new after each repair. 
2. Time to failures of a unit is exponentially distributed 

whereas other time distributions are general. 
3. The transition times between the consecutive phases are 

instantaneous. 
4. Switching is perfect and instantaneous. 
5. All random variables are mutually independent. 

 
Table-1: Notations used in Description of the Model. 

 

Notation Description 

 

 
qijφj(t)/Qijφj(t) 

Probability density function (P.d.f.)/Cumulative 
distribution function (C.d.f.) of the first passage 
time from a regenerative state i to a regenerative 
state j or to a failed state j without visiting to 
any other regenerative state in (0,t]. 
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L.T. Laplace Transform 

L.S.T. Laplace-Stieltjes Transform 

 
III STATE TRANSITIONS DIAGRAM 

Fig.1.depicts several transitions states of the system. 
Initially the system is in working where all the phases are 
operative. The epochs of entry into the states 0, 1 and 4 in 
phase I, states 5, 6 in phase II and states 7, 8, 11 in phase III 
are regenerative points and hence these are taken as 
regenerative states. The states 1, 2, 4 and 8, 9, 11 are 
degraded. State 3 in phase I, state 6 in phase II and state 10 
in phase III are failed. 

Table-II: Notations used in Developed Model 
 

Notation Description 

j (t) 
Time duration of jth phase (j = 1, 2, 3) 

O Operative Unit 

Fr Unit is failed and is under repair (i = 1,2,3) 
resp. 

FR Failed unit is repair continuing from previous 
state 

Fw Unit is failed and waiting for repair resp. 

λ1/ λ2/ λ3 Failure rate of failed unit in jth phase ( j = 1, 2, 
3) resp. 

α1/ α2/ α3 Repair rate of repaired unit in jth phase ( j = 1, 
2, 3) resp. 

g1(t)/ g2(t)/ g3(t) Pdf of time for repair of unit in jth phase ( j = 1, 
2, 3) resp. 

G1(t)/G2(t)/G3(t) Cdf of time for repair of unit in jth phase ( j = 1, 
2, 3) resp. 
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qijφj 
(k)(t)/ Qijφj 

(k)(t) 
P.d.f./ C.d.f. of the first passage time from a 

regenerative state i to a regenerative state j or to 

a failed state j visiting state k only once in (0,t]. 

 
pijφj (t)/ pijφj 

(k)(t) 

Transition probability from regenerative state i to 
a regenerative state j without visiting any other 

state/and that of visiting state k once in (0,t] 
respectively. 

 
 

 
µ iφj 

Mean sojourn time in regenerative state i before 
transiting to any other state. If Ti denote the 

sojourn time in state i, then mean sojourn time in 
state i is 
 

i (t) =  P (Ti> t) dt 
0 

 
mijφj/ mijφj 

(k)
 

Contribution to mean sojourn time in regenerative 

state i before transiting to regenerative state j / 

visiting state k only once. 

Φiφj(t) 
C.d.f. of the first passage time from regenerative 

state i to a failed state. 

 
UTi(t) 

Probability that the system is in up-state at instant 
t given that the system 

entered regenerative state i 
at time t = 0. 

 
DTiφj (t) 

Probability that the system is in degraded state at 
instant t given that the 

system entered regenerative 
state i at time t = 0. 

 
BRiφj (t) 

Probability that a repairman is busy in repairing 
the failed unit at instant t, given that the system 

started from the regenerative state i at t = 0. 

 
VRiφj (t) 

Expected number of visits by the repairman at 
instant t, given that the system started from the 

regenerative state i at t = 0. 

 
Muiφj (t) 

Probability that the system is up initially in 
regenerative state i without passing through any 

regenerative state or returning to itself through one 
or more non- regenerative states. 

 
Mdiφj (t) 

Probability that the system is down initially in 
regenerative state i without passing through any 

regenerative state or returning to itself through one 
or more non- regenerative states. 

 

Wiφj (t) 

Probability that the repairman is busy with the 
system initially in regenerative state i at time t 

without passing through any regenerative state or 
returning to itself through one or more non- 

regenerative states. 

 
 

* 

Symbol for Laplace Transformation, e.g. 
  

f*(s) =  e−s t 
f(t) dt =  e−st 

dF(t) 
0 0 

 

** 

Symbol for Laplace-Stieltjes transformation, e.g. 
  

F**(s) =  e−st 
dF(t) =  e−st  

f(t) dt. 
0 0 

 

© 

Symbol for Laplace Convolution, e.g. 
t 

a(t) © b(t) =  a(u) b(t - u) du 
0 

 

 Symbol for Stieltjes Convolution, e.g. 
t 

a(t)    B(t) =  A(u) B(t-u) du 
0 
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Fig.1. Three-Phased Mission System having Three-Similar Units with Parallel-Series-Parallel Configurations based 
on FCFS Repairs Pattern 

 

Phase III m78 =7 ; 
IV. TRANSITION PROBABILITIES AND MEAN SOJOURN TIME 

3 3 

m + m(9) + m(9,10) = m + m(10)  =  ; 
873 883 8,113 11,83 11,113 103 

A. Transition Probabilities m11,8  + m11,10  =11  ; 
Various Transition Probabilities for each phase in 

steady state are obtained as: 
m873 

(9) 
883 

(9) 
8,103 

= k2 (12 − 21) 

p = limq* (s) = limQ** (s) 
 

Phase I 

ij1 

p01 

p 

s→0 

=1 ; 

+ p( 2) 

ij1 

 

 
+ p( 2) 

s→0 
 
 

=1 ; 

ij1 V. MEASURES OF SYSTEM PERFORMANCE 

Considering failed state as absorbing state, we obtain the 
recursive relation for mean time to system failure. Other 
measures of system performance as mean up time, mean 

101 

p10 

p41 

p 

111 

( 2) 
111 

+ p43 

+ p(3) 

131 

+ p( 2,3) =1; 1 

= 1  ;  
= 1 

degradation time, total fraction of time for which the 
repairman is busy, expected number of visits by the 
repairman are obtained. The steady state solutions for each 
phase and for the whole system are obtained as: 

N1 

Phase II 
411 

p56 

441 

= p65   =1 
Phase I Mean Time to System Failure: T0 = 1   

D1 

 
Phase III 

 Mean Up Time: UT = 
N2

 
 

 

p78 =1   ; 01 D21 

p873 
(9) 
883 

(9) 
8,103 

=1 ; N3 
(9) (9,10) Mean Degradation Time: DT = 1  Busy p87   + p88   + p8,11 =1 ; 01 

 
3 3 3 

p11,8   + p11,10   = 1;  
(10) 

 
 

Period of the Repairman: BR 

 
=

 N4 

D2 

p11,8 
+ p11,11 = 1 (1 −11) 01 D 

3 3 
 
 

B. Mean Sojourn Time 
Mean sojourn time and unconditional mean time for each 

phase are given by: 

21 

Expected Number of Visits by the Repairman: 

VR  = 
N5 

01  D 
Phase I m011 

m 

=0 

+ m(2) 

; 

+ m(2,3) = m 
 

+ m(3) =  ; 
where 

21 

101 111 141 411 441 31 

m41 + m43 =4 ; 
1 1 1 

m10 

(2) 
111 

(2) 
131 

= k1 

Phase II m56    =5 ; 
m65 =6 

2 2 
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N =  (1 − p(2) ) + k ; N =  (1 − p(9) ) + k ; 
11 01 111 1 13 73 883 2 

N2   = 0 p10 p41    ; N2  = 7 p87 p11,8 ; 
1 1 1 1 3 3 3 3 

N31 
= 1 p411 

+ 21
 

(2,3) 
141 N33 

= 83
 p11,8 + 93

 
(9,10) 
8,113 

N41 
= (1 + 1 )p411 

+ (1 +   41 

(2,3) 
141 N43 = (1 +  

 
83 

)p11,8 + (1 + 11 
(9,10) 
8,113 

N5  = p10 p41   ; N = p p ; 
1 1 1 53 873  11,83 

D1 
(2) 
131 

D1 
(9) 
8,10 

3 3 
D =  p p +  (p + p(2,3) ) (22 − 28) D =  p p +  (p + p(9,10) ) (36 − 41) 

21 01 101 411 31 411 141 2 7 87 11,8 10 11,8 8,11 
N1 

3 3 3 3 3 3 3 

Phase IIMean Time to System Failure: T2 = 2   

D1 

Using the results of above three phases, combined result of 
the whole system is: 

 
Mean Up Time: UT2 = 

N22 

D 
Combined Phase Result 

Mean Time to System Failure: 

 
T = 

N1
 

 
 22 

N 
D1 

Mean Degradation Time: DT2 =
    32   

D2 
Mean Up Time: UT  = N2 

 

2 

 
Busy Period of the Repairman: BR 22

 = 
N42 

D2 

 

Mean Degradation Time: DT0 = 
N3 

D2 

VR = 
N52

 

 

Busy Period of the Repairman: BR   = 
N4

 

  Visits by the Repairman: 02 D D2
 

where 
22 

Expected   Number   of   Visits   by   the   Repairman: 
N 

N12 
= 52

 ; N22
 =52 

; VR0  =
    5

 D 
N32 

= 0 ; N42 
=1 +  62  

; 
2 

where 
N =1 ; D = 1 ; N =  [ (1 − p(2) ) + k ][ (1 − p(9) ) + k ] 

52 12 1 52 01 111 1 73 883 2 

D2  = 5 + 6 (29 − 35) N2 = 0 5 7 p10 p41 p87 p11,8   ; 
2 2 2 

 
 

Phase IIIMean Time to System Failure: T = 
N1 

1 2 3 1 1 3 3 

N3 = 0 
73 D1 N4 = (1 +  

 
62 

)[(1 + 1 )p411 
+ (1 +  

 
41 

( 2,3) 
141 

 
Mean Up Time: UT = 

N2
 [(1 + 1 )p413 + (1 +  

 
43 

( 2,3) 
143 

73 D N = p p p p 
23 5 101  411  873  11,83 

D = p(2) 
 [ (1 − p(9) ) + k ] + [ (1 − p(2) ) + k ] 

1 131 52 73 883 2 01 111 1 

[  (1 − p(9) ) + k ] + p(9)  
 [ (1 − p(2) ) + k ] 

N 73 883 2 8,103 52 01 111 1 

Mean Degradation Time:   DT =
    33   D =[ p p +  (p + p(2,3) )][ +  ] 

73 D 2 01 101 411 31 411 141 52 62 

23 

N [73
 
p873 p11,8 

+ 10 
(p11,8 

+ p(9,10) )] (42 − 48) 
3 

Busy Period of the Repairman: BR73
 =

    43   

D2 

 
VI. PROFIT INCURRED TO THE SYSTEM 

Expected Number of Visits by the Repairman: The expected total profit (P0) incurred to the system in 
 
 
 

where 

VR73
 = 

N53 

D2 

steady state is given by 
P0 = C0 UT0 + C1DT0 − C2 BR0 − C3VR0 − C4 ,, 
where 
C0 = revenue per unit up time of the system. 
C1= revenue per unit degradation time of the system. 
C2 = cost per unit of busy period of the repairman. 
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C3 = cost per visit of the repairman. 
C4 = installation cost 

 
VII. NUMERICAL COMPUTATION AND 

GRAPHICAL ANALYSIS 

The following particular case and values of parameters are 
considered for graphical purpose: 
g  ( t) =  e−it where  i =1,2,3 

i i 

For the analysis purpose, various graphs have been plotted 
for mean time to system failure(T0), mean up time(UT0) and 
profit (P0) of the system with respect to various estimated 
and assumed values of the failure rates(λ1 , λ2 , λ3 ) and 
repair rates(α1, α2 , α3 ) and various costs is studied by 
plotting various graphs. The following interpretations and 
conclusions have been drawn from the graphs: 

Fig.2. Mean up time of the system versus failure rate for 
phase I(λ1) for different values of repair rate for 

phase III (α3). 

Assumed values of other parameters: failure rate for phase 
II (λ2 ) = 0.004, failure rate for phase III (λ3 ) = 0.005, repair 
rate for phase I (α1)= 3, repair rate for phase II (α2 ) = 4. 

 

Fig.3. Profit incurred to the system versus revenue per 
unit uptime (C0) of the system for different values 

of repair rate for phase III (α3) 

Assumed values of other parameters: failure rate for phase I 
(λ1 ) = 0.003, failure rate for phase II (λ2 ) = 0.004, failure 
rate for phase III (λ3 ) = 0.005, repair rate for phase I (α1)= 
3, repair rate for phase II (α2 ) = 4, C1 = 30,000, C2 = 1000, 
C3 = 800, C4 = 20000 

 
 
 
 
 
 

Fig.4. Profit incurred to the system versus revenue per 
unit uptime (C0) of the system for different values 

of installation cost (C4). 
The assumed values of other parameters: failure rate for 
phase I (λ1 ) = 0.003, failure rate for phase II(λ2 ) = 0.004, 
failure rate for phase III (λ3) = 0.005, repair rate for phase I 
(α1)= 3, repair rate for phase II (α2 ) = 4, repair rate for 
phase III (α3) = 5, C1 = Rs.30,000, C2 = Rs.1000, C3 = 
Rs.800. 

 
VIII. CONCLUSION 

We have explained three phases separately and have drawn 
some graphs related to mean up time and profit of the entire 
system w.r.t. failure rates for increasing values of repair 
rates. From the graphs, it can be interpreted as: 

From fig. 2., it is clear that Mean up time (UT0) of the 
system declines with increment in values of the failure rate 
for phase I (λ1) and inclines with higher values of repair rate 
for phase III (α3). 

Fig.3 declares that Profit incurred to the system inclines 
with increment in the values of revenue per unit uptime (C0) 
of the system and also inclines with incrementsin values of 
repair rate (α3). Also 
(i) when α3 = 5, Profit incurred to the system inclines 
for C0> Rs. 20430.3163,declines for C0< Rs.20430.3163, 
remains unchanged for C0 = Rs. 20430.3163 and hence to 
attain Profit, revenue per unit uptime(C0) of the system 
should be greater than Rs. 20430.3163. 
(ii) when α3 = 7, Profit incurred to the system inclines 
for C0> Rs. 15200.0196,declines for C0< Rs. 15200.0196, 
remains unchanged for C0 = Rs. 15200.0196 and hence to 
attain Profit, revenue per unit uptime(C0) of the system 
should be greater than Rs. 15200.0196. 
(iii) when α3 = 9, Profit incurred to the system inclines 
for C0> Rs. 10090.3677,declines for C0< Rs. 10090.3677, 
remains unchanged for C0 = Rs. 10090.3677 and hence to 
attain Profit, revenue per unit uptime(C0) of the system 
should be greater than Rs. 10090.3677. 

Fig.4 shows that Profit incurred to the system inclines 
with increment in the values of revenue per unit uptime (C0) 
of the system and declines with higher values of installation 
cost (C4). Also 

 
 
 

Retrieval Number: 100.1/ijeat.D23460410421 
DOI:10.35940/ijeat.D2346.0410421 

Published By: 
Blue Eyes Intelligence Engineering 



DOI:10.35940/ijeat.D2346.0410421 & Sciences Publication 
© Copyright: All Rights Reserved 

70  

Stochastic Model on Three-Similar Units Three-Phased Mission System with FCFS Repairs Pattern 
 

(i) when C4 = 15,000. Profit incurred to the system 
inclines for C0> Rs.15135.5850,declines for C0< 

Dr. Rajeev Kumar, is presently working as 
Professor and Head, Department of Mathematics, 

Rs.15135.5850, remains unchanged for C0 = Rs.15135.5850 
and hence to attain Profit, revenue per unit uptime (C0) of 
the system should be greater than Rs.15135.5850. 
(ii) when C4 = 20,000. Profit incurred to the system 
inclines for C > Rs. 20180.7824,declines for C < Rs. 

Maharshi Dayanand University Rohtak. He is/ has 
been Chairman/ members of various academic/ 
research bodies. He has served as a Director, 
Department of Alumni Relations and Directorat 
Maharshi Dayanand University Rohtak from 2016 
to 2020. He has completed his Ph.D. from Maharshi 

0 0 Dayanand University   Rohtak   in   1995.   He   has   about   70   research 
20180.7824, remains unchanged for C0 = Rs. 20180.7824 
and hence to attain Profit, revenue per unit uptime (C0) of 
the system should be greater than Rs. 20180.7824. 
(iii) when C4 = 25,000. Profit incurred to the system 

publications in various National/ International journals of repute to his 
credit. His areas of interest are reliability modeling, information theory, 
operations research, bio-mathematics and statistical estimation. He has 
guided about 20 Ph.D./ M.Phil. Students for their theses/ dissertations 
work. 

inclines for C0> Rs. 25225.9796, declines for C0< Rs. 
25225.9796, remains unchanged for C0 = Rs. 25225.9796 
and hence to attain Profit, revenue per unit uptime (C0) of 
the system should be greater than Rs. 25225.9796. 

Further, the model discussed can be fitted by the 
designers/users to the real situations. While fitting this 
model, one can take estimated values of the parameters so 
that one can improve the reliability of the system. The limits 
of failure/repair rates are/can be obtained for the system to 
give higher reliability, mean up time and profit that is quite 
useful for both the system designer and the system user. 

 
REFERENCES 

 
1. Dugan, J. B.,“Automated Analysis of Phased-Mission 

Reliability,”IEEE Trans. on Reliability,Vol.40(1), 1991,pp. 45–52. 
2. Esary, J.D. and Ziehms, H.,“Reliability Analysis of Phased Missions, 

Reliability and Fault Tree Analysis,” Proceeding of the Conference: 
Society for Industrial Applied Mathematics, Philadelphia, 
Pennsylvania, 1975, pp.213-236. 

3. Huang, X., Coolen, Frank P.A., Coolen-Maturi, T., Zhang,Y.,“A New 
Study on Reliability Importance Analysis of Phased Mission 
Systems,” IEEE Transactions on Reliability,Vol. 69(2), 2019, pp. 
522–532 

4. Liu, C., Zhou, J. and Wang, H., “Reliability Analysis of Non- 
repairable Phased-mission System by Proposed Sequence-enforcing 
Fault Tree Combined with Monte Carlo Simulation,” Proceedings of 
the 2020 4th International Conference on Management Engineering, 
Software Engineering and Service Sciences, 2020, pp. 265-270. 

5. Nowakowski, T., “Problems of Reliability Modelling of Multiple- 
Phased Systems,” Wroclaw University of Technology Publishing 
House, 2011, pp. 79-84 

6. Tang,Z. and Dugan,J.B., “BDD-Based Reliability Analysis of Phased- 
Mission Systems with Multimode Failures,” IEEE Transactions on 
Reliability,Vol. 55(2), 2006, pp. 350-360. 

7. Yan Hua, Gao Li, Qi Lei, Wan Ping., “Simplified Markov Model for 
Reliability Analysis of Phased-Mission System Using States 
Merging Method,”Journal of Shanghai Jiaotong University 
(Science)Vol. 23(3), 2018, pp.418–422. 

 
AUTHORS PROFILE 

 
Sudesh Kumari, has completed her Master of 
Science (M.Sc.) in the year of 2010 and Master of 
Philosophy (M.Phil.) degree in subject of 
Mathematics in the year of 2012 from Department 
of Mathematics, Maharshi Dayanand University, 
Rohtak. She is gold medalist. She is pursuing her 
Ph.D. degree under the supervision of Prof. Rajeev 
Kumar, Head, Department of Mathematics, 

Maharshi Dayanand University, Rohtak. Now she is working also as an 
Assistant Professor in Govt. College Meham, Maharshi Dayanand 
University, Rohtak, Haryana India. She has published 6 research papers in 
various international journals and presented 15 research papers in different 
conferences/seminars. Her areas of interest are statistics and reliability 
modeling. 

 
 
 
 
 

Retrieval Number: 100.1/ijeat.D23460410421 
Published By: 
Blue Eyes Intelligence Engineering 

https://link.springer.com/journal/12204
https://link.springer.com/journal/12204


 

 
 
 

 
 
 

RELIABILITY ANALYSIS OF A STOCHASTIC MODEL IN 

THREE SIMILAR UNITS THREE-PHASED MISSION 

SYSTEM WITH LCFS REPAIR PATTERN 

 
SUDESH KUMARI and RAJEEV KUMAR 

 
Department of Mathematics 

M.D. University, Rohtak-124001, India 

E-mail: sudeshmdu@gmail.com 

 
Abstract 

 
This paper deals with a three similar units stochastic model with a three-phased mission 

system. The system is considered parallel, series and parallel configuration in three consecutive 

phases respectively. Initially, the three similar units are operational. Each component has only 

three states: good, degraded and failed. In this case, the repair priority is given to the failed unit 

in the developed model, that is, the Last Come First Serve (LCFS) repair model is followed for 

the failed unit. Using the Semi-Markov process and regenerative point techniques, the different 

measurements of the system are obtained for each phase. The system is graphically analyzed 

starting from a particular case and various conclusions are drawn about the reliability of the 

system in each phase as well as for the whole system (as combined Phase I, Phase II, Phase III). 

 
I. Introduction 

 
A phased mission system is a system that performs a sequence of various 

activities over different time periods under different environmental 

conditions and success criteria. Compared to a single-phase system, it 

consists of multiple, consecutive and non-overlapping operating phases (time 

periods), during which the system configuration, phase duration, system 

performance, component behavior, parameters such as rates of failure, 

component repair rates may vary from phase to phase. A number of practical 

systems that operate in this sequential manner, such as: electronic power 

transformers, nuclear power plants, air travel, aerospace and distributed 

computing systems. Electronic power transformers have three similar units 
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to maximize efficiency, reliability and availability of electrical power. Another 

application, the mission of an airplane, has many phases, including taxation, 

take-off, cruise, descent and landing phases [8], [9]. If each phase successfully 

completes the task, the phased mission system marks the overall success of 

the mission. Failure in any of these phases can cause the mission to fail. The 

phased mission system should be evaluated to obtain the reliability of each 

phase. In recent years, phased mission system modeling involving single or 

multiple phases with various components has been extensively studied, and 

many different approaches to assessing the reliability of phased mission 

system appear in the literature, including [1-7 ], [10]. 

In the literature, researchers have focused on the phase mission system 

problem, mainly using fault tree analysis, Boolean algebra and Petri nets. All 

of these techniques are limited by the size of the problem. But with the 

increasing number of system builds, it is more difficult to apply to these 

systems. When configuring system reliability is complicated and the number 

of components is large, especially when it is necessary to evaluate system 

reliability from multiple mission cycles, the use of these techniques will not 

be easy or straightforward. These techniques are suitable when modeling is 

non-repairable phased mission systems. These techniques avoid blowing up 

state space. The Markov model is a powerful tool in reliability engineering. 

The Markov model analyzes the system by identifying all the different states 

in which the system is able to produce accurate measures of system 

reliability by assigning transition rates between states. Markov-based 

approaches capture functional dependencies between components and the 

required order of failures. It is the Markov Reliability analysis of the phased 

mission system that provides a numerical result of the phased mission 

system with graphical interpretation. With this in mind, the paper deals with 

the analysis of a stochastic model in a three-phased mission system of three 

similar units in relation to its reliability, availability and cost consideration. 

 
II. Model Description 

 
We developed a similar three-units stochastic model with a three-phased 

mission system. The model is based on independent phase models. The 

system is considered parallel, series and parallel configuration in three 

consecutive phases respectively. The duration of each phase is fixed and in all 
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phases, initially, all similar units are considered operational. Each unit has 

only three states: good, degraded and failed. It was considered that single 

repair facility that repairs units under the LCFS (last-come, first-serve) 

scheme. If one of the units fails, the repairman repairs it. The system works 

slowly and goes into a degradation state. It is assumed that the failure rate 

and repair rate in successive phases vary, however, within the phase, the 

rates remain constant. If all units fail, the system shuts down and goes to the 

completely failed state. Since the operational life of the system consists of a 

series of separate time intervals / phases, the reliability of the full phase 

mission is considered as the combined reliability of these phases. Phase III is 

assumed to be Phase I but rates are taken differently. Using the  semi- 

Markov process and regenerative point techniques, different measurements 

of the system performance were obtained at each stage. The system was 

analyzed graphically by taking a particular case for exponential distribution. 

Different conclusions were drawn about the reliability of the system at each 

stage, as well as for the whole system. 

Other essential assumptions made in formulating the model are: 

1. Failure rates and repair rates for a particular phase are constant, but 

can change in an individual phase. 

2. The system is as good as new after every repair. 

3. The time to failure of a unit is distributed exponentially, while the 

other time distributions are general. 

4. The transition times between consecutive phases are instantaneous. 

5. Switching is perfect and instant. 

6. All random variables are mutually independent. 
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Table 1. Notations used in developed model and description of the model. 

Notation Description 

1 / 2 / 3 Failure rate of unit in jth  phase 

( j = 1, 2, 3) resp. 

1 / 2 / 3 Repair rate of unit in jth phase 

( j = 1, 2, 3) resp. 

qijj (t) / Qijj (t) Probability density function 

(P.d.f.)/Cumulative distribution function 

(C.d.f.) of the first passage time from a 

regenerative state i to a regenerative state 

j or to a failed state j without visiting to 

any other regenerative state in (0, t. 

pijj (t) / pijj
(k)(t) Transition probability from regenerative 

state i to a regenerative state j without 

visiting any other state/and that of 

visiting state k once in (0, t. respectively. 

ij Mean sojourn time in regenerative state i 

before transiting to any other state. If Ti 

denote the sojourn time in state i, then 

mean sojourn time in state i is 

 (t) = 
 

P(T    t)dt 

i 0 i 

UTi (t) Probability that the system is in up-state 

at instant t given that the system entered 

regenerative state i at time t = 0. 

DTij (t) Probability that the system is in degraded 

state at instant t given that the system 

entered regenerative state i at time t = 0. 
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BRij (t) Probability that a repairman is busy in 

repairing the failed unit at instant t, given 

that the system started from the 

regenerative state i at t = 0. 

VRij (t) Expected number of visits by the 

repairman at instant t, given that the 

system started from the regenerative state 

i at t = 0. 

Muij (t) Probability that the system is up initially 

in regenerative state i without passing 

through any regenerative state or 

returning to itself through one or more 

non- regenerative states. 

Mdij (t) Probability that the system is down 

initially in regenerative state i without 

passing through any regenerative state or 

returning to itself through one or more 

non- regenerative states. 

Wij (t) Probability that the repairman is busy 

with the system initially in regenerative 

state i at time t without passing through 

any regenerative state or returning to 

itself through one or more non- 

regenerative states. 

g1(t) / g2(t) / g3(t) P.d.f. of time for repair of unit in jth
 

phase ( j = 1, 2, 3) resp. 

G1(t) / G2(t) / G3(t) C.d.f. of time for repair of unit in jth
 

phase ( j = 1, 2, 3) resp. 

 j (t) Time duration of jth  phase ( j = 1, 2, 3) 

 Symbol for Laplace Transform e.g. 
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f (s) =  
 

e− st f (t)dt =   
 

estdF (t) 
0 0 

  Symbol for Laplace-Stieltjes Transform e.g. 
   

−st 

F (s) =  e−stdF (t) =  e f (t) 
0 0 

 t 

a(t)  b(t) =  0   
a(u)b(t  − u)du 

  

a(t)  B(t) =  A(u)B(t - u)du 
0 

 
 
 

 
States of Statistical Model 

 
O 

Operative Unit 

Fr 

 
Unit is failed and is under repair 

Fw 

 
Unit is failed and is waiting for repair 

 
III. State Transition Diagram 

 

 
 

Figure 1. Three-phased mission system having three-similar units with 

parallel-series-parallel configurations based on LCFS repair pattern. 
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IV. Transition Probabilities and Mean Sojourn Time 

3119 

 

Various transition probabilities from one state to other for each phase are 

obtained as: 

Phase I 
 

dQ01   (t) = 31e−31tdt; 

dQ12 (t) = 21e−21t G1(t)dt; 

dQ23 (t) = 1e−1t G1(t)dt; 

Phase II 

dQ10 (t) = g1(t)e−21tdt; 

dQ21 (t) = g1(t)e−1tdt; 

dQ321 
(t) = g1(t)dt 

dQ45  (t) = 32e−32tdt; 

Phase III 

dQ542 
(t)g2 (t)dt 

dQ673 

dQ783 

dQ893 

(t) = 33e
−33t

dt; 
 

 

(t) = 23e
−23t 

G3 (t)dt; 

(t) = 3e−1t G3 (t)dt; 

dQ763 

dQ873 

dQ983 

(t) = g3 (t)e
−23t

dt; 

(t) = g3 (t)e
−3t

dt; 

(t) = g3(t)dt 

Taking Laplace Stieltjes Transforms of above derivations, we get the non- 

zero element pij1 are given by: 
 

pij1 
lim 
s→0 q 

ij1 
(s) =lim

 
  
ij1 

 

Various transition probabilities in steady state for each phase are 

obtained as: 

Phase I 

p011 

 
= 1; p101 = g(2 ); p121 = 1 − g(2  ); 

 

p21 = g(  ); p = 1 − g(  ); p = 1 
1 1     1 231 1     1 321 

 

By these transition probabilities, it can be established that 

p011 = 1; p101 
+ p121 = 1; p211 

+ p231 = 1; p321   
= 1 

 

Phase II 
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p452 = p542   
= 1 

Phase III 

 p67 
 

= 1; 
 p76 = g(23 ); p78 1 − g(23 ); 

3 p87 = g( );    p 
3 3 3 3 

= 1 − g( );    p = 1 
3 3 3 893 3 3 983 

By these transition probabilities, it can be established that 

p673 = 1; p763 + p783 = 1; p873 + p893 = 1; p983   
= 1 

 

Mean Sojourn Time and Unconditional Mean Time for each phase are 

obtained as: 

Phase I 

m011 = 01 
; m101 

+ m121 = 11 
; 

 

m211 
+ m231 

Phase II 

= 21 
; m321 = 31

 

m452 = 42 
; m542 = 52

 

Phase III 

m673 = 63 
; m763  

+ m783 = 73 
; 

m873  
+ m893 = 33 

; m983 = 93
 

 

V. Measures of System Performance 

 
To calculate the mean time to system failure (MTSF), the failure state is 

considered as an absorbing state. Using probabilistic arguments, we obtain 

the following recursive relations for each phase for: 

Phase I 

0 (t) = Q01 (t) 1 (t) 
1 1 1 

 

1 (t) = (t) 0 (t) + Q12 (t) 2 (t) 
1 1 1 1 
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2 (t) = Q21 (t) 1 (t) + Q23 (t) 

3121 

1 1 1 1 

Taking L.S.T of these equations and using L’Hospital’s rule, we get 

 
T01 = 

N11 

D11 

where 

N11 = 01 
(p101 

p211 
+ p231 

) + 11 
+ 21 

p121 and D11 = p121 
p231 

 

Similarly, other system performance measures such as average uptime, 

average degradation time, total fraction of time the  repairman is engaged, 

the expected number of repairman visits is achieved this way. The stationary 

solutions for each phase and for the whole system are obtained as: 

Phase I Mean Up Time: 

 
 
 

Mean Degradation Time: 

 
UT01

 = 
N21 .

 

D21 

 
DT01

 

 
Busy Period of the Repairman: 

 
BR01

 

= 
N31 .

 

D21 

 

= 
N41 .

 

D21 

Expected Number of Visits by the Repairman: 1 

 
 
 

where 

 
VR01

 = 
N51 .

 

D21 

N11 = 01 
(p101 

p211   
+ p231 

) + 21   
+ 21 

p121 
; 

 

N21 = 01 
p101 

p211 
; N31 = 11 

p211 
+ 21 

p121 
; 
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N41 
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= 1 − p101 
p231 

+ p121
11 

+ p121
21 

+ p121 
p231

31 
; 

N51 = p101 
p211 

; D11 = p121 
p231 

; 
 

D21 
= 01 

p101 
p211 

+ 11 
+ p211 

+ 21 
+ 31 

p12 + 31 
p121 

p231 
; 

Phase II Mean Time to System Failure: 

 
 
 

Mean Up Time: 

 
 
 

Mean Degradation Time: 

 
T22

 

 

 
UT22

 

 
 

DT22
 

= 
N12  .

 

D12 

 

= 
N22 .

 

D22 

 

= 
N32 .

 

D22 

Busy Period of the Repairman: 

 
BR22

 

 
= 

N42 .
 

D22 

Expected Number of Visits by the Repairman: 

 
 
 

where 

 
VR22

 = 
N52  .

 

D22 

N12 = 42 
; N22

 = 42 
; N32

 = 0; N42
 = 1 + 51 

; N52
 = 1; 

D12 = 1; D22
 = 42   

+ 52
 

 

Phase III Mean Time to System Failure: 

 
T73 = 

N13 .
 

D13 
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Mean Up Time: 

3123 

 
 
 

Mean Degradation Time: 

 
UT73

 = 
N23  .

 

D23 

 
DT  = 

N3 3  .
 

 
 

7 3 
 
 

Busy Period of the Repairman: 

 
BR = 

D23 

 

N43 .
 

 
 

73 D23 

Expected Number of Visits by the Repairman: 

 
 
 

where 

 
VR73

 = 
N53  .

 

D23 

N13 = 63 
(p763 

p873  
+ p893 

); N23 = 63 
p763 

p873 
; 

 

N33 = 73 
p783 + 83 

p783 
; N43 = 1 − p763 

p893 + p873 

+ p783 
83 

+ p783 
p893 

93 
; 

N53 = p763 
p873 

; D1 = p783 
p893 

; 
 

D23 = 63 
p763 

p873 + 73 
p873 + 83 

p783 + 93 
p783 

p893 

Using the results of above three phases, combined result of the whole 

system is: 

Mean Time to System Failure: 

 
 

 
Mean Up Time: 

 
T0 = 

N1 .
 

D1 
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Mean Degradation Time: 

UT0  = 

 

 

DT0  = 

N2 .
 

D2 

 
 
N3 .

 

D2 
 

Busy Period of the Repairman: 

 
BR0 = 

 
N4 .

 

D2 
 

Expected Number of Visits by the Repairman: 5 

 
 

 
where 

 
VR0 = 

N5 .
 

D2 

N1 = 42 
01 

(p101 
p211 

+ p231 
) + 11 

+ 21 
p121 

 

63 
(p763 

p873 
+ p893 

) + 73 
+ 83 

p783 
; 

N2 = 01
42 

63 
p101 

p211 
p763 

p873 
; N3 = 0; 

N4 = 1 + 52 
1 − p101 

p231 
+ p211 

11 
+ p121 

+ 21 
+ p121 

p231 
31 

 

1 − p763 
p893 

+ p873 
73 

+ p783 
83   

+ p783 
p893 

93 
; 

 

N5  = 

and 

p101 
p211 

p761 
p873 

D1 = p121 
p231

42 
63 

(p763 
p873 

p893 
) + 73 

+ 83 
p783 

 

+ 01 
(p101 

p211 
+ p231 

) + 11 
+ 21 

p121 
 

63 
(p763 

p873 
+ p893 

) + 73 
+ 83 

p783 
 + p783 

p893 
42 

01 
(p101 

p211 
+ p231 

) + 11 
+ 21 

p121 

D2 = (42 
+ 52 

) 01 
p101 

p211 
+ 11 

p211 
+ 21 

p121 
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p121 

p231 
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63 
p763 

p873 + 73 
p873 + 83

 + p783 + 93 
p783 

p893 
 

 

VI. Profit Incurred To The System 
 

The expected total profit  (P0 ) 

given by 

incurred to the system in steady state is 

P0 = C0UT0 + C1DT0 − C2BR0 − C3VR0 − C4 , 

where 

C0 = revenue per unit up time of the system. 

C1 = revenue per unit degradation time of the system. 

C2 = cost per unit of busy period of the repairman. 
 

C3 = cost per visit of the repairman. 

C4 = installation cost 

 
VII. Numerical Computation and Graphical Analysis 

 

The following particular case and values of parameters are considered for 

graphical purpose: 

gi (t) = ie
−it where i = 1, 2, 3 

For the analysis purpose, various graphs have been plotted for mean time 

to system failure  (T0 ), mean up time  (UT0 ) and profit (P0 ) of the system 

with respect to various estimated and assumed values of the failure rates 

(1 , 2 , 3 )  and  repair  rates   (1, 2, 3 ) and  various  costs  is  studied  by 

plotting various graphs. 
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Figure 2. Mean up time of the system versus failure rate for phase II (2 ) 

for different values of failure rate for phase III (3 ). 

Taking assumed  values  of  other  parameters:  failure  rate  for  phase 

I (1 ) = 0.003, repair  rate  for  phase I (a1 ) = 3, repair  rate  for  phase 

II (a2 ) = 4, repair rate for phase III (a3 ) = 5. 

 

Figure 3. Mean up time of the system versus repair rate for phase I(a1 ) 

for different values of repair rate for phase III(a3 ). 

Taking assumed  values  of  other  parameters:  failure  rate  for  phase 

I(1 ) = 0.003, failure rate for phase II(2 ) = 0.004, failure rate for phase 

III(3 ) = 0.005, repair rate for phase II(2 ) = 4. 
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Figure 4. Profit incurred to the system versus revenue per unit uptime (C0 ) 

of the system for different values of installation cost (C4 ). 

The  assumed   values   of   other   parameters:   failure   rate   for   phase 

I (1 ) = 0.003, failure rate for phase II(2 ) = 0.004, failure rate for phase 

III(3 ) = 0.005, repair  rate  for  phase I(a1 ) = 3, repair  rate  for  phase 

II(a2 ) = 4, repair rate for phase III(a3 ) = 5, C1 = Rs.30, 000, C2 = Rs.1000, 

C3 = Rs.800. 

 

VIII. Conclusion 

 
The conclusion derived from Figure 2 to Figure 4 are as under: 

Figure 2. Mean up time (UT0 ) of the system declines with increment in 

values of the failure rate for phase 

values of failure rate for phase III(3 ). 

II(2 ) and also declines with higher 

Figure 3. Mean up time (UT0 ) of the system inclines with increment in 

values of the repair rate for phase 

repair rate for phase III(a3 ). 

I(a1 ) and inclines with higher values of 

Figure 4. Profit incurred to the system inclines with increment in the 

values  of  revenue  per  unit  uptime  (C0 ) 

higher values of installation cost  (C4 ).  Also 

of the system and declines with 
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Table 2. Revenue per unit uptime V/S installation cost. 
 

 
C4 = 15,000 C4 = 20,000 C4 = 20,000 

C0 > or < or = 

Rs.15135.5919 

> or < or = Rs. 

20180.7866 

> or < or = Rs. 

25225.9824 
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ABSTRACT 
 

The present paper deals with cost-benefit analysis of a stochastic model on three-dissimilar units three phased 
mission system in which the system carries out different tasks at different phases. Therefore the system 
configuration varies depending upon the requirement at the phases. The unit’s configuration in the system is 
considered as parallel, series and parallel respectively in three consecutive phases. Initially, the three dissimilar units 
are operational. Each component has only three states: good, degraded and failed. In this case, the repair priority is 
given to the failed unit in the developed model, that is, the Last Come First Serve (LCFS) repair pattern is followed 
for the failed unit. Using Semi-Markov Process and regenerative point techniques, various measures of the system at 
each phase are obtained. As operating life of the system consists of series of time intervals at different phase, the 
reliability of the whole phased mission system is also evaluated. The system is analyzed plotting various graphs and 
various conclusions regarding the reliability of the system at each phase as well as for the whole system (as 
combined Phase I, Phase II, Phase III). The reliability of a phased mission system is the probability that the mission 
successfully achieve the entire submission objective in each phase. 

 
Keywords: Three phased mission system, series configuration, profit, Semi-Markov and regenerative point 
techniques. 

 
INTRODUCTION 

 
A phased mission system is a system that performs a sequence of different tasks in different time periods. This is a complex 
system whose mission (task) is divided into a number of consecutive time periods (phases). It consists of multiple, 
consecutive and non-over lapping phases (time periods) of operations, in which the system’s configuration, the phase 
duration, system performance, components’ behavior, the parameters such as failure rates, repair rates etc. of the 
components may be different. As the failure of the PMS can be hazardous, the reliability evaluation of a PMS is essential 
before it is putted into operation. The reliability of a phased mission system is the probability that the mission successfully 
achieve the entire submission objective in each phase. 

 
An example of a phased-mission system is a modern aircraft flight [1] that has to take passengers from one airport to 
another. This system includes several phases as taxiing to the runway, take-off, and ascent (Climb), Cruise (level flight), 
descent, landing and taxiing to the terminal. Each phase of the aircraft flight has a different configuration, reliability 
requirement and behavior. The dynamic structure and configuration of aircraft flight (PMS) usually requires distinct model 
for each phase. Other systems of the phased are flight systems in space, communication systems, water supply systems, 
boiling water reactor systems [2,4] etc and the reliability evaluation of PMS has attracted many researchers. Many efficient 
kinds of reliability evaluation methods and techniques have proposed such as analytical methods (binary decision diagrams, 
fault tree), Markov (State-Space) method, Petri-Nets and Simulation method, etc. As research continues, more literature has 
addressed the reliability analysis of PMS with more complicated cases, such as with repairable component, imperfect fault 
coverage, common cause failures. Several reliability models for analyzing such systems using synthetic modeling and 
separate phase modeling have been developed and reported in the literature including [1]-[15]. But work in the direction of 
stochastic modelling of Phased Mission System remains unattended in the literature. With this in mind, the paper deals with 
the analysis of a stochastic model in a three-phased mission system of three dissimilar units in relation to its reliability, 
availability and cost consideration. 

MODEL DESCRIPTION 
 

In the present paper, a three phased-mission system is analyzed through the stochastic separate phase modeling. In the 
model, three dissimilar units are considered in parallel, series and parallel configurations respectively in three consecutive 

18. Dr. Sudesh Kumari “Cost-benefit Analysis of a Stochastic Model on Three-Dissimilar Units Three Phased   
         Mission System” Year 2021 
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phases. Initially, the three units in a phase are assumed to be operative. If any one of unit fails, it goes for repair to the 
single repair facility. The system gradually degrades. It is assumed therefore, that the failure rate and hence repair rate in 
successive phases varies, however within the phase remains constant. It is assumed that the failed later is repaired first ie. 
the Last Come First Serve (LCFS) repair pattern is followed for the failed unit.. If all the units fail, the system goes to 
completely failed state. As operating life of the system consists of a series of separate time intervals and hence phases, the 
reliability of whole phased mission system is taken as the combined reliabilities of these phases. The phase III is assumed 
as phase I but rates are taken different. Various measures of system performance are obtained by using Semi-Markov 
Process and regenerative points technique and the model is analyzed graphically. 

 
Other essential assumptions made in formulating the model are: 

1. Failure rates and repair rates for a particular phase are constant, but can change in an individual phase. 
2. The system is as good as new after every repair. 
3. The time to failure of a unit is distributed exponentially, while the other time distributions are general. 
4. The transition times between consecutive phases are instantaneous. 
5. Switching is perfect and instant. 
6. All random variables are mutually independent. 

 
Table: 1. Notations Used In Developed Model and Description of the Model 

 

Notation Description 

λij Failure rate of ith unit in the jth phase (i = 1,2,3 & j=1,2 ,3 ) 

βij Repair rate of ith unit in the jth phase (i = 1,2,3 & j=1,2 ,3 ) 

Fir ith unit is failed and is under repair 
Fiw ith unit is failed and waiting for repair 

gij (t) Pdf of time for repair of ith unit in jth phase (i = 1,2,3 & j=1,2 ,3 ) 

Gij(t) Cdf of time for repair of ith unit in jth phase (i = 1,2,3 & j=1,2,3 ) 

qijφj(t)/Qijφj(t) Probability density function (P.d.f.)/Cumulative distribution function (C.d.f.) of the first 
passage time from a regenerative state i to a regenerative state j or to a failed state j without 
visiting to any other regenerative state in (0,t]. 

pijφj (t)/ pijφj 
(k)(t) Transition probability from regenerative state i to a regenerative state j without visiting any 

other state/and that of visiting state k once in (0,t] respectively. 
µ iφj  Mean sojourn time in regenerative state i before transiting to any other state. If T i denote the 

sojourn time in state i, then mean sojourn time in state i is 
 

i (t) =  
0 

P (Ti > t) dt 

 

UTi(t)  Probability that the system is in up-state at instant t given that the system entered regenerative 
state i at time t = 0. 

DTiφj (t)  Probability that the system is in degraded state at instant t given that the system entered 
regenerative state i at time t = 0. 

BRiφj (t)  Probability that a repairman is busy in repairing the failed unit at instant t, given that the 
system started from the regenerative state i at t = 0. 

VRiφj (t) Expected number of visits by the repairman at instant t, given that the system started from 
the regenerative  state  i at t = 0. 

Muiφj (t)  Probability that the system is up initially in regenerative state i without passing through any 
regenerative state or returning to itself through one or more non- regenerative states. 

Mdiφj (t) Probability that the system is down initially in regenerative state i without passing through 
any regenerative state or returning to itself through one or more non- regenerative states. 

Wiφj (t) Probability that the repairman is busy with the system initially in regenerative state i at time t 
without passing through any regenerative state or returning to itself through one or more non- 
regenerative states. 

g1(t)/ g2(t)/ g3(t)   Pdf of time for repair of unit in jth phase ( j=1,2 ,3 ) resp. 
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STATE TRANSITION DIAGRAM 
 

The transition diagram consists of three phases viz phase I, phase II, phase III, depicting the various states of the system is 
shown in the fig. 1. Initially the system is in working where all the phases are operative. The initial states 0, 10 & 14 are 
operative. The epochs of entry into all the states in three phases are regenerative points and hence all these are taken as 
regenerative states. The states 1, 2, 3, 4, 5, 6, 15, 16, 17, 18, 19 and 20 are degraded. States 7, 8, 9 in phase I, states 11, 12, 
13 in phase II and states 21, 22, 23 in phase III are failed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

9   23 

1 
 

 

 

 
Operative State 

2 

 

 

3 

Degraded State 
 

 Failed State 
 

 Regenerative Point 

Fig. 1:Three-phased mission system having three-dissimilar units with parallel-series-parallel configurations based 
on LCFS repair pattern 

G1(t)/ G2(t)/ G3(t) Cdf of time for repair of unit in jth phase ( j=1,2 ,3 ) resp. 

i (t) Time duration of ith phase ( i = 1, 2, 3) 

* Symbol for Laplace Transform e.g. 

f*(s) = e−st f(t) dt = e−st dF(t) 

  

0 0 

** Symbol for Laplace-Stieltjes Transform e.g. 

F**(s) = e−st dF(t) = e−st f(t) 

  

0 0 

© Symbol for Laplace Convolution, e.g. 
t 

a(t) © b(t) =  a(u) b(t - u) du 
0 

Symbol for Stieltjes Convolution, e.g. 
t 

a(t) B(t) =  A(u) B(t-u) du 
0 

States of Statistical Model 
O 
Fr 

Fw 

Operative Unit 
Unit is failed and is under repair 
Unit is failed and is waiting for repair 
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TRANSITION PROBABILITIES AND MEAN SOJOURN TIME 
 

Various transition probabilities in steady state for each phase are obtained as: 
Phase I p = 

λ1 ; 
 

p = 
λ2 ; 

 

011 
λ1 + λ21

 + λ31
 

021 
λ1 + λ21

 + λ31
 

p03 
= 

λ1 

λ3 

+ λ2 

; 
+ λ31

 

p10 =p63 

 
* 
11 (λ21  

)  ; 

p14 =p69 = 1− g* 
1 
(λ21  

) ; p20 =p41 
* 
21 (λ31  

)  ; 
p25 = p47 = 1− g* 

1 
(λ31  

); p30 =p52 
* 
31 (λ11  

)  ; 

p36 =p58 
=1− g* 

1 
(λ11  ) 

By these transition probabilities, it can be established that 
p01 + p02 + p03 =1 ; p10 + p14 =1 ; 

1 1 1 1 1 

p20 + p25 =1 ; p30 + p36 =1 ; 
1 1 1 1 

p41 + p47 =1 ; p52 + p58 =1 ; 
1 1 1 1 

p63 + p69 =1 ; p74 = p85 =p96    =1 
1 1 1 1 1 

 

Phase II 
p = λ1 ; p = 

λ2 ; 
 

10,112 λ1 + λ22
 + λ32

 

10,122 λ1 + λ22
 + λ32

 

p = 
2 

12 

λ3 

+ λ2 

; 
+ λ32

 

 
* 

11,102 12 

p12,10   =g2 (0) ; p13,10 = g3 (0) 
By these transition probabilities, it can be established that 
p10,11 + p10,12 + p10,13 =1 ;  p11,10 = p12,10 =p13,10  =1 

2 2 2 2 2 2 
 

Phase III 
p = λ1 ; p = 

λ2 ; 
 

14,153 
λ1 + λ23

 + λ33
 

14,163 
λ1 + λ23

 + λ33
 

p14,17 
= 

λ1 

λ3 

+ λ2 

; 
+ λ33

 

p15,14 =p20,17 

 
* 
13 (λ23  

) ; 

p15,18 =p20,23 = 1− g* 
3 
(λ23  

) ; p16,14 =p18,15 
* 
23 (λ33  

); 

p16,19 = p18,21 = 1− g* 
3 
(λ33  

); p17,14 =p19,16 
* 
33 (λ13  

) ; 
p17,20 =p19,22 

=1− g* 
3 
(λ13  ) 

By these transition probabilities, it can be established that 

1 1 

1 

1 

1 

1 

1 1 
= g 

1 1 1 1 
= g 

1 1 1 1 
= g 

1 1 

2 2 

2 

2 

3 3 

3 

3 

3 

3 

3 3 
= g 

3 3 3 3 
= g 

3 3 3 3 
= g 

3 3 

; 
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p14,15 + p14,16 + p14,17 =1 ; p15,14 + p15,18 =1 ; 
3 3 3 3 3 

p16,14 + p16,19 =1 ; p17,14 + p17,20 =1 ; 
3 3 3 3 

p18,15 + p18,21 =1 ; p19,16 + p19,22 =1 ; 
3 3 3 3 

p20,17 + p20,23 =1 ; p21,18 = p22,19 =p23,20   =1 
3 3 3 3 3 

 
 
 

Mean Sojourn Time and Unconditional Mean Time for each phase are obtained as: 
Phase I m01 + m02 + m03 =0 ; m10 + m14 =1 ; 

1 1 1 1 1 1 1 

m20 + m25 =2 ; m30 + m36 =3 ; 
1 1 1 1 1 1 

m41 + m47 =4 ; m52 + m58 =5 ; 
1 1 1 1 1 1 

m63 + m69 =6 ; m74 =7 ; 
1 1 1 1 1 

m85 =8 ; m96 =9 
1 1 1 1 

 

m10,11 + m10,12 + m10,13 =10 ; m11,10 =11 ; 
Phase II 2 2 2 2 2 2 

m12,10 =12   ; m13,10 =13 
2 2 2 2 

Phase III m14,15 
+ m14,16 + m14,17 =14 ; m15,14 + m15,18 =15 ; 

3 3 3 3 3 3 3 

m16,14 
+ m16,19 =16 ; m17,14 

+ m17,20 =17 ; 
3 3 3 3 3 3 

m18,15 
+ m18,21 =18 ; m19,16 

+ m19,22 =19 ; 
3 3 3 3 3 3 

m20,17 
+ m20,23 =20 ; m21,18 =21 ; 

3 3 3 3 3 

m22,19 =22 ; m23,20 
=23 

3 3 3 3 

 
 

MEASURES OF SYSTEM PERFORMANCE 
 

A. Mean Time to System Failure 
To calculate the mean time to system failure (MTSF), the failure state is considered as an absorbing state. Using 

probabilistic arguments, we obtain the following recursive relations for each phase for: 

Phase I   Φ (t) = Q (t) Φ (t) + Q (t) Φ (t) + Q (t) Φ (t) 
0 1 01 1 1 1 02 1 2 1 03 1 3 1 

 

Φ (t) = Q (t) Φ (t) + Q (t) Φ (t) 
1 1 10 1 0 1 14 1 4 1 

Φ (t) = Q (t) Φ (t) + Q (t) Φ (t) 
2 1 20 1 0 1 25 1 5 1 

Φ (t) = Q (t) Φ (t) + Q (t) Φ (t) 
3 1 30 1 0 1 36 1 6 1 

Φ (t) = Q (t) 
4 1 41 1 

Φ (t) + Q (t) 
1 1 47 1 

 

Φ (t) = Q (t) 
5 1 52 1 

Φ (t) + Q (t) 
2 1 58 1 

 

Φ (t) = Q (t) 
6 1 63 1 

Φ (t) + Q (t) 
3 1 69 1 

 

Taking L.S.T of these equations and using L’Hospital’s rule, we get 
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1 1 1 1 1 1 

1 1 1 1 1 1 1 1 

1 

  

1 

1 1 

1 1 1 

 

T = 
N1 

 

 
where 

01 

 
 

N1 

D1 

= 0 (1− p14 p41 )(1− p25 p52 )(1− p36 p63 ) + p01 (1 

 
+4 p14 ) 

1 1 1 1 1 1 1 1 1 1 1 1 

(1− p25 p52 )(1− p36 p63 ) + p02 (2 +5 p25 )(1− p14 p41 )(1− p36 p63 ) 
1 1 1 1 1 1 1 1 1 1 1 1 

+ p03 (3 +6 p36 )(1− p14 p41 )(1− p25 p52 ) 
1 1 1 1 1 1 1 1 

 

and 
D1 = (1− p14 p41 )(1− p25 p52 )(1− p36 p63 ) − p01 p10 (1− p25 p52 ) 

1 1 1 1 1 1 1 1 1 1 1 

(1− p36 p63 ) − p02 p20 (1− p14 p41 )(1− p36 p63 ) 
− p03 p30 (1− p14 p41 )(1− p25 p52 ) 

Similarly, other system performance measures such as average uptime, average degradation time, total fraction of time the 
repairman is engaged, the expected number of repairman visits is achieved this way. The stationary solutions for each phase 
and for the whole system are obtained as: 

 
Phase I Mean Up Time: UT = 

N2
 

 

 

 
Mean Degradation Time: 

01 

 
 

DT 

D2 

= 
N3 

 

 

 
Busy Period of the Repairman: 

01 

 
 

BR 

D2 

= 
N4 

 

 

 
Expected Number of Visits by the Repairman: 

01 

 
 

VR 

D2 

= 
N5 

 

 

Where 

 

N2 

 
= 0 p10 p20 p30 p41 p52 q63 ; 

01 D2 

1 1 1 1 1 1 1 1 

N31  = p101
p411

{(61  + p63 31 )p031
p201

p361
p521  + (51  + p52 21 )p021

p251
p301

p631
} 

+ p20 p52 p30 p63  (p01 1   + p02 2   + p03 3  )p10 p41   +  p01 p14  (4   + p41 1  ); 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

N4 = p10 p20 p30 p41 p52 p63 
1 1 1 1 1 1 1 

(p011
11  + p021

21  + p03 31 ) + p011
p141 (41  + p41 11  + p47 71 ) 

+ p101
p411

{p021
p301

p251
p631 (51  + p521

21  + p581
81 ) 

+ p031
p201

p361
p521 (61  + p631

31  + p69 91 )}; 
N5 = p10 p20 p30 p41 p52 p63 ; 

1 1 1 1 1 1 1 

D2 = p41 p52 p63 (0 p10 p20 p30 +1 p01 p20 p30 +2 p02 p10 p30 +3

 

p03 p10 p20 ) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

+ p01 p14 p20 p30 p52 p63 (4 +7

 

p47 ) + p02 p10 p25 p30 p41 p63 (5 +8 p58 ) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

+ p03 p10 p20 p36 p41 p52 (6   +9 p69 ) 
1 1 1 1 1 1 1 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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  2   

  2   

( ) ( ) 

3 3 3 3 3 3 3 3 

 

 
Phase II Mean Time to System Failure: 

 
 

Mean Up Time: 

T10 

 
UT 

= 
N1 

D1 

= 
N2 

 

 

 
Mean Degradation Time: 

 
 

Busy Period of the Repairman: 

102 

 
 

DT10 

 
BR 

D2 

= 
N3 

D2 

= 
N4 

 

102 

 
 

Expected Number of Visits by the Repairman: VR 

D2 

= 
N5 

 

102 D2 

 

where  
N1 

 
= 10 

 
; N2 

 
=10 ; N3 

 
=0 ; 

2 2 2 2 2 

N4 = p10,11 11 + p10,12 12 + p10,13 13  ; 
2 2 2 2 2 2 2 

N5 =1 ; D1 = 1 ; 
2 2 

D2 = 10 + p10,11 11 + p10,12 12 + p10,13 13 
2 2 2 2 2 2 2 2 

 
Phase III Mean Time to System Failure: T = 

N1 
 

 

 
Mean Up Time: 

143 

 
 

UT 

D1 

= 
N2 

 

 

 
Mean Degradation Time: 

143 

 
 

DT 

D2 

= 
N3 

 

 

 
Busy Period of the Repairman: 

143 

 
 

BR 

D2 

= 
N4 

 

143 

 
 

Expected Number of Visits by the Repairman: VR 

D2 

= 
N5 

 

 
where 

14

3 D2 

N1 = 14 (1− p15,18 p18,15 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) + p14,15 (15 +18 p15,18 ) 
3 3 3 3 3 3 3 3 3 3 3 3 

(1− p16,19 p19,16 )(1− p17,20 p20,17 ) + p14,16 (16 +19 p16,19 )(1− p15,18 p18,15 ) 
3 3 3 3 3 3 3 3 3 3 

(1− p17,20 p20,17 ) + p14,17 (17 +20 p17,20 )(1− p15,18 p18,15 )(1− p16,19 p19,16 ) 
3 3 3 3 3 3 3 3 3 3 

N2 = 14 p15,14 p16,14 p17,14 p18,15 p19,16 q20,17 
3 3 3 3 3 3 3 3 

N33 = p15,143
p18,153

{ 203 + p20,173
173 p14,173

p16,143
p17,203

p19,163 + 193 + p19,163
163 

p14,16 p16,19 p17,14 p20,17 }+ p16,14 p19,16 p17,14 p20,17 

(p14,153
153  + p14,163

163  + p14,173
173 )p15,143 p18,153  +  p14,153

p15,183 (183  + p18,153
153 ) 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
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3 3 3 3 

3 3 3 3 3 3 3 3 3 3 

3 3 

N4 = p15,14 p16,14 p17,14 p18,15 p19,16 p20,17 
3 3 3 3 3 3 3 

(p14,153
153  + p14,163

163  + p14,173
173 ) + p14,153 p15,183  (183  + p18,153

153  + p18,213
213 ) 

+ p15,143 p18,153
{p14,163 p17,143 p16,193 p20,173  (193  + p19,163

163  + p19,223
223 ) 

+ p14,173 p16,143 p17,203 p19,163  (203  + p20,173
173  + p20,233

233 )} 
N5 = p15,14 p16,14 p17,14 p18,15 p19,16 p20,17 

3 3 3 3 3 3 3 
D1 = (1− p15,18 p18,15 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) − p14,15 p15,14 (1− p16,19 p19,16 ) 

3 3 3 3 3 3 3 3 3 3 3 

(1− p17,20 p20,17 ) − p14,16 p16,14 (1− p15,18 p18,15 )(1− p17,20 p20,17 ) − p14,17 p17,14 

(1− p15,18 p18,15  )(1− p16,19 p19,16 ) 
D2 =p18,15 p19,16 p20,17 (14 p15,14 p16,14 p17,14 +15 p14,15 p16,14 p17,14 +16 p14,16 p15,14 p17,14 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

+17  p14,17 p15,14 p16,14 ) + p14,15 p15,18 p16,14 p17,14 p19,16 p20,17 (18 +21 p18,21 ) 
3 3 3 3 3 3 3 3 3 3 3 3 3 

+ p14,16 p15,14 p16,19 p17,14 p18,15 p20,17 (19 +22 p19,22 ) 
3 3 3 3 3 3 3 3 3 

+ p14,17 p15,14 p16,14 p17,20 p18,15 p19,16 (20 +23 p20,23 ) 
3 3 3 3 3 3 3 3 3 

Using the results of above three phases, combined result of the whole system is: 

Mean Time to System Failure: T = 
N1

 
 

 
 

Mean Up Time: 

Mean Degradation Time: 

Busy Period of the Repairman: 

0 
 
 

UT0 

DT0 

BR0 

D1 

= N2 

D2 

= N3 

D2 

= N4 

D2 

 
 

where 

Expected Number of Visits by the Repairman: VR0 = N5 

D2 

N1 = 10 [0 (1− p14 p41 )(1− p25 p52 )(1− p36 p63 ) + p01 (1 +4 p14 )(1− p25 p52 ) 
2 1 1 1 1 1 1 1 1 1 1 1 1 1 

(1− p36 p63 ) + p02 (2   +5 p25 )(1− p14 p41 )(1− p36 p63 ) + p03 (3   +6 p36 ) 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 

(1− p14 p41 )(1− p25 p52 )][14 (1− p15,18 p18,15 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) 
1 1 1 1 3 3 3 3 3 3 3 

+ p14,15 (15 +18 p15,18 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) + p14,16 (16 +19 p16,19 ) 
3 3 3 3 3 3 3 3 3 3 3 3 

(1− p15,18 p18,15 )(1− p17,20 p20,17 ) + p14,17 (17 +20 p17,20 )(1− p15,18 p18,15 ) 
3 3 

(1− p16,19 p19,16 )] 

3 3 3 3 3 3 3 3 

N2 =[10 ][0 p10 p20 p30 p41 p52 q63 ][14 p15,14 p16,14 p17,14 p18,15 p19,16 q20,17 ] 
2 

N3 = 0 
1 1 1 1 1 1 1 3 3 3 3 3 3 3 
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1 1 1 1 1 1 3 3 3 3 3 3 

1 1 1 1 1 1 1 1 1 1 1 1 

2 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 3 3 3 3 3 3 3 

3 3 2 3 3 3 3 3 3 

3 3 3 3 3 3 3 3 1 1 1 

1 1 

N4 =[p10 p20 p30 p41 p52 p63 {(p01 1   + p02 2   + p03 3 ) +p01 p14 (4   + p41 1   + p47 7 ) 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

+ p10 p41 {p02 p30 p25 p63 (5   + p52 2   + p58 8 ) 
1 1 1 1 1 1 1 1 1 1 1 

+ p03 p20 p36 p52 (6 + p63 3 + p69 9 )}][p10,11 11   + p10,12 12   + p10,13 13 ] 
1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 

[p15,14 p16,14 p17,14 p18,15 p19,16 p20,17 {(p14,15 15 + p14,16 16 + p14,17 17 ) 
3 3 3 3 3 3 3 3 3 3 3 3 

+ p14,15 p15,18 (18 + p18,15 15 + p18,21 21 )} 
3 3 3 3 3 3 3 

+ p15,143 p18,153
{p14,163 p17,143 p16,193 p20,173  (193  + p19,163

163  + p19,223
223 ) 

+ p14,173 p16,143 p17,203
p19,163  (203  + p20,173

173  + p20,233
233 )}] 

N5 = p10 p20 p30 p41 p52 p63 p15,14 p16,14 p17,14 p18,15 p19,16 p20,17 

D2 =[p41 p52 p63 (0 p10 p20 p30 +1 p01 p20 p30 +2 p02 p10 p30 +3

 

p03 p10 p20 ) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

+ p01 p14 p20 p30 p52 p63 (4 +7

 

p47 ) + p02 p10 p25 p30 p41 p63 (5 +8 p58 ) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

+ p03 p10 p20 p36 p41 p52 (6 +9 p69 )][10 + p10,11 11 + p10,12 12 + p10,13 13 ] 
1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 

[p18,15 p19,16 p20,17 (14 p15,14 p16,14 p17,14 +15 p14,15 p16,14 p17,14 +16 p14,16 p15,14 p17,14 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

+17  p14,17 p15,14 p16,14 ) + p14,15 p15,18 p16,14 p17,14 p19,16 p20,17 (18 +21 p18,21 ) 
3 3 3 3 3 3 3 3 3 3 3 3 3 

+ p14,16 p15,14 p16,19 p17,14 p18,15 p20,17 (19 +22 p19,22 ) 
3 3 3 3 3 3 3 3 3 

+ p14,17 p15,14 p16,14 p17,20 p18,15 p19,16 (20 +23 p20,23 )] 
3 3 3 3 3 3 3 3 3 

D1 = 10 [(1− p14 p41 )(1− p25 p52 )(1− p36 p63 ) − p01 p10 (1− p25 p52 )(1− p36 p63 ) 
− p02 p20 (1− p14 p41 )(1− p36 p63 ) − p03 p30 (1− p14 p41 )(1− p25 p52 )] 
[14 (1− p15,18 p18,15 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) + p14,15 (15   +18 p15,18 ) 

3 3 3 3 3 3 3 3 3 3 3 

(1− p16,19 p19,16 )(1− p17,20 p20,17 ) + p14,16 (16 +19 p16,19 )(1− p15,18 p18,15 ) 
3 3 3 3 3 3 3 3 3 3 

(1− p17,20 p20,17 ) + p14,17 (17 +20 p17,20 )(1− p15,18 p18,15 )(1− p16,19 p19,16 )] 
3 3 3 3 3 3 3 3 3 3 

+[0 (1− p14 p41 )(1− p25 p52 )(1− p36 p63 ) + p01 (1 +4 p14 )(1− p25 p52 ) 
1 1 1 1 1 1 1 1 1 1 1 1 1 

(1− p36 p63 ) + p02 (2   +5 p25 )(1− p14 p41 )(1− p36 p63 ) + p03 (3   +6 p36 ) 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 

(1− p14 p41 )(1− p25 p52 )][14 (1− p15,18 p18,15 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) 
+ p14,15 (15   +18 p15,18 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) + p14,16 (16   +19 p16,19 ) 

3 3 3 3 3 3 3 3 3 3 3 3 

(1− p15,18 p18,15 )(1− p17,20 p20,17 ) + p14,17 (17 +20 p17,20 )(1− p15,18 p18,15 ) 
3 3 3 3 3 3 3 3 3 3 

(1− p16,19 p19,16 )] +10 [(1− p15,18 p18,15 )(1− p16,19 p19,16 )(1− p17,20 p20,17 ) 
− p14,15 p15,14 (1− p16,19 p19,16 )(1− p17,20 p20,17 ) − p14,16 p16,14 (1− p15,18 p18,15 ) 

3 3 3 3 3 3 3 3 3 3 

(1− p17,20 p20,17 ) − p14,17 p17,14 (1− p15,18 p18,15 )(1− p16,19 p19,16 )][0 (1− p14 p41 ) 
(1− p25 p52 )(1− p36 p63 ) + p01 (1   +4 p14 )(1− p25 p52 )(1− p36 p63 ) 

1 1 1 1 1 1 1 1 1 1 1 1 

+ p02 (2   +5 p25 )(1− p14 p41 )(1− p36 p63 ) + p03 (3   +6 p36 )(1− p14 p41 ) 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 

(1− p25 p52 )] 
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COST-BENEFIT ANALYSIS OF THE SYSTEM 
 

 
 

where 

The expected total profit (P0) incurred to the system in steady state is given by 

P0 = C0UT0 + C1DT0 −C2BR0 −C3VR0 −C4 ,, 

C0 = revenue per unit up time of the system. 
C1 = revenue per unit degradation time of the system. 
C2 = cost per unit of busy period of the repairman. 
C3 = cost per visit of the repairman. 
C4 = installation cost 

 
NUMERICAL COMPUTATION AND GRAPHICAL ANALYSIS 

 
 

The following particular case and values of parameters are considered for graphical purpose: 
g  (t) =  e−ijt where  i=1,2,3& j= , , ; 

ij ij 1 2 3 

Taking assumed values of parameters: 
failure rate for phase I (λ1 ) = 0.003, 
failure rate for phase II (λ2 ) = 0.004, 
failure rate for phase III (λ3) = 0.005, 
repair rate for phase I (α1) = 3, 
repair rate for phase II (α2 ) = 4, 
repair rate for phase III (α3) = 5, 
Various Costs : C0 = 30,000, C1 = 30,000, C2 = 1000, C3 = 800, C4 = 20000. 
Using the above particular case and the estimated values of various parameters, the values of measures of system 
performance have been computed as: 

 

  
Fig. 2 Profit versus Revenue per unit up time 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Profit versus Failure Rate 

Fig. 3 Profit versus failure rate 
 

 
Fig. 5 Profit versus Repair rate 
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CONCLUSION 
 

For the analysis purpose, various graphs have been plotted using the above particular case by giving numerical values to 
the parameters involved. Various costs is studied by plotting various graphs. The following conclusions have been drawn 
from the graphs: 

 
Fig.2 depicts the behavior of profit (P0) of the system with respect to revenue per unit uptime (C0) of the system for 
different values of installation cost (C4). From the graph, it can be concluded that Profit incurred to the system inclines with 
increment in the values of revenue per unit uptime (C0) of the system and declines with higher values of installation cost 
(C4). Also 

 
Table 2: Revenue per Unit Uptime V/S Installation Cost 

 
 C4 = 10,000 C4 = 15,000 C4 = 20,000 

C0 > or < or = Rs.15135.6171 > or < or = 
Rs. 20180.8242 

> or < or = 
Rs. 25226.0282 

 
hence to attain Profit, revenue per unit uptime (C0) of the system should be greater than the above cut-off points. 

 
The behavior of profit (P0) of the system with respect to failure rate (λ2φ1) for different values of failure rate (λ3φ2) is shown 
in Fig. 3 It is concluded that Profit incurred to the system declines with increment in the values of failure rate (λ2φ1) and also 
declines with higher values of failure rate (λ3φ2). 

 
Fig.4 conveys the behavior of profit (P0) of the system with respect to failure rate (λ1φ2) for different values of repair rate 
(α2φ1). From the graph, it can be concluded that Profit incurred to the system declines with increment in the values of failure 
rate (λ1φ2) and inclines with higher values of repair rate (α2φ1). 

 
Fig.5 reveals profit (P0) of the system with respect to repair rate (α2φ1) for different values of repair rate (α1φ3). From the 
graph, it can be concluded that Profit incurred to the system inclines with increment in the values of repair rate (α2φ1) and 
also inclines with higher values of repair rate (α1φ3). 

 
Thus, we have explained three phases and have drawn some graphs. From the graphs, it can be concluded that profit 
incurred to the system decreases as failure rate increases and has higher values for higher values of repair rates. Also, it has 
been concluded that the reliability evaluation of phased mission system (by taking a general system) using Markov 
Modeling is much easier than the other methods like that fault tree analysis and binary decision diagram etc. 

 
Further, the model discussed can be fitted by the designers/users to the real situations. While fitting this model, one can 
take estimated values of the parameters so that one can improve the reliability of the system. The limits of failure/repair 
rates are/can be obtained for the system to give higher reliability, availability and profit that is quite useful for both the 
system designer and the system user. 
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ABSTRACT 
 

In this article, we deal with the reliability and availability analysis of a stochastic model in a three-
phase mission system with three similar units. The developed system was considered in which 
the units operate in series, parallel and series configuration respectively. The single repair 
facility is expected to repair drives according to the FCFS (first come first serve) model. Using the 
semi-Markov process and regenerative point techniques, different measurements of the system 
performance are obtained in each step. The system was analyzed graphically by taking a 
particular case. Different conclusions were drawn on the reliability and cost consideration of the 
system in each phase, as well as for the whole system (such as combined Phase I, Phase II, 
Phase III). 

Keywords: three-phase mission system, series configuration, parallel configuration, reliability, Semi- 
Markov process, regenerative point techniques. 
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1. INTRODUCTION 

In various real-world applications, such as aerospace, communications networks, chemical control, 

electronics, transportation, and nuclear power, a mission can contain several tasks or phases that 

must be performed in sequence. Most reliability analyzes perform a mission in phases during which 

system configuration, success criteria, and component behavior remain similar. But multiple stages 

apply in many applications. Multi-phase systems perform a mission that can be divided into 

consecutive time periods (phases). At each stage, the system must perform a specific task over 

different time periods, subject to different environmental conditions and success criteria. Compared to 

single-phase systems, system configuration, phase duration, operational requirements for individual 

components, system performance, component behavior, success criteria and parameters such as 

failure rates and component repair rates may vary from phase to phase. Such systems are known as 

phased mission systems and have been studied by many researchers. Among the latest 

developments on phased mission systems, Esary and Ziehms (1975) discussed the reliability analysis 

of phased mission systems during the dependent phases of a mission that has several independent 

components. Alam and Al-Saggaf (1986) developed a technique for assessing the reliability of phased 

mission systems using the Markov approach during which system criteria and failure rates of all 

components can vary from phase to phase. Dugan (1991) suggested an automated analysis of the 

phased mission system that has a single Markov chain with a state space that is suitable for joining 
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the state spaces of the individual phases. Bouissou et al. (2005) presented the reliability analysis of a 

phased dynamic mission system. Tang and Dugan (2006) proposed an algorithm based on a binary 

decision diagram for the reliability analysis of phase-based mission systems that have multimodal 

failures. Nowakowski (2011) studied the basic problems related to the reliability of multiphase 

systems, including logistics and transport systems. Haung et al. (2019) presented and applied the 

survival signature to assess the reliability of PMS with multiple types of components. A series of 

practical systems that operate in this sequential manner such as: electronic power transformers, 

multi-generator power system, nuclear power plant, flight of an airplane, aerospace and distributed 

computer systems. For example, an airplane mission has many phases, including tax, takeoff, cruise, 

descent, and landing phases (Tang and Dugan, 2006). 

In the literature, researchers (Andrews and Dunnett, 2000; Mura and Bondavalli, 2001; tang and 

Dugan, 2006; Chew et al., 2008) have focused on the problem of the phase mission system, using 

mainly the analysis of fault tree, Boolean algebra and Petri nets. All of these techniques are limited by 

the size of the problem. When configuring system reliability is complicated and the number of 

components is large, especially when it is necessary to evaluate system reliability from multiple 

mission cycles, the use of these techniques will not be easy or straightforward. These techniques are 

suitable when modeling is non-repairable phased mission systems. These techniques avoid blowing 

up state space. The Markov model is a powerful tool in reliability engineering. The Markov model 

analyzes the system by identifying all the different states in which the system is able to produce 

precise measures of system reliability by assigning transition rates between states. Markov-based 

approaches capture functional dependencies between components and the required order of failures. 

It is the Markov Reliability analysis of the staged mission system that provides a numerical result of 

the staged mission system with graphical interpretation. 

Taking this point of view, the paper deals with the reliability and availability analysis of a stochastic 

model in a three-phased mission system of three similar units. 

 
2. DESCRIPTION OF THE MODEL 

The model is based on a separate phased model. The system in which the units operate in series, 

parallel and series respectively has been considered. Initially, three similar units are operational in all 

respective phases. If any of the units fail, the repairman repairs them. The single repair facility that 

repairs units according to the FCFS (first come first serve) has been considered. The system works 

slowly and goes into a state of degradation. Hence, it is assumed that the failure rate and hence the 

repair rate in later phases varies, however within the phase it remains constant. If all units fail, the 

system shuts down and goes to the completely failed state. The reliability of the entire phased mission 

system is considered the combined reliability of these phases. Phase III is assumed to be Phase I but 

rates are taken differently. 

Other essential assumptions made in formulating the model are: 

1. Failure rates and repair rates for a particular phase are constant, but can change in a single phase. 

2. The system is as good as new after each repair. 

3. The time until a unit fails is distributed exponentially, while the other time distributions are general. 

4. The transition times between consecutive phases are instantaneous. 

5. Switching is perfect and instant. 

6. All random variables are mutually independent. 

Table 1 shows notations used in developed model and description of the model. 

Table 1: Notations 
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Notations Description 

λ1/ λ2/ λ3 Failure rate of unit in jth phase ( j = 1, 2, 3) resp. 

β1/ β2/ β3 Repair rate of unit in jth phase ( j = 1, 2, 3) resp. 

qijφj(t)/ Qijφj (t) Probability density function (P.d.f.) / Cumulative distribution function 

(C.d.f.) of the first time passage from a regenerative state i to a 

regenerative state j or to a failed state j without visiting any other 

regenerative state in (0, t]. 

pijφj (t)/ pijφj (k)(t) Probability of transitioning from regenerative state i to regenerative 

state j without visiting any other state / and that of visiting state k 

once in (0, t] respectively. 

μiφj Mean sojourn time in the regenerative state i before moving to any 

other state. If Ti denotes the time spent in state i, then the average 

time spent in state i is 
 

i (t) =  
0 

P (Ti > t) dt 

UTi(t)  Probability that the system is in the active state at time t since the 

system entered the regenerative state i at time t = 0. 

DTiφj (t) Probability that the system is in a degraded state at time t given that 

the system entered the regenerative state i at time t = 0. 

BRiφj (t) Probability that a repairman is busy repairing the failed unit at time t, 

since the system started from the regenerative state i at t = 0. 

VRiφj (t) Expected number of visits by the repairman at instant t, given that the 

system started from the regenerative state i at t = 0. 

Muiφj (t) Probability that the system is initially in a regenerative state i without 

passing through a regenerative state or returning to itself through one 

or more non-regenerative states. 

Mdiφj (t) Probability that the system is initially inactive in the regenerative state 

i without passing through a regenerative state or returning to itself 

through one or more non-regenerative states. 

Wiφj (t) Probability that the repairman is engaged with the system initially in 

the regenerative state i at instant t without going through any 

regenerative state or returning to himself through one or more non- 

regenerative states. 

g1(t)/ g2(t)/ g3(t) Pdf of time for repair of unit in jth phase ( j = 1,2,3) resp. 

G1(t)/ G2(t)/ G3(t) Cdf of time for repair of unit in jth phase ( j = 1, 2, 3) resp. 

j (t) Time duration of jth phase (j = 1, 2, 3) 
 

C0 Revenue per unit up time of the system. 

C1 Revenue per unit degradation time of the system. 



International Journal of Mathematics and Statistics 

129 

 

 

 
 

C2 Cost per unit of busy period of the repairman. 

C3 Cost per visit of the repairman. 

C4 Installation cost 

* Symbol for Laplace Transform e.g. 
  

f*(s) = e−st f(t) dt = e−st dF(t) 
0 0 

** Symbol for Laplace-Stieltjes Transform e.g. 
  

F**(s) = e−st dF(t) = e−st f(t) 
0 0 

© Symbol for Laplace Convolution, e.g. 
t 

a(t) © b(t) =  
0 

a(u) b(t - u) du 

Symbol for Stieltjes Convolution, e.g. 
t 

a(t) B(t) =  
0 

A(u) B(t-u) du 

 
 

 

The matter of table 2 shows the states used in developed model. 

 
Table 2: States of Statistical Model 

States Description 

O Operative Unit 

Fr Unit is failed and is under repair 

FR Failed unit is repair continuing from previous state 

Fw Unit is failed and waiting for repair 
 
 
 

Figure 1. shows various transition states of the system. Initially the system works where all phases 

are operational. The epochs of entry to states 0, 1 in phase I, states 2, 3, 6 in phase II and states 7, 8 

in phase III are regenerative points and are therefore considered regenerative states. States 3, 4 and 

6 are degraded. State 1 in phase I, state 5 in phase II, and state 8 in phase III fail. 
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FR , FW , FW 
5 

g2(t) 

λ2 λ2 

FR , FW , O 
4 

O , Fr , FW 
6 

g2(t) 

2λ2 

g2(t) 

Fr , O, O 
1 

g1(t) 
3λ1 

Fr , O, O 
3 

3λ2 
g2(t) 

Fr , O, O 
8 

g3(t) 
3λ3 

 
 

3. STATE TRANSITION DIAGRAM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O, O, O O, O, O O, O, O 
0 2 7 

1 2 3 

 

 
Operative State Degraded State 

 

 Failed State Regenerative Point 

Figure. 1. State Transition Diagram 
 
 
 

4. TRANSITION PROBABILITIES AND MEAN SOJOURN TIME 

For each phase, various transition probabilities are obtained such as: 

Phase I 
dQ01   ( t) = 3λ e−3λ1tdt ; dQ (t) =g (t)dt 

1 1 

Phase II 
101 1 

dQ23   ( t) = 3λ  e−3λ2 tdt ; dQ (t) = g ( t)e−2λ2 tdt   ; 
2 

dQ(4) 

2 322 

( t) =[2λ  e−2λ2 t
e−λ 2t ]g  (t) dt  ; dQ(4) 

2 

( t) =[2λ  e−2λ2t
e−λ 2t ]λ  G  (t) dt  ; 

332 2 2 352 2 2      2 

dQ(4,5) ( t) =[2λ  e−2λ2 t
λ  e−λ2 t

1]g  (t)dt ; dQ ( t) = g ( t) e−λ2 tdt  ; 
362 2 2 2 632 2 

dQ65 ( t) = λ  e−λ2 t G  (t) dt  ; dQ(5) ( t) =[λ  e−λ2 t
1]g  (t)dt 

2 2 2 

Phase III 
662 2 2 

dQ78 ( t) = 3λ3e−3λ3tdt ; dQ 
 

873 
(t) =g3 (t)dt 

Taking Laplace's Stieltjes transforms from the previous derivations, we get the non-zero element pij 

are given by (Table 3): �୧୨ ൌ   ��� כ� ሺ�ሻ ൌ   ���Qככሺ�ሻ 
ୱ՜ 

୧୨ ୱ՜ 
୧୨
 

1 

3 
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1 

1 1 1 1 

= 2 2 

2 

2 2 2 2 2 

+ m = m 2 1 

3 

3 3 3 3 

 

 

Table 3: Various Transition Probabilities in steady state are obtained as: 

Phase I 
p01 = p10 =1 

1 1 
 

Phase II 
p23 = 1 ; p32 =g* (2λ2 ) ; p(4) = 2[g* (λ2 ) − g* (2λ2 )] ; 

2 2 2 332 2 2 

p(4) = p(4,5) = 1 − 2g* (λ ) + g* (2λ ) ; p =g* (λ ) ; p =p(5) = 1 −g* (λ ) 
352 362 2 2 2 2 632 2 2 652 662 2 2 

By these transition probabilities, it can be established that 
p23 =1 ; p32 + p(4) + p(4) =1 ; p32 + p(4) + p(4,5)   =1; 

2 2 332 352 2 332 362 

p63   + p65    = 1; p63 + p(5)   = 1 
2 2 2 

Phase III 
662 

p78 = p87 =1 
3 3 

 

Table 4. Mean Sojourn Time and Unconditional Mean Time are obtained as: 

Phase I 

Mean Sojourn Time 0 
=

 1 ; 
3λ1 

1 
= − g*' (0) 

Unconditional Mean Time m01    =0 ; m10  =1 

 

Phase II 

Mean Sojourn Time 
 

22 

 
=

 1 ; 3λ 

 
32 

1 − g* (2λ ) 
;
 

2λ 
2 2 

4 = 6 = 
1 − g* (λ2 ) 

 

 
Unconditional Mean Time 

2 2 

 

m23    =2 

λ2 

; m63   + m65   =6 

m32 

(4) 
332 

( 4,5) 
362 632 

(5) 
662 

= −g*' (0) = k ; 

m + m(4) + m( 4) = 
3 − 4g* (λ2 ) + g* (2λ 

) 
= k 

 

 
Phase III 

Mean Sojourn Time 

322 

 
 
 

7 

332 

 
 

=
 1    ; 
3λ3 

352 

 
 
 

8 

2 2 2 

2λ2 2 

= − g*' (0) 

Unconditional Mean Time m78    =7 ; m87   =8 

5. MEASURES OF SYSTEM PERFORMANCE 

Phase I 

To calculate the mean system failure time (MTSF), the failure state is considered as an absorbing 

state. Using probabilistic arguments, we obtain the following recursive relations for: 

Φ 
 1 

ሺ�ሻ ൌ   Q   
ଵ 1 

ሺ�ሻ 

1 1 

2 
+ m + m 

3 3 
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01 

1 

1 

01 

2 

 

 

  

3 

 

 

 

 
Φ 

ଵ 1 

 
ሺ�ሻ ൌ   Q   

ଵ 1 

 
ሺ�ሻ Φ 

 
 1 

 
ሺ�ሻ 

Taking L.S.T of these equations and solving for Φ** (s) , we get 

where 

 
** 
01 

(s) = 
N1 (s) 

D1 (s) 

N1 (s) = Q**
 (s) and D1 (s) =1 

1 01 1 1 

Now the mean time to system failure (MTSF) when the system starts from the state (0), is 

T lim 
1 − Φ** (s)   

 
01 = 

s→0 01 

s 

Using L’Hospital’s rule and putting in the value of Φ** (s) , we get 

T = 
N1 

 

 
where 

01 

 

 
N1 

D1 

 
= 0 

 

 
and 

 
 

D1 = 1 
1 1 1 

Similarly 

Phase II 

The recursive relations are obtained for Φi (t) : 

Φ 
ଶ 2 

Φ 
ଷ 2 

 
ሺ�ሻ ൌ   Q   

ଶଷ 2 

ሺ�ሻ ൌ   Q   
ଷଶ 2 

ሺ�ሻ Φ 

 
ሺ�ሻ Φ 

ଷ 2 

ଶ 2 

 
ሺ ሻ 

 
ሺ�ሻ � Qሺସሻ  ሺ�ሻ Φ 

ଷଷ 2 

 
 

ଷ 2 

 
 

ሺ�ሻ � Qሺସሻ  ሺ�ሻ 
ଷହ 2 

Φ 

Phase III 

 
 2 

ሺ�ሻ ൌ   Q   
ଷ 2 

ሺ�ሻ Φ  
ଷ 2 

ሺ�ሻ � Q   
ହ 2 

ሺ ሻ 

The following recursive relations are obtained for Φi (t) : 

Φ 
 3 

ሺ�ሻ ൌ   Q   
  ଼ 3 

ሺ�ሻ 

Φ 
 ଼ 3 

ሺ�ሻ ൌ   Q   
 ଼ 3 

ሺ�ሻ Φ 
 
 3 

ሺ�ሻ 

Thus Other measures of system performance as mean up time, mean degradation time, total fraction 

of time for which the repairman is busy, expected number of visits by the repairman are obtained in 

this way. The steady state solutions are obtained as: 
 

Phase I 
 

Mean Time to System Failure: 

 
T = 

N1 
 

 

 
Mean Up Time: 

0I 

 
 

UT 

D1 

= 
N2 

 

01 D21 

 
Mean Degradation Time: DT = 

N3
 

 

01 D 
21 

Φ 

1 

1 

1 

1 

1 

1 
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2 

2 
+ p ) 

3 

 
 

Busy Period of the Repairman: BR = 
N4

 
 

01 D 
21 

 
Expected Number of Visits by the Repairman: VR = 

N5 
 

 
where 

01 D21 

N1 = 0 ; N2 =0 ; N3 = 0 ; N4 =1 + 1 ; N5  =1 
1 1 1 1 1 1 1 1 

D1 = 1 ; D2  = 0   + 1 
1 

Phase II 

1 1 1 

 
Mean Time to System Failure: 

 
 

Mean Up Time: 

T2 

 
UT 

= 
N12 

D1 

= 
N22 

 

22 D22 

 
Mean Degradation Time: DT2

 

= 
N32 

D 

 

Busy Period of the Repairman: 

 
BR2

2
 

22 

= 
N42 

D 
22 

 
Expected Number of Visits by the Repairman: VR2 = 

N52 

D 
 

where 

22 

 
N1 = 2 (1 − p(4) ) + k2 ; N2 =  p p ; N =  p +   p(4,5) ; 

2 2 332 2 22 322 632 32 32 632 42 362 

N4 = (1 + 3 )p63 + (1 + 6 )p(4,5)
 ; N5 = p32 p63 

2 2 2 2 362 2 2 2 

D1 

(4) 
352 

D22 
= 22

 p32 p 
 

632 
+ k2(p63 

(4,5) 
362 

 
 
 

Phase III 
 

Mean Time to System Failure: 

 
 

Mean Up Time: 

 
 

T7 

 
UT 

 

= 
N13 

D1 

= 
N23 

 

73 D23 

 
Mean Degradation Time: DT7

 

= 
N33 

D 

 

Busy Period of the Repairman: 

 
BR7

3
 

23 

= 
N43 

D 
23 

1 

1 

2 

2 

2 

2 
= p 

2 

3 

3 

; 
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3 3 3 3 

 

 
Expected Number of Visits by the Repairman: VR 

 
 
 
73 

= 
N53 

D 
 

where 

23 

N1 = 7 ; N2 =7 ; N3 = 0 ; N4 =1 + 8 ; N5 =1 
3 3 3 3 3 3 3 3 

D1 = 1 ; D2     = 7    + 8 

 

Combined Phases 

Mean Time to System Failure: T = 
N1

 
 

 

Mean Up Time: 

0 
 

 
UT0 

D1 

= 
N2 
D 

 
Mean Degradation Time: 

 
DT0 

2 

= 
N3 
D 

 
Busy Period of the Repairman: BR0 

2 

= 
N4 

D2 

Expected Number of Visits by the Repairman: VR0 
 

where 

= 
N5 

D2 

N1 = 0 7 [2 (1 − p(4) ) + k2 ] ; N2 =0 2 7 p32 p63 ; N3 = 0; 
1 3 2 332 1 2 3 2 2 

N4 = [1 + 1 ][1 + 8 ][(1 + 3 )p63 + (1 + 6 )p(4,5) ] ; N5 = p32 p63 
1 3 2 2 2 362 2 2 

D1 = [0 + 7 ][2 (1 − p(4) ) + k2 ] + p(4) 0 7 

1 3 2 332 352 1 3 

D2 =[0   + 1 ][7 + 8 ][2 p32 p63 + k2 (p63 + p(4,5) ) ] 
1 1 3 3 2 2 2 2 362 

 
 
 
 

6. PROFIT ANALYSIS OF THE SYSTEM 

The expected total profit (P0) incurred to the system in steady state is given by 

P0 = C0UT0 +C1DT0 −C2BR0 −C3VR0 −C4 ,, 

 
 

7. NUMERICAL COMPUTATIONS AND GRAPHICAL ANALYSIS 

The following particular case and values of parameters are considered for graphical purpose: 

gi ( t) = ie
−it

 where i =1, 2, 3 

Taking assumed values of parameters: failure rate for phase I (λ1 ) = 0.003, failure rate for phase II (λ2 

) = 0.004, failure rate for phase III (λ3) = 0.005, repair rate for phase I (α1) = 3, repair rate for phase II 

(α2 ) = 4, repair rate for phase III (α3) = 5, C0 = 30,000, C1 = 30,000, C2 = 1000,   C3 = 800, C4 = 20000 

For the analysis purpose, various graphs have been plotted for mean time to system failure (T0), 

mean up time (UT0) and profit (P0) of the system with respect to various estimated and 
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assumed values of the failure rates (λ1  , λ2  , λ3  ) and repair rates (α1, α2  , α3  ) and various costs is 

studied by plotting various graphs. 

Table 5: Numerical Measurement of Combined Phases of Statistical Model 

Rates Measures of the system 
 

 

Failure Rates Repair Rates Measures 

λ1 λ2 λ3 β1 β2 β3 MTSF Mean Up Time Profit 

0.003 0.004 0.005 3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 

41.66663 
33.33328 
27.77772 
23.80945 
20.83325 
18.51843 
16.66656 
15.1514 
13.88877 

0.991057 
0.988726 
0.986411 
0.984103 
0.981801 
0.979505 
0.977216 
0.974934 
0.972658 

9731.696 
9661.775 
9592.317 
9523.053 
9453.981 
9385.103 
9316.415 
9247.917 
9179.608 

0.004 0.005 0.006 

0.005 0.006 0.007 

0.006 0.007 0.008 

0.007 0.008 0.009 

0.008 0.009 0.01 

0.009 0.01 0.011 

0.01 0.011 0.012 

 

 

Figure 2. Mean Time to System Failure (T0) versus Failure Rate (λ3) for Different Values of Failure 

Rate(λ1) 

 
 

Figure 3. Mean Up Time (UT0 ) versus Failure Rate(λ3 ) for Different Values of Repair Rate(α2) 
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Figure 4. Profit (P0) versus Failure Rate (λ3) for Different Values of Repair Rate(α1) 

 

 
Figure 5. Profit (P0 ) versus Revenue Per Unit Up Time(C0 ) for Different Values of Installation 

Cost(C4) 

 

 
Figure 6. Profit (P0) versus Failure Rate (λ3 ) for Different Values of other Failure Rate (λ2 ) 
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8. CONCLUSION 

The following interpretations and conclusions have been drawn from the graphs: 

The graph in Figure 2. exhibits the behavior of Mean Time to System Failure (T0) of the system in 

relation to failure rate (λ3) for different values of other failure rate (λ1). The values of other parameters 

taken are λ2 = 0.004, α1  = 3, α2  = 4, α3  = 5. It is concluded that mean time to system failure (MTSF) 

declines with increment in the values of failure rate (λ3) and also declines with increment in the values 

of other failure rate (λ1). 

The graph in Figure 3. states the behavior of Mean Up Time (UT0) of the system in relation to failure 

rate (λ3) for different values of repair rate (α2). The values of other parameters taken are λ1 = 0.003, λ2 

= 0.004, α1 = 3, α3 = 5. It is concluded that Mean up time declines with increment in the values of 

failure rate (λ3) and inclines with increment in the values of repair rate (α2). 

 
 

Figure 4. depicts the patterns of profit (P0) incurred to the system in relation to failure rate (λ3) for 

different values of repair rate (α1). The estimated/ assumed values of other parameters are taken as λ1 

= 0.003,   λ2 = 0.004, α2 = 4, α3 = 5, C0 = Rs.30000, C1 = Rs. 30000, C2 = Rs.1000, C3 = Rs.800, C4 = 
Rs. 20000. It is concluded that Profit incurred to the system declines with increments in the values of 

failure rate (λ3) and inclines with increments in the values of repair rate (α1) 

Figure 5. demonstrates the behaviour of profit (P0) incurred to the system in relation to revenue per 

unit up time (C0) for different values of installation cost (C4). The values of other parameters taken are 

λ1 = 0.003,   λ2 = 0.004, λ3 = 0.005, α1 = 3, α2 = 4, α3 = 5, C1 = Rs. 30,000, C2 = Rs.1000, C3 = Rs. 800. 

Following conclusion is drawn from the graph. 
 

➢ Profit incurred to the system inclines with increment in the values of revenue per unit uptime 

(C0) of the system and declines with higher values of installation cost (C4). Also 

➢ when C4 = 15,000. Profit incurred to the system inclines for C0 > Rs.15135.5850, declines for 

C0 < Rs.15135.5850, remains unchanged for C0 = Rs.15135.5850 and hence to attain Profit, 

revenue per unit uptime (C0) of the system should be greater than Rs.15135.5850. 

➢ when C4 = 20,000. Profit incurred to the system inclines for C0 > Rs. 20180.7824, 

declines for C0 < Rs. 20180.7824, remains unchanged for C0 = Rs. 20180.7824 and hence to 

attain Profit, revenue per unit uptime (C0) of the system should be greater than Rs. 

20180.7824. 

➢ when C4 = 25,000. Profit incurred to the system inclines for C0 > Rs. 25225.9796, 

declines for C0 < Rs. 25225.9796, remains unchanged for C0 = Rs. 25225.9796 and hence to 

attain Profit, revenue per unit uptime (C0) of the system should be greater than Rs. 

25225.9796. 

Figure 6. depicts the patterns of profit (P0) incurred to the system in relation to failure rate (λ3) for 

different values of other failure rate (λ2). The estimated/ assumed values of other parameters are 

taken as λ1 = 0.003, α1 = 3, α2 = 4, α3 = 5, C0 = Rs.30000, C1 = Rs. 30000, C2 = Rs.1000, C3 = Rs.800, 
C4 = Rs. 20000. It is concluded that Profit incurred to the system declines with increments in the 

values of failure rate (λ3) and also declines with increments in the values of other failure rate (λ2). 
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ABSTRACT: Post-demonetization, digital payments in transactions became substantial; nonetheless, these services 

are still relatively new to Indian customers and are still in their infancy. Investigating the variables that influence 

customers' intentions to utilise digital payment services in India, particularly among millennials, is necessary to 

promote the development of computer enabled devices as an alternative payment method. Present study is to do a 

pilot study on millennial perception towards Mobile Banking/Digital wallets/UPI. The study makes use of Cronbach’s 

Alpha to see if the data is internally consistent. Millennials will make up 35% of the global workforce just this year. 

The results based on Cronbach’s Alpha show that the data is internally consistent after dropping each variable for 

challenges faced and customer satisfaction. 
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INTRODUCTION 

In India, mobile banking began in 2002, with 
transactions conducted via SMS at the time. Almost 
every banking transaction can now be completed on a 
computer, laptop, or smartphone. Everything can be 
done online, from checking account balances to paying 
credit card bills, utility bills, and transferring funds 
(Mittal, 2020b). Mobile banking evolved from online 
banking to provide even greater convenience and 
accessibility. In 2018, nearly all banks will provide 
financial transaction mobile phone apps. These apps 
eliminate the need for a computer or laptop to transfer 
funds, and as technology advances, bank visits will 
become obsolete (Gupta et. al., 2022; Mehta et. al., 2022; 
Mittal, 2020). Banking transactions can be completed as 
usual once a customer has downloaded the mobile 
banking app to their smartphone. 

The most important demographic and economic forces 
in our time are millennials and Generation Z. Millennials 

will make up 35% of the global workforce just this year. 
Their total revenue will top $4 trillion within ten years. 
We're talking about a global population of 1.8 billion 
technologically savvy individuals who will have more 
disposable income than any previous generation 
(Mandal et. al., 2022). They are a group of people who 
spend more than 35 hours per week online, which is 
50% higher than the average amount of time spent 
online by all other groups put together. There will be a 
tectonic upheaval in the fundamental character of 
finance when a force this large connects with the world 
economy, which is historically led by boomers and Gen 
X. One of today's most significant demographic and 
economic forces is the millennial generation. They have 
more purchasing power than ever before, and the 
banking sector has advanced by using technology and 
streamlining the procedure for customers (Ashokan & 
Menon, 2016; Harchekar, 2018). Technology has 
completely changed the financial sector, and everything 
is now digital and personalised, which is probably the 
only way to go in the future (Mittal, 2020a). By making 
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banking simple, approachable, and transparent, it has 
effectively targeted the millennial generation and laid 
the groundwork for the growth of the nation's economy. 

Today, mobile technologies are being used more and 
more, but India is surprising in how little it uses digital 
payment systems. For Indian customers, digital payment 
systems are still in their infancy and are relatively new. 
By examining the critical variables influencing 
customers' propensity to utilise digital payment 
services, this study aims to provide light on the growth 
of digital payment services in India (OECD, 2019). To 
gain a competitive edge, digital payment services are 
crucial for businesses engaged in electronic and mobile 
commerce. Numerous studies have examined digital 
payment services from both the technical and user 
acceptability aspects in various nations. The variables 
influencing Indian customers' inclination to adopt 
digital payment systems have only been partially 
understood by previous studies. Little is being done to 
close the knowledge gap about the critical elements 
influencing Indian customers' intention to use digital 
payment services, which motivates the implementation 
of digital payment to meet its expectations. 

LITERATURE REVIEW 

The evolution of payment methods began with barter 
and moved on to money, checks, and credit before 
focusing on mobile payments in the age of electronic and 
mobile commerce (Garg, 2014). According to Smart Card 
Alliance, depending on the sort of technology used to 
enable them, mobile payments can be either contactless 
or remote (Horticulture 2011; Lipton et. al., 2016) . 
Remote mobile payments are made using a mobile 
device without interacting with the physical point of sale 
(POS) system of the merchant. Examples of such 
transactions include conducting electronic commerce 
over a mobile internet connection, transferring money 
using a mobile application, and downloading pay-per- 
download news articles (Kumar & Pavithra, 2017). It is 
dependent on technologies like mobile applications, 
secure mobile browsers, and short messaging service 
(SMS). 

Proximity mobile payments is a phenomenon paid for a 
products or services at the point-of-sale (POS) using 
smartphones by the customers. It is considered to 
happen in interactive mode (physical) between the 
merchant’s terminal and the customer device like 
mobile phones. It may be used in both face-to-face 
interactions between customers and retailers and 
unattended points of sale like vending machines (Ting 
et. al., 2019). 

Arora et. al., (2019) in a study observed a considerable 
difference in overall mean agreement on employment 
satisfaction among the various populations. Yadav et. al. 
(2019) indicated that the customer satisfaction is 
positively associated with e-wallet solutions and 
adversely related to e-wallet challenges. Lochab, A. 
(2018) show a significant difference in average 
agreement on customer satisfaction in mobile banking 

among the various edifications. Graduates are also more 
in agreement on the threat of infrastructure than 
postgraduates. Graduates could be used to educate the 
general public on mobile banking. Mobile banking 
should also be covered in graduate-level courses. 

Arora and Yadav (2018) in a research study show a 
significant variance in the causes of customer 
satisfaction among different age groups. Generation Y is 
more concerned with the procedures that must be taken 
in order for digital wallets to function properly. Key 
distinctions between age groups include insecure 
payment systems, difficulties using them, and limited 
working aid. The current study advises that security 
measures be introduced to enhance the use of E-wallets. 
Arora (2018) The data reveals two clusters: the first, 
which includes 144 persons, is classed as dissatisfied 
with the use of digital wallets. They fear that paying 
using a digital wallet is dangerous. It's also difficult for 
them to operate. The second group of 210 working 
professionals is classified as satisfied consumers 
because they think digital wallets are a good idea. Each 
cluster was divided into four categories: difficult factors, 
customer satisfaction, and risk factors. Singh & Arora 
(2014) examines a data collected from primary survey 
analysis. The result findings show a significant 
difference between the responses of the married and 
unmarried about their perception to improvise security 
risk solutions, performance/service quality risk 
solutions, technological risk solutions, and financial risk 
solutions in mobile banking is influenced by their age. 
When it comes to boosting mobile banking, unmarried 
respondents prioritise security risk solutions, 
performance/service quality risk solutions, 
technological risk solutions, and financial risk solutions 
above married respondents. Age has a significant impact 
on agreement on rising security risk solutions, according 
to the data. Between single and married respondents, 
the average agreement on upgrading security risk 
solutions, performance/service quality risk solutions, 
technological risk solutions, and financial risk solutions 
in mobile banking vary significantly. Women who are 
entrepreneurs should be charged a cheaper processing 
fee and need a provision of financial aids and subsidies 
products and services to boost their business. Other 
benefits like lower interest rates, loans would empower 
them and improvise their economic conditions. It is also 
suggested to provide on frequent basis distinctive 
upliftment projects for the housewives from the bank. 
The needed support from the banks can play a 
significant role in women's empowerment. 

Previous research demonstrate the influence of 
respondents' behavioural intentions toward adopting 
mobile banking in various Indian cities (Tamil & Balaji, 
2019). Primary information about mobile banking 
uptake was gathered from clients of commercial and 
public sector banks using a standardised questionnaire. 
The outcome demonstrates that consumers' behaviour 
intentions toward adopting mobile banking in the 
research region are highly influenced by performance 
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expectation, effort expectancy, hedonic incentive, trust, 
and loyalty. Sinha et. al. (2019) made an effort to 
investigate the variables influencing the perspective of 
Indian e-wallet users toward both public and private 
mobile wallet providers. To gather primary data from 
433 respondents in the form of structured 
questionnaires, the researchers used a survey method 
and a hypothetical study design. The IBM SPSS statistical 
analysis programme was used to perform the 
Independent Sample t test. According to the findings, 
public sector e-wallet providers are perceived less 
favourably than competitors from the private sector. 
Public sector and private sector e-wallet providers in 
India have significantly different perceptions of issues, 
customer service, and personal danger. 

RESEARCH METHODOLOGY 

The present research is descriptive in nature. We have 
used primary data collected using a structured 
questionnaire administered on google form. The 
primary objective to check the consistency of the 
indicators using reliability analysis. Target population 
includes Millennials from different parts of Delhi-NCR in 
the age group of 23-35. 

We have used non-probability snow-ball technique to 

data is still fit and has internal consistency. Also if 
Restricted Choice is dropped then Cronbach's α=.867, so 
data is still fit and has internal consistency. If Cronbach's 
α> .7, data is considered internally consistent. So all 
statements if dropped individually, then also internal 
consistency is maintained. 

Table 3: Scale Reliability Statistics for Customer 
satisfaction by Millennial in UPI 

  Cronbach's α  

Scale 0.776 
 

In a pilot study, the reliability test is the main tool 
considered for analysis. If Cronbach's α> .7, data is 
considered internally consistent. Table 3 shows 
Cronbach's α=.879, so data is fit for further analysis. 

Table 4: Item Reliability Statistics for Customer 
satisfaction by Millennial in UPI 

  if item dropped  
Cronbach's α 

  1. Managing funds efficiently 0.761  
2. Perceived ease of use 0.773 

  3. Brand value 0.787  
4. Economic condition 0.734 

collect responses of the questionnaire. In total we 
received 140 responses (42% female and 58% male 

5. Reduced waiting time for digital 
payments through wallet 

0.735 

respondents). The statements in the questionnaire were 
recorded on five-point likert scale. 

DATA ANALYSIS 

Table 1: Scale Reliability Statistics for Challenges faced 
by Millennial in using UPI 

Cronbach's α 

  scale 0.879  

In a pilot study, the reliability test is the main tool 

considered for analysis.    If Cronbach's α> .7, data  is 
considered   internally   consistent.      Table   1   shows 
Cronbach's α=.879, so data is fit for further analysis. 

Table 2: Item Reliability Statistics for Challenges faced 
by Millennial in using UPI 

 
 
 
 
 
 

 
Item Reliability Statistics for Challenges faced by 
Millennial in using UPI shows that if Unsafe mode of 
payments is dropped then Cronbach's α=.841, so data is 
still fit and has internal consistency. If Difficult to Use is 
dropped then Cronbach's α=.865, so data is still fit and 
has internal consistency. Similarly, if Inadequate 
Working Assistance is dropped then Cronbach's α=.840, 
so data is still fit and has internal consistency. Likewise, 
if Not Reliable is dropped then Cronbach's α=.849, so 

6. Rapidness 0.734 
  7. Service comfort 0.751  

8. Valuable 0.733 

Item Reliability Statistics Customer satisfaction by 
Millennial in using UPI shows that if Unsafe mode of 
payments is dropped then Cronbach's α=.761, so data is 
still fit and has internal consistency. If Ease to Use is 

dropped then Cronbach's α=.773, so data is still fit and 
has internal consistency. Similarly, if Status Symbol is 

dropped then Cronbach's α=.787, so data is still fit and 
has internal consistency. Likewise, if Economical is 

dropped then Cronbach's α=.734, so data is still fit and 
has internal consistency.    Also if waiting time for a 

transaction involving use of wallet is dropped then 
Cronbach's α=.735, so data is still fit and has internal 

nsistency. If Quickness is dropped then Cronbach's 
=.734, so data is still fit and has internal consistency. In 
e same way if Service Efficiency is dropped then 
onbach's α=.751, so data is still fit and has internal 
nsistency. If Valuable is dropped then Cronbach's 
=.733, so data is still fit and have internal consistency If 

onbach's α> .7, data is considered internally 
consistent. So all statements if dropped individually, 

then also internal consistency is maintained. 

Table 5: Scale Reliability Statistics for boosting 
satisfaction level by Millennial in using UPI 

Cronbach's α 

  Scale 0.771  
 

In a pilot study, the reliability test is the main tool 
  considered for analysis.   If Cronbach's α> .7, data is 

if item dropped co 

 Cronbach's α α 
1. Risk in transaction 0.841 th 
2. Difficulty in transaction 0.865 Cr 
3. No support staff 0.840 co 
4. Unreliable 0.849 α 
5. Interferences/restriction in choice 0.867 Cr 
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considered   internally   consistent. Table   5   shows 
Cronbach's α=.879, so data is fit for further analysis. 

Table 6: Item Reliability Statistics for boosting 
satisfaction level by Millennial in using UPI 

  if item dropped  
Cronbach's α 

   1. Application of Security tools 0.736  
2. Benchmarks for Service vendors 0.712 

   3. Deployment of Skilled Workers 0.737  
4. High Speed of transactions 0.749 

 
Item Reliability Statistics for boosting satisfaction level 
by Millennial in using UPI shows that if Implementation 
of Security is dropped then Cronbach's α=.734, so data is 
still fit and has internal consistency. If Performance 
Benchmark for Service Providers is dropped then 
Cronbach's α=.712, so data is still fit and has internal 
consistency. Similarly, if Skilled Wallet Staff is dropped 
then Cronbach's α=.737, so data is still fit and has 
internal consistency. Likewise, if High Speed of 
Processing the Transaction is dropped then Cronbach's 
α=.749, so data is still fit and has internal consistency. 
Also if Compensation to customers for monetary loss by 
Hackers is dropped then Cronbach's α=.708, so data is 
still fit and has internal consistency. If Cronbach's α> .7, 
data is considered internally consistent. So all 
statements if dropped individually, then also internal 
consistency is maintained. 

CONCLUSION 

Mobile Banking in today’s time has gained immense 
popularity especially among the millennials. This study 
is a pilot study to check the fitness of data based on 
Challenges faced by Millennial in using UPI, Customer 
satisfaction by Millennial in UPI and boosting 
Satisfaction Level of Millennials in using UPI. The results 
based on Cronbach’s Alpha show that the data is 
internally consistent after dropping each variable for 
challenges faced and customer satisfaction. 

However, compared to Generation X and Baby Boomers, 
Millennials are seen to have good knowledge of products 
on ecommerce but have less financial awareness on 
banking. Millennials and other generations tend to 
invest in complicated financial items like stocks and 
bonds as perceived financial literacy increases. Financial 
literacy may be increased through straightforward 
training to advance financial understanding. By offering 
individualised guidance through goal-setting and 
monitoring, financial coaching may also be a successful 
strategy for boosting financial literacy and awareness. 

Due to time and money restrictions, this study's pilot 
survey analysis was restricted to a sample size of 140. 
The major technique of data collection for the current 
study was an online survey. Therefore, the constraints of 
an online survey will also apply to this empirical 
investigation. Since it is not possible to generalise the 
results to the entire state or nation, the main study only 

included digital payment transactions carried out in the 
Delhi NCR region. To choose respondents, the 
nonprobability snow-ball sampling method was used. 
Therefore, the present study is similarly subject to the 
limits of non-probability sampling. Therefore, the 
perspective before and after a lockdown may differ from 
the results of the current study. The current study may 
also be expanded to other cities, states, and countries to 
further understand the attitudes of Indian customers 
concerning digital payments. 
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Abstract 
Predicting currency has always been open to doubt because in financial as well as in 
managerial decisions making process it plays a crucial role and it is not easy to forecast  
foreign rates with higher accuracy than a naive random walk model. The main goal of this 
paper is to use the Arima model to forecast the yearly exchange rate, here we use real foreign 
exchange data to check the suitable level of the Arima model for forecasting and it also shows 
how suitable the Arima model is to estimate foreign exchange. There has been considerable 
improvement in profitability of MNC which conducts substantial currency transfer in 
business courses and forecasts exchange rate accurately. The time series Arima model is 
applied to forecast the exchange return of SND to INR. To better understand how the Arima 
model applies within the period 1st February 2011 - 1st February 2021. In this report 
monthly or daily exchange returns are used for variable inputs. This model is based on a few 
observations on the Arima model to help predict and solve financial forecasting problems for 
the best and worst possible situations which results in demonstrating the predictive 
strength and potential but is still a problematic task. 

 
Keywords: ARIMA, Exchange Rate, Exchange rate forecasting, forecasting, time series 
analysis 

 
Introduction 
The exchange rate is a price which measures the worth of domestic currency in terms of 
other nation's currency and it is always a topic of discussion in financial literature. 
Exchange rate is also known as forex and foreign exchange rate. It is an important factor in 
the growth of the economy of most developed countries where high volatility becomes a 
major obstacle in economic growth of the country. Currency in forecasting rate at least 
predicts the trend accurately with the underlying process by obtaining more efficient and 
some statistical model that represents variability which is important for future investments 
and also demanding application for time series forecasting but it doesn't assure the complete 
information. 

 
Exchange rate is hard to foresee. Thus, exchange rate development is constantly beginning 
with the utilization of the adaptable flexible exchange rate to forecast the exchange 
standards. This is so because changes in rate effects import, external trades, inflation and 
balance of payments. In this regard, exchange rate is a significant factor in an economy for 
indicating demand and furthermore for its use in the monetary strategies and their values. 
Exchange rates are not completely predictable moments with exchange rates profoundly 
changing disorderly and with noisy structure. This makes difficult and significant topic in 
socialistic system in business life. Constantly, this has been a principle worry of 
academicians and other specialists in multinational financing. Endeavors to make more 
understanding and prediction of exchange rate movements have united numerous 
methodologies to predict but, all of them have their own limitations which are full of 
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b) 

Table 1.1 

 

Chart 1.1 
Composition of Market Share Wireless and Wireline Subscribers 

 
 
 
 
 
 
 
 
 
 
Source: (TRAI, 2019 

 
In Table 1.1 it has been mentioned that there are six wireless service providers which are 
currently operating in the industry but from the analysis point of view only five have been 
considered. Reliance Communications has been removed from the analysis due the reason 
that it had declared itself bankrupt in the recent past and currently not providing services to 
any subscribers. As per the latest report of TRAI (2019b) its market share had been recorded 
as 0.001 from the last two years. 

 
Sampling: 
As mentioned in the above paragraph, the complete enumeration method is adopted in the 
study and the sample size is equal to the population which is the total number of service 
providers in the industry. 

 

 

List of Wireless Service Providers as on 31st December, 2019 
 
 

Sl.No. Service Provider Area of Operation 

1 Bharti Airtel Ltd All India 

 
2 

Reliance Communications/ 
Reliance Telecom Ltd 

All India (except Assam & NE) / 
Kolkata, MP, WB, HP, Bihar, 
Odisha, Assam & NE 

3 Vodafone Idea Ltd All India 

4 BSNL All India (except Delhi & Mumbai) 

5 MTNL Delhi & Mumbai 

6 Reliance Jio Infocom Ltd All India 
   

Source: (TRAI, 2019b) 
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Therefore, in the present study only five out of six service providers have been considered for 
the analysis and divided into two categories. Category I comprises of three Private Sector 
Service Providers who've acquired Foreign Direct Investment from any of the international 
source. Category II comprises of two state owned service providers which are Bharat 
Sanchar Nigam Limited d/b/a BSNL and Mahanagar Telephone Nigam Limited, d/b/a 
MTNL. The area of their operations are mentioned in Table 1.1. 

 
Time Period of the Study: The study has been conducted on the subscribers from 2015 to 
2019 only. The reason behind selecting such years is to reflect the recent trends. It has been 
observed that before 2015 the trends in the industry were entirely different and there were 
many service providers. But after the debut of Reliance Jio in 2016, many of them opted for 
the exit route or merged with the existing service providers. 

 
Source of Data for Analysis: In the year ending performance reports of TRAI, the data of 
Rural and total number of subscribers are provided. Values of rural subscribers are 
extracted directly form there and for urban subscribers the values are retrieved by 
subtracting number of rural subscribers from the total number of subscribers (See Table 1.2 
& 1.3). 

Table 1.2 
Rural and Urban Wireless Subscribers of Category I 

(With Foreign Direct Investment) (in millions) 
 

Year Bharti Airtel+Telenor Vodafone Idea Reliance Jio 

 
Rural 

Subscribers 

Urban 

Subscribers 

Rural 

Subscribers 

Urban 

Subscribers 

Rural 

Subscribers 

Urban 

Subscribers 

15-Dec 133.16 160.83 197.28 168.31 - - 

16-Dec 130.57 135.28 214.29 180.92 4.12 68.04 

17-Dec 159.89* 142.22 220.93** 188.1 41.08 119.01 

18-Dec 168.63 171.63 220.71 198.04 100.47 179.65 

19-Dec 145.48 181.82 172.44 160.17 152.14 217.88 

Source: TRAI (2015, 2016, 2017, 2018, 2019a) 
       

Table 1.3 
Rural and Urban Wireless Subscribers of Category II 

(Without Foreign Direct Investment) 
 

 
YEAR 

BSNL(All India except Delhi and 
Mumbai) 

 
MTNL(Delhi & Mumbai) 

 Rural 
Subscribers 

Urban 
Subscribers 

Rural 
Subscribers 

Urban 
Subscribers 

15-Dec 27.53 54.97 0 3.61 

16-Dec 31.63 65.16 0.05 3.58 

17-Dec 35 72.92 0.05 3.53 

18-Dec 39.04 75.33 0.05 3.42 

19-Dec 37.35 80.77 0.05 3.33 
     

 
Source: TRAI(2015, 2016, 2017, 2018, 2019a) 
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There are 3 leading private service providers in the industry as per the latest reports of TRAI 
but above mentioned three are the leading service providers. Bharti Airtel reported the 
subscribers of Tata Tele (TRAI, 2019a). Also. Quadrant is serving in the state of Punjab only 
and Reliance Communications had already reported itself bankrupt before lockdown. 
Although the news about the merger of BSNL and MTNL was also in the air but nothing can 
be said confidently until it happens. 

 
For the year 2018, Telenor merged with Bharti Airtel and the TRAI reported the total values, 
Vodafone and Idea merged, Tata Tele and Reliance Communications were reporting 
negligible subscribers (TRAI, 2018). 

 
For the year 2017, There were 12 wireless service providers. But Sistema Shyam merged 
with Reliance communications. 

 
Bharti Airtel merged with Telenor therefore the total number of subscribers includes the 
values of Bharti and Telenor. Vodafone and Idea merged in 2018 therefore, total of their 
subscribers has been considered. The reason behind doing this is that the subscriber's base 
of merging companies, also merged ultimately. 

 
For year 2017, even after merger the Reliance communications didn't manage to gain 
enough subscribers. Also, the subscribers of Tata were very few in numbers, so couldn't 
affect the analysis. Aircel was the company which reported 30.81 million rural subscribers 
in 2017 but it vanished in 2018 therefore, it has been considered void and null from the 
point of view of analysis. It is expected that the subscribers of Aircel might have opted for 
another service provider or they are still lacking the services. 

 
On Feb 15, 2017 the Videocon telecom announced shutting down its operations. It was a 
small telecom company which got licences and permit in 17 circles in nation in 2008 lost all 
its permit in 2012 in 2G spectrum scam but after bidding again it won the airwaves. It also 
received approval for GSM and dual technology but the authority denied its permits in 2015 
after which the company couldn't make it to survival. 

 
Same is the case with Quadrant but the TRAI ordered the Telco to serve the subscribers till 
the expiration of its license. For which it denied. 

 
There were nearly about 85 million subscribers of the Aircel, which are not less in number. 
But the company was fourth in the list of those telcos who bankrupted after the entry debut 
of Jio in Reliance Jio in September 2016. It was lying under the heavy burden of 15,500 
crore debt and was planning to merge with Reliance communication but due to regulatory 
delays and lack of consensus in loan restructuring, the merger couldn't happen. So, after 
filling the bankruptcy, it was notified by the TRAI to all the subscribers of AIRCEL to opt for 
number porting. By 31st August 2019, they have to shift their plan to Jio, Bharti Airtel, 
MTNL or BSNL. Due to this reason, the subscribers of AIRCEL weren't included in DDI 
calculation as they were already spread between the companies considered for analysis. 

 
Statistical Technique: 
The famous 'Index Numbers' approach has been adopted in the study. The calculation 
was based on the below given formulae: 

 
Rural Tele-density = (Total Rural Wireless Subscribers/ Rural  Population)  *  100 

Urban Tele-density (TD) = (Total Urban Wireless Subscribers/ Urban Population) * 100 
Urban- Rural Digital Divide Index = (Urban Tele-density/ Rural Tele-density) *100. 
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Data Analysis: 
 

Table:1.4 
Digital Divide Index for Category I 

 

 
YEARS 

 
Total Rural 
Wireless 
Subscribers 

 
Total Urban 
Wireless 
Subscribers 

 

Rural 
Population 

 

Urban 
Population 

 

Rural Tele 
Density 

 
Urban 
Tele 
Density 

Digital Divide 
Index= (Urban Tele- 
density/ Rural 
Tele-density) *100 

15-Dec 330.44 329.14 881 429 37.50738 76.72261 204.5534 

16-Dec 348.98 384.24 885 439 39.43277 87.5262 221.9631 

17-Dec 421.9 449.33 889 450 47.45782 99.85111 210.3997 

18-Dec 489.81 549.32 892 460 54.91143 119.4174 217.4727 

19-Dec 470.06 559.87 897 472 52.40357 118.6165 226.352 
        

Source: Author 
 

Table 1.4 depicts ambiguous results of the DDI for the years 2015-2019. The DDI for the 
year 2015 was 204.5 which instead of declining, grew more every year. In the year 2019 it 
was 226.352 which is higher than the previous five year's DDI. 

 
Table: 1.5 

Digital Divide Index for Category II 
 

 
 

Year 

 
Total Rural 
Wireless 
Subscribers 

 
Total Urban 
Wireless 
Subscribers 

 
 

Rural 
Population 

 
 

Urban 
Population 

 
 

Rural Tele 
Density 

 
Urban 
Tele 
Density 

Digital Divide 
Index= (Urban Tele- 
density/  Rural 
Tele-density) *100 

15-Dec 27.53 58.58 881 429 3.124858 13.65501 436.9802 

16-Dec 31.68 68.74 885 439 3.579661 15.65831 437.4245 

17-Dec 35.05 76.45 889 450 3.942632 16.98889 430.9022 

18-Dec 39.09 78.75 892 460 4.382287 17.11957 390.6537 

19-Dec 37.4 84.1 897 472 4.169454 17.8178 427.3413 
        

Source: Author 
 

Table 1.5 depicts the DDI for the Category II which declined in year 2018 but again showed 
increment in year 2019. 

 
Table 1.6 

DDI for Category I, Category II and DDI of India with the Annual Growth Rates 
 

Year Digital 

Divide Index 

for Category I 

Annual 

growth rate 

of DDI for 

Category I 

Digital 

Divide Index 

for 

Annual 

growth rate 

of DDI for 

Digital 

Divide Index 

for India 

Annual 

growth rate 

of DDI for 

India Category II Category II 

15-Dec 204.5534  436.9802  316.24  

16-Dec 221.9631 17.4097 437.4245 0.444288 312.3391 -3.9009 

17-Dec 210.3997 -11.5634 430.9022 -6.5223 290.4051 -21.934 

18-Dec 217.4727 7.073 390.6537 -40.2485 262.8571 -27.548 

19-Dec 226.352 8.8793 427.3413 36.6876 269.374 6.5169 
       

 

Source: Author 
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Table 1.6 indicates that the Digital Divide Index of India has declined substantially from the 
year 2015 however a slight increment has been noticed in the year 2019. 

 
Null Hypothesis: There is no significant difference between the average DDI of Category I 
and the average DDI of the Category II. 

 
Table 1.7 

t-Test: Two-Sample Assuming Unequal Variances 
 

 
Digital Divide 

Index for 
Category I 

Digital Divide 
Index for 

Category II 

Mean 216.14818 424.66038 
Variance 76.792384 379.3256644 
Observations 5 5 

Hypothesized Mean 
Difference 

0  

df 6  

t Stat -21.83121184  

P(T<=t) one-tail 3.02E-07  

t Critical one-tail 1.943180281  

P(T<=t) two-tail 6.03E-07  

t Critical two-tail 2.446911851  

Source: Author 
 

Findings: 
The values of DDI of Category I which includes telcos having back up of FDI in the 
companies, is less than the DDI of Category II of Non FDI telcos. But the results of annual 
growth rates are quite ambiguous and unable to reflect the right nature of the DDI difference 
in the two categories. In the initial years it has been observed in both the cases that DDI has 
been reduced but in the latent years the DDI showed increased values. The t-test for 
differences of means have been used for interpreting the true nature of the DDI calculated. 
The p-value is less than 0.01 therefore reject the null hypothesis therefore it can be stated 
that the average difference between the DDI of two categories is significant. Therefore, after 
ignoring the temporary effects it can be stated that the telcos which are backed up by the 
FDI are able identify the need of catering rural market. They are undoubtedly engaged in 
doing so, which will benefit them in future as the largest part of Indian population resides in 
rural areas only. But the Stated owned companies are lagging behind in such issue and 
unable to cater the needs of rural areas. It is also possible that they thrust for expansion has 
been reduced and the private owners are still fighting for the market share. 

 
Conclusion: 
The study addressed the unequal diffusion of Telecom Services in the rural and urban areas 
of the nation, which is popularly known as Digital Divide. After dividing the leading telecom 
service providers into two categories, one with FDI and another without FDI, it has been 
identified that the telcos backed with FDI are contributing more in reducing Digital Divide 
and the difference between their contribution is significant. It is essential for the industry 
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players to identify the rural market as an opportunity and extract maximum revenue from 
it. 
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Abstract: This study is an empirical study on gender perceptions towards UPI. Five 
points likert scale is used to prepare a structured questionnaire. Primary data was 
based on 643 persons out of which 310 males and 333 females were found eligible in 
the form of completed questionnaires. Reliability statistics is up to mark and data is 
suitable for further analysis. T-Test statistics show no significant difference between 
gender perceptions towards UPI. Limitation of the study is that study is based on only 
gender perception. Age wise, education wise and other demographic variables can be 
studied in future studies. 

Key Words: Empirical, Gender, UPI, Problems, Customer, Satisfaction 

Introduction: 

UPI stands for Unified Payments 
Interface which merges a lot of bank 
related services, into a single mobile 
application of banks. It has become so 
simple and common that laymen in 
India are also using it in day to day 
operations. The National Payments 
Corporation of India (NPCI) is the 
company in-charge of the RuPay 
payment infrastructure, which is 
comparable to Visa and MasterCard. 
The Immediate Payments Service 
(IMPS) is another NPCI project. UPI 
transactions are protected by a highly 
secured encryption format that is 
difficult to decrypt. Every day, the IMPS 
network of the NPCI processes millions 
in transactions. With the advent of UPI 
technology, this is projected to 
skyrocket. Every transaction is verified 
using a two-factor authentication 
approach similar to OTP. For 
validation, however, UPI PIN will be 
used instead of OTP. The UPI 
applications' primary goal is to promote 
digital transactions and pave the way 
for a cashless economy. Users can 
avoid carrying cash or plastic money by 
using UPI. Their smartphone will 

handle all the transactions. 
 

Literature Review 

The statistics showed by M. Arora and 
M. P. Yadav (2018) states that the 
factors that influence customer 
satisfaction change significantly 
depending on the age group. The steps 
that must be completed in order for 
digital wallets to operate effectively are 
more of an issue for Generation Y. 
Insecure payment methods, problems 
using them, and limited working 
assistance are significant differences 
between age groups. The current study 
suggests adding security  precautions 
to improve the adoption of e-wallets. 
Yadav, M., and M. Arora (2019) 
customer satisfaction is positively 
correlated with e-wallet solutions but 
negatively correlated with e-wallet 
problems. According to M. Arora 
(2018), utilising a digital wallet to make 
payments is dangerous. Additionally, 
they find it difficult to function. 
Gandhi, M., Gupta, N., & Rawat, S. 
(2019) states there is a significant 
association in overall mean agreement 
on job satisfaction between the various 
populations. Khurana, P., Arora, M., & 
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Yadav, M. P. (2017) stresses on 
providing female students lower- 
interest college loans could help 
empower women by providing 
distinctive domestic upliftment projects 
for  housewives,  banks  can  play  an 
i m p o r t a n t r o l e i n w o m e n ' s 
empowerment. Singh, S., Chaudhary, 
S., & Arora, M. (2015) the impact of age 
on consensus on growing security risk 
solutions is significant. Singh, S., & 
Arora, M. (2014) state that when it 
comes to boosting mobile banking, 
unmarried respondents place a larger 
importance on different types of risks 
and related solutions than married 
respondents. Arora, M., & Lochab, A. 
(2018) the average agreement on 
consumer satisfaction in mobile 
banking varies significantly across 
educational institutions. S. Singh, S. 
Chaudhary, and M. Arora (2014) been 
concerned about the well-being of 
others in their research. Benefits of 
Human Development Research Lochab, 
Arora, Madhu, and Anshu (2019) were 
studies as well as in A Lochab and M 
Arora (2018) also. The consequences of 
different generations may differ. M 
Arora and M Mittal (2020) believe that 
project-based education can help with 
the continuous development of 
technological advances, and that 
human resources are an important part 
of it Arora M (2012). 

 
There is no study on Customer 
Satisfaction in UPI so An Empirical 
study on Gender perceptions towards 
UPI, is an effort to fill the gap. 

 
 

Table A: Scale used in Study 

Authors Year Scale 
Cronbach 

Alpha 

 
 
 

Singh, S., & 
Arora, M. 

 
 
 

2014 

1. Unsafe mode of payments  
 
 

0.773 

2. Difficult to Use 

3. Inadequate Working Assistance 

4. Not Reliable 

5. Restricted Choice 

6. Slow Speed of Data 
Transmission 

7. Receiving of Fake SMS and 
Scams 

 
 
 

Singh, S., & 
Arora, M 

 
 
 

2014 

1. Efficient Management of Funds  
 
 

0.89 

2. Easy to Use 

3. Status Symbol 

4. Economical 

5. Reduction in the waiting time for 
any transaction in the wallet 

6. Quickness 

7. Service Efficiency 

8. Valuable 

Source: compiled from Literature 
Review 

 
Research Methodology 
Study is descriptive in nature. 
Secondary data for literature review and 
primary data for empirical analysis is 
conducted from 643 respondents. 
Questionnaire was sent to 1000 people. 
Some responses were incomplete and 
were removed during the screening 
process. 643 responses were complete 
and found suitable for further analysis. 
Random sampling method is used. T- 
test is used to test the statistics for 5 
percent level of significance and 
confidence level 95 percent. Overall 
response rate is 64.3 percent. 

 
Objectives of the study: 
Main objective of the study is an 
Empirical study on Gender perceptions 
towards UPI. To achieve the main 
objective following objectives are 
portrayed: 

 
● To know gender perception 

towards problems faced in UPI 
● To analyze gender wise customer 

satisfaction in UPI 
● To provide suggestions to 

improve UPI experience in Males 
and Females 
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Hypothesis (H0): Null hypothesis is 
considered for the study. 

 
(H0) = There is no significant difference 
assumed in the perception  of  Gender 
for customer satisfaction in UPI. 

 
Table B: Gender wise distribution 

of respondents: 

 
 
 

 
Source: Survey 

 
Table B shows there are 310 male 
respo ndents  and 333 f emal e 
respondents in the study. 

 
Results and Discussions 

Table 1: Scale Reliability Statistics 
of Problems faced by customers in 

UPI 
 

 N Mean sd Cronbach'sα 
Problemsfacedby 
customersinUPI 

643 3.9 0.52 0. 777 3 

Source: Survey 

As observed in Table 1, Mean of N=643 
respondents perception towards 
problems faced in UPI is 3.90, 

43 
 

Standard deviation =.867, Cronbach's 
α=,890, data is internally consistent as 
Cronbach's α > .7 is treated as reliable. 

 
Table 3: Item Reliability Statistics of 
Problems faced by customers in UPI 

 

 if item 

dropped 

Cronbach's á 

1. Unsafe mode of 

payments 
0.865 

2. Difficult to Use 0.882 

3. Inadequate 

Working Assistance 
0.864 

4. Not Reliable 0.869 

5. Restricted Choice 0.875 

6. Slow Speed of 

Data Transmission 
0.876 

7. Receiving of Fake 

SMS and Scams 

 
0.887 

Source: Survey 

Table 3 shows Cronbach's α, if one item 
is dropped from scale. If Unsafe mode 
of payments is dropped, then 
Cronbach's α,=.865, if Difficult to Use 
is dropped, then Cronbach's α,=.882, 
similarly If Unsafe Inadequate 
Working Assistance, then Cronbach's 
α=.864, if Not Reliable is dropped, then 

Standard deviation =.520, Cronbach's 
α=,773, data is internally consistent as 
Cronbach's α > .7 is treated as reliable. 

 
Table 2: Scale Reliability Statistics 

of Customer satisfaction in UPI 

Cronbach's α,=.869, if . Receiving of 
Fake SMS and Scams is dropped, then 
Cronbach's α =.887. This indicates 
that no single statement can affect 
overall results. All statements together 
show reliability. 

 
 
 

 

Source: Survey 

As observed in Table 1, Mean of N=643 
respondents perception towards 
problems faced in UPI is 3.38, 
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Gender Number 
Male 310 

Female 333 
Total 643 

 

 Mean sd Cronbach's α 
Customer satisfactionin 
UPI 

3.38 0.867 0.89 
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Table 4: Item Reliability Statistics of 
Customer satisfaction in UPI 

 

if item 

Cronbach's á 

1. Efficient 

Management of 

Funds 

 
0.759 

2. Easy to Use 0.771 

3. Status Symbol 0.784 

4. Economical 0.73 

5. Reduction in the 

waiting time for any 

transaction in the 

wallet 

 
0.731 

6. Quickness 0.731 

7. Service Efficiency 0.748 

8. Valuable 0.73 

Source: Survey 

Table 4 shows Cronbach's α, if one item 
is dropped from scale. If Efficient 
Management of Funds is dropped, then 
Cronbach's α,=.759, if Easy to Use is 
dropped, then Cronbach's α,=.771, 
similarly. If Status Symbol is removed, 
then Cronbach's α=.784, if economical 
is dropped, then Cronbach's α,=.730, if 
. valuables are dropped, then 
Cronbach's α =.730. This indicates that 
no single statement can affect overall 
results. All statements together show 
reliability. 

 
Table 5: Independent Samples T- 

Test 

Variables T-Statistic df p 

Problems in Using 

UPI 
0.377 641 0.706 

Customer 

Satisfaction in 

using UPI 

 
0.184 

 
641 

 
0.854 

Suggestions to 

Improve experience 

of UPI 

 
0.377 

 
641 

 
0.706 

Source: Survey 

 
 

Table 5 shows value of independent T 
test   in    males    and    females,    about 
P r o b l e m s i n U s i n g U P I , T - 
Statistic=.377, degree of freedom (df) 
=641, and p value=.706, it shows there 
is no significant difference in perception 
of males and females towards Problems 
in Using UPI. 

Also T-Statistic=.184, degree of freedom 
(df) =641, and p value=.854, it shows 
there is no significant difference in 
perception of males and females 
towards Customer Satisfaction in Using 
UPI. 

 
Similarly T-Statistic=.377, degree of 
freedom (df) =641, and p value=.706, it 
shows there is no significant difference 
in perception of males and females 
towards Suggestions to Improve 
experience in Using UPI. 

 
Table 6: Imperical Results 

 

 Group N Mean SD SE 

Problems 

in using 

UPI 

 
Male 

 
310 

 
3.9 

 
0.485 

 
0.0276 

 Female 333 3.89 0.551 0.0302 

Customer 

Satisfactio 

n in using 

UPI 

 

Male 

 

310 

 

3.37 

 

0.836 

 

0.0475 

 Female 333 3.387 0.823 0.0451 

Suggestio 

ns to boost 

experienc 

e in UPI 

 
 
Male 

 
 

310 

 
 

3.9 

 
 

0.485 

 
 
0.0276 

 Female 333 3.89 0.551 0.0302 

Source: Survey 

Table 6 shows Group Descriptive of two 
groups, Male (N=310) and Female 
(N=333), Mean for problems in using 
UPI is 3.90 is more for males than Mean 
for problems in using UPI is 3.89 for 
females perception. It shows Male 
respondents have more problems in UPI 
than female respondents. 
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Mean for Customer Satisfaction in 
using UPI is 3.387 is more for females 
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Share Knowledge, 9(2), 16-24. 

than Mean for problems in using UPI is 
3.37 for male perception. It shows 
Female respondents have more 
Customer Satisfaction in UPI than 
male respondents. But as per 
statistical test of significance at 5 
Percent level, no significant difference 
is found, so null hypothesis is 
accepted. 

 
Conclusion 

This study examines how gender 
affects perceptions of UPI empirically. 
310 male and 333 female subjects out 
of a total of 643 people were discovered 
to be eligible in the form of a 
questionnaire that was filled out. The 
reliability statistics are  satisfactory 
and the data is appropriate for further 
study. According to T-Test statistics, 
there is no discernible difference in 
how men and women view the 
experience of UPI. Therefore, the null 
hypothesis stands accepted.  This 
study is based on gender perception 
only, so it can be considered as a 
limitation too. But it provides further 
scope of study for other demographic 
variables like age, income, marital 
status, area of residence etc. 
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ABSTRACT 
 

Significant changes in plant growth, distribution, and productivity are all caused by climate change. The 
development and photosynthesis of plants are aided by rising atmospheric CO2 levels, but this effect is 
constrained by other environmental conditions. In addition to causing significant harm to plant populations and 
ecosystems, extreme weather events including droughts, heat waves, floods, storms, cyclones, and wildfires can 
also do so. Climate change can also affect relationships between species and changes in the timing of plant 
phenology. It is true that elevated atmospheric carbon dioxide (CO2) levels can occasionally increase plant 
output. This is due to the fact that plants need CO2 for photosynthesis, and higher amounts of CO2 can speed up 
photosynthesis, which promotes greater plant growth. The effects of increased CO2 on plant productivity, 
however, are complicated and can be regulated by a variety of other elements, such as the availability of 
nutrients, water, and temperature. The advantages of higher CO2 may occasionally be outweighed by these 
additional limiting variables. Additionally, while higher plant productivity might be advantageous for some 
crops and ecosystems, it might also be detrimental for other types. 

 
INTRODUCTION 

 
Increased photosynthesis in plants results from the carbon fertilisation effect brought on by rising CO2 levels in the 
atmosphere, which may increase agricultural yields for some crops. Increased CO2 levels affect how much water plants 
use, which reduces water loss. Nitrogen is become harder to get in terrestrial ecosystems, which has an impact. 
Increased CO2 has complex effects on plant productivity that are regulated by a variety of other variables, such as the 
availability of nutrients, water, and temperature. The advantages of higher CO2 may occasionally be outweighed by 
these additional limiting variables. While higher plant productivity might be advantageous for some crops and 
ecosystems, it might also be detrimental for other types. An overgrowth of invasive species, for instance, may result 
from increasing plant productivity in some locations, which can destabilise ecosystems and drive out local plant 
species. Increased plant production in agricultural contexts may also result in misuse of fertilisers and other chemicals, 
which could be harmful to the health of the soil and the quality of the water. 

 
Increased Photosynthesis Due to Climate Change on Plants and Ecosystems 
A variety of climatic and ecological factors influence the increased photosynthesis brought on by climate change, 
making it a complicated subject. On the one hand, greater photosynthesis in plants may result from rising atmospheric 
carbon dioxide (CO2) levels, which are brought on by human activities like burning fossil fuels. This is due to the fact 
that CO2 is an essential component of photosynthesis and that higher levels of CO2 can accelerate photosynthesis, 
which promotes greater plant growth and output. The results of increased photosynthesis brought on by climate change, 
however, are not necessarily favourable. For instance, droughts, heat stress, and other environmental stresses that can 
harm or kill plants can result from rising temperatures and altered precipitation patterns brought on by climate change. 
In some situations, this can lead to the loss of significant harvests and food supplies, as well as decreased plant 
development and production. Furthermore, the increased photosynthesis brought on by climate change may indirectly 
affect agricultural practises and ecosystems. For instance, greater CO2 levels may cause invasive species to overgrow, 
disrupting ecosystems and displacing local plant species. In agricultural situations, increased photosynthesis may also 
result in misuse of fertilisers and other chemicals, which can have detrimental effects on the health of the soil and the 
water supply. While it is possible that increased photosynthesis brought on by climate change will have some positive 
effects on plant growth and productivity, it is crucial to take into account the changes wider ecological and 
environmental effects. For the sake of maintaining the health and well-being of plants and the ecosystems they sustain, 
combating climate change and lowering greenhouse gas emissions remain a top concern. For crops like wheat, rice, and 
soybeans, which make up a sizable share of the world's food output, this effect is particularly important. However, other 
factors, such as nutrient availability, may limit the advantages of increased CO2.Climate change is having a significant 
impact on plant life, including changes in plant distribution, growth, and productivity. The increasing atmospheric 
carbon dioxide (CO2) levels have been found to enhance plant photosynthesis and growth, but this effect is limited by 
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other environmental factors such as temperature, water availability, and nutrient availability [1]. Rising temperatures 
and changes in precipitation patterns can lead to droughts, heat waves, and floods, which can affect plant survival and 
productivity [2]. Extreme weather events such as hurricanes, cyclones, and wildfires can also cause severe damage to 
plant communities and ecosystems [3]. Climate change can also lead to changes in the timing of plant phenology, such 
as flowering and leafing out, which can have cascading effects on other species in the ecosystem [4]. Changes in the 
timing of plant growth can disrupt the timing of pollinator emergence, migration patterns of birds and insects, and even 
lead to changes in predator-prey relationships [5]. Moreover, climate change can alter the plant-microbe interactions 
and soil microbial communities, which are critical for soil health and nutrient cycling. Changes in temperature and 
precipitation patterns can affect the microbial community composition and function, leading to shifts in soil nutrient 
availability and cycling [6]. The impact of climate change on plants is complex and multifaceted, affecting plant 
growth, distribution, phenology, and interactions with other species. The effects can be both positive and negative, 
depending on the plant species, environmental conditions, and the magnitude and rate of climate change. The challenge 
ahead is to understand and predict these impacts to develop effective strategies for mitigating the negative effects of 
climate change on plant communities and ecosystems. 

 
Plants use carbon dioxide (CO2), water, and sunlight to carry out photosynthesis, producing oxygen and carbohydrates 
for energy and growth. The carbon fertilization effect, caused by increasing levels of CO2 in the atmosphere, leads to a 
boost in plant photosynthesis. Global plant photosynthesis increased by 12% from 1982 to 2020, correlating with a 
17% rise in atmospheric CO2 levels. The majority of this increase in photosynthesis is attributed to carbon dioxide 
fertilization [7]. 

 
The growth of certain plants increases in response to elevated CO2 levels. Above-ground plant growth, on average, has 
increased by 21%, while below-ground growth has increased by 28% [7]. This increase in photosynthesis and growth 
has the potential to improve crop yields for some crops such as wheat, rice, and soybeans, with expected increases 
ranging from 12% to 14% [8]. 

 
However, the growth of certain crops, such as corn, sugar cane, sorghum, and millet, are less responsive to elevated 
CO2 levels [9]. One possible explanation for this is that these crops already have optimal levels of CO2 for 
photosynthesis [10]. 

 
In addition to affecting plant growth, elevated CO2 concentrations also influence plant water use. Plants have openings 
called stomata that release moisture into the atmosphere and allow CO2 absorption. As CO2 levels increase, plants can 
partially close their stomata and maintain a high rate of photosynthesis, which reduces water loss by 5% to 20% [11]. 
This may lead to a reduction in water released by plants into the atmosphere, which can have implications for the water 
cycle. 

 
Overall, while the carbon fertilization effect may benefit certain crops, the complex interactions between climate 
change and plant growth make it difficult to predict the future impacts of climate change on plant productivity and 
ecosystems [12]. 

 
Climate change-related increases in CO2 have the potential to reduce water use while also stimulating plant growth 
because of the carbon fertilisation effect. However, other factors like temperature, nutrient availability, and water 
availability make it difficult to determine how climate change will affect plant growth. 

 
Impact of Climate Change on Nitrogen Cycle 
Nitrogen is an essential nutrient for plant development and growth, and it frequently limits plant yield. These nutrients, 
which come in the form of nitrate or ammonium and are absorbed by plants from the soil, are necessary for the 
synthesis of proteins and other significant molecules. The lack of nitrogen in many terrestrial ecosystems, the 
researchers discovered, can restrict plant growth and production. Nitrogen is one essential nutrient that is becoming 
increasingly scarce in terrestrial ecosystems. Researchers observed that unfertilized terrestrial ecosystems are growing 
low in nutrients, notably nitrogen, between 1980 and 2017, after studying hundreds of plant species. Global factors,  
such as increasing temperatures and CO2 levels, are blamed for this decline in nutrients. It has been reported that most 
unfertilized ecosystems are becoming nitrogen-deficient as a result of global changes, including rising temperatures and 
CO2 levels (13). Nitrogen is a crucial ingredient for plant growth and is required for the synthesis of proteins and 
carbohydrates in plants. However, because atmospheric nitrogen gas is triple bonded and thus difficult to disintegrate 
into a form that can be used by plants, they are unable to utilise it. Natural nitrogen fixation can happen as a result of 
lightning, fertiliser manufacturing processes, or symbiotic bacterial relationships with plant roots, such as those of 
legumes, in soil. 

 
The amount of nitrogen in leaves may be diluted when CO2 levels rise, which can affect plant production (14). Gains in 
productivity may only last a short time if plants are unable to use the extra CO2 if nitrogen is limited. The availability of 
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nitrogen will determine whether trees can continue to absorb the huge amounts of CO2 emissions brought on by human 
activity (14). Previous studies projected that the rate of nitrogen fixation would decrease as temperatures rose over 
25°C, resulting in lower plant productivity and more warming. The ideal temperature for nitrogen fixation is really 
about 5°C higher than previously thought, according to new research (15). This means that nitrogen fixation is more 
likely to increase than previously thought, which might assist sustain plant productivity and avert a runaway situation. 
According to Griffin's (2020) research, photosynthesis is less affected by temperature increases than nitrogen fixation 
in plants. This is so because the temperature response of nitrogen fixation, which uses enzymes produced of nitrogen, is 
separate from the temperature response of photosynthesis. These enzymes, such as Rubisco, which converts carbon 
dioxide into carbohydrates during photosynthesis, can function less effectively at higher temperatures. As temperatures 
rise, Rubisco becomes less effective and loses precision, which causes it to fix oxygen rather than carbon dioxide and 
reduces the effectiveness of photosynthesis. The plant might squander resources as a result of this. Rubisco's efficiency 
declines at higher temperatures, although nitrogen fixation can make up for it [14]. 

 
The lengthening and warming of growing seasons as a result of global warming may result in drier soils and less runoff 
for streams and rivers. This is due to the fact that plants' increased water needs caused by prolonged growth will 
outweigh the advantages of partially closing their stomata [16]. Since evapotranspiration—the process by which plants 
expel moisture into the atmosphere—helps keep the air cooler, this could lead to more local warming. Dry soils have 
the potential to reduce photosynthesis by limiting carbon dioxide absorption [17]. Even if plants take in more carbon 
than they need for photosynthesis during a wet year, this may not be enough to make up for the less carbon dioxide they 
took in during the previous dry year [17]. 

 
Pests, diseases, and invasive species that destroy vegetation may potentially gain from warmer winters and a longer 
growing season. More generations of pests can proliferate over longer growing seasons as a result of faster insect life 
cycles, and more pests and pathogens can survive hotter winters [18]. Insects can have catastrophic consequences on 
local plants as a result of expanding their range due to rising temperatures [19]. 

 
Crops are more susceptible to weeds, insects, and disease, which already result in large agricultural losses, as a result of 
higher temperatures and greater rainfall [19].The yields of significant crops, such corn and soybeans, can decrease by 3 
to 7 percent for every degree of additional warming [20].In reaction to rising temperatures, plants are also relocating, 
with some species going to cooler altitudes or farther north. For instance, every ten years, plants in North America have 
shifted by 10.5 miles or 36 feet to higher latitudes [19].However, these migratory species may find their new 
environments less hospitable, and some species may ultimately suffer as a result of these changes [19]. 

 
Climate change: Impact on India 
According to climate change projections, India would experience more frequent and severe extreme weather events, 
such as drought, heat waves, and extreme precipitation [21]. Extreme precipitation events can disrupt plant growth, 
especially in places vulnerable to landslides and flooding, and increase the risk of soil erosion and flooding for plants 
[22]. A loss of forest cover and the biodiversity it supports due to more frequent high winds that stress tree stands and 
cause defoliation and even tree uprooting [23]. 

 
In India, there will probably be more hot waves and droughts together, which could cancel out any positive effects of 
the carbon fertilisation impact. In some regions of India, the combination of heat and dryness could result in a 20% 
reduction in maize yields, which is a common occurrence during hot growing seasons [24]. In areas like the Indo- 
Gangetic plains, which heavily rely on monsoon rains for agricultural production, the combination of heat and water 
constraint may also lower crop yields [25]. The effects on the region's food security could be severe. Climate change is 
projected to bring more frequent and severe extreme weather events, including extreme precipitation, wind disturbance, 
heat waves, and drought in India [21]. Extreme precipitation events can disturb plant growth, particularly in areas prone 
to floods and landslides, and make plants more vulnerable to flooding and soils to erosion [22]. More frequent high 
winds can stress tree stands, leading to defoliation and even uprooting of trees, resulting in loss of forest cover and the 
biodiversity it supports [23]. India is also likely to experience more combined heat waves and droughts, which could 
offset any benefits from the carbon fertilization effect. Crop yields often decrease during hot growing seasons, and the 
combination of heat and dryness could cause maize yields to fall by 20 percent in some parts of India [24]. In addition, 
the combination of heat and water scarcity may reduce crop yields in places like the Indo-Gangetic plains, which are 
highly dependent on monsoon rainfall for agricultural production [25]. This could have serious implications for food 
security in the region. 

 
Global warming and climate change are causing a variety of impacts on plant life. Warming temperatures and changes 
in precipitation patterns are causing alterations in vegetation growth and phenology. In India, there has been a decline 
in winter crops such as wheat and potato due to warmer winters and a shorter frost season. This has led to a decline in 
the productivity of the agricultural sector, which is the primary source of income for a large section of the population 
[26].Higher temperatures and increased moisture can also make crops more vulnerable to weeds, insects, and diseases, 
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which can cause significant crop losses. Each degree of added warmth can cause a 3 to 7 percent loss in the yields of 
important crops, such as corn and soybeans [27].Climate change is also expected to bring more frequent and severe 
extreme weather events, including extreme precipitation, wind disturbance, heat waves, and drought. Extreme 
precipitation events can disturb plant growth, particularly in recently burned forests, and make plants more vulnerable 
to flooding and soils to erosion. The combination of heat and water scarcity may reduce crop yields in places like India, 
where crop yields are projected to increase because of warmer temperatures [28].While some crop yields may increase, 
rising CO2 levels affect the level of important nutrients in crops. With elevated CO2, protein concentrations in grains of 
wheat, rice and barley, and in potato tubers decreased by 10 to 15 percent in one study. Crops also lose important 
minerals including calcium, magnesium, phosphorus, iron, and zinc. This could have serious implications for India, 
which is home to a large vegetarian population that relies heavily on grains for their daily diet [29].In India, where a 
large proportion of the population is engaged in agriculture, plants face an uncertain future due to the impacts of 
climate change. The complex interactions between plant physiology and behavior, resource availability and use, 
shifting plant communities, and other factors make it difficult to predict the overall impact of climate change on plant 
life in the country (30). 

 
There are numerous effects of climate change and global warming on plant life. Vegetation growth and phenology are 
being affected by warming temperatures and altered precipitation patterns. Winter crops like wheat and potatoes have 
decreased in India as a result of warmer winters and a shorter frost season. The productivity of the agricultural industry, 
which provides the majority of the population's income, has decreased as a result [26].In addition to making crops more 
susceptible to weeds, insects, and diseases, higher temperatures and more moisture can also result in considerable crop 
losses. Important crops like corn and soybeans might lose 3 to 7 percent of their production for every degree of 
increased heat [27].excessive weather events, such as drought, heat waves, and excessive precipitation, are predicted to 
become more common and severe as a result of climate change. Extreme precipitation events have the potential to 
disrupt plant growth, especially in recently burned forests, and increase the risk of flooding and soil erosion for plants. 
In places like India, where agricultural yields are expected to rise due to rising temperatures, the combination of heat 
and water constraint may diminish crop output [28]. 

 
While some crop yields may increase, the amount of critical nutrients in crops is impacted by rising CO2 levels. 
According to one study, the protein content of potato tubers, wheat, rice, and barley grains fell by 10 to 15 percent with 
increased CO2. Important minerals including calcium, magnesium, phosphorus, iron, and zinc are also lost by crops. 
India, which has a sizable vegetarian population and consumes a lot of grains on a daily basis, could be seriously 
impacted by this [29]. Due to the effects of climate change, plants in India, where a major section of the population 
works in agriculture, face an uncertain future. It is challenging to foresee the total effects of climate change on plant life 
in the nation due to the intricate interactions between plant physiology and behaviour, resource availability and usage, 
shifting plant communities, and other factors (30). 

 
Addressing Effect of Climate Change on Plants 
It will be necessary to take a comprehensive and interdisciplinary approach that takes into account the ecological, 
environmental, and sociological issues involved in order to address the consequences of climate change on plants. 

 
The following are some crucial tactics for managing these effects: 
Reducing greenhouse gas emissions: It's essential for maintaining the health and well-being of plants and the 
ecosystems they support to address climate change and reduce greenhouse gas emissions. A variety of tactics, such as 
switching to renewable energy sources, increasing energy efficiency, and lowering dependency on fossil fuels, can be 
used to accomplish this. 

 
Agro forestry and conservation agriculture are two examples of sustainable land use practises that can improve plant 
yield and safeguard soil quality. These methods, which can enhance soil quality, lessen erosion, and foster biodiversity, 
include crop rotation, intercropping, and the use of cover crops. 

 
Natural ecosystem preservation and restoration are essential for preserving biodiversity and ecosystem services. 
Examples of such ecosystems include wetlands, grasslands, and forests. These ecosystems can also act as significant 
carbon sinks, lowering atmospheric levels of greenhouse gases. 

 
Creating plant types that are more resistant to the effects of climate change, such as drought, heat stress, pests, and 
diseases, can aid in ensuring food security and maintaining the health of the ecosystem. Conventional breeding 
methods, genetic engineering, and other biotechnological methods can all be used to accomplish this. 

 
Continuing to invest in research and development will be essential for creating new approaches and technology to deal 
with the consequences of climate change on plants. These fields include plant biology, ecology, and agriculture. The 
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ability to safeguard and improve plant productivity in the face of a rapidly changing climate can be ensured thanks to 
this. 

 
CONCLUSIONS 

 
The world of plants is being significantly impacted by the rising temperatures and rising levels of carbon dioxide (CO2) 
in the atmosphere. Here are some ways that plants are being impacted by climate change: 

 
Increased Plant Growth: Since plants need carbon dioxide for photosynthesis, locations with higher atmospheric CO2 
concentrations may experience an increase in plant growth. However, other elements like the availability of nutrients 
and water may have a limit on this effect. 

 
Changes in Plant Distribution: Plant distribution may change when temperatures rise; some plant species may move 
to cooler climates, while others may die extinct or become less widespread. Ecosystems and the animals who rely on 
these plants for food and habitat may be significantly impacted by this. Ecosystems and the animals who rely on these 
plants for food and habitat may be significantly impacted by this. 

 
Changes in Plant Phenology: The time of plant development and flowering, or "plant phenology," can shift as a result 
of climate change. The timing of interactions between plants and animals, such as the activity of pollinators and the 
availability of food for migratory birds, may be significantly impacted by this. 

 
Increased Risk of Wildfires: Wildfire risk has increased as temperatures have risen and droughts have become more 
frequent. In locations with great biodiversity, this can have a substantial impact on plant communities. 

 
Changes in Plant Productivity: Crop yields and plant productivity are both impacted by climate change. In locations 
with high populations and restricted access to resources, this may have a considerable impact on food security. 

 
There are numerous and diverse effects of climate change on plants. Warmer temperatures and greater CO2 levels may 
be advantageous for some plant species, but these advantages may be outweighed by the detrimental effects on plant 
distribution, phenology, and production. Protecting the health and well-being of plants and the ecosystems they sustain 
depends on addressing climate change and cutting greenhouse gas emissions. Tackling the impacts of climate change 
on plants would require a thorough and interdisciplinary approach because these effects are complex and linked. 
Reducing greenhouse gas emissions, promoting sustainable land use, safeguarding and restoring natural ecosystems, 
creating plant varieties that are more tolerant to climate change, and funding research and development are all methods 
for addressing the effects of climate change on plants. By doing these things, we can combat the effects of a fast- 
changing climate while also preserving plant productivity, preserving biodiversity, and ensuring food security. For the 
sake of both the natural world and our own wellbeing, it is imperative that we take action right away to address the 
effects of climate change on plants and ecosystems. 
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ABSTRACT 

 
Industrial enzymes are specialised proteins used in a variety of industrial processes owing to their capacity to 
catalyse particular chemical reactions. These enzymes, which are produced by microbial fermentation or 
genetically modified organisms, have a number of benefits over conventional chemical catalysts, including 
more selectivity, milder reaction conditions, and better sustainability. Due to their exceptional catalytic 
efficiency and specificity, enzymes serve as biocatalysts and are essential in many industrial applications. 
Enzymes are frequently used in the food and beverage industries, where they help turn basic ingredients like 
carbohydrates, proteins, and lipids into tasty finished goods. Additionally, the textile sector uses enzymes for 
procedures like desizing, bio-polishing, and denim fading to enhance fabric quality and minimise 
environmental impact. Enzymes play a crucial role in laundry detergents in the detergent business, 
providing efficient stain removal and energy efficiency. Enzymes are used in medication synthesis by the 
pharmaceutical industry, resulting in more productive production methods and a smaller environmental 
impact. Enzymes are also essential for producing biofuels, notably the enzymatic hydrolysis of biomass to 
produce bioethanol. Finally, enzymes are used in waste management to help treat and degrade a variety of 
contaminants. Enzymes provide a viable and effective replacement for conventional chemical processes in 
many industrial sectors, encouraging environmentally friendly practices and raising product quality. 

 
Key Words: Industrial Enzymes, Catalysis, Biofuels, Fermentation, Sustainable 

 
 

 

INTRODUCTION 
 

Biocatalysts that are commonly employed in many areas of industrial production are industrial enzymes. In 
comparison to conventional chemical processes, these specialised proteins promote and speed up chemical 
reactions. Industrial enzymes have drawn a lot of interest because of their adaptability, focus, and environmental 
friendliness. 

 
Enzymes have been used in industrial operations since ancient times when they were used in things like brewing, 
cheese-making, and bread-making. The industrial enzyme business has undergone a revolution, though, because of 
developments in contemporary biotechnology, which have made it possible to produce enzymes on a massive scale 
and broaden their applications. 

 
The ability of industrial enzymes to operate in benign operating conditions, such as moderate temperatures and pH 
ranges, minimises energy consumption and has a positive impact on the environment. Furthermore, enzymes have 
excellent substrate and reaction specificity, which increases efficiency and decreases waste production. 

 
The enzyme industry has undergone rapid development primarily in the past four decades, driven by advancements 
in modern biotechnology [1]. Enzymes have been utilized since ancient times in the production of various food 
products, including cheese, sourdough, beer, wine, and vinegar, as well as in the manufacturing of commodities 
such as leather, indigo, and linen [2][3]. In those early processes, enzymes were derived from spontaneously 
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growing microorganisms or added preparations like calves' rumen or papaya fruit, without being purified or well- 
characterized [3]. 

 
However, the development of fermentation processes in the later part of the last century revolutionized the 
production of enzymes by using selected production strains, enabling large-scale manufacturing of purified and 
well-characterized enzyme preparations [4]. This breakthrough facilitated the integration of enzymes into true 
industrial products and processes, including the detergent, textile, and starch industries [3]. Additionally, the 
application of recombinant gene technology further improved manufacturing processes and made the 
commercialization of previously inaccessible enzymes possible [4]. 

 
Furthermore, recent advancements in modern biotechnology, such as protein engineering and directed evolution, 
have significantly transformed the development of industrial enzymes [3]. These innovations have facilitated the 
production of tailor-made enzymes with new activities and adapted characteristics for diverse process conditions, 
leading to further expansion of their industrial applications [4]. As a result, the enzyme industry has become highly 
diversified and continues to grow in terms of size and complexity [3]. 

 
The majority of industrial enzymes in use today have a hydrolytic function and are used to break down a variety of 
natural compounds. Due to their extensive use in the dairy and detergent sectors, proteases in particular continue to 
be the most common enzyme class. Amylases and cellulases, the second-largest group of carbohydrases, are used in 
the starch, textile, detergent, and baking industries [1]. 

 
Industrial enzymes now have a $1.5 billion market value worldwide, up from $1 billion in 1995 [5]. However, in 
certain important technical industries, including the detergent industry, growth has been static [5]. 

 
The baking and animal feed industries have experienced the fastest growth in the past decade, while other 
industries, ranging from organic synthesis to paper and pulp and personal care, have also contributed to the overall 
expansion of the enzyme market [1]. 

 
Recombinant DNA technologies, protein engineering, and developments in fermentation methods have all aided in 
the development of industrial enzymes. Enzyme manufacturing on a wide scale is made possible by fermentation 
procedures that make use of particular microbes or genetically modified organisms. Through the use of 
recombinant DNA technology, desirable genes can be introduced into host species, enabling the creation of 
enzymes that were previously scarce. Enzymes can be altered and optimised using protein engineering techniques 
to improve their functionality, stability, and specificity for different industrial applications [6]. 

 
Industrial enzymes are becoming more and more valued resources for attaining these aims as the need for 
sustainable and ecologically friendly processes rises. They provide substantial advantages like decreased energy 
use, reduced waste production, and increased process effectiveness. The field of industrial enzymes is anticipated to 
grow further with continued study and technical development, resulting in the creation of novel enzymes and the 
investigation of innovative uses in a variety of industries.In addition to enhancing process economics, their 
utilisation promotes environmental sustainability[6]. 

 
This review will examine the most recent improvements in the technical uses of enzymes, segment by segment, 
highlighting the important developments that have facilitated these uses. 

 
Enzymes in Detergent Industry 
The detergent industry, which represents the largest utilisation in terms of volume and value [7], continues to be at 
the forefront of industrial enzyme uses. Proteases are the most common enzymes utilised, although other hydrolases 
with unique features are often added to offer a variety of advantages, including the elimination of specific stains 
[8]. Proteases and amylases are examples of conventional detergent enzymes that have undergone improvements as 
a result of ongoing biotechnological developments. These enzymes from the second and third generations have 
undergone extensive optimisation to satisfy the changing performance standards for detergents, whose composition 
is continually being improved [9]. 

 
The compatibility of enzymes with detergent components, notably their stability features, is one of the major 
factors to be taken into account while developing detergent enzymes. Additionally, recent work has concentrated on 
improving the enzymes' effectiveness at lower temperatures, which is in line with the development of less energy- 
intensive laundry and dishwashing practises [10]. When it comes to overcoming the difficulties of effective 
cleaning and stain removal at lower temperatures, enzyme technology is essential. 

 
Novel amylases that have been engineered to display increased activity at lower temperatures and alkaline pH, 
while preserving stability under detergent conditions, are notable examples of second-generation detergent 
enzymes. These enzymes are created using a combination of rational protein engineering techniques and microbial 
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screening [11]. Proteases that can operate at low temperatures have been found in nature, and additional 
advancements have been made via techniques of lab-directed evolution [12]. Scientists have isolated new proteases 
from a pool of 26 subtilisin proteases via DNA shuffling, producing enzymes with improved activity and stability at 
alkaline pH—important properties for detergent proteases [13]. 

 
An important development in detergent enzymes in recent years has been the appearance of a new enzyme class, 
notably mannanases. Procter & Gamble and Novozymes worked together to develop this innovation [14]. The 
collaboration between Procter & Gamble and Novozymes to create mannanases is a prime example of the detergent 
enzymes' ongoing innovation and advancement. Manufacturers can improve the effectiveness and efficiency of 
stain removal by broadening the variety of enzymes used in detergents. This advancement is essential because it 
tackles unique difficulties in erasing guar gum stains, which can be extremely difficult. 

 
Procter & Gamble and Novozymes' partnership demonstrates the industry's dedication to expanding enzyme 
technology and developing cutting-edge cleaning and stain removal methods. The detergent business may offer 
consumers cleaners that are more effective and efficient by consistently researching and launching new enzyme 
classes, such mannanases. 

 
Guar gum, a typical stabiliser and thickening component in food items, plays a significant role in the efficient 
removal of numerous food stains.Guar gum, a stabiliser and thickening substance frequently used in food items, is 
recognised for helping to remove various food stains effectively. The detergent sector has been actively working to 
improve enzyme activity, stability, and compatibility with detergent formulations since they understand how 
important it is to deal with these stains. The breakthroughs in industrial enzymes have been fueled by this continual 
research and development in the detergent sector. 

 
The detergent business improves enzyme activity, stability, and compatibility to offer more potent stain removal 
and cleaning capabilities. This is especially true now that energy-saving techniques are increasingly emphasized in 
home and commercial cleaning methods.In order to satisfy changing consumer needs, the detergent industry must 
make improvements to enzyme activity and compatibility with detergent formulations. These advancements help 
remove stains more successfully and offer energy savings by lowering the temperature requirements for cleaning 
procedures.With a continuing focus on enhancing enzyme activity, stability, and compatibility with detergent 
formulations, the detergent industry remains the primary force behind the research and use of industrial enzymes. 
These developments pave the way for more effective stain removal and cleaning, which helps domestic and 
commercial cleaning procedures save energy. 

 
Enzymes in Fuel Production 
Based on the primary ingredients and production methods, biofuels are divided into generations. Bio-alcohols like 
ethanol, butanol, and propanol are produced as a by-product of the fermentation process used to produce first- 
generation biofuels from sugar and starch-producing plants. Cellulose from non-food crops and leftover biomass is 
used to make cellulosic biofuels, which are a type of second-generation biofuel. Algal/microalgae species are used 
to create third-generation biofuels, which have high energy efficiency and provide benefits for the economy, 
society, and environment for both domestic and industrial use [15][16]. 

 
Municipal garbage, agricultural residues, industrial organic waste, and livestock waste are all examples of waste 
biomass that can make good sources for biofuel production and help to create a low-carbon environment and a 
circular economy that is sustainable [17][18]. For instance, the creation of biochar from orange peels effectively 
makes use of waste biomass [18]. 

 
Various characteristics, including water content, volatile components, ash content, net calorific value, and chemical 
composition, influence the choice of suitable waste biomass for biofuel generation [19][20]. In comparison to rice 
waste and date fruit waste, studies have indicated that Jatropha fruit waste (cake) demonstrates the superior 
potential for the manufacture of biofuels [20]. 

 
In the process of producing biofuel, enzymes provide benefits like process effectiveness, cost-effectiveness, and 
environmental friendliness. Microbial-driven enzymes are frequently employed, highlighting the significance of a 
thorough understanding of microorganisms and their particular enzymes for various biofuels [21]. Enzyme-based 
biofuel cells (EBCs), which focus on using glucose as a biofuel to generate power through the use of different 
nanomaterials, are a recent discovery [22].With the development and improvement of cost-effective bioprocesses, 
the generation of biohydrogen, biodiesel, biogas, and bioethanol would be an ideal option to replace the energy of 
fossil fuels. Along with having a thorough understanding of its process and the microorganisms from which these 
enzymes are derived, it is crucial to place emphasis on the enzymes involved in the generation of various biofuels. 
Enzymes that work well and efficiently will help the economy's transition to a biofuels-based one. As engineering 
techniques and synthetic biology have advanced, many microbe strains have been employed to increase the 
production of sustainable enzymes for biofuels. 
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Enzymes in the Production of Textiles 
Despite having a large impact on the world economy, the manufacture of textiles frequently has negative 
environmental effects. Enzymes have become useful tools in the textile industry in recent years, providing effective 
and sustainable solutions to a variety of problems. One of the areas of industrial enzymology that is expanding the 
fastest is the use of enzymes in the textile industry. Amylases, catalase, and laccase are the enzymes that are utilised 
in the textile industry to remove starch, break down excess hydrogen peroxide, bleach fabrics, and break down 
lignin. Due to their non-toxic and environmentally friendly qualities, enzymes are being used more and more in the 
chemical processing of textiles as the need for textile manufacturers to prevent pollution in textile production 
becomes more and more significant. The most recent commercial advancements involve the use of cellulases for 
denim finishing and lactases for bleaching and decolorizing textile effluents. Because enzymes are highly specific, 
effective, and operate in benign settings, their employment in technology is appealing. Additionally, using enzymes 
speeds up processes, saves energy and water, improves product quality, and has the ability to integrate processes. 
The objective is to educate the textile technologist about enzymes and how to employ them with textiles. 

 
Biocatalysts known as enzymes speed up chemical reactions. Enzymes have various benefits over conventional 
chemical processes for processing textiles, including less energy and water use, softer processing conditions, and 
better product quality. The textile industry uses enzymes at several stages [23]. 

 
Biocatalysts known as enzymes speed up chemical reactions. Enzymes have various benefits over conventional 
chemical processes for processing textiles, including less energy and water use, softer processing conditions, and 
better product quality. Enzymes are utilised in the desizing, scouring, bleaching, dying, and finishing stages of 
textile manufacture. 

 
Desizing and scouring: While scouring eliminates impurities including waxes, pectins, and oils, desizing involves 
the removal of sizing agents from fabrics. Alpha-amylases and cellulases are employed for effective desizing and 
scouring, which enhances the absorbency, dye uptake, and general quality of the cloth. These enzymatic procedures 
are less harmful to the environment than conventional chemical ones. 

 
Bleaching: Enzymes are essential to the bleaching process because they break down lignin, pectin, and other 
contaminants in the cloth. Utilising enzymes like xylanase and laccase, enzymatic bleaching lessens the need for 
harsh chemicals and high heat, reducing the impact on the environment and improving fabric brightness. 

 
Dyeing and Colouring: Enzymes are used in several stages of textile dyeing, such as colour removal, denim 
fading, and enhancing colour fastness. The fabric surface can be better prepared for dye penetration using 
enzymatic techniques like bio-bleaching and bio-scouring, which can improve colour intensity and cut down on dye 
usage. 

 
Finishing: Enzymes offer creative approaches to textile finishing, giving materials the desired practical qualities. 
For instance, soft, smooth, wrinkle-free finishes can be produced using enzymes like cellulases and lipases instead 
of harsh chemicals and mechanical treatments. The popularity of enzymatic finishing techniques has grown as a 
result of their sustainability, enhanced fabric feel, and low energy requirements. 

 
Environmental Benefits: The textile industry uses enzymes to preserve the environment and promote 
sustainability. Low temperatures and quick processing durations are typical requirements for enzymatic reactions, 
which work under more tolerant circumstances. As a result, energy is saved, and carbon emissions are decreased. 
Enzymatic processes also minimise the ecological effect by using less water and releasing fewer dangerous 
chemicals into the environment. 

 
Higher-quality finished goods are a result of desired fabric qualities acquired by enzymatic activities, such as 
greater fabric absorbency, increased dye uptake, improved colour fastness, and desirable fabric features. By 
increasing processing effectiveness and minimising the need for harsh chemicals and repetitive treatments, enzymes 
can also assist lower production costs. 

 
The textile industry has undergone a revolution because to enzymes, which offer effective and environmentally 
friendly substitutes for conventional chemical procedures. Enzymes are used in textile processing for a variety of 
reasons, including decreased environmental impact, higher performance, and better fabric quality. An important 
step towards a greener and more sustainable future is the adoption of enzyme technology in the textile industry 
[24]. 

 
Enhancing Nutrient Utilisation and Environmental Sustainability with Enzymes in the Feed Industry 
Enzymes have become significant feed additions in the cattle business, solving issues with sustainability and 
nutrient utilisation. In the feed industry's use of enzymes like xylanases, β-glucanases, and phytases is very well 
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documented, with special emphasis on how they help animals better absorb nutrients and have a smaller negative 
impact on the environment. 

 
Cereal-based feed with xylanases and beta-glucanases: 
For monogastric animals, xylanases and beta-glucanases are added as feed additives to cereal-based diets. These 
enzymes aid in the breakdown of the complex carbohydrates found in plant-based feeds, improving nutritional 
availability and improving animal performance [25]. 

 
Phytases for Better Utilisation of Phosphorus: 
Although phosphorus is an essential mineral for animal diets, it is frequently bound in phytic acid in feeds made 
from plants. Monogastric animals' low phosphorus utilisation results from a lack of the enzymes needed for 
effective phytic acid breakdown. Enzymes called phytoses, which break down phytic acid, have drawn a lot of 
interest as feed additives. Phytases increase animal phosphorus uptake by enhancing the release of phosphorus from 
phytic acid [26]. This is especially important since there are restrictions on conventional inorganic phosphorus 
sources, including bone meal, and because phosphorus excretion must be decreased to lessen environmental effect 
[27]. 

 
Research is now being done to improve the effectiveness of phytases in feed formulations. In order to increase 
phosphorus release, new fungal phytases with noticeably greater specific activity have been discovered [28]. To 
improve the catalytic activity of fungal phytases, methods including site-directed mutagenesis based on three- 
dimensional structural analyses have been used [29]. These developments are meant to maximise phytases' abilities 
to increase phosphorus utilisation in animal diets. 

 
Feed enzymes, such as phytases, have been discovered to have indirect impacts on the intake of other nutrients in 
addition to their direct impact on phosphorus utilisation [30]. In order to better understand these impacts and create 
enzyme formulations that enhance nutrient utilisation and advance animal health, more research is now being 
conducted. Future prospects include the continuous development of enzyme technology, which will promote 
sustainable livestock production methods and allow for better nutrient utilisation in animal diets.By increasing 
nutrient utilisation and minimising environmental effect, enzymes are essential in the feed sector. In monogastric 
animals, the use of enzymes such xylanases, β-glucanases, and phytases improves the utilisation of phosphorus and 
the breakdown of complex polysaccharides. The optimisation of nutrient utilisation in animal diets has potential for 
supporting efficient and sustainable livestock production, according to ongoing research and developments in 
enzyme technology. 

 
Enzymes for the Food Industry: Innovations and Various Uses 
The use of enzymes in the food business has grown significantly, with uses ranging from texturizing to flavouring. 
This article examines the various uses of enzymes in the food-processing industry, highlighting current 
developments and their potential for further development in the future. 

 
Using transglutaminase to Texture: 
Through protein cross-linking, transglutaminase has become recognised as a useful texturizing agent in the food 
processing industry, enhancing the viscoelastic qualities of goods like sausages, noodles, and yoghurt [31]. 
Although ongoing attempts are being made to expand the availability of economically viable transglutaminase 
enzymes through recombinant synthesis, this problem still exists. 

 
Lipolytic Enzymes in Baking: According to studies [32, 33], lipolytic enzymes are being used more and more in 
baking. Recent research suggests that phosphor-lipases can produce emulsifying lipids in situ by degrading polar 
wheat lipids in place of or in addition to conventional emulsifiers. Additionally, studies are concentrating on the 
causes of bread staling and the enzymatic prevention of staling employing xylanases and α-amylases [34]. Bread 
softness and elasticity are maintained in part by the starch and hemicellulose fractions' ability to retain and bind 
water. 

 
Novel Applications: Although there is a dearth of literature on a number of promising new applications of 
enzymes in the food business. By catalysing the cross-linking of polyphenols, laccase enzymes have been employed 
to clarify juice by enabling their simple removal through filtration. By catalysing the cross-linking of polyphenols, 
laccase enzymes have been employed to clarify juice by enabling their simple removal through filtration. 
Additionally, laccases have been used to improve the flavour of beer. New uses in the food sector may be 
discovered by further investigation of various enzyme classes [35]. 

 
Enzymes have completely changed the way that food is produced, with uses ranging from flavouring to texturizing. 
Recent developments have demonstrated tremendous potential for enhancing product quality and processing 
effectiveness, including the use of transglutaminase for texturizing and lipolytic enzymes in baking. In addition, 
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new uses for enzymes, such as laccase enzymes, show how widely used they are in the food sector. Enzyme 
technology will improve further with continued study and invention, resulting in better food processing. 

 
Oil and Fat Processing 
Several innovative enzyme-based techniques have recently been established in the fat and oil industries. Even 
though the technique of interesterifying triglycerides using immobilised lipases was first reported in the 1980s, it 
has not yet proven to be sufficiently cost-effective to be used in actual large-scale applications, such the 
manufacturing of margarine [36]. However, these issues have been resolved by improvements in enzyme synthesis 
and immobilisation methods. 

 
Utilising granulated silica to immobilise lipases has greatly decreased process costs, which is a significant 
development [37]. This breakthrough has made it possible to produce commodity fats and oils free of trans fatty 
acids using enzyme-based techniques, which will result in healthier food items [37]. 

 
The "de-gumming" process, which eliminates phospholipids from vegetable oils, is another notable enzyme-based 
procedure. Highly selective microbial phospholipases are used in this procedure [38]. This enzymatic step can be 
added to save energy and water, which is good for the environment as well as the industry [38]. 

 
These enzyme-based procedures show how enzymes can improve sustainability and productivity in the fat and oil 
sectors. It is anticipated that ongoing research and development in enzyme technologies will spur additional 
improvements in these procedures and broaden their applications. 

 
Enzymes for organic synthesis 
Chemical synthesis depends on enzymes for organic synthesis, which have many advantages over conventional 
chemical processes. In contrast to other industries, the chemical industry has been rather sluggish to adopt enzyme 
catalysis despite its considerable promise. However, the manufacture of numerous compounds using enzyme-based 
techniques has seen tremendous growth and wide adoption recently, signalling a turning point in the industry [34]. 

 
The creation of single-enantiomer intermediates for use in the synthesis of medicines and agrochemicals is a well- 
known application of enzymes in organic synthesis. The required biological activity and safety of these chemicals 
depend on the selective production of particular enantiomers, which is only possible through enzymatic reactions. 
Due to the fact that only a few number of enzymes have broad applicability across several synthetic pathways, this 
market segment is highly fragmented. 

 
Novel enzymatic processes have been created as a result of recent developments in enzyme-based catalysis. For 
instance, lipases are useful in the synthesis of enantiopure alcohols and amides. These enzymes have a high degree 
of selectivity and are effective at resolving chiral mixtures from racemic mixtures. While acylases have been used 
to create novel semi-synthetic penicillins, nitrilases have been used to produce enantiopure carboxylic acids [39]. 

 
It is significant to remember that many businesses are only just beginning to investigate and utilise the potential of 
enzyme-based catalysis in organic synthesis. This suggests that there is still a great deal of space for new research 
and breakthroughs in this area. Expanding the range of enzymes and improving their catalytic capabilities for 
certain chemical transformations are the goals of ongoing research in the fields of enzyme engineering, directed 
evolution, and protein design. 

 
The use of enzyme-based techniques in organic synthesis has a number of benefits. Enzymes frequently operate 
with excellent selectivity and under benign reaction conditions, minimising the creation of undesirable byproducts 
and minimising waste. Enzyme catalysis can also increase overall process efficiency and allow the use of renewable 
starting materials. With predictions of continuous development and innovation in the upcoming years, these 
considerations help to explain the increased interest in and investment in enzyme-based organic synthesis. 

 
CONCLUSION 

 
Enzymes are now crucial in many industrial fields, and their uses are constantly growing. Enzymes are being 
created for processes that were previously thought to be improbable candidates for enzymatic catalysis thanks to 
breakthroughs in biotechnology. This development broadens the use of enzyme utilisation and creates new 
possibilities. 

 
The capacity of enzymes to function as extremely effective catalysts under benign reaction circumstances is one of 
their main advantages. This trait results in enormous resource savings, including water and energy, which are 
advantageous to the economy and the environment. Such resource preservation is especially important in a world 
that is struggling with issues like population growth and resource depletion.Enzyme technology has a great deal of 
potential for solving problems that different sectors will confront in the future. It provides environmentally friendly 
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substitutes for conventional chemical processes, lessening the impact on the environment and encouraging resource 
utilisation that is more effective. We can anticipate even bigger discoveries and innovative uses of enzymes in the 
years to come as study and development in protein design, biocatalysis, and enzyme engineering continue.The 
development of an industrial environment that is more resource- and sustainably efficient depends in large part on 
enzyme technology. Industries may help fulfill the demands of a changing world while reducing their ecological 
impact by utilising the power of enzymes. The potential of enzymes will be further realised by continued 
innovation and cooperation between academics, business, and biotechnology, which will be advantageous for 
society, the economy, and the environment. 
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Abstract 
As it is being witnessed that in present global scenario product economies are turning to information and 
knowledge economies, so governance of such economies needs also to be electronically consequently concept 
of E-Governance is emerging of which effectiveness depends upon IT infrastructure, service quality of web 
portals of E-Governance and its delivery to citizens at affordable cost with accuracy and proper security. Present 
study aims at finding the level of effectiveness of E-Governance in India. Study reveals that efficacy of E- 
governance depends upon the service quality of web portals provided by the Govt. to citizens. 
Key Words: Web Portals, E-Governance Mix, Service, Quality 

1. Introduction 
In present era of information and communication technology where economies are undergoing to transform to 
E-governance as a broader government modernization programs, so how India can isolate itself at this 
counterpart. At the same time, not all Indian state governments are at the same level on the e-governance curve. 
While some states have been proactive and faster adopt e-governance concept, others are still in the process of 
transforming the domain of citizen-centric governance. Some developed countries at global level, however, 
have already achieved the goals of Governance 1.0, and are now moving on to Government 2.0, described as the 
next phase, or next step of good governance and India is also trying to pick the same track of E-governance. 
E-governance is nothing but an application of electronic media in Govt services. To make the E-governance 
more effective E-governance mix is framed that signifies the mixture of 4As i.e. Awareness, Accessibility, 
Adaptability and Affordability in optimal manner. Goodness of E-governance depends upon service quality of 
web portals provided by the Govt. regarding these 4As. The central and state governments have taken several 
initiatives to harness the power of ICT to improve G2G, G2C and G2B interactions Government’s concern 
seems in adoption of National e-governance Plan (NeGP), which aims to make all government services 
accessible to common citizens in their localities through common service delivery outlets and ensure efficiency, 
transparency and reliability of such services at bearable costs. Now question arises whether Govt web portals 
are meeting the needs of citizens so that more steps can be taken by Govt to improve the efficacy of E- 
Governance which initiates the researcher to make the study on this topic. 

2. Literature Review 
M. Shamsul Haque (2002) revealed in his study that E-governance must show more than this dismal scenario 
of human conditions in India. After all, the poor citizens need the basic material preconditions of living — 
including food, health, education and employment — before they become interested in non-material concerns 
like information and knowledge provided by e-governance. There is no doubt that e-governance has been useful 
for certain services enjoyed by citizens, especially the affluent high-income families and foreign investors. But 
it is yet to be seen whether e-governance can eradicate poverty, reduce inequality and satisfy basic human needs 
in a poor country like India. 
A. Monga (2008) concluded that with the introduction of e-government applications, the service delivery 
mechanisms in India have made clear departure from the past - cramped spaces, shabby ambience, long queues, 
delaying tendencies of officials procedural complexities, direct and indirect demands for bribe, and inefficiency 
in work. The introduction of Information Technology in the governance process has brought about a revolution 
in the quality of service delivered to its citizens. 
Xenia Papadomichelaki and Gregoris Mentzas (2009) conceptualized an e-government service quality model 
(e-GovQual) to develop, refine, validate, confirm and test a multiple-item scale for measuring e-government 
service quality for public administration sites where citizens seek either in-formation or services. Within E- 
GovQual four factors are used: reliability, efficiency, citizen support and trust. Each of the four factors had a 
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significant impact on overall service quality. Through understanding the service quality dimensions for govern- 
mental sites, an organization will stand a much better chance of gaining and serving much more citizens. 
Dr. Sanjay Kumar Dwivedi & Ajay Kumar Bharti (2010) stated in their study that 81% citizens report 
reduction in corruption, 95% find cost of e-governance affordable and 78% favors fast of delivery of services. 
Therefore we can say that e-Governance is the key to the “Good Governance” for the developing countries like 
India to minimize corruption, provides efficient and effective or quality services to their citizens. 
Debjani Bhattacharya, Umesh Gulla, M.P. Gupta, (2012) took seven constructs – i.e. citizen centricity, 
transaction transparency, technical adequacy, usability, complete information, privacy and security and 
usefulness of information – were identified from the analyses, which can be used to assess the demand side 
service quality of government portals. Jaya Iyer & R.K.Srivastav (2012) measured the website quality, 
proposing nine dimensions which are identified based on a review of the literature and on the analysis of data of 
a pilot survey. 

Sushil Kumar Singla & Himanshu Aggarwal (2013) focused in the study at discovering e-Governance 
inventiveness initiated by the Punjab Government. The study found why e-Governance is not appropriately 
applied in rural areas of the Punjab. It emphasized on determinants of e-Governance to control the corruption. It 
has also been explained the awareness of citizens about internet required for effective implementation of e- 
Governance. This study is useful to know the impact of e-Governance projects implemented and find out the 
scope of e-Governance in the State of Punjab. 

Parul Jain & Pradeep Suri (2017) explored that an e-governance project where citizen is taking as a central 
point witnessed extraordinary value of theoretical S-A-P variables is anticipated to be well thought-out by high 
public value. The study has made in depth to determine the relationship between S-A-P variables and civic 
value of e-governance plans. 

P. Adjei-Bamfo & T.M. Nyamekye et al (2019) reveals that dynamisms in building a healthy ICT 
infrastructure, web portals, and human capability to adopt Information communication technology is a proposal 
to developing countries inter alia an informative stage to share and communicate SPP necessities. E-governance 
also assists a broader model for market keenness valuation and a cohesive e- procurement structure towards 
impactful SPP observing and assessment. 

Atta Addo & PK Senyo (2021) examined the role of digital identity in socio-development and inclusion and 
determines a relationship model between both. Study contributes in advancement of E-Governance by 
establishing the relationship between socio-economic development and inclusion. 

Furthermore, many more researches have also been done to determine the quality of the e-Government websites 
in different countries. To move on the same line in Indian context, present study aims to provide an instrument 
for measuring the quality dimensions of Government web portals to make the E-governance mix more effective 
in India. 

 
3. Objectives of the study 
• To assess the service quality of Govt Web Portals in India. 
• To explore the determinants to optimize the E-Governance mix. 

 
4. Research Methodology 

Research is exploratory in nature for which both types of data primary as well as secondary, has been collected. 
Primary data has been collected through circulation of questionnaire to 100 citizens of India rating at 5 point 
Likert’s scale and secondary from Newspapers, magazines, internet etc. proper weights were given to scores 
gathered as per their significance. Principal Component Analysis has been used to testify the adequacy of 
various factors affecting E-Governance mix and grouping thereof. Further X2-test has been applied to know the 
validity of the results of the study. 

5. Hypothesis: 
• H0: E-Governance Mix is independent of the stated five factors (F1 F2, F3, F4 and F5)/Variables. 
• H1: E-Governance Mix is not independent of the stated five factors (F1 F2, F3, F4 and 
F5)/Variables. 

6. Parameters of the Study: 
Following factors have been taken as parameters of study which will assess the quality of the Government 
web portals in India. 
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 Table: Parameters of the Study 

 

Website Design 

(F1) 

Reliability 

(F2) 

Familiarity 

(F3) 

Personalization 
(F4) 

Security/Privacy 
(F5) 

Easy in Use Promise 
respond 

to Familiar 
Website 

with Offers a Choice Assurance 
Privacy 

of 

Visual Appeal Services’ 
righteous 

Conducting 
Online 
Transaction 

Links to 
Websites 

Other Non sharing of my 
information 

Well organized 
Outlook 

Reasonability 
of charges 

Interactions 
with Govt. 
Agencies 

Delivering 
Services 

the Protects 
information 

Availability 
Citizens 

to   Variety in 
Options 

Service  

Doesn’t Crash     

Loads its pages 
Faster 

    

 

7. E-governance Framework 

Taking the various views of different scholars it has been explored that optimal framework of following 4 As, 
which can be named as E-Governance Mix, can make the E-governance most effective. 

Awareness: This metric of the 4A framework requires all citizens are aware of all web portals of e-
governance available made by the Government. 
Accessibility: All reports, information, notifications etc provided by the Govt electronically must be 
accessible to all citizens. Moreover, it needs adequate infrastructure. 
Adaptability: The metric ensures the E-governance system ability to adapt to the changing needs of 
society and fight the regional disparity as well as local issues and contexts. This must be flexible and 
respond to the needs of its citizens, meet their best interests and adapt to different contexts. 
Affordability: Govt. should also ensure that all web portal of e-governance are either free of cost or 
affordable to the all citizens. 

 

8. Results and Discussions 

Question wise analysis was made with the help of Excel and SPSS version 12.0. The questionnaire was based 5 
different variables that were considered to be significant while using the ICT based Web Portals of E- 
Governance and it was measured against a 5-point Likert scale, depending on the level of importance attached 
to each variable. The facts obtaining from the questionnaire were analyzed by using Factor Analysis. Variables 
that have factor loading of more than 0.5 were grouped under one factor. Only the factors having Eigen values 
greater than one were considered and the remaining factors have not been considered as part the analysis. 
Further statistical tests were performed on the data collected. 
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Table 8.1: Rotated Component Matrix 
 

S. 
No 

Constituents F1 F2 F3 F4 F5 

1. Offers a Choice     0.811 

2. Easy in Use 0.766     

3 Non sharing of my 
information 

  0.733   

4. Familiar with Website 0.812     

5. Well organized in outlook   0.711   

6 Assurance of Security    0.556  

7 Conducting Online Transaction 0.749     

8 Doesn’t Crash  0.829    

9 Services’ righteous  0.538    

10 Reasonability of Charges  0.614    

11 Promises to respond    0.849  

12. Loads its pages faster 0.543     

Eigen Values 2.414 2.404 1.792 1.455 1.366 

Commutative Percentage 20.032 34.968 47.089 58.470 67.534 

Note: F1, F2, F3, F4 and F5 are the five derived factors. 

Source: Survey 

From the Table 8.1, we can infer that the 12 variables have coded against the 5 point Likert scale. Table 1 shows 
the Rotated Component Matrix (RCM) for the 12 variable giving the proper weight as per their importance to 
each variable. This has been used by using SPSS version 16.0. The Principal Component Analysis is a 
commonly used method to group the variables under few unconnected factors. This method is closely related to 
Factor Analysis. A factor is a co-relation between the concerned variable with a specified factor. Thus, it is very 
important to analyze the nature of a particular factor, and then group them under one factor. Factor Analysis 
using Varimax rotations has derived 5 factors, with each having Eigen values greater than I have been shown in 
the Table 8.1. From the table, it can be seen that Factor1 has the Eigen value of 2.404 and explains 20.032% of 
the variance. The Eigen values and percentage of variance for other factors are also shown respectively in the 
table. The total Variance accounted by 5 factors is 65.534%, which is acceptable thus establishers the validity of 
the study. 
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9. Testing of Hypothesis 

Table 9.1: Cross Tabulation of Factors & E-governance Mix 
 

 Factors 

  F1 F2 F3 F4 F5 

 

E-governance Mix 

A1 18 3 5 6 0 

A2 5 0 7 6 1 

A3 2 1 5 9 5 

A4 8 2 10 6 2 

Source: Survey Analysis 

Table 9.2: Pearson’s Chi-square Tests 
 

  Factors/Determinants 

 

E-governance Mix 

Chi-square 25.945 

Df. 12 

Sig. .010* 

The chi-square statistics is significant at the 0.05 level 

Source: Survey Analysis 

From the table 9.2 and 9.3, it was found that the chi value i.e. 0.01 0.05 at (95% confidence level). Hence, the 
researcher reject the null hypothesis that the various elements of E-governance Mix is not affected by various 
stated factors i.e. Website Design (F1), Reliability(F2), Familiarity (F3), Personalization (F4) and Security/ 
Privacy (F5). 

From the analysis, it is clear that effectiveness of E-governance is influenced by mainly awareness and 
affordability. Other factors have also significant impact on the E-Governance mix. Thus the researcher accepts 
the alternative hypothesis that E-governance Mix is affected by stated variables i.e. Website Design (F1), 
Reliability (F2), Familiarity (F3), Personalization (F4) and Security/ Privacy (F5). 

10. Conclusion: 

Present study finds that E-governance is an emergent counteractive mechanism to govern the information 
system or knowledge economy to give the assurance of accountability, truthfulness and limpidity. If E- 
Governance portals are constructed on the basis of stated 5 pillars, it would make the web site quality better in 
E-governance. It would assist as well stimulate the citizens to use the web portals. Hence the Govt. should 
design the websites in such a manner that to provide the better governance. So web portals have significant 
impact on the E-Governance effectiveness, its quality matters a lot in this regard and all stated variables i.e. 
Website Design, Reliability, Familiarity, Personalization and Security/ Privacy can optimize the E-Governance 
mix. Furthermore, Govt. should design its E-governance mix consisting of 4 As i.e. Awareness, Accessibility, 
Adaptability, and Affordability in such a manner so that service quality of web portals provided to citizens can 
be improved. So study proves the alternate hypothesis true which means there is a strong relationship between 
service quality of govt. web portals and effectiveness of E-governance mix. 
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ABSTRACT 

The main aim of Yoga is to harmonize the body, mind and soul which enhance the human 

development. Being the yoga an intangible force, its objectivity has always been questioned 

by a common man. Present study aims at investigating the relationship between yoga and 

human development that would ensure whether yoga education should be incorporated in 

educational courses. The Study is experimental in nature which has been made through 

organizing a yoga training camp for 30 people and assessing its outcome by differential 

analysis. T-test has been used to study the relationship between yoga and various aspects of 

human development. Results of training programme showed that yoga has significant impact 

on various aspects of human development. Thus, study recommends that yoga education 

should be given to people. 

Key Words: Yoga, Human Development, Asanas, Pranayamas, Sheath, Training. 
 
 

INTRODUCTION 

Modern era is of technological innovations and developments which lead to ease of doing all 

things whether it is economical, educational, and social or of other kind but people moving 

with this fast pace of technology; undesirably they are losing something that is humanity. 

Humanity consists of values and sound health that is the composition of physical and mental 

equilibrium. Now question arises how to raise the humanity in the people and answer of 

which lies in yoga education Yoga is a fantastic remedy for overcoming such problems that a 

modern man is facing in his daily life. We all strive for success which is which needs fine 

tuning of body, mind and soul.Success may be in terms of career, money, social status, 

political power, being a human and spirituality etc, which differs for person to person. But 

real success of a personlies in human development. Humanity is another name of truth, 

honesty, dignity which exhibits in our behavior. Non humanity is caused by lack of harmony 

(uniformity) between body (behavior) and mind (thinking). When a person is about to act 

upon something, soul always shouts its righteous or wrongness and wrongness is generally 
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veiled by a person using brain (mind) to bring the outcome of act in his/her favor. Generally 

diversity is found among righteous (voice of soul), greed (manipulations made by mind), and 

behavior (acts by body) which detroits the humanity. However such lack of co-ordination 

among body, mind and soul also causes the various diseases like, headache, anemia, stress, 

back pain, digestion etc. Yoga is inner force which enables   one to mergeone’s body and 

mind with souland introduces one to oneself and brings near to God as well. Yoga is an 

ancient but a scientific discipline which was going to be lost in fast pace of world but the 

Modi, the prime minister of India rehabilitated it by making it compulsory in school 

education and promoting at large as a sports. Modi also brought it at the platform of US 

assembly to get it recognized at global level and member states of UN consented it without 

any anonymity and UN declared the 21 June as International yoga day in the year of 2014. 

Today entire world is facing the severe problem of terrorism which is the outcome of ill 

minds. Yoga can also cure such illness of minds and can stop the people to involve in such 

unfair and unethical practices to some of extent. One more worldwide problem is sustainable 

development. Yogic view of human development will bring the all United Member States 

together to work on achievement of goals of sustainable development (ValentinaIeri, 2016). 

Yoga practices would also assist to consumers raising their awareness of the planet's 

resources and individuals’ duty to value and live in peace with theneighbors (UN Secretary- 

General, Ban Ki-moon, 2016). The only people with inner peace can make the world 

peaceful. How world can be transformed without transforming the people and yoga is looking 

for inner well being of people (Sadguru' JaggiVasudev, 2016). Yoga would also have the 

bearing on consciousness and implementation of collective 17 global sustainable 

development goals (Akbarridin, India’s permanent representative in UN, 2016). 

 
CONCEPT OF HUMAN DEVELOPMENT 

A human being is made of following five sheaths, so human development depends upon the 

well being of these sheaths. 

1) Conscious sheath(AnnamayaKosha) which is related to our conscious physical deeps 

including walking, talking, viewing and other such functions which are performed using the 

physical body deliberately 

2) Subconscious Physical sheath (Pranamayakosha): deals with physical activities that are 

performed in the subconscious state. Digestion, movement of hearts and lungs fall in this 

category. No any deliberate effort for these actions are made still the body knows how to 

perform them. These are autonomous. 
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3) Mental Sheath (Manomaya): deals with mind, emotions and thoughts. The gross thinking 

and emotions fall in this category. 

4) Intellectual Sheath (VigyanmayaKosha): Intellect is the faculty that decides what is 

good and what is bad. It is ability for rational thought or inference or discrimination. The 

vigyanmayakosha helps us to identify true from false. 

5) Blissful Sheath (AnandmayaKosha):  is a pure state of happiness and joy which is 

beyond any material pleasure (Bipin Joshi, 2006). Each of these sheaths or layers of physical 

body in yogic philosophy actually represents the different aspects of human personality 

Integration of all stated sheaths of human body leads to human development. If all these 

sheaths or layers don’t work in coordinated form, a person can’t be taken as humanly 

developed.. 

LITERATURE REVIEW 

S. S.Saraswati (1975)focused on how human potential can be developed with the help of 

yoga. Study revealed that awareness is inherent to a human, yoga only unveils it by 

expanding the consciousness over the instincts. Yoga activates the body, mind and soul in 

harmonized manner that enhances the sensibility, intellectuality, psyche, spirituality in 

coordination with the physical activities. 

Sunil Kumari (2011) also made a study titled ―Yoga: A Tool of Stress Management at Work 

Place‖ and found the yoga an effective tool of stress management at work place. 

Shelley Brown (2014) made an effort to know whether karma yoga helps in self 

development and found the karma yoga as a powerful tool of self development as suggested 

by Swami Vivekanand. Each act superseded by right spirit always leads to instinctive 

holiness and raises the divine power in a human being. 

S. J. Bharati (2018) studied the Maslow's Needs of Hierarchy with advanced yoga 

psychology. Swami ji classified the yoga development in four stages – Gross, Subtle, Causal 

and Absolute. Study stated that all five needs of human being quoted by Maslow come under 

the first stage of yogic view. Yoga is progressive in nature which transcends a person towards 

development. 

R. Acharya& G.P. Mahapatra (2021) conducted a survey of participants to know the 

effectiveness of General Yoga Programme (GYP) in terms of their wellness. Analyzing the 

survey and connecting it to related literature and researches made in the arena, it was found 

that GYP is anexpedient tool for augmentingseveral wellness dimensions. They suggest that 

GYP can be protracted to the workplace and human resources can perform a supportive role 

in the procedure. 
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Being the yoga at the initial stage of rehabilitation, only few studies have been made thereon 

and no study has been made specifically on rationale of yoga education in human 

development which initiates the researcher to choose this topic for the purpose of the study. 

Thus, present study is exclusive in nature. 

OBJECTIVES OF THE STUDY 

• To explain the concepts of yoga and human development. 

• To measure the impact of yoga on human development. 

• To ensure whether yogamakes the human development or not. 

RESEARCH METHODOLOGY: 

• Research Design: Being the study experimental in nature, it went through conducting 

a yoga training camp, systematic pattern of data collection through observation and 

comparison of scores collected at five rating scale before and after the training 

programme. 

• Sampling: 30 people were chosen in deliberated manner to join the yoga training 

camp/ programme consisting of both male and female equally. 

• Procedures: Yoga training was given to selected people for a period of 3 months under 

close supervision and observed the change between pre and after the training 

programme. 

• Tools/ Measures: Data collected through observation has been averaged to attribute 

results to an individualand arithmetic mean has been used to compute the mean values 

of scores. Standard deviations have also been computed to know the variability status 

of values (scores) from the mean values, further which have been taken into 

computations of t-values. At the end t-values at 1% level of confidence, have been used 

to signify the difference between the mean values of controllable variables and 

experimental variables. 

 

PARAMETERS OF HUMAN DEVELOPMENT: 

Human development is a vast subject which contains many aspects but in present study it has 

been tried to cover all aspects categorizing them into five heads. These five heads also have 

sub-aspects. Table 1 indicates the various aspects of human and their corresponding 

parameters along with specifications on which basis effect of yoga on various dimensions of 

human development has been measured. Proper weights have also been given to each 

parameter. 
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Table 1:Aspects of human development&their corresponding parameterswith 

specifications 

S.N. Aspect of Personality Parameters Specifications of Parameters 

1. Conscious physical sheath Physical Fitness Weight, size of waist 

2. Subconscious physical sheath Shorten the 

breathing 

Respiratory rate, Heart beats rate 

and Blood pressure 

3. Mental sheath Intelligence Intelligence Quotient 

4. Intellectual Sheath Values and Ethics Scale Rating (Being Quality) 

5. Spiritual sheath Belief in God Scale Rating (Being Quality) 

 
HOW YOGA CAN MAKE THE HUMAN DEVELOPMENT? 

Each sheath of a human being is wrapped by previous sheaths in succession. Yoga is a 

systematic process which has various stages to develop various aspects of person gradually as 

shown in Table 2. 

Table 2: Aspects of Human development and their corresponding Yoga tools to nourish 

them 

S. N. Aspect/or Layer of Personality Type Of Yoga 

1 Physical Conscious Yoga Asanas 

2 Subconscious physical Pranayama 

3 Mental Concentration 

4 Intellectual Meditation 

5 Blissful /Spiritual Samadhi 

 
Important instruction was given to the trainees to do yoga twice in a day with empty stomach. 

They were also said to do it before sunrise and after sunset as it gives more benefits at that 

time. 
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RESULTS AND DISCUSSION 

Table 3 indicates the pre training mean values and post training mean values of each aspect 

of human development 

Table 3: Effect of Yoga on Human Development 
 

S. 

No. 

Aspects of Human Development Pre-training 

Mean Values 

Post-training 

Mean Values 

1 Physical Conscious Sheath 36.97 24.58 

2 Physical sub-conscious Sheath 27.48 17.45 

3 Mental Sheath 16.93 18.54 

4 Intellectual Sheath 13.02 13.89 

5 Blissful/ Spiritual Sheath 8.12 8.72 

 
 
 

 

 
Table 3and figure 1 show that scores of physical conscious have been decreased from 36.97 

to 24.58. Being the parameters of both sheaths weight, waist size, such decrease in scores is a 

positive sign which indicates that yoga asanas stretch the body and makes it more effluent by 

directing energies in most controlled fashion.   They provide the vital force and cause it to 

flow in specific parts of body. Alike the physical sheath, the subconscious sheath’s score has 

also been decreased from 27.48 to 17.45 that shows the reduction in heart beats rate, 
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respiratory rate and blood pressure averagely which proves the effectiveness of Pranayamas 

on shortening the breath. So it is taken as an excellent remedy for back aches, digestion 

problems and heart problems. Moreover, mental, intellectual and spiritual sheaths’ mean 

values have been increased which indicates a positive sign for human development but 

amount of increase is not too much because it takes a long time. Being a training programme 

for a short time period i.e. 3 months, it is not found much high but it is significant. 

 
Table 4: Effect of Yoga on Human Development 

 

S. 

No. 

Aspects of Human 

Development 

Pre-training 

SD 

Post-training 

SD 

t-value 

1 Physical Conscious 5.61 6.13 15.94 

2 Physical sub-conscious 5.12 3.51 12.89 

3 Mental 3.15 2.11 6.78 

4 Intellectual 2.12 1.94 3.56 

5 Blissful/ Spiritual 2.13 1.45 1.98 

 
T-values of both aspects physical conscious and physical sub-conscious are 15.94 and 12.89 

respectively which are significant at 1% level of confidence. Mean values of mental sheath 

have been increased from 16.93 to 18.54 having the significant t-value i.e. 6.78 which 

indicates that yoga sharpens the mind, power of imagination and creativity with 

concentration. Further scores of intellect sheath have also been increased from 13.02 to 

13.89, but difference is very little which means yoga especially meditation slightly enriches 

the intellect personality raising the comprehensive thinking and sensitizing emotions. One 

can think calm, care and affection to others. Maya can’t delude the individual anymore and 

majority of decisions prove to be correct. Finally same indications are in case spiritual sheath 

which means yoga Samadhi move towards the casual state of mind by introspection where in 

the subtle layers of the mind unfold themselves and inner dimensions of personality open out. 

So yoga also brings the ultimate bliss, the joy that is impossible to achieve through worldly 

enjoyments. In case of intellect sheath and spiritual sheath, the significance of difference in 

scores in terms of t-values is 3.56 and 1.98 respectively which is also significant at 1% level 

of confidence. Above table shows that t-values are decreasing for each next sheath of 

personality which means yoga has more impact on the physical conscious than subconscious 

personality and so on. Such decreasing trend proves that each sheath of personality is 
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wrapped by previous sheaths in succession. Yoga is a systematic process which has various 

stages to develop various aspects of personality gradually, so the later stages of yoga need 

long time practice to get more effectiveness or perfection. The blissful is the innermost sheath 

wrapped by other sheaths in succession and it has been least affected because of the short 

duration of training. 

 
CONCLUSION 

Yoga gives a lot of physical and mental energy. A person, who acts upon the soul’s voice, 

can never be wrong at any front. Yoga is nothing but to bring the transparency between soul, 

mind and acts thereupon. The contrast of the post-training scores of the 'Yoga' with the pre- 

test scores followed by Gain score analysis (post-training, pre-training, dependent 't' test) was 

deemed the most powerful and complete analytic framework to evaluate the outcome of this 

study. The outcomes recommends that regular practice of yoga techniques had a positive 

impact on the various aspects of human development i.e. physical, mental, emotional and 

intellectual levels of people under training compared to the untrained people. In conclusion, 

going by the results of the present study, yoga techniques may prove to be an effective means 

ofhuman development.It has been found thatyoga is a truth of life that makes the human 

development. It unfolds the human potentials. So study recommends incorporating the yoga 

education to people to enhance the human developments of the learners. 

 
LIMITATIONS OF THE STUDY 

• Study period of 3 months was short because optimization in yoga needs a long term 

practice. 

• Complete yoga has so many limbs, but only some yoga asanas, pranayama, 

concentration and a little bit of meditation have been included in yoga practices. 

• Being the deliberate sampling, trainees were only young employees that limit its 

universality. 
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