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ABSTRACT

In this paper, we introduce a new class of generalized closed sets called weakly binary g*-closed sets
which contains the above mentioned class. Also, we investigate the relationships among the related
generalized closed sets.

Keywords: binary g*-closed set, whg*-closed set, binary g*-continuity, wbg*-continuity, contra binary g*-
continuity.

INTRODUCTION

In 1970 Levine [3] gives the concept and properties of generalized closed (briefly g-closed) sets and the complement
of g-closed set is said to be g-open set. Njasted [11] introduced and studied the concept of a-sets. Later these sets are
called as a-open sets in 1983. Mashhours et.al [6] introduced and studied the concept of a-closed sets, a-closure of
set, a-continuous functions, a-open functions and a-closed functions in topological spaces. Maki etal [4, 5]
introduced and studied generalized a-closed sets and a-generalized closed sets. In 2011, S.Nithyanantha Jothi and
P.Thangavelu [7] introduced topology between two sets and also studied some of their properties. Topology between
two sets is the binary structure from X to Y which is defined to be the ordered pairs (A,B) where AC Xand BC V. In
this paper, we introduce a new class of generalized closed sets called weakly binary g*-closed sets which contains the
above mentioned class. Also, we investigate the relationships among the related generalized closed sets.

Preliminaries
Throughout this paper, (X, Y) denote binary topological spaces (X,Y, M).
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Let X and Y be any two nonempty sets. A binary topology [7] from X to Y is a binary structure M < P(X) x P(Y) that
satisfies the axioms namely

1. (b, ) and (X,Y) €M,

2. (A;nA,,B; NnB,) € M whenever (A,,B,) € M and (A,,B;) € M, and

3. If {(A,, B,): a € d}is a family of members of M, then (U es Ax Uues Ba) € M.

If M is a binary topology from X to Y then the triplet (X,Y,M) is called a binary topological space and the members
of M are called the binary open subsets of the binary topological space (X,Y,M). The elements of X x Y are called the
binary points of the binary topological space (X,Y,M). If Y = X then M is called a binary topology on X in which case
we write (X, M) as a binary topological space.

Definition 2.1 [7] Let X and Y be any two nonempty sets and let (A,B) and (C,D) € P(X) x P(Y). We say that (A,B) <
(C,D)ifAcCandBcD.

Definition 2.2 [7] Let (X,Y, M) be a binary topological space and A € X, B < Y. Then (A, B) is called binary closed in
(X, Y, M) if (X\A,Y\B) € M.

Proposition 2.3 [7] Let (X,Y,M) be a binary topological space and (A,B) < (X,Y). Let (A, B)!* =Uu{A,: (A, B,) is
binary open and (A,,B,) € (A ,B)}and (A B)** =u {B,: (A, B,) is binary open and (A,,B,) S (A,B)}.

Definition 2.4 [7] The ordered pair ((A,B)**, (A ,B)?*) is called the binary closure of (A, B), denoted by b-cl(A,B) in the
binary space (X,Y, M) where (A,B) € (X,Y).

Definition 2.5 [7] The ordered pair ((A,B)'*, (A B)**) defined in proposition 2.3 is called the binary interior of of
(A,B), denoted by b-int(A, B). Here ((A, B)'*, (A,B)?*) is binary open and ((A, B)**, (A, B)?*) < (A B).

Definition 2.6 [7] Let (X,Y, M) be a binary topological space and let (x,y) € (X,Y). The binary open set (A,B) is said
to be a binary neighbourhood of (x,y) if x e Aandy € B.

Definition 2.7 A subset (A, B) of a binary topological space (X, Y, M) is called

1. a binary semi open set [10] if (A, B) < b-cl(b-int(A, B)).

2. abinary pre open set [2] if (A,B) € b-int(b-cl(A,B)),

3. a binary regular open set [9] if (A,B) = b-int(b-cl(A, B)).

Definition 2.8 A subset (A, B) of a binary topological space (X, Y, M) is called

1. a binary g-closed set [8] if b-cl(A,B) < (U,V) whenever (A B) < (U,V) and (U,V) is binary open.

2. a binary gr-closed set [9] if b-rcl(A,B) < (U,V) whenever (A B) < (U,V) and (U,V) is binary open.

Definition 2.9 [1] Let (A, B) be a subset of a binary topological space (X,Y). Then (A,B) is called binary g*-closed set if
b-cl(A,B) < (P,Q) whenever (A,B) < (P,Q) and (P,Q) is binary g-open in (X, Y).

Weakly binary g*-closed sets

We introduce the definition of weakly binary g*-closed sets in binary topological spaces and study the relationships
of such sets.

Definition 3.1 A subset (A,B) of a binary topological space (X,Y) is called a weakly binary g*-closed (briefly, whg*-
closed) set if b-cl(b-int(A, B)) < (P,Q) whenever (A,B) < (P,Q) and (P, Q) is binary g-open in (X,Y).

Theorem 3.2 Every binary g*-closed set is whg*-closed but not conversely.

Example 3.3 Let X ={1,2}, Y = {a,b} and M = {(¢, ¢), {1Ha}), (¢ {b}), ({1},Y), (X,Y)}, Then the set {¢,{b}} is whg*-
closed set but not a binary g*-closed in (X, Y).

Theorem 3.4 Every whg*-closed set is whg-closed but not conversely.

Proof. Let (A B) be any whg*-closed set and (P, Q) be any binary open set containing (A, B). Then (P,Q) is an binary g-
open set containing (A, B). We have b-cl(b-int(A,B)) < (P,Q). Thus, (A,B) is whg-closed.

Example 35 Let X = {a,b}, Y = {1,2} and M = {(d, ), (b, {1}), ({a}.{1}), (X, Y)}.. Then the set ({a},Y) is whbg-closed but
not a whg*-closed.

Theorem 3.6 Every whg*-closed set is binary rwg-closed.

Proof. Let (A, B) be any whg*-closed set and (P,Q) be any binary regular open set containing (A,B). Then (P,Q) is an
binary g-open set containing (A, B). We have b-cl(b-int(A,B)) < (P, Q). Thus, (A,B) is binary rwg-closed.

Theorem 3.7 If a subset (A, B) of a binary topological space (X, Y) is both binary closed and binary g-closed, then it is
whg*-closed in (X, Y).
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Proof. Let (A,B) be a binary g-closed set in (X,Y) and (P, Q) be any binary open set containing (A,B). Then (P,Q) 2 b-
cl(A, B) 2 b-cl(b-int(b-cl(A, B))). Since (A,B) is binary closed, (P, Q) 2 b-cl(b-int(A,B)) and (P,Q) is binary g-open set
containing (A, B). Hence (A, B) is wbg*-closed in (X,Y).

Theorem 3.8 If a subset (A B) of a binary topological space (X,Y) is both binary open and wbg*-closed, then it is
binary closed.

Proof. Since (A,B) is both binary open and wbg*-closed, (A, B) 2 b-cl(b-int(A,B)) = b-cl(A,B) and hence (A B) is
binary closed in (X,Y).

Corollary 3.9 If a subset (A, B) of a binary topological space (X,Y) is both binary open and whg*-closed, then it is
both binary regular open and binary regular closed in (X, Y).

Theorem 3.10 Let (X,Y) be a binary topological space and (A,B) € (X, Y) be binary open. Then, (A, B) is whg*-closed if
and only if (A,B) is binary g*-closed.

Proof. Let (A,B) be binary g*-closed. By Theorem 3.2, it is wbg*-closed. Conversely, let (A, B) be wbg*-closed. Since
(A,B) is binary open, by Theorem 3.8, (A, B) is binary closed. Hence (A,B) is binary g*-closed.

Theorem 3.11 If a set (A,B) of (X,Y) is wbg*-closed, then b-cl(b-int(A,B)) — (A, B) contains no non-empty binary g-
closed set.

Proof. Let (E,F) be an binary g-closed set such that (E,F) < b-cl(b-int(A,B)) — (A,B). Since (E,F)¢ is binary g-open
and (A,B) < (E,F)¢, from the definition of whg*-closedness it follows that b-cl(b-int(A,B)) < (E,F)¢. i.e., (E,F) < (b-
cl(b-int(A,B)))C. This implies that (E,F) < (b-cl(b-int(A, B))) n (b-cl(b-int(A,B)))¢ = (¢, P).

Theorem 3.12 If a subset (A, B) of a binary topological space (X,Y) is binary nowhere dense, then it is whg*-closed.
Proof. Since b-int(A, B) € b-int(b-cl(A,B)) and (A,B) is binary nowhere dense, b-int(A,B) = (¢, ¢). Therefore b-cl(b-
int(A,B)) = (¢, ¢) and hence (A, B) is wbg*-closed in (X, Y).

The converse of Theorem 3.12 need not be true as seen in the following example.

Example 313 Let X = {a, b}, Y = {1,2} and M = {(¢. ), (¢.{1}), (¢.{2}), (¢.Y). ({a}.{1}). ({a} Y). ({b}.{1}), ({b}. V),
X, {1, (X,Y)}. Then the set ({a},{2}) is wbg*-closed set but not binary nowhere dense in (X,Y).

Remark 3.14 The following Examples show that wbg*-closedness and binary semi-closedness are independent.
Example 3.15 In Example 3.3, then the set (¢, {b}) is wbg*-closed but not binary semi-closed and ({1},{a}) is binary
semi-closed but not wbg*-closed in (X, Y).

Remark 3.16 From the above discussions and known results, we obtain the following diagram, where A - B
represents A implies B but not conversely.

Diagram
binary closed= wbg*-closed=wbg-closed=binary rwg-closed

Definition 3.17 A subset (A, B) of a binary topological space (X,Y) is called wbhg*-open set if (A, B)¢ is wbhg*-closed in
X, Y).

Proposition 3.18 Every binary g-open set is wbg*-open.

Proof.It follows from definition of wbhg*-open.

Theorem 3.19 A subset (A, B) of a binary topological space (X,Y) is whg*-open if (U, V) < b-int(b-cl(A, B)) whenever
(U,V) € (A,B)and (U,V) is binary g-closed.

Proof. Let (A,B) be any wbg*-open. Then (A B)¢ is wbhg*-closed. Let (U,V) be an binary g-closed set contained in
(A,B). Then (U,V)¢ is an binary g-open set containing (A,B)¢. Since (A B)¢ is whg*-closed, we have b-cl(b-
int((A,B))) < (U,V)¢. Therefore (U,V) < b-int(b-cl(A, B)).

Conversely, we suppose that (U,V) < b-int(b-cl(A,B)) whenever (U,V) € (A,B) and (U,V) is binary g-closed. Then
(U,V)© is an binary g-open set containing (A, B)¢ and (U,V)¢ 2 (b-int(b-cl(A, B)))¢. It follows that (U,V)¢ 2 b-cl(b-
int((A,B)°)). Hence (A,B)° is whg*-closed and so (A, B) is whg*-open.

Weakly binary g*-continuous functions

Definition 4.1 Let (X,Y,M) be a binary topological space and let (Z,t) be a topological space. Let f: (Z,t) > XX Y is
called
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1. binary g*-continuous if f~*(U, V) is a g*-open set in (Z, ) for each binary open set (U,V) of (X, Y).

2. weakly binary g*-continuous (briefly, wbg*-continuous) if f~*(U,V) is a wg*-open set in (Z, ) for each binary open
set (U, V) of (X,Y).

3. contra binary g*-continuous if f~*(U, V) is g*-closed set of (Z,t) for every binary open set (U,V) of (X,Y).

Theorem 4.2 Every binary g*-continuous function is wbg*-continuous.

Proof. It follows from Theorem 3.2.

Theorem 4.3 A function f: (Z,7) - (X, Y, M) is wbhg*-continuous if and only if f~1(U,V) is a wg*-closed set in (Z,7) for
each binary closed set (U, V) of (X,Y).

Proof. Let (U,V) be any binary closed set of (X, Y). According to the assumption f*((U,V)¢) = Z\f *(U, V) is wg*-
open in (Z,7), so f (U, V) is wg*-closed in (Z, 7).

The converse can be proved in a similar manner.

Proposition 4.4 If f: (Z,©) —» (X, Y, M) is perfectly continuous and wbg*-continuous, then it is binary R-map.

Proof. Let (U,V) be any binary regular open subset of (X,Y). According to the assumption, f‘l(U,V) is both open
and closed in (Z,1). Since f‘l(U,V) is closed, it is wg*-closed. We have f‘l(U,V) is both open and wg*-closed. Hence,
by Corollary 3.9, itis regular open in (Z, t), so f is binary R-map.

Definition 4.5 A binary topological space (X,Y) is called binary g*-compact if every cover of (X,Y) by binary g*-
open sets has a finite subcover.

Definition 4.6 A binary topological space (X,Y) is weakly binary g*-compact (briefly, wbg*-compact) if every whg*-
open cover of (X,Y) has a finite subcover.

Remark 4.7 Every whg*-compact space is binary g*-compact.

Theorem 4.8 Let f: (Z,7) = (X, Y, M) be surjective wbg*-continuous function. If (Z,t) is wg*-compact, then (X,Y) is
binary compact.

Proof. Let {(A,B);:i € I} be an binary open cover of (X,Y). Then {f_l((A, B);):i € I} is a wg*-open cover in (Z,t). Since
(Z,7) is wg*-compact, it has a finite subcover, say {f*((A B),), f *((A B),)..... T *((A,B),)}. Since f is surjective
{(A B)1, (A,B),,...., (A B),}is a finite subcover of (X,Y) and hence (X, Y) is binary compact.

Definition 4.9 A binary topological space (X,Y)is called

1. binary g*-connected if (X,Y) cannot be written as the disjoint union of two non-empty binary g*-open sets.

2. weakly binary g*-connected (briefly, wbg*-connected) if (X,Y) cannot be written as the disjoint union of two non-
empty whg*-open sets.

Theorem 4.10 If a binary topological space (X,Y) is wbg*-connected, then (X,Y) is almost binary connected (resp.
binary g*-connected).

Proof. It follows from the fact that each binary regular open set (resp. binary g*-open set) is wbg*-open.

Theorem 4.11 For a binary topological space (X,Y), the following statements are equivalent:

1. (X,Y) is wbg*-connected.

2. The empty set (¢, d) and (X, Y) are only subsets which are both wbg*-open and whg*-closed.

3. Each whg*-continuous function from (X,Y) into a discrete space (X,Y) which has at least two points is a constant
function.

Proof. (1) = (2). Let (A,B) € (X,Y) be any proper subset, which is both wbhg*-open and wbg*-closed. Its complement
(X, Y)\(A,B) is also wbg*-open and wbg*-closed. Then (X,Y) = (A,B) U ((X,Y)\(A,B)) is a disjoint union of two
non-empty wbhg*-open sets which is a contradiction with the fact that (X,Y) is whg*-connected. Hence, (A,B) =
(@) or (X,Y),

(2)=(1). Let (X,Y) = (A,B) U (C,D) where (A,B) n (C,D) = (¢, $), (A B) = (¢, §), (C,D) # (¢, d) and (A, B), (C,D)
are whg*-open. Since (A, B) = (X,Y)\(C,D), (A,B) is wbg*-closed. According to the assumption (A,B) = (¢, d),
which is a contradiction

(2) = (3). Let f: (Z,7) = (X, Y, M) be a wbg*-continuous function where (X,Y) is a discrete space with at least two
points. Then ' ({x,y}) is whg*-closed and wbg*-open for each (x,y) € (X,Y) and Z =u {f *({x,y}): (x,y) € (X, Y)}.
According to the assumption, f*({x,y}) = ¢ or f ' {x,y}) = Z. If f *({x,y}) = ¢ for all (x,y) € (X,Y), f will not be a
function. Also there is no exist more than one (x,y) € (X,Y) such that f‘l({x,y}) = Z. Hence, there exists only one
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(x,¥) € (X,Y) such that f_l({x, y}) =Z and f_l({(x,y)l}) = ¢ where (X,y) # (X,y)1 € (X,Y). This shows that f is a
constant function.

(3) = (2). Let (A,B) = (b, d) be both wbg*-open and wbg*-closed in (X,Y). Let f:(Z,t) » (XY, M) be a whg*-
continuous function defined by f(A,B) = {a} and f((X, Y)\(A,B)) = {b} where a # b. Since f is constant function we
get (A, B) = (X,Y).

Theorem 4.12 Let f: (Z,1) - (X,Y,M) be a whg*-continuous surjective function. If (Z, 1) is wg*-connected, then (X,Y)
is binary connected.

Proof. We suppose that (X,Y) is not binary connected. Then (X,Y) = (A,B) U (C,D) where (A,B) n (C,D) = (¢, P),
(A,B) # (b, d), (C,D) # (d,9) and (A,B), (C,D) are binary open sets in (X,Y). Since f is wbg*-continuous surjective
function, Z = f‘l(A, B) U f‘l(C, D) are disjoint union of two non-empty whg*-open subsets. This is contradiction with
the fact that (Z, 1) is wg*-connected.
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ABSTRACT

Oral carcinoma is one of the predominant cancers worldwide and affects the life quality of the patients in
a severe manner in terms of disfigurement and survival outcome. The annual incidence of oral carcinoma
sharply increasing throughout world and higher incidences are reported every year from developing
countries, especially from India, Pakistan and Sri Lanka. The differences in the annual incidence rate of
oral carcinoma are attributed to the prevalence and consumption of tobacco and alcohol, the strongest
risk factors oforal carcinoma. The 5-year survival outcome of oral carcinoma has not changed drastically
for the past two or three decades despite multiple advancements in the treatment strategy of oral
carcinoma. This article highlights the epidemiology, risk factors, diagnosis, biomarkers and prevention
and treatment strategy of oral carcinoma in brief.

Keywords: Oral cancer, Epidemiology, risk factors, biomarkers.

INTRODUCTION

Cancer of the oral cavity has been considered as one of the major life threatening and lethal cancers worldwide. This
deforming cancer leads to orofacial destruction, rapid invasion to adjacent local tissues and metastasis to cervical
lymphnodes [1,2]. The majority of oral cancers, around 90%, are histopathologically characterised as squamous cell
carcinoma. Oral cancer arises due to multiple genetic alterations in the oral mucosa caused by the carcinogens, which
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include activation of oncogenes or suppression of tumor suppressor genes [3,4]. Tobacco, alcohol and betel quid
abuse are the most prominent and potent aetiological (risk) factors of oral carcinogenesis. Though there is a vast
advancement in the diagnosis and management of oral cancer, the 5 year survival outcome of oral cancer patients in
several parts of the world is still at 50% [5]. The reason for the poor survival outcome and life quality of oral cancer
patients is mainly because of late diagnosis and unawareness on the risk factors of the oral cancer [6,7].

EPIDEMIOLOGY

Worldwide epidemiological studies reported that around 4,00,000 peoples are newly diagnosed with oral cavity
cancers and this figure may further increase in a rapid manner in the forthcoming years due to its higher prevalence
in the younger generations [8,9]. Worldwide, the cancer of the oral cavity still represents and remains as one of the
challenging malignant cancers in terms of morbidity and mortality rate [10]. World Health Organization (WHO)
reported that the mortality due to oral cancer is around 2 per 1,00,000 in Middle-East countries [11]. Worldwide
certain countries have been recognized as a high incidence areas, which include India, Taiwan, Pakistan, Sri Lanka,
Hungary, Brazil, Uruguay, Botswana and Melanesia (Figure 1). The difference in the prevalence and incidence of oral
cancer across the world could be attributed to variations in the consumption of oral cancer related risk factors [12,13].

It has been investigated that one American patient dies every hour due to oral cavity cancers. Around 40,000 newly
diagnosed oral cancer cases and 8,000 cancer deaths were reported in the USA by the year 2015 [14]. Epidemiological
studies from Brazil reported that each year around 11,140 males and 4,300 females are affected by cancer of the oral
cavity [15]. The high incidence of oral carcinoma has been reported in Maldives, Bhutan, Iran and Nepal. Report
from Nigeria indicated that around 1,146 and new oral cancer cases and 764 deaths due to oral cancer were occurred
in the year 2012 [16,17]. Worldwide, Pakistan ranks at the 10th position in the oral cancer incidence and prevalence.
Pakistan reported high incidence of oral cancer every year with a male preponderance [18]. Cancer of the oral cavity
in China and Spain constitutes about 1.36% and 3% of all malignancies respectively [19]. The higher annual incidence
of oral cancer has been reported from India, Pakistan, Sri Lanka, Taiwan, Hungary, France, Brazil and Uruguay
[20,21]. It has been estimated that the annual incidence of oral cavity cancers in India is found to be 12.6 per 1,00,000
populations [22]. Oral cancer mortality is found to be very high in developing countries, especially in the Indian
subcontinent. In India, the incidence and prevalence of the cancer of the oral cavity are steeply increasing and
accounts for 40-50% of all malignant cancers [23].

AGE AND SEX DISTRIBUTION

Increasing in age has been postulated as a possible risk factor of oral carcinoma. As age increases, the person
becomes immunosuppressive and more susceptible to a wide range of carcinogenic stimuli [24]. Although oral
cancer incidence is commonly seen in the 4t to 5t decade of life, the sixth and 7t decade has been regarded as a
crucial period in the oral cancer incidence worldwide [25]. Recent epidemiological studies on oral cancer pointed out
the higher incidence of oral squamous cell carcinoma in young and middle aged people [26]. Worldwide, male -
female ratio for oral cancer incidence ranges from 3:1 to 4:1. Worldwide male populations are found to be at high risk
of oral cancer development than female populations. This is probably due to high consumption of tobacco products
and alcoholic beverages. However, the male-female ratio is found to be 1:1 in higher incidence regions, including
India, Pakistan and Sri Lanka [27,28].

ORAL PRECANCEROUS LESIONS

Cancer of the oral cavity is usually preceded by oral premalignant lesions such as leukoplakia, erythroplakia and
oral submucous fibrosis. While erythroplakia is an asymptomatic red lesion (patch), leukoplakia is a white lesion
(patch). Leukoplakia is characterized by thick, raised white patches in the oral mucosa of the mouth [29].
Erythroplakia is characterized by epithelial atrophy, burning or inflammation and keratin deficiency. Erythroplakia
is a more dangerous precancerous lesion than that of leukoplakia. The changes of turning erythroplakia into oral
malignancy are higher than that of turning leukoplakia into oral malignancy [30,31]. Oral submucous fibrosis is a
precancerous lesion arises due to long term betel quid chewing habituation. It is characterized by limited opening of
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the mouth due to continuous burning sensation and constant irritation in the oral cavity. Oral submucous fibrosis
has a higher risk of transforming into malignancy than that of erythroplakia and leukoplakia [32-34].

RISK FACTORS OF ORAL CANCER

Tobacco

The aetiology of oral cancer risk has been associated with several factors like environmental, genetic and epigenetic
factors [35]. Tobacco use has been implicated in the pathogenesis of several cancers and around a million cancer
related deaths annually are due to consumption of tobacco [36,37]. Worldwide, people consume tobacco in several
forms, predominantly as tobacco smoking or smokeless tobacco. Tobacco smoking in the form of cigar or cigarette
smoking and bidi smoking has been reported to increase the risk of oral carcinogenesis. Tobacco smokers are at
several fold higher risk to get oral cancer than the non-smokers [38]. All forms of tobacco habituation have been
recognized as the strongest risk factors of oral cancer [39]. Tobacco smokers have 6.4 to 8.4% fold higher risk to
develop oral carcinoma than the subjects who are not habituated to such habits. Passive smoking or second hand
smoking also referred to as involuntary smoking has been focused as a risk factor for oral cancer [40]. Smokeless
tobacco has been found to be one of the major causative or aetiological factors of oral carcinogenesis. Smokeless
tobacco, also known as tobacco chewing, multiplies the risk of chances of getting oral cancer several folds in subjects
habituated to tobacco smoking [41,42]. Tobacco is chewed as such or in combination with other ingredients in several
parts of the world, especially in South Asian countries.

Tobacco chewing enhances the risk of oral cancer around six fold in tobacco chewers [43]. The carcinogens,
nitrosamines, benzo(a)pyrene and aromatic amines promote or induce gingivitis, periodontitis and oral cancer by
weakening the immunity in the oral cancer patients [44]. Tobacco carcinogens, especially benz(a)pyrene and tobacco
specific nitrosamines are reported to cause the genetic polymorphism of detoxification enzymes (cytoplasm p450, b5,
GST, GR, etc) genes, which could in turn play a firm role in the genetic predisposition in head and neck cancer [45].

Alcohol

Alcohol has been considered as one of the major risk factors of oral carcinoma. Alcohol drinking, in any form of
beverages, enhances the risk of oral cancer several fold, especially those who are habituated to tobacco use as well.
Alcohol has been considered as a cocarcinogen as it has a synergistic effect with tobacco in enhancing the risk of oral
carcinogenesis [46].Alcohol plays multiple role in the causation of oral cancer and or oral premalignant lesion.
Alcohol induced leukoplakia has been reported by several authors across the world. Alcohol facilitates the entry of
the tobacco carcinogen into the oral mucosa by causing mucosal epithelial atrophy [47]. Alcohol induced nutritional
deficiency and immunosuppression has been implicated as one of the major mechanisms in the pathogenesis of
cancer. Acetaldehyde, a major metabolic by-product of an alcohol metabolism, has been reported to induce several
alterations in the DNA structure under in vitro conditions and disrupt the synthesis and repair of DNA as well
[48,49]. The carcinogenic substances present in the alcoholic beverages include arsenic, urethane, mycotoxins and N-
nitroso compounds [50].

Tobacco and Alcohol

Tobacco and alcohol occupy the predominant position in the causation of oral cancer. They enhance the cancer risk
when synergistically act with each other. Tobacco and alcohol together enhances the chances of getting oral cancer to
more than 50% as compared to non-smoking and non-alcohol consumption [51,52]. A report from USA pointed out
that around 74% of oral cancer patients are habituated to both tobacco and alcoholic products. Tobacco and alcohol
play a synergistic role together to cause oral cancer in more than 90% of the newly diagnosed oral cancer patients
[53-54].

Betel Quid

While tobacco and alcohol abuse has been documented as a strongest risk factor for oral cancer, betel quid and areca
nut chewing could also play a major role in developing countries in addition to smoking tobacco and smokeless
tobacco. All these risk factors together account for 43% of cancer related deaths worldwide [55]. Around 19% of the
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worldwide tobacco/ betel quid users are living in India. It has been estimated that around 10 million people may die
by the year 2020 due to tobacco/ betel quid related cancers [56]. In India, betel quid chewing has been accepted as a
social custom practice. Though betel quid is composed of several ingredients, the major constituents include tobacco
flakes, betel leaf, betel nut and slaked lime [57]. Betel quid, in addition to these major ingredients, also contains
cloves and cardamom (India) and turmeric (Thailand) [58]. Betel quid chewing is practiced worldwide in the form of
mishri and zarda (burned and boiled tobacco, maiva tobacco, lime and areca nut), shamma (tobacco, lime and ash)
and toombak (tobacco and sodium bicarbonate) [59]. Betel quid chewing has been reported as one of the strongest
risk factors of oral carcinoma and profound studies explored its cytotoxic and genotoxic effects as well [60]. Betel
quid chewing enhances the risk of buccal mucosa cancer. It is strongly suggested that frequent consumption of areca
nut/betel quid enhances several fold higher risk for oral cancer development [61].

Marijuana
Marijuana, commonly known as ghanja or bhange, has been used in the form of smoking and reported as a causative
factor of oral cancer, as it contains potent carcinogenic agents like banzo(a)pyrene [62].

Diet and Nutrition

Diet and nutrition impose a significant risk of getting oral cancer and nutritional deficiency accounts for 20-30% of all
cancer deaths [63]. Diet and nutrition play a dual role in the aetiopathogenesis of oral carcinogenesis. While some
diets are reported to have protective role, the other foods are reported to stimulate the effect on oral cancer. The diet
such as fresh fruits and leafy vegetables has been shown to reduce the risk of oral cancer [64]. However, the food
such as processed meat, red meat and salted meat enhance the risk of oral carcinoma [65]. The intake of sea foods
such as fish and shrimp has a protective role. The micronutrients present in the diet especially, 3-carotene, vitamin
A, vitamin E and vitamin C reduced the risk of oral carcinogenesis [66,67]. Profound scientific studies documented
vitamin A, C and E deficiency in the plasma or serum of oral cancer patients. Mate consumption, a tea like beverages,
has been reported as a causative factor in the formation of oral cancer in the United States and its mechanism of
stimulating oral cancer is due to its constituents like tannin and n-nitroso compounds [67,68].

UV radiation

Overexposure to sunlight, especially between 12-3 p.m., increases the chances of getting lip and skin cancer. The
subjects who are having an outdoor occupation are at higher risk for oral cancer, especially lip cancer development.
Fair or white skinned subjects are having higher risk to develop lip cancer than the black race [69,70].

Infectious agents

Infectious agents such as viruses, yeast and bacteria are also play a causative role in the oral cancer development
[71]. Though various types of viruses such as EVB, HSV and HPV have been considered as a possible risk factor of
oral cancer, HPV16 has been identified to play a pivotal role in the development of oral cancer [72,73].

Other risk factors

Poor oral hygiene

Poor oral hygiene could be responsible for oral cancer development in the absence of any other known risk factors
[74]. It has been reported that chronic inflammation due to ill-fitted (denature) teeth increases the risk of oral cancer
formation. Oral carcinogenesis is highly prevalent in low socioeconomic communities and is probably due to
unawareness on the adverse effects of oral cancer risk factors [75]. It has been pointed out that AIDS patients are
more susceptible to oral cancer risk as well. Repeated or frequent use of mouthwash and its alcoholic content could
enhance the risk of oral tumor formation [76]. Genetic predisposition, especially abnormalities in the genes coding
for detoxification enzymes, could also play a massive role in the oral cancer pathogenesis [77]. An interesting study
from Iran reported that the subjects belong to blood group B are at higher risk of oral cancer development [78]. The
major risk factors of oral cancer are given in figure 2.
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Genetic factors

The genetic alterations that are reported in oral carcinogenesis include alterations in the genes that are involved in
the apoptotic, cell proliferative, inflammatory and angiogenic pathways [79,80]. The other genetic abnormalities
reported in oral carcinoma include chromosomal segregation defects, cell-cycle irregulation, defect in DNA damage
repair mechanism, etc. Reports have also explored epigenetic variations such as DNA methylation pattern,
modification of histones and RNA silencing in oral carcinogenesis [81-84]. Both genetic and epigenetic alterations
play a pivotal role in oral carcinogenesis. There are several positive and negative associations for the linkage of oral
cancer development with the family history [85]. Oral cancer has multifactorial etiology and may arise due to
inherited and/ or acquired genetic alterations in the DNA sequence of oral keratinocytes. Upregulation of oncogenes
or down regulation of tumor suppressor genes are the most common molecular alterations that disrupt the cell cycle
mechanism and abnormal cell proliferation [86]. Alterations or abnormalities in the expression of a spectrum of
molecular markers have been reported in oral carcinogenesis.

DIAGNOSIS

Although the oral cavity is easily accessible for physical examination, delay in diagnosis or treatment increase the
incidence of oral cancer mortality. Reports have pointed out that around 50-60% of oral cancers attained stage Il or
IV at the time of diagnosis [87]. Early detection of oral carcinogenesis could thus be a research priority area in the
prevention of oral cancer prevention [88]. Advanced diagnostic approaches with new techniques and instruments
are available nowadays to diagnose oral cancer [89]. A complete physical examination of the oral cavity is the first
and foremost step in the diagnosis of oral cancer [90]. The physical examination of the oral cavity is done with the
help of front light, mouth mirror and dental specialist. The physical examination of the oral cavity may reveal
suspicious pathological changes such as changes in texture and colour of the tongue, buccal mucosa, lips, hard and
soft palates etc [91].

Toludine blue staining is an easy and simple approach to diagnose the pathological lesions in the oral cavity. This
test is commonly employed as an additional test with other visual examinations [92]. The principle behind this
diagnosis is that toludine blue intensively stains the DNA of the rapidly proliferating cells. Toludine blue test is
utilized to screen the precancerous lesions in the oral cavity of high risk populations [93]. Oral brush biopsy is
another approach to diagnose the abnormal lesions of the oral cavity. In this approach, the dentist rotates the brush
on the suspected lesions and fixed and analyzed using computer based imaging system[94]. The abnormal lesions of
the oral cavity can be diagnosed with light based detection systems such tissue fluorescence imaging,
chemiluminisence and tissue fluorescense and spectroscopy. These detection systems differentiate the normal and
tumor cells based on their light absorbing and refracting properties [95,96]. The visibility of pathological lesions can
be significantly improved using Microlux DL (LED and fiber optic light) and vizilite plus (chemiluminescent
detection) [97]. Histopathological analysis of the biopsy is the gold standard technique to confirm the presence of
malignant tumor cells in the oral cavity. The biopsy taken from the suspicious location is sent to the oral pathologist
to analyze the morphological characteristics of the suspected cells/tissues under the microscope after the routine
procedure [98]. The diagnostic modalities, signs and symptoms of oral cancer are given in figures 3 and 4.

BIOMARKERS OF ORAL CANCER

A biomarker is a biological molecule present in the blood or tissues. The status of biomarker could help to assess or
to differentiate the healthy or pathological diseases, including cancer [99]. The status of biomarkers could provide
valuable information about the prognosis and recurrence of the disease as well (Figures 5 and 6). Genetic and
epigenetic factors play a pivotal aetiology in the pathogenesis of various kinds of diseases [100]. The major molecular
alterations in the tumor cell could lead to diverse pathological consequences such as apoptotic evasion, irresponsive
to growth inhibiting signals, cell cycle dysregulation and abnormal angiogenesis [101].
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TUMOR STAGING

The staging of cancer could provide valuable information about the nature and size of tumor, lymphnode
involvement and spread of tumor to other parts of the body [102]. Staging of tumors could also help to plan the
treatment strategy for the oral cancer patients. TNM staging of oral cancer is presented in figure 7.

Treatment

The treatment of oral cancer is not an easy task and needs a multidisciplinary team of Physician, Dentist, Oncologist,
Surgeon, Radiologist and Speech therapy specialist. The oral cancer patients are treated by three major modalities,
surgery, radiation therapy and chemotherapy[103]. Depending on the nature of the tumors, the patients are treated
by either a single therapy or with a combined therapy (Figure 8). Immunotherapy and gene therapy are the recent
approaches in the treatment of oral cancer [104].

Chemoprevention of oral cancer

Chemoprevention, which is currently accepted globally as an appealing technique in the field of experimental
oncology, is the inhibition, prevention, or reversal of carcinogenesis utilizing natural products or synthetic drugs
[105]. The chemopreventive efficacies of several medicinal plants, bioactive components, and synthetic drugs were
thoroughly investigated in experimental research [106, 107]. Oral, skin, and mammary malignancies have all been
induced in experimental animals using DMBA, which has been identified as an organ and site specific carcinogenic
agent [108,109]. Through a variety of mechanisms, including the induction of oxidative stress, stimulation of the
chronic inflammatory response, and DNA mutations, DMBA causes oral carcinogenesis [110]. In order to evaluate
the anticancer (chemopreventive) effectiveness of natural products, DMBA-induced oral carcinoma is frequently
used in experimental animals. This is because it shares biochemical and molecular similarities with human mouth
cancer. Several medicinal plants' anticancer properties as well as their bioactive components have been the subject of
prior experimental studies conducted in our laboratoryusing 7,12-dimethylbenz(a)anthracene (DMBA)-induced oral
carcinogenesis [111-113]. Table 1 lists the medicinal plants and bioactive substances employed in the study on oral
cancer chemoprevention.

CONCLUSION

The present article presented the epidemiology, risk factors, age and sex distribution, diagnosis, biomarkers and
treatment strategy of oral carcinogenesis. As the incidence of oral cancer is mainly attributed to the risk factors such
as tobacco and alcohol, avoiding the habits of tobacco and alcohol abuse can drastically reduce the worldwide
incidence of oral cancer. Early diagnosis of oral cancer could also improve not only the curative chances but also the
survival outcome and life quality of the patients. Oral carcinoma is therefore regarded as an avoidable and
preventable cancer.
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Azadirachta indica Curcumin, Epigallocatechin-3-gallate(EGCG), Ferulic
Curcuma longa acid, Gambogic acid, Hesperidin, Luteolin-7-O-
Tephrosia purpurea glucoside, Oroxylin A, Quercetin, Resveratrol, Celastrol,
Cajanus cajan Linalool, Lutein, Lycopene, Nimbolide, Alkaloids,
Senegalia catechu Berberine, Dehydrocrenatidine, Evodiamine,
Momordica charantia Flavopereirine, Gramine, Murrayanine, Piperine,
Zingiber officinale Reserpine, Tetrandrine, Allicin, Sulforaphane, Cromolyn,
Ocimum sanctum Emodin, Esculatin, Apigenin.Andrographolide, Coumarin
Vaccinium corymbosum Geraniol, Lupeol Glycyrrhizic acid

Elaeagnus angustifolia Rosmarinic acid, Carnosic acid

Boerhaavia diffusa

Enicostemma littorale

Cissus quadrangularis

Adhatoda vasica
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ABSTRACT

A frailty model is a random effect model for time-dependent variables, describing the influence of
unobserved covariates in a proportional hazard model. Each individual's hazard function may also
depend on risk factors or explanatory variables. Hence, considering the random effect in the models is
critical to survival analysis for robust estimation. The Xgamma distribution is a special finite of mixture
exponential and gamma distribution and allowance for the different shape parameters. Therefore, the
objective of the study is to fit the frailty models with Xgamma distribution and to compare the results
with other existing popular distributions such as Exponential, Weibull, Log-logistic, and Lognormal to
test the effectiveness. Two real-life data sets were used to fit the Xgamma baseline distribution with
frailty models. The study result revealed that Xgamma with Positive Stable (PS) frailty model is a good
choice for the Veterans' Administration Lung Cancer study data set and the best fit for the Culling of
dairy heifer cows’ data set. Further, Xgamma with frailty models points out the lowest Akaike’s
Information criteria (AIC) and Bayesian Information Criteria (BIC) values than other baseline
distributions. So, we suggest that Xgamma baseline distribution with frailty is a potential alternative
approach for cluster survival data analysis.

Keywords: Parametric frailty models, Xgamma distribution, Hazard function, Survival analysis,
Clustered data analysis.
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INTRODUCTION

The statistical analysis of lifetime information (or greater precisely, time-to-occasion, event-history, or length data)
plays an important role in medicine, epidemiology, biology, demography, and other fields [1]. However, the term is
likewise used with other events, like the incidence of a disease or the time of disease progression [1-3].Frailty is an
unobserved individual’s random effect that acts multiplicatively on the hazard, and it was introduced by Vaupel et
al. (1979) in the study of mortality [4]. The widely used frailty distributions are Gamma (Ga), Lognormal (LG),
Positive Stable (PS), Inverse Gaussian (IG), and Positive power variance function (PVF) family due to mathematical
convenience [5]. Similarly, the most common baseline distributions like Exponential, Weibull, Log-normal, and
Lindley distributions are used [6]. To arrive at a robust estimation, we ought to choose the excellent baseline
distribution and frailty distribution depending on the data structure [5]. In recent years, Lindley and other baseline
distributions have drawn the attention of researchers and partitions in modeling time-to-event data sets [7-8]. To
arrive at a robust estimation, we ought to choose the excellent baseline and frailty distribution relying on the facts
structure. The Xgamma distribution is a mixture of exponential and gamma distribution with mixing proportion and
gets importance for the different shapes of the hazard function was introduced by Sen et.al. (2016) [9]. The study
aims to fit the frailty models with the Xgamma baseline distribution and compared the results with other popular
baseline distributions for the same frailty models for identifying the best-fit model.

This paper is organized as follows. Section 2 deals with the fundamental properties of Xgamma distribution, Section
three discusses frailty models and Section 4 suggests the applications of Xgamma distribution with frailty models for
real-life data. Subsequently, concluding comments are given in Section 5.

Xgamma distribution

Let us consider that the non-negative continuous random variable X is called an Xgamma variant with scale
parameter 6 of a particular population. The probability density function (p.d.f), Cumulative distribution function
(c.d.f) is given by equation (1) and (2), respectively:

(p.d.f)
62 ]
f(x)=m(1+§x2)e—9x, x>06>0 (¢H)
(c.d.f)
(1+9+9x+6—2x2)
Fx)=1- Z_"e %%  x>00>0 )

1+6)
The Survival/reliability Properties of Xgamma distribution are defined by equation (3)
(1+0+9x+672x2)

S(x) = ) e %  forgivend (©)

The failure (hazard) rate function of X is denoted as (h(x)) and given in equation (4)
Ax
P(X<x+7>x)=f(x)
Ax S(x)
2 0x*
o*(1+5)

1) = b

h(x) = 7, t>0 @)
(1+9+9x+7x2)
Where h(0) = (ﬁ;) = f(0) and h(x) is an increasing function in x and 6 with 92/(1 +0) < h(x) <6

The hazard function can be represented as the cumulative hazard function. Therefore, the cumulative hazard

function of Xgamma distribution is given by equation (5)

dlogs(x)
dx

H(x) = th(x)dx =— Iog(S(t)) ;whereh(x) = —( )
0
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(1+e+et+(#)) .
H(x) = —logS(x) = —log Te‘ x

Solving this equation, we get

02x?
H(x) = 6x +log(1 +0) — 1+9+9t+< 5 ))
To simplify further we get
1+ 6)

( 1+60+ Ox+ (ezzxz))
Frailty Models

Frailty models are Cox proportional hazard extensions [10]. A frailty model is a time-to-event data random effect
model in which the random effect multiplies the baseline hazard (Duchateau& Janssen; Wienke, 2010) [11,13]. The
models are named after the fact that they can be used to account for unobserved heterogeneity that occurs as a result
of a few observations being more "frailty” and thus more prone to failure than other observations in a data set. The
following equation shows that the hazard is dependent on both the observed covariates and the unobserved frailty
term.

H(x) = 6x + log

©)

hij (c/w;) = ho(x)w; exp(z]; ) (6)

Here, iel ={12..... M} and jeJ, ={12.... n;}, where hy(x)- is the common baseline hazard function for all
subjects in the cluster group ‘i’ and also assumed to be an independently and identically distributed (1ID) random
variable with density function f(w,8) and 8 is the vector of regression coefficients.x;; is the covariates vector for the
subject j in group i. The factor exp(zgﬂ) gives the subject-specific contribution to the hazard.

Frailty with Baseline distributions

The baseline hazard is defined as a parametric function, and its parameters, say ‘6’, are estimated along with the
regression coefficients and frailty distribution. Table 1 summarizes the hazard function, cumulative hazard function,
and survival function for each baseline distribution, including Xgamma, Exponential, Weibull, and Log-logistic.
Hereinafter, parametric frailty models shall focus on the Gamma (Ga), Inverse Gaussian (IG), Lognormal (LN), and
Positive stable (PS) to fit and compare with Xgamma and other baseline distributions. The above four frailty
distributions and their properties are well documented in previous studies [12-16]. Therefore, the Probability density
function (p.d.f), Laplace transformation (L(s)), and estimation of frailty for each frailty distribution as shown in
(Supplementary Table 1)

Estimation of Marginal distribution and Laplace transformation

We use a maximum likelihood of the marginal likelihood function to obtain the parameters of interest. This is
accomplished in the context of multivariate clustered survival data, where we have observed information Z;;and
event timesx;; = min(t;,C;), soring indicators (a;; _aya)and unobserved clustered specific random variable
W = (W,...,W). From (6),The conditional likelihood of data with quadruple(x; a;;,Z;, W;)(j =1,...n;i=
1,....4)issimilar to PHM. i.e

L(m, /W) = H(Vvijho(xij)exp (zi'jﬂ))a”exp[—wijho(XU)exp A1) @)
=1

The conditionally on W = (W,...,W,). Where h,(x;;) is the baseline hazard function with parameter = =
(u, w)Lognormal,r = (u, @) inverse Weibull and 7= = (u, @, w) (log-Skewed normal). Suppose the frailty W~T' (%%)

and following the above likelihood, the marginal likelihood large
of i-th cluster is
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lnarg = fom H7L1(Vl’ijho(xij)e><p (Zi}ﬂ))aijexP[—Wijho(XU)eXp (Zi;B)] f(w)dw )
here f(w) is as indicated function for gamma variate, then
W;iho(xi;)exp (z, Y 1
lmarg ( ij of u) p( Uﬂ)) f +d 1 xp[—wijv _ Wij/B]dW
r(2)es
Where v = ¥ ho(x;;)exp(z;;B) and d; = XL, a;; without loss of generating, we let W;; = WZ; = Z
L1 (Wijho(xij)exp (z
narg = 1_1( o(xiy)exp ( ”B)) f xp—[—+ v]dw )
r(;)ee ?
I_I;'l;1(vvijho(xij)exp (Zi}ﬂ)) o1
lmarg = 1 r (_ Bl di)
1 171 §+d,- %]
r(;)ei(G+v)

T4 (Wisho(xiexp @y8)™ (1 va)
S ErETETE I
Taking the logarithm and sum over i-th strata, we obtain marginal log likelihood i.e.

log lnarg = Z{Zau(log ho(yu))+z ﬂ+logF( +d) logF( )+dlogt9 ( +di)log(1+017) (10)

A

lmarg -

ny
1 1 1
log lparg = Z d;logf + logl’ (5 + di) —logT (5) - (5 + di) log(1 + 6v) + Z a;;(log (ho(y,-j)) + ZC (11)
i=1 j=1

The Maximum Likelihood estimates for w, 6 and f can be found by maximizing (11) using Newton Raphson's
approach [3]. Similar estimation techniques adopted to use other frailty models include the Lognormal, Inverse
Gaussian, and positive stable distributions.

Where d; = “u the number of events in the i-th cluster, and L@(.)the g-th derivative of the Laplace
transformatlon [17] of the frailty distribution is defined as

L(s)=E [exp(—ws)] = fmexp (w; s) fw)dw;, s=0 (12)
0

Estimation and Prediction

Frailty was predicted using the expectation-maximization (EM) algorithm [18-19]. The regression parameter is
estimated for each of the fixed sets of various parameter values. Estimates &, 8 and ¢ are obtained by optimizing the
log-likelihood; this can be easily done if one can compute higher order derivatives L(.) of the Laplace
transformation up to ¢ = max{d1,d2 ....dM}. Hence g-th derivate is given by equation (13). The specific steps are as
follows:

Li(s) = (=1)7E(w? exp(-ws)) (13)

Step 1: Fit the proportional hazard model with the relevant covariates. Calculate the baseline cumulative hazard
function for each subject.

Step 2: Consider a list of possible values for the variance parameters.

Step 3: The estimation step (E) involves calculating an estimate of each subject's frailty. Create a list of possible values
for the variance parameters.

Step 4: Fitting the proportional hazards models with the same covariance is the Maximization step (M). The E- and
M-steps are repeated until convergence occurs. We should note that the cumulative hazard containing the frailty
computed in the previous M-step is used in the second and subsequent applications of the E-step.
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Step 5: Evaluate the profile log-likelihood in (14) using the specified parameter values and the fit actual outcomes in
the M-step at convergence. The frailty term w; can be predicted by W,=E(W/z; T, ; 6,8, ), with z; and T; the data and
the truncation time of the i-th cluster [18,19]. Therefore, conditional expectations become

L@ I Ho(ho )y exp(z5))
EW/z;, T;;8,8,&)=— jm 00 Lt 14
W7z Ti:8,4.8) L(@) (L Ho(ho (1) exp(2]58)) (19

Application to Real-life Example

Application I: First we consider the Veterans' Administration Lung Cancer data set [21] to fit the frailty model for
Xgamma distribution. The data set contains the Lung cancer data of the first and second recurrence time of 137
patients, 4 different clusters, and eight variables namely (i) Treatment (1=Standard; 2=Test) (ii) Cell type
(1=Squamous,2=Smallcell,3=Adeno,4=Large) (iii) Survival time (iv) Status (O=censored, 1= recurrence) (v) karnofsky
Performance Score (100=good) (vi) Diagnostic time (Months) (vii) Age (in a year) (vi) Prior therapy (0-No, 1-Yes).

Application II: Weconsidered culling the data set [20] for a second to fit the models. The data set contains 13836
observations and 6 variables namely (i) Cow’s Identifier (ii) Time to Culling (in the month) (iii) Status (0=Censored,
1= Observed) (iv) Herd: Herd Identifier (v) Time asses (somatic cell count day) (vi) Log SCC (Logarithm of the
somatic cell count).

Data analysis

The developed statistical methods were computed using a commonly available statistical package, such as R studio
version 1.2.50, which was used for data analysis. The method of Kendall’s tau was used to measure the association
between any two event times from the same cluster [5]. The lowest value of Akaike’s Information Criteria (AIC=log-
likelihood) +2(P), where P is the number of parameters) and Bayesian Information Criteria (BIC=-2(Log-Likelihood) +
P(log/n) is used to identify the best model for lifetime data. R packages of “survival” [22], “perfm” [15], and
“frailtypack” [17] were used to create the code/function for Xgamma and other distributions.

RESULT AND DISCUSSION

A comparison of four frailty models under five baseline distributions for the Veteran’s Administration Lung Cancer
data set [21] is shown in table 2. The result revealed that positive stable (PS) is an excellent choice for this data
because the minimum AIC and BIC values were observed in all baseline distributions. However, the lowest AIC and
BIC value was recorded in the Xgamma baseline with the positive stability frailty model. Further among other frailty
models, the Xgamma distribution showed better results than other baseline distributions (Table 2). The frailty
models of Gamma, Lognormal, Inverse Gaussian and Positive Stable with Xgamma baseline have given almost close
estimation values for these data. We find that the baseline distribution of Positive Stable with the frailly model is the
least preferable option for Veteran’s Administration Lung Cancer data because of high AIC and BIC values for all the
frailty models. The survival time histogram plot in Fig 1 (left panel) is right-skewed and has a long tail to the right. It
indicates that the time distribution for Veteran's Administration Lung Cancer data sets is skewed to the right (Figure
1 (left panel)). Because Veteran's Administration Lung Cancer is less common in the first 80 months of the
experiment, the chances of survival are high (right panel). The average survival time is around 80 months.

Xgamma, exponential, Weibull log-logistic and lognormal baseline distribution with the Positive stable distribution
has given almost close estimation values with smaller AIC and BIC values for the Culling data set (Table 3).
However, Xgamma with the positive stable frailty model is the best choice for this data because of the lowest AIC
and BIC [14179.14 & 14199.78] values. Moreover, we noticed Xgamma with the positive Stable frailty model also gave
close for this data. The survival time histogram plot in Fig 2 (left panel) is right-skewed and has a long tail to the
right. It indicates that the distribution of time to Culling data sets is skewed to the right (Figure 2 (left panel)).
Because there is less frequent Culling data in the last 11 months of the experiment, the chance of survival is high, as
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shown in Fig 2. (Right panel). The average survival time is about 11 months. Further within each of the frailty
models, the Xgamma baseline distribution shows better estimates than other baseline distributions (Table 2-3 and
Figure 3-6). In this case, we noticed that the baseline distribution of lognormal and Loglogistic was not a good choice
for both data sets due to high estimation values observed for all frailty models (Figure 3-6).

CONCLUSION

In survival analysis, Exponential, Gamma, and the Weibull baseline distribution are frequently utilized with frailty
models. The model estimate depends on the identification and application of baseline and frailty distribution
depending on the data structure.The maximum likelihood estimation method is used to estimate the parameters of
the models under consideration so that they can be compared by estimating and testing the significance of the
parameters of the models under consideration. Therefore, we attempted to fit the models with Xgamma baseline
distribution and test the effeteness of the model. We proved that for the real-life data and its applications, Xgamma
with frailty models have an excellent fit with the smallest AIC and BIC values compared to other baseline
distributions. The xgamma frailty model with a positive stable baseline hazard is the model that best matches both
data sets. The research will contribute to developing new frailty models, and also be used for the future applications
of Xgamma distribution.
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Table 1. Baseline distribution along with hazard function, cumulative hazard function, and survival functions

Baseline . . L Lognormal (0 € R,k >
o Exponentia |  Weibull Loglogistic
distribution Xgamma (6 > 0) 10> 0) 0.0>0) | (@eRk>0) 0)
, a ,
(Parameters)
0 108G -0
Hazard * @kt Q)( o )
. _ exp (a)kx"~ log(x)-6
function 0 Opx~1 PR | ox|1-0(———
+ log a+9) — px [1+ exp(a) x¥] [ ( g )]
(ho (%)) (1+9+ gx+(6;))
Cumulative —log [1
2 ox*
Hazard 0 (1 += )2 ox 0P Log[1 log(x) — 6
function (1+0+6x+ %xz) + exp(a)x¥] -0 <T)]
(Ho(x))
Survival ( 2 ) 1 1-— ¢ <M)
. 1+6+6x+=x? g
function 2 -6 exp (—6x exp (—0xP) | —————=
a+e) e P (=6) p( ) [1 + exp(a)xK]
(So(x))

Table 2. Comparison of frailty model under Xgamma distribution and other baseline distribution for Veterans'

Administration Lung Cancer study data set

Inverse Gaussian

Positive Stable

Bas.elir}e/F |.'ai Ity Parame.ters/ Gamma (Ga) Log-Norma (LN) (1G) PS)
distribution Covariate Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)
Frailty 0.207 (0.18) 1 0.321 (0.414) 0.232 (0.125)
Xgamma C) 0.363 (0.131) 0.403 (0.145) 0.373 (0.141) 0.378 (0.143)
Treatment 0.212 (0.199) 0.099 (0.186) 0.205 (0.200) 0.183 (0.202)
Karnofsky -0.04 (0.004)~ -0.038 (0.004) ~ -0.04 (0.005) ~ -0.041 (0.004)~
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Performance score
Diagnosis time -0.003 (0.009) 0.001 (0.009) -0.003 (0.009) -0.003 (0.009)
Age -1.019 (0.007)* -0.016 (0.007) # -0.019 (0.007) * -0.019 (0.007) #
Prior 0.074 (0.227) -0.085 (0.221) 0.076 (0.228) 0.069 (0.227)
AlC 1462.182 1454.464 1458.377 1451.167
BIC 1482.622 1478.817 1474905 1471607
Kendall's tau 0.094 0.124 0.112 0.232
Frailty 0.128 (0.113) 0.135 (0.127) 0.144 (0.137) 0.144 (0.137)
© 0.062 (0.045) 0.059 (0.042) 0.063 (0.045) 0.063 (0.045)
Treatment 0.221 (0.194) 0.214 (0.194) 0.214 (0.194) 0.214 (0.194)
Karnofsky

Performance score

-0.031 (0.005)~

-0.031 (0.005) ~

-0.031 (0.005)~

-0.031 (0.003) "

Diagnosis time -0.001 (0.009) 10,001 (0.009) -0.001 (0.009) -0.002 (0.009)
Exponential Age -0.005 (0.009) -0.005 (0.009) -0.005 (0.009) -0.005 (0.009)
Prior 0.006 (0.227) 0.006 (0.227) 0.007 (0.227) 0.007 (0.227)
AIC 1463535 1459.946 1460.420 1458.491
BIC 1483975 1480.386 1480.860 1478.931
Kendall's tau 0.06 0.06 0.06 0.06
Frailty 0.148 (0.130) 0.782 (0.000) 0.170 (0.161) 0.154 (0.092)
e 1.055 (0.07) 1.080 (0.057) 1.055 (0.071) 1.055 (0.071)
B 0.051 (0.039) 0.038 (0.031) 0.051 (0.040) 0.050 (0.041)
Treatment 0.240 (0.197) 0237 (0.202) 0.232 (0.198) 0.204 (0.201)
Karnofsky -0.33 (0.005) A 0032 (0.005)~ | -0032(0.005)~ | -0.032(0.005)A
Performance score
Weibul Diagnosis time ~0.001 (0.009) 0.001 (0.000) 0.001 (0.009) 0.001 (0.009)
Age -0.006 (0.009) -0.005 (0.009) -0.005 (0.009) -0.005 (0.009)
Prior 0.006 (0.228) 0.0401 (0.001) 0.007 (0.228) 0.008 (0.228)
AIC 1470.645 1472339 1465.747 1462679
BIC 1494.005 1495699 1489.105 1486.039
0.154
Kendall's tau 0.069 0.068 0.069
Frailty 0.119 (0.136) 1.041 (0.797) 0.114 (0.121) 0.116 (0.123)
® 6341 (0.468) 6,657 (0.916) 63341 (0.468) -6.342 (0.471)
B 1.276 (0.120) 1253 (0.111) 1.277 (0.120) 1.281 (0.124)
Treatment 0418 (0.194) # 0401 (0.227) # 0416 (0.195)# | 0417(0.916) #
Karnofsk
arnotsky 0021 (0.005)A | -0.024(0.006)~ | -0.021(0.005)~ | -0.022 (0.005)A
Log logistic Performance score
glog Diagnosis time 0.004 (0.009) 0.002 (0.009) 0.004 (0.009) 0.004 (0.009)
Age 0.020 (0.007) * 0.013 (0.010) * 0.021(0.007) * 0.021(0.007) *
Prior 0.077 (0.237) 0.086 (0.247) 0.078 (0.231) 0079 (0.2321)
AIC 1483241 1478175 1477897 1477197
BIC 1506.601 1501535 1501.257 1500.557
Kendall's tau 0.056 0.052 0.049 0.050
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Frailty 1 1(0.435) 1 0.491 (0.405)
0 0.040 (0.566) 0.036 (0.253) 0.047 (0.026) 0.087 (0.317)
B 0.981 (0.424) 0.970 (0.160) 0.959 (0.001) 0.986 (0.177)
Treatment -0.003 (0.177) -0.003 (0.185) -0.003 (0.171) 0.001 (0.189)
Karnofsky 20019(0006)~ | -0.020(0.004)~ | -0.019(0.009)~ | -0.018 (0.005)"
Performance score
Diagnosis time -0.001 (0.009) -0.001 (0.009) -0.001 (0.009) -0.001 (0.009)
Age -0.012 (0.007) -0.014 (0.007) -0.012 (0.004) -0.008 (0.009)
Prior -0.001 (0.217) -0.001 (0.221) -0.001 (0.216) 0.001 (0.219)
AIC 1482.728 1481.732 1482.131 1481.567
BIC 1506.088 1505.091 1505.491 1504.924
Kendall's tau 0.333 0.314 0.223 0.497

Table 3. Model-wise AIC and BIC values comparisons for the Culling Data set

Frailty Models
Akaike's and
Bayesian Lo i
. - gnormal Inverse Positive Stable
_Ba§elln_e Infor_ma_tlon Gamma (GA) (LN) Gaussian (1G) (PS)
distribution criteria
AlC 14182.88 14182.59 14188.90 14179.14
Xgamma
BIC 14203.53 14203.24 14209.55 14199.78
. AlC 14496.79 14496.62 14500.59 14494 .97
Exponential
BIC 14517.44 14517.26 14521.24 14515.62
Weibull AlC 14498.08 14496.35 14501.85 14496.78
i
! BIC 14521.05 14520.31 14525.82 14517.13
. AlC 14561.05 14561.17 14618.90 14592.16
Loglogistic
BIC 14584.03 14629.04 14642.86 14558.47
AlC 14560.93 14579.14 14610.66 1455853
Lognormal
BIC 14579.79 14595.50 14615.45 14576.04

Table 3. Supplementary Table 1. Probability density function (p.d.f), Laplace transformation (L(s)), and
estimation of frailty for parametric frailty distribution.

Frailty Probability density function (p.d.f) The Laplace transformation from frailty Estimation of frailty
distribution
L(s) = E[exp(-zs)} log ((—1)‘1L(‘1)(s))
Gamma 9_%x%_1exp (—x/6)
frailty ©) | f() =~ s >0, ) 1 &
(Ga*0) (1+65) 4520, ~(a+35) 100 + 65+ )" log( +16)
1=0
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Inverse 1 x —1)2 1
Gaussian flx) = mx_g.exp (—( 20x) ), 0 exp (5 r-v1i+ 205)), s=0 —glog(Zes +1) +log (Kq_e)(z)>
(1G)(1G*0) >0, 1 n
- [plros )]
1
+ 5(1 — V1 +26s),
where x
= [207(s+ i)
- (5*3g
Lognormal e (logx)? For a lognormal frailty distribution, no [ 1 . W —1/2]
(LN) @) 2x"texp {[— 2 |1 explicit evaluation of the Laplace log (—1)"ﬁexp{—g(u, 5,0)}g'(0;5,6)]
(LN*6) >0 transformation, and also Kendall’s t no
explicit formula exists (Duchateau and Where mean =0 and variance = 1/0(0; s;8)
Janssen [12]). Hence, we need Laplace
approximation L7(s) (Macro et all.[14])
1 ~ i -1/2
(—1)‘*\/—§exp{—g(u;s, 0)}g'(G;5,0)]
Positive 1ark@—y)+1 EXP(—s'77), s>0, EXP(—s'7), s=0,
Stable (PS) ——Z #(—u‘l)k sin((@
(PS*u) b= ;
—y)kn), ¥
€(0,1)
L@ (.): The derivattive of the Laplace transform of the of the frailty distribution
Survival Function
3 Tu
£ 2 z
S el @
H = £
w a 1
\"\,._,_
o R s W
- -
time time

Figure 1. Histogram of Survival time (left panel) and Kaplan Meier Plot (right panel) of Veteran’s Administration
Lung Cancer study data.

1T S N

Figure 2. Histogram of Survival time (left panel) and Kaplan Meier Plot (right panel) of culling data
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1485 AIC Values for Vererans' Administration Lung Cancer Data
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1480 :;\;7 e .
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1465 & —a— Loglogistic
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‘-""--.. __..-—-""'.""'-.. —&— Lognormal
1455 - — - = -
1450 -
Gamma (GA) Lognormal (LN) Inverse Gaussian (1G) Positive Stable (PS)

Figure 3. Comparison of AIC values for Veteran’s Administration Lung Cancer data

1510 BIC Values for Vererans' Administration Lung Cancer Data
2
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1460 Lognormal
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Figure 4. Comparison of BIC values for Veteran’s Administration Lung Cancer data

AIC Values for Culling Data Set
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Figure 5. Comparison of AIC values for culling data
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Figure 6. Comparison of BIC values for Culling data
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ABSTRACT

Many studies have found the presence of scapular dyskinesis (SD) in lactating mothers but none have
shown its difference in primipara and multipara. The aim of the study was to find out SD prevalence in
primipara and multipara lactating mothers. An observational study was undertaken using convenient
sampling for 60 Lactating mothers the age of 18 to 35 years, breastfeeding for 1 month or more from
various pediatric clinics of Ahmedabad were assessed for type and number of deliveries, postural
awareness while feeding, test for SD using Yes/No test, scapular balance angle (SBA) and the lateral
scapular slide test (LSST) and kyphosis on observation. Descriptive data analysis was done. Out of 60
participants (38 primipara, 22 multipara) 42% of Primipara and 36% of multipara were diagnosed with
SD. 60% of the subjects were positive for kyphosis on observation. 57% of primipara and 45% of
multipara lactating mothers were unaware of their correct posture.15%, 42% primipara and 18%, 36%
multipara were found positive for SBA and LSST respectively. The percentage of type-1V SD was found
more in primipara and multipara followed by type Il, type-1 & type - Ill SD. Statistically, there was a
significant prevalence rate of SD in lactating mothers, and for breastfeeding techniques, Primipara
mothers required more Physiotherapist’'s support and guidance. Raising awareness of the role of
physiotherapists in managing SD in lactating mothers helps to reduce the impact of discomfort and will
be helpful for future pregnancies.

Keywords: scapular dyskinesia, primipara, multipara, lactation.
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INTRODUCTION

During pregnancy, a range of physiological, biomechanical, and emotional changes transpire, necessitating
substantial musculoskeletal adaptations. The antenatal and postnatal periods are characterized by physiological and
physical transformations. Inadequate posture refers to an incorrect alignment of the body's various components,
placing strain on the supportive structures [1]. When women breastfeed, they commonly exhibit a tendency to slouch
forward. Prolonged maintenance of this posture, even for 20 minutes, repeated 6-8 times or more per day, can induce
back, neck, and shoulder stress, resulting in fatigue or microtrauma that leads to discomfort [2]. According to the
guidelines set forth by the World Health Organization (WHO), providing exclusive breastfeeding to infants for the
initial 6 months of their lives is recommended. Following this period, the introduction of nutritionally appropriate
and safe complementary foods should be accompanied by continued breastfeeding until the age of 2 years or beyond
[3]. In India, the majority of women engage in breastfeeding for a duration of at least one year or longer. However, if
breastfeeding is continued in an improper posture over extended periods, it can lead to progressive weakness in the
muscles around the shoulder blade, ultimately resulting in a condition known as scapular dyskinesis [4]. Scapular
dyskinesis refers to an alteration in the mechanics and motion of the shoulder blade, indicated by the prefix "dys"
denoting alteration, and "kinesis" representing motion. This condition can manifest in healthy individuals or
contribute to a syndrome known as SICK (Scapular malposition, Inferior medial border prominence, Coracoid pain
and malposition, and Dyskinesis of scapular motion). Overall, scapular dyskinesis is a collective term encompassing
dysfunctional movement of the shoulder blade [5].

This dysfunction can be categorized into four distinct movement patterns:

1. The presence of abnormal static scapular position and/or dynamic scapular motion, identifiable by medial border
prominence.

2. Notable prominence of the inferior angle and/or early scapular elevation or shrugging upon arm elevation.

Quick downward rotation was observed during the lowering of the arm.

4. Symmetrical upward rotation of both scapulae with the inferior angles rotating laterally away from the midline

[6].

w

Thus, to prevent SD,the mother should assume the proper position during breastfeeding. Generally, first-time or
primipara mothers do not have proper knowledge regarding proper positioning compared to multipara or mothers
who have had two or more successful pregnancies [7]. The prevalence of SD in breastfeeding mothers has been
documented in numerous studies, but none have investigated the variation in its occurrence between primipara and
multipara.The aim of this study was to determine the prevalence of SD in lactating mothers, compare primipara and
multipara, and identify the factors contributing to its development.

MATERIALS AND METHODS

A convenient sampling method was employed to conduct an observational study involving 60 lactating mothers
recruited from various pediatric clinics in Ahmedabad. The inclusion criteria consisted of postnatal women between
the ages of 18 and 35 who had been breastfeeding for over one month and had undergone either a full-term normal
delivery or a lower segment cesarean section (LSCS). Participants with any kyphosis- or scapular dyskinesis-causing
pathology or comorbidities were excluded. All participants provided written consent and underwent a
comprehensive explanation of the procedure, followed by personal interviews and assessments. Demographic
information, feeding duration, and frequency, knowledge regarding ergonomics, and other relevant details were
collected from each participant. Additionally, the presence of kyphosis was observed and documented along the
sagittal plane.

To assess the presence of SD, three specific tests were conducted on each participant. In the YES/NO Test (figure-1),
participants were instructed to stand upright with their hands alongside their body, elbows straight, and shoulders
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in a neutral position without rotation. The examiner stood behind the participant at a certain distance. Each test was
performed five times in both flexion and abduction directions. Subsequently, participants were asked to hold
weights ranging from 1.4 to 2.3 kg in each hand, determined based on their individual body weight (1.4 kg for
participants weighing less than 68.1 kg and 2.3 kg for participants weighing more than 68.1 kg). With their thumbs
positioned upwards, participants simultaneously raised both hands in the sagittal plane to their maximum range and
then lowered them within three seconds, repeating this elevation movement five times. The scapular motion pattern
was assessed and graded during each repetition. Following the same sequence, the elevation movement was
repeated five times in the frontal plane, and the scapular movement pattern was graded accordingly [6]

The lateral scapular slide test (LSST) is a clinical measurement test used to evaluate static scapular position (figure-2).
This test involves using a measuring tape to measure the distance between the inferior angle of the scapula and the
nearest vertebral spinous process in three different positions: (1) shoulder in a neutral position, (2) shoulder at 40-45
degrees of coronal plane abduction with hands resting on hips, and (3) shoulder at 90 degrees abduction with the
arms in full internal rotation. In cases of injury or scapular deficiency, the affected side typically exhibits a greater
scapular distance compared to the uninjured or normal side. It has been suggested that a bilateral difference of 1.5
¢m (15 mm) should be considered the threshold for determining the presence of scapular asymmetry [8].

To measure SBA, the patient stood barefoot with arms, pelvis, and heels aligned. The procedure involved marking
the inferior angle of the scapula on both sides and drawing a line connecting these marks, as well as a vertical line
between the C7 and T9-T10 spinous processes (Figure-3). Subsequently, the angles formed by the line connecting the
two inferior scapular angles and the vertical line passing through the spine were measured using a goniometer. The
SBA was defined as the difference between these angles. SBA exceeding 7 degrees was considered indicative of
scapular dyskinesia [9]. Descriptive data analysis was conducted using SPSS Version 20. Continuous variables were
analyzed by calculating the mean and standard deviation, while categorical variables were analyzed by calculating
the frequency and percentage. The chi-square test and one-way ANOVA were utilized to assess associations and test
for significance.

RESULTS

In this study total of 60 lactating mothers (38 primipara and 22 multipara) have been participating. Descriptive
analysis of Demographic details, and personal details of participants like the type of delivery, duration, and
frequency of feeding, the intensity of pain, area of pain, etc. are shown in Table no.1. Table no. 2 shows analysis
through YES/NO Test, the percentage of type-IV SD were found more in primipara and multipara followed by type
Il, type-l SD &type - Ill. 37% primipara and 27% multipara mothers had Type-ll SD which is the prominence of
medial border of scapula while 16% primipara and 9% multipara had type- | SD ,36% and 50% had type -IV
(Symmetrical scapular rotation) SD& 4% primipara and 3% multipara had type-111 SD. Chart 1 shows the frequency
and percentage of the scapular balance angle and Lateral scapular slide test analysis. It shows the presence of SD was
more in primipara than multipara lactating mothers. Through SBA and LSST, 15% and 42% primipara while 18% and
36% multipara mothers were found positive for SD respectively. Ergonomics awareness and scapular dyskinesis
have shown a significant association through the chi-square test (p=0.004). Duration of breastfeeding and scapular
dyskinesis have shown significant association through a one-way ANOVA test. (p=0.001). Age, BMI, type of delivery,
and frequency of breastfeeding have not shown a significant association for SD.

DISCUSSION

60 lactating mothers aged 18 to 35 years participated in this study. Their mean age was 29.62 + 3.31 years. Among
them 38 were primipara and 22 were multipara mothers. This study has found 40% of lactating mothers diagnosed
with SD and 60% were having kyphosis on observation. This study has also found 42% of Primipara and 36% of
multipara lactating mothers are diagnosed with SD. The study conducted by Gandhali further corroborates these
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findings, revealing a significant prevalence of scapular dyskinesis (67%) and subsequent kyphosis observed in
postnatal females (55%) [@. Similarly, the study conducted by Goyal et al. supports these findings, indicating that a
majority (74.0%) of multiparous mothers exhibited good positioning and attachment during breastfeeding, possibly
due to their prior experience. Additionally, the study suggests that young mothers (<20 years) and primiparas
displayed a significant association with poor positioning and may require increased support and guidance regarding
appropriate breastfeeding techniques [10]. Due to a lack of adequate knowledge about breastfeeding positions, many
women tend to adopt unfavorable postures, such as a hunched-back position, during breastfeeding. These
uncomfortable postures exert excessive strain on the back muscles, eventually leading to the weakening of these
muscles and the development of scapular dyskinesis over time [2, 16, 17]. A study conducted by Akhila
Krishnakumar et al. in 2018 examined the assessment of scapular stability in postpartum females. The study findings
indicated an increase in tightness of the pectoralis major muscle and weakness in the rhomboids and lower trapezius
muscles. The outcome measures utilized in the study demonstrated statistically significant changes in scapular
stability [11].

In this study, the assessment of scapular dyskinesis (SD) involved the utilization of three special tests. One of these
tests, the yes/no test, is considered a qualitative measure. However, a study conducted by Ramiscal L et al. in 2022
discovered that the yes/no test is highly subjective and susceptible to expectation bias, potentially influencing the
labelling of SD. Raters may have a tendency to perceive what they expect to see, in this case, the presence of SD [12].
Therefore, in the current study, in addition to the yes/no test, other outcome measures such as the lateral scapular
slide test (LSST) and scapular balance angle (SBA) were employed to provide a more comprehensive evaluation of
SD. The lateral scapular slide test (LSST) and scapular balance angle (SBA) serve as quantitative measures that offer
different approaches to evaluate the extent of scapular dyskinesis [16]. According to Kibler, LSST demonstrates
reliable reproducibility [13]. Conversely, Gibson, M. H. et al. reported low interrater reliability ICCs but high
interrater reliability ICCs for LSST[14]. In contrast, another study suggested that manual measurement of SBA is a
straightforward and consistent method for assessing scapular position and rotation in clinical practice, with high
ICCs for both intra- and interrater reliability [9].

According to previous research by Odom CJ et al. in 2001, the lateral scapular slide test serves to evaluate the
asymmetry between the scapulae and the effectiveness of scapular stabilizer muscles in maintaining scapular
position [15, 19, 20]. On the other hand, the scapular balance angle (SBA) offers a quantitative measurement of
scapular position during arm elevation above the head. By measuring the angle formed between the spine and the
inferior angle of the scapula, abnormal scapular upward rotation and protraction can be identified, aiding in the
detection of atypical scapular positioning and movement patterns . In this study, it was observed that 58% of
primipara mothers and 46% of multipara mothers were not aware of proper ergonomics during breastfeeding. The
association between ergonomics awareness and scapular dyskinesis was found to be statistically significant through
the chi-square test (p=0.004). Additionally, it was found that an increased duration of breastfeeding in altered
postures was associated with a higher risk of scapular dyskinesis. For future studies, it is recommended to evaluate
scapular muscle strength, conduct an objective analysis of kyphosis, and investigate the long-term effects of altered
scapular behaviour following breastfeeding. These assessments can provide further insights into the impact of
breastfeeding practices on scapular health

CONCLUSION

The present study revealed a statistically significant prevalence of scapular dyskinesis (SD) among lactating mothers,
with a particular emphasis on the higher need for physiotherapist support and guidance among primipara mothers
regarding proper breastfeeding techniques. Creating awareness about the crucial role of physiotherapists in
managing SD among lactating mothers can effectively minimize the impact of injuries and provide valuable support
for future pregnancies.
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Table 1 shows details of the participants

Age (years) (mean = SD) 29.62+3.31
BMI (kg/m2)(mean + SD) 25.49+2.56
Parity: Primipara 38 (63.33%)
Multipara 22 (36.66%)

Type of Delivery: LSCS 40 (60.66%)
Normal 20 (36.66%)

Duration for each feeding (in | 10.96+2.43
minutes) (mean + SD)
Duration for each feeding (in | 4.68+2.02
months) (mean + SD)

Frequency in a day (mean + SD) 11.85+1.70

Presence of Upper back pain

: Primipara 24 (63.15%)
Multipara 8 (36.36%)

Ergonomics (were not knowing)

Primipara 22(57.89%)

Multipara 10(45.45%)

Table -2 shows the findings of the Yes/ No Test.

Primipara Multipara
Type of SD Frequency | Percentage (%) | Frequency | Percentage (%)
Type -1 6 16 2 9
Type-ll 14 37 6 27
Type -1lI 4 10 3 13
Type -1V 14 36 11 50

Figure-1 shows YES/NO estMeasurement with | Figure-2 shows LSST Measurement with shoulder
shoulder flexion abduction (45 degrees)
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Figure-3 shows SBA Measurement Chart 1 shows a comparison of SBA & LSST findings
in Primipara / Multipara mothers
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ABSTRACT

This study intended to measure the sub-disciplinary conceptual knowledge of Physical Education
Teacher Education (PETE) trainees undergoing various courses in Kerala. The study was conducted on
544 PETE trainees, including males and females undergoing training in VHSE, CPEd, BPEd, BPE, MPEd
and MPE courses in Kerala. The ASK-PE battery developed to assess beginners ‘magnitude of sub-
disciplinary conceptual knowledge by Ayers, S. F. (2001) was used as the tool. The sub-disciplinary
conceptual knowledge areas include Aesthetic Experiences, Biomechanics, Exercise Physiology,
Historical Perspectives, Motor Development, Motor learning and Social Psychology. There were 120
multiple-choice questions in different sub-disciplinary areas. This use will enable a direct comparison
between the conceptual knowledge of future teachers studying various PETE courses within Kerala. The
maximum score that a respondent can have is 120. The average mean score on the ASK-PE test of the
participants was 52.44 (SD = 17.23). This is 43.7% of the maximum possible score on conceptual
knowledge in physical education tests. ANOVA results show that the F-value on aggregate ASK-PE test
scores on sub-disciplinary conceptual knowledge was significant (F=68.434, p<0.000). Post-hoc analysis
indicates that higher-level course students have better conceptual knowledge and poor scores for those
undergoing lower-level courses (VHSE and CPEd).The lack of physical literacy in fitness and health-
related physical fitness raises queries since research has demonstrated that pupils' learning can be
restricted if instructors teach them with restricted information on the matter being prepared. Thus, the
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PETE educational program in the state of Kerala must be somewhat or totally rebuilt to deliberately
incorporate knowledge, aptitudes, and experience to give adequate exposure to future Physical
Education Teachers.

Keywords: ASK-PE, Aesthetic Experiences, Biomechanics, Exercise Physiology, Historical Perspectives,
Motor Development, Motor learning and Social Psychology.

INTRODUCTION

It is high time to discuss issues related to the description of subject knowledge of physical education. According to
present-day teacher education, content knowledge and pedagogy have to be studied jointly; however, it is equally
clear that the parameters of the content knowledge domain must be identified. The worth of concept-based physical
education has long been recognised (American Alliance for Health, Physical Education, and Recreation, 1969; Kneer,
1981; NASPE, 1995) but till now, it has not been officially measured or assessed. "A monograph exploring learners'
domain-specific knowledge incorporated a statement on the general conception and misconceptionon health-related
fitness" (Placek, Griffin, Dodds, Raymond, Tremino, & James, 2001). Participants lack of understanding about fitness
concepts was disturbing, particularly given the recent emphasis on health-related fitness by AAHPERD and most
other national health organisations such as the Center for Disease Control, the US Dept. of Health and Human
Services and the President's Council on Physical Fitness. Agreed to the shortage of thinking-related tools available to
test/evaluate sub-disciplinary awareness in physical education, Ayers (2001) developed a seven-test (group of tests)
thattest/ evaluate the sub-areas knowledge in Physical Education known as ASK-PE. These tests were used to
test/assess high school students' idea-based knowledge of the content identified as critical in every seven fields in
Mohnsen's text (1998). Since knowledge in the thinking-related domain is fundamental to student performance,
teachers need the skills to develop that knowledge in students. However, teachers' ability to do this rests mostly on
their own level of content-related thinking-related knowledge. The first step in testing/evaluating this knowledge
base was establishing high school students' physical education idea-based knowledge as identified by NASPE in
Mohnsen's text (1998). Upon completing the first examination of this knowledge base, the next logical step was to
relate students' knowledge to that of prospective physical education teachers. The research intended to measure the
sub-disciplinary conceptual knowledge of Physical Education Teacher Education (PETE) trainees undergoing
various courses in Kerala.

METHODS AND MATERIALS

Participants

The study was conducted on 544 students, including male and female students studying VHSE, CPEd, BPEd, BPE,
MPEd and MPE Physical Education Teacher Education courses in Kerala. A student pursuing a PETE course in the
state of Kerala can be enrolled in the following courses: VHSE, CPEd, BPEd, BPE, MPEd and MPE according to their
academic qualifications. VHSE and CPEd are two-year courses after grade 10, BPEd is one year course of study after
any graduation, BPE is three-year graduation after Grade +2, MPEd is two years masters after BPEd, and MPE is two
years masters after BPE. The scholars collected data only from the final year/semester students during 2019-20. In the
present study, 39 (7.2%) were from VHSE, 56 (10.3%) were from CPEd, 142 (26.1%) were from BPEd, 40 (7.4%) were
from BPE, 221 (40.6%) were from MPEd and 46 (8.5%) were from MPE courses.

Instrumentation
Ayers (2001) developed a seven-test (group of tests), to evaluate the sub-areas awareness in Physical Education,
known as ASK-PE. The ASK-PE battery was designed to assess beginners' magnitude of sub-disciplinary physical
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education conceptual knowledge. A teacher can reliably evaluate PETE students' level of conceptual knowledge with
this battery. The sub-disciplinary conceptual knowledge areas include Historical Perspectives, Aesthetic Experiences,
Exercise Physiology, Biomechanics, Motor Development, Social Psychology and Motor learning. There were 120
multiple-choice questions in different sub-disciplinary areas. This use will enable us to makes traight comparisons
amidst the conceptual knowledge of future teachers studying in various courses within Kerala. Using this
comparative information, PETE faculty can determine the level of future PETE students/graduates and which areas
they should develop to make physically literate children.

Collection of Data

The research scholar administered the test directly with the help of the teachers from the selected centres. Before the
administration of the test, student teachers were informed that the results of this test would not affect their grades.
The idea of the study also were explained to the student teachers. Each student received a packet of test materials
(ASK-PE Battery) and instructions regarding test administration; after administering the test, the scholars collected
answer sheets in sealed cardboard boxes in each classroom. In the cover sheet of the ASK-PE Battery, a small
guestionnaire has been given to collect information regarding the course in which they are studying, gender and
name of the institution. These details were used for grouping the participants in the testing programme.

RESULTS OF THE STUDY

The data was analysed using IBM SPSS 25.0. Fisher's Least Significant Difference post hoc analysis was performed
when statistical significance (p<.05) was obtained to identify significant pair wise differences. The ASK-PE Battery
(Ayers, S. F., 2001b), containing 120 questions, was administered to study the Physical Education conceptual
knowledge. The score for each sub-disciplinary concept was based on the number of questions about the sub
discipline. The total score on conceptual knowledge is the aggregate of the scores obtained by them in the above
seven sub-disciplinary areas. The results of ANOVA performed on the selected sub-disciplinary variables show that
Aesthetic Experiences (ATS) F (5,538) = 7.291, p <.01, Biomechanics (BOM) F (5, 538) =55.964, p <.01, Exercise
Physiology (EXP) F (5,538) = 87.253, p <.01, Historical Perspective (HIS) F (5,538) = 33.107, p <.01, Motor Development
(MDT)F (5,538) =30.047, p <.01, Motor Learning (MLG)F (5,538) = 11.908, p <.0land Social Psychology (PSY) F (5,538)
= 30.034, p <.01 variables differed significantly at 0.00 level. The scarcity of space and tables of posthoc tests of each
variable are not coming under this study's scope. Further, the scholars discussed the results of the aggregate score of
the ASK-PE and posthoc test.

The total score obtained in 120 questions was comprised to assess the aggregate score. The maximum score that a
respondent can have is 120. The average mean score on the ASK-PE test of the participants was 52.44 (SD = 17.23).
This is 43.7% of the maximum possible score on conceptual knowledge in physical education tests. Those
respondents who scored up to 35 were classified as below average, those who scored from 36 to 70 were classified as
moderate, and those who scored above 70 were classified as above average regarding their aggregate sub-
disciplinary conceptual knowledge. The results show that 152 (27.9%) were in the below-average group based on
their score on the ASK-PE test. 305 (56.1%) were in the average category, and 87 (16.0%) were in the above-average
class. The mean scores and standard deviations on the aggregate score of Conceptual Knowledge based on the
course of study mean scores range from 30.80 to 63.04. The mean score of respondents from VHSE was 33.00 (SD =
5.21), for CPEdwas 30.80 (SD = 3.65), 42.68 (SD = 11.92) for BPE, 53.96 (SD = 17.00) for BPEd, 59.93 (SD = 13.62), for
MPEd and 63.04 (SD = 14.62) in case of MPE. The graphical representation of the mean scores course-wise is
presented in Figure 1.

Analysis of Variance (ANOVA) was done to checkfor any difference in the mean score of the students pursuing
various courses. Which was presented in Table 1 shows the ANOVA result for the aggregate score on testing the
above aspect. Table 1 shows that the F-value on the total ASK-PE test scores on conceptual knowledge is significant
(F=68.434) as its p-value is 0.000, less than 0.05.Therefore, it might reject the null hypothesis of no difference among
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the mean score of the six courses, i.e. BPE, BPEd, MPE, MPEd, CPEd and VHSE.Asthe F value is significant, did the
post hoc analysis. A Post Hoc test (LSD) was done to see the pairwise difference between the courses concerningthe
conceptual knowledge total score of the respondents. The result is presented in table 2. From Table 2, it is clear that
BPE course students' scores differ significantly with BPEd (MD= -11.28275), MPE (MD=-20.36848), MPEd (MD-= -
17.25260), VHSE (MD = 9.67500) and CPEd (MD = 11.87143). No significant difference was found between MPEd and
MPE, as well as between VHSE and CPEd. The average score of MPE students is significantly different from those in
all other courses except MPEd which is also a post-graduate course. This indicates better conceptual knowledge for
students undergoing a higher-level course.

DISCUSSION OF FINDINGS

The present study examined the sub-disciplinary physical education conceptual knowledge among the PETE
students/trainees undergoing various types of courses in the state of Kerala using ASK-PE battery. The low score
level in ASK-PE test battery substantiates the lacuna in physical education teacher education students' conceptual
knowledge in the state of Kerala. The Literature on Teacher Education recommends that reliable information on the
topic instructed is essential to be a skilful and powerful instructor (Baumert et al., 2010; Belfort and Guimaraes, 2002;
Mewborn, 2000; Shulman, 1986, 1987). Educators' subject knowledge influences their pedagogical content knowledge
and teaching and impacts their certainty in presenting the topic (Kallery and Psillos, 2001). Content information
supports exercise structure and becomes an asset in the choice of models, detailing clarifications and demonstrations
(Leinhardt and Smith, 1985).

The study finds that BPE course students' scores differ significantly with BPEd, MPE, MPEd, VHSE and CPEd. There
is no significant difference found between MPEd and MPE as well as between VHSE and CPEd. The average score of
MPE students is significantly different from those in all other courses except MPEd, which is also a post-graduate
course. This indicates better conceptual knowledge of students undergoing a higher level course and poor status of
students experiencing lower level courses (VHSE and CPEd). Moreover, the most outstanding achievement on the
conceptual knowledge test was of MPE students, with 43.5% belonging to the above-average category; at the same
time, only 24.4% of students from the MPEd course achieved the above-average classification. Overall conceptual
knowledge score of VHSE and CPEd students, 66.7% and 91.1% belonging to the below average group. None of the
students from these courses achieved above average score. It clearly shows deficient level of conceptual knowledge
among pre-service physical education teachers in VHSE and CPEd. These deficiencies in physical education
conceptual knowledge among pre-service physical education teachers are consistent with the findings of Castelli and
Williams (2007) who also found poor performance scores for health-related fitness content knowledge of in-service
middle school physical education teachers. This lack of conceptual knowledge of physical education among pre-
service physical education teachers agrees with the study of Castelli and Williams (2007), who likewise discovered
terrible scores for health-related fitness content information amongin-service middle school physical education
teachers. Unawareness in the field of physical activity and health-related fitness raise concern. The study has
demonstrated that pupils' learning can be restricted if instructors educate them with restricted information on the
substance being instructed.

Like Grossman (1990), others also emphasised that if teachers have weak content knowledge, it will also influence
the teachers' knowledge in other categories in a negative way. Moreover, content knowledge aspects are subject-
matter specific; for instance, a math teacher needs to have math content knowledge, while an English or physical
education teacher needs to have their own subjects' content knowledge (Shulman, 1986).Hastie and Vlaisavljevic's
(1999) uncovered that PE teachers with sound subject knowledge utilised amore significant number of assignments
per exercise than those with lesser subject expertise. Besides, instructors with higher subject matter expertise
demanded students to be responsible predominately for the quality of their performance. In comparison, the
contrary with less subject matter expertise considered students responsible for just a mere level of participation or
exertion.
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CONCLUSIONS

Thus, the Kerala state's PETE curriculum must be wholly or partly reorganised to scientifically incorporate
knowledge, skill, and exposure to inclusion issues. Eventually, this addition will prepare future physical educators
for inclusion. To meticulously do this, using a sound theoretical model will be essential.  The study's results clearly
show that those pursuing VHSE and CPEd courses have deficient sub-disciplinary physical education conceptual
knowledge. That knowledge base is not enough to enter a latest generation of physical education, with programs that
emphasis enduring fitness activities, such as walking, biking and tennis, aerobics; educate students about healthful
diets; and educate student how to check their cardiac rates and pulse. But unfortunately, these PETE trainees are
eligible to teach secondary level in Kerala state, India. Even at the post-graduate level, conceptual knowledge in
biomechanics, motor development and social psychology areas is inadequate. Necessary action may be taken by the
curriculum developers of the concerned Universities to strengthen the lacuna in sub-disciplinary knowledge. A few
of the targeted fields of upcoming research involve (i) examination of PETE students' conceptual knowledge base
atthe national level, (ii) comparisons between PETE students and high school students' knowledge, (iii) differences in
pre-service programs' curricular emphasise on PETE students' knowledge, (iv) the role of in-service training on
practitioners' knowledge provision, and (v) relationships between teachers' areas and levels of expertise and their
students' scores on the ASK-PE tests.
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Table 1. ANOVA result for testing aggregate Conceptual Knowledge Score of participants pursuing different
courses in PETE

Source Sum of Squares df Mean Square F Sig.
Between Groups 62657.633 5 12531.527 68.434 .000
Within Groups 98518.115 538 183.119

Total 161175.748 543

Table 2. Pairwise multiple comparisons of Dependent Variable: Conceptual Knowledge total score

(1) Course Mean . 95% Confidence Interval
of Study (J) Course of Study Difference (I-) Std. Error Sig. Opper
Lower Bound Bound

BPEd(53.9577) 1128275 242230 | 000 1160411 65244

MPE (63.0435) 20.36848" 202555 | 000 -26.1154 14,6216

BPE MPEd(59.9276) 17.25260" 232520 | .000 218202 12,6850

(M= 42.68)

VHSE(33.0000) 9.67500° 304522 | 002 36930 15.6570

CPEd(30.8036) 1187143 280142 | 000 6.3684 17.3745

BPE(42.6750) 1128275 242230 | 000 6.5244 16.0411

MPE (63.0435) -9.08573" 229574 | 000 -135954 45760

(MEF’S?%) MPEd(59.9276) 5.96986" 145539 | 000 8.8288 -3.1109
VHSE(33.0000) 2095775 244641 | 000 16.1521 25.7634

CPEd(30.8036) 23.15418" 213531 | .000 18.9596 27,3487

BPE(42.6750) 20.36848" 202555 | 000 14.6216 26.1154

BPEd(53.9577) 9.08573° 229574 | 000 45760 13.5054

(MEA§3E.O4) MPEd(59.9276) 311588 219304 | .156 11921 7.4239
VHSE(33.0000) 3004348° 204554 | 000 24.2573 358297

CPEd(30.8036) 32.23991° 269274 | 000 26.9503 375295

BPE(42.6750) 17.25260° 232520 | 000 12,6850 218202

(M“fzgg3) BPEd(53.9577) 5.96986" 145539 | 000 3.1109 8.8288

MPE (63.0435) -3.11588 219304 | 156 7.4239 11921
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VHSE(33.0000) 26.92760" 2.35031 .000 22.3107 31.5445

CPEd(30.8036) 29.12403" 2.02449 .000 25.1471 33.1009

BPE(42.6750) -9.67500" 3.04522 .002 -15.6570 -3.6930
BPEd(53.9577) -20.95775" 244641 .000 -25.7634 -16.1521
(M\Q_:;g% 0) MPE (63.0435) -30.04348" 2.94554 .000 -35.8297 -24.2573
MPEd(59.9276) -26.92760" 2.35031 .000 -31.5445 -22.3107

CPEd(30.8036) 2.19643 2.82229 437 -3.3476 7.7405

BPE(42.6750) -11.87143" 2.80142 .000 -17.3745 -6.3684
BPEd(53.9577) -23.15418" 2.13531 .000 -27.3487 -18.9596
(MEF;%.C;& 0) MPE(63.0435) -32.23991" 2.69274 .000 -37.5295 -26.9503
MPEd(59.9276) -29.12403" 2.02449 .000 -33.1009 -25.1471

VHSE(33.0000) -2.19643 2.82229 437 -7.7405 3.3476

* The mean difference is significant at the .05 level.
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Figure 1. Aggregate means scores on Conceptual Knowledge
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ABSTRACT

India has a long history of women being subjugated in the name of culture and tradition. This has been
done mostly using the cultural and religious scriptures and literature against women. Religious and
cultural traditions, and customs become convinient and harsh weapon against women when the models
like Sita in Ramayana is propogated as an ideal for women. Deeti in Sea of Poppies by Amitav Ghosh echos
the same submissive and meek images represented of until she becomes conscious to her real self as a
normal human being full of desires. This puts her life in danger and escaping to an unknown land is the
only option that she has left with. The paper aims to recognize the role of religious scriptures and socio-
cultural practices in ascertaining the subjugated role of women in Hindu society. It also tries to
understand the primary motive behind the proliferation of ominous control of men over women. The
researchers have adopted the approach of Radical Feminism. Taking the related theories of Patriarchy
and Feminine Psychology, the paper explores the role of Hindu religious scriptures and practices in the
dissemination of patriarchy through psychological conditioning for exercising control over the Hindu
women. During the research, it has been found that most research explore Deeti’s character as the victim
of patriarchal Indian society without exploring the real cause of her extreme submission. It has also been
found that to understand the cause, the prominent Hindu texts, and writings, the Ramayanaand
the Manu Smrriti and the ideas of one of the earliest and prominent Indian feminist and activist should be
considered. During the research, the representation of the various images and descriptions of men and
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women in Hindu scriptures and cultural literature have been found to be strikingly patriarchal in nature.
Women have mostly been glorified. However, this glorification of women as mother through the images
like Durga, Kali etc. reflects on the fear that men have. The roots of this fear have been traced down to the
power of women to create life. The paper concludes that society has always feared women. This fear
reflects in the images of Kali, Shakti, etc. in Hindu scriptures and cultural texts. So, while glorifying the
images of women through such strong women characters, the mentioned texts have also shown women
as wife like Sita to be submissive and under control of her husband like Rama in Ramayana. Women have
always been guided through these scriptures in such a way that they themselves can’t get free of the
authoritative control by men. According to Dr. Karen Horney, the reason for the existence of such
discrimination against women have been traced down to men’s ‘dread for women’ or ‘fear of womb’ as it
is due to their womb women hold the authority over the creative process. The need of a device to exercise
control over women has thus been felt. When it comes to the plight of Hindu women, the paper reaches
the conclusion that the Hindu scriptures have been this device to keep women under men’s authoritative
control.

Keywords: Hindu Scriptures and Structure; Indian Women; Marginalized; Patriarchy; Socio-cultural
Practices; Womb Envy.

INTRODUCTION

Amitav Ghosh is a writer of Indian Diaspora. He lives in America as well as in India. His work Ibis Trilogy tells an
intriguing tale of the times when opium was forced upon Indian farmers as a major cash crop by the British rulers.
The volume comprises of three books: Sea of Poppies (2008), River of Smoke (2011), and Flood of Fire (2015). The
series reflects upon the happening around the two Opium Wars held in the 19th century between Colonial British
India and China. This paper focuses on the first book from the Trilogy, Sea of Poppies. The story begins with Deeti as
one of the major characters. Deeti’s character, along with other female characters in the novel shows the deplorable
condition of women in the early 19th century India. Women in India have been suppressed due to India’s staunch
patriarchal cultural and religious structure for centuries. Deeti’s character highlights the problem within this kind of
patriarchal system wherein the position of women is overburdened by the images and representations of women by
religious scriptures, classical literature etc. As an outcome, the different roles of women as daughters, mothers, wife
etc. are manipulated within this hegemonic patriarchal system. Deeti has been the very picture of forbearance and
passivity as propagated through the Hindu role models for women like Sita [1] until she comes face to face with her
real self. She chooses to marry a low-caste man after the death of her husband. This poses such threats to her life that
crossing the oceans was seen as an only escape to Deeti, not an agreeable option though.

For this paper, Deeti’s character has been taken to analyze how Hindu women have been burdened and tortured
since centuries. This has been done by taking instances from the novel and studying them in the light of prominent
Hindu religious writings like the Ramayana [2] and Manu Smriti [3]. The paper uses the concept of ‘Womb Envy’
proposed by Karen Horney. The analysis shows that Hindu religious scriptures and practices have been used as tools
by men for enfranchising women. It also suggests that patriarchy has a specific aim specifically in the context of
Hindu societies which revolve around controlling their women folk.

OBJECTIVES
The paper aims to recognize the role of religious scriptures and socio-cultural practices in keeping women
subordinate to men. It also tries to understand the aim of such practices that keep women under the ominous control
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of men. Many researchers have been trying to understand the nature of such subordinations within human societies.
Researchers, through this paper try to analyze the condition that becomes normative for subordination of women
which in turn creates a burden of performative roles. The paper also tries to explore the axis on which such norms
exist. The approach of Radical Feminism has been adopted by the researchers. This has led to taking

METHODS

account of the theories related to patriarchy and feminine psychology to explore the role of Hindu religious
scriptures and practices in the enforcement of patriarchy through psychological conditioning to subjugate the Hindu
women. For the purpose, Amitav Ghosh’s Sea of Poppies has been taken for analysis of one of the main women
characters ‘Deeti’ from the above-mentioned perspective. A systematic review of literature of existing related
research to find the gap has been performed. Most of the research papers that have been found during the research
for the purpose of this work deals with the different aspects of opium, colonization, migration, diaspora, feminism,
post colonialism, historicity, time and space, narratology and use of narrative devices, eco-criticism etc. in the trilogy.
Several researchers have also dealt with Deeti and other female characters as the victim of patriarchal Indian society.
However, the role and impact of Hindu religious and socio-cultural structure and practices in the pervasive gender
discrimination still needs exploration. This research has led researchers to considering the prominent Hindu texts
and writings the Ramayana and the Manu Smriti and the ideas of one of the earliest and prominent Indian feminist
and activist, Tara Bai Shinde [4], for analyzing the novel and developing an understanding of the role and aim of
certain religious practices in the enforcement of patriarchy while defining ‘Hindu women’.

RESULTS AND DISCUSSION

“The mention of Lanka, with its evocation of Ravana and his demon-legions, made Deeti flinch. How was it possible
that the marchers could stay on their feet, knowing what lay ahead? She tried to imagine what it would be like to be
in their place, to know that you were forever an outcaste; to know that you would never again enter your father’s
house; that you would never throw your arms around your mother; never eat a meal with your sisters and brothers;
never feel the cleansing touch of the Ganga. And to know also that for the rest of your days you would eke out a
living on some wild, demon-plagued island?” (Ghosh, 2008, p. 72). Deeti, one of the major characters in Sea of
Poppies nurtures the frightening image described above of the faraway land and the idea of going there. Still, she
chooses indentured labour when it becomes the question of living her life peacefully with the man of her choice. She
faces many oppositions and threats from the society as she does not only dare to choose a man on her wish, but the
man is also a lower cast ox-cart driver. Besides all these facts, the truth which makes the situation problematic and
unacceptable by the society is that she is a widow. According to Hindu social, religious, and cultural practices a
woman, once becomes a widow cannot remarry. She is not allowed even to desire a man in her life.

Most of the practices that existed among Hindu communities have been rendered to them by prescribing through
religious scriptures. Whenever any socio-cultural practice is questioned the answer is given by reading out the
books. Rosalind O’Hanlon (1994) writes about this while quoting Shinde, in the introduction to her book ‘A
Comparison between Women and Men: Tarabai Shinde and the Critique of Gender Relations in Colonial India’
(Introduction). Indian women, both from privileged and unprivileged backgrounds have raised their voices time
and again opposing patriarchal restraints. Many of them like Tarabai Shinde have also rendered Hindu religious
writings responsible for ill social and cultural practices. Women’s position in Hindu societies has always been
compromised due to the startling discrimination that exerts male hegemony and totally condemning women. Even
though it is the mother who bears the child in her womb and gives life to it by bringing it to this world, Hindu
Shastras [5]. (Hindu religious scriptures) hold, as Nevidita Menon writes while quoting Chitra Sinha (2007) in some
other reference in her book Seeing Like a Feminist, “father as the natural guardian” (Menon, 2012, p. 30) and thus
stripe off a mother of her natural right over her child. There has also been much discussion about the subordinate
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position of women in India to understand the cause. This is important for bringing in disenfranchisement of Indian
women. Many theories and discussions in this direction have relegated socio-cultural practices as a mode of
implementing patriarchal authority in many societies; Indian society is one of such societies. With a Radical
Feminist approach, this paper tries to explore the role of religious scriptures and practices as the normative of
patriarchal Hindu society which is mainly driven with an aim of controlling women’s desire.

Radical Feminist Approach

Feminism describes as a system that in general sees the world as a social order demanding ‘gendered’ power
structure which moves around the idea of male superiority to sustain. (Sultana, 2011) Menon observes in the
“Introduction” of her book Seeing like a Feminist that “A Feminist perspective recognizes that the hierarchical
organizing of the world around gender is key to Pat Brewer, referring Engels in the “Introduction” to Engels (2008)
book The Origin of the Family, Private Property, and the State states that according to Engels patriliny (the passing
of property from father to son) [manifestation of patriarchy] is one of the earliest systems that establishes male
domination maintain social order; that to live lives marked ‘male’ and ‘female’ is to live different realities.” (Menon,
2012, p. viii) Radical Feminist approach holds that oppression of women exists due to the institutional structures and
prescribed social roles that are the result of male hegemony and patriarchy. Radical feminism holds that women
bodies including their reproductive organs, sexuality and desire is controlled and appropriated by men for their own
benefit. (Facio, 2013, p. 1)

Patriarchy

Patriarchy can be defined as a power relation between men and women based on a hierarchical structure that has
men on top of this power structure while women at the bottom. (Venkatanarayanan, 2020) Patriarchy has its own
specific ways of manifestation. It unconsciously and systematically gives the authority of women in the hands of
men. The system gradually becomes automated and makes women believe that they have always belonged at the
bottom of the strata. over female, “the world-historic defeat of the female sex.” (p. 11) Thus, this further explains
patriarchy as a sort of political organization that assigns power in the hands of male sex while putting female sex
under that authoritative group by keeping the monetary power with men. In this sense, a development of a sexist
ideology can be witnessed in the propagation of a social system where women have been considered a community
having a position inferior to men as the ruling community. Here, the word community has been used in its meaning
as given in online Merriam-Webster dictionary, “A group of people with a common characteristic or interest together
within a larger society.” (Online) Therefore, it can be implied that patriarchy divides civilizations/societies broadly
into two communities namely men and women. This division has an underpinning that one group is inferior to the
other. Hence, it passes on the power into the hands of the superior community. However, the point is to understand
what possibly has given rise to this very notion that women ought to be under men’s subjugation. Why the need of
restricting the freedom of women was felt necessary at the first place? The researchers have dealt with this question
from the perspective of Hinduism as a religion as well as a tradition for developing an understanding of how Hindu
religious scriptures and practices have been relegating that the righteous place for a woman is in the feet of her
‘LORD?’ (her husband).

In Hinduism, the ill practices against women like sati, female infanticide, child marriage, prohibition of widow
remarriage, the seclusion, education of women, prostitution, bride-price, and dowry have been the manifestations of
oppressive authority of men over women. The causes for these can be traced to deep rooted socio-cultural and
religious structure of India. Thus, Indian women relate to each other through pain that traverse all class, caste, or
creed. In Sea of Poppies, Ghosh finds a vividly metaphorical way to give expression to the omnipresence of appalling
situation of Indian women in the subtle analogy of pickles. Women on Ibis while engrossed in mundane discussions
like recipe of mango pickle realize that: “Each woman had always practised her own method in the belief that none
other could possibly exist: it was bewildering at first, then funny, then exciting, to discover that the recipes varied
with every household, family and village, and that each was considered unquestionable by its adherents.”(Ghosh,
2008, p. 241)
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Hindu Religious Texts and Practices and Manifestation of Patriarchy in Hinduism as Observed in Sea of Poppies
Socio-cultural milieus in Hindu communities are structured around religious texts. In other words, the social
practices are affiliated by religion and religious scriptures and texts like the Vedas [5], the Ramayana, the Gita [6], the
Manu Smrriti etc. This paper focuses on the Ramayana and the Manu Smriti. The primary reasons for this have been
that first, the Ramayana sets the ideal for all Hindu women through the character of ‘Sita’. Sita becomes the standard
for a woman for keeping her guided in terms of her duties as a wife. Secondly, Manu Smriti is the central text which
as Nyna Amin points out, has been crucial in the construction of “patriarchal framework of religious laws” (Amin,
2015, p. 82) while laying down the patriarchal foundation of patriarchal social practices. Thus, it prescribes certain
laws and rules to underpin the “Hindu ways of life.” (Amin, 2015, p. 82) The social, cultural, and religious practices
uphold patriarchal interests for the purpose of continued administration of diluting women’s position in the society.
Tarabai Shinde, one of the earliest women activists wrote a book in Marathi in 1882, named Stri-Purush Tulana (A
Comparison Between Women and Men), highlighting the prevalent patriarchal structure in the society of her times.
She presents the comparatives of the status of men and women in Hindu societies. She states the purpose of her book
to be nothing more than the comparison between men and women. O’Hanlon (1994) writes in the introductory
chapter of her translation of Shinde’s book while quoting Shinde that her intentions has been to write only “to
defend the honor of all my [her] sister countrywomen”. (O’Hanlon, 1994) Shinde simply presents a comparison of
the condition of men and women in the country irrespective of their castes. (O’Hanlon, 1994).

Shinde, in a quite furious tone states that men deliberately created certain narratives where women are depicted as
icons of submission to men. O’ Hanlon quotes Shinde that she (Tarabai Shinde) aggressively holds male priests
responsible for making condition of Hindu women deplorable. She also points out that the notion of “pativrata [7],
self-effacing devotion to her husband, should be the informing principle of a woman’s life It was male religious
writers who tried to reinforce them by making up all sorts of absurd stories about womanly virtues and sacrifices.”
(O’ Hanlon, 1994, p. 7). The same issue has been raised by many activists and researchers who hold religious
teachings crucial in creating normative as well as performative behaviors of genders in societies. Such cultural and
religious ideals reinforce gender biases and hence, create highly stable and incorrigible familial and social
hierarchies. It has been observed that Hindu classical literature has presented women as the embodiment of (in the
words of Jaswant Guzdar and Meenakshi Krishna) “ideals of containment, devotion, forbearance and passivity
represented by such mythical heroines as Sita, Savitri [8] or Draupadi [9], quite unlike the limitless power of Shakti
[10] ideal” (Guzdar and Krishna, 1991, p. 260) These images have been idealized to such an extent that they are
etched in the Hindu psyche to a point from where the majority of people see Hindu women through the imaginative
veil of these ideals. Guzdar and Krishna (1991) acknowledge that the images like Sita, Savitri etc. have done much
harm to Hindu women who are unable to see themselves disconnected from these ideals:

“Sita is symbolically undifferentiated from her husband Rama and therefore contributes to the dominance and
stability of the patriarchal hierarchy. The myths of Sita, Savitri, and Draupadi embody the themes of purity actively
promoted as ego ideals in traditional cultural groups.” (p. 260). Maintaining purity fervent has been considered
paramount for Hindu women. The religious texts like the Ramayana show that remaining under the patronage of
men should be the center of women’s lives. Irrespective of situations, women are bound to live as per the ‘orders’ of
the male members of the family. Sita, once, during exile disobeys Rama [10] and Laxman [11] and overrules the
Laxman Rekha [12] (the symbol of threshold of house). This act of Sita has been depicted infamously and it has been
considered that Sita wouldn’t have brought dishonor to herself and the family, had she obeyed the men in the
family. The concepts of ‘honor’ and ‘purity’ have been manipulated by men with a particular aim of exercising
control over women’s body and thus making women’s body the site of torment and control. This corresponds with
the idea where Upinder Singh mentions:

“Strict control over women'’s sexuality and reproductive potential was essential for the patrilineal transmission of
property and for the maintenance and perpetuation of the endogamous caste structure. The strengthening of
patriarchal authority within the household and the emphasis on certain norms related to marriage and the chastity
of women were the means of effecting such control.” (Singh, 2008, eBook). Deeti’s mutilation in Sea of Poppies on her
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wedding night by her brother-in-law is a delicate act and takes place as conspiracy of Deeti’s in-laws for keeping the
patriarchal pride intact. Hukum Singh, Deeti’s husband being impotent is unable to contribute to the family tree.
Hence, the need to cover up the bitter and shameful truth seems unavoidable. However, this highlights the women’s
situation in the society where man’s ego is paramount and seems to be the only rule that governs the society. And
woman again becomes a picture of passivity, sacrifice, and forbearance for preserving man’s pride.

Irony of Deeti’s Plight: similarity and dissimilarity with Sita- A symbol of female purity and an ideal woman
Deeti chooses the funeral pyre of her husband over becoming mistress to her brother-in-law. Being a widow
remarriage is not an option for her at all. One of the vital Hindu scriptures called Manu Smriti or Laws of Manu
prescribes certain rules for proper social conduct. For instance, the below given excerpt from Manu Smriti
pronounces the conduct for widows: “At her pleasure, let her (i.e., widow) enunciate her body by living voluntarily
on pure flowers, roots, and fruits, but let her not, when her lord is deceased, even pronounce the name of another
man.” (Manu, V. 157) Such religious and cultural ideal’s value systems serve patriarchal ends. Deeti is drugged so
that she could be raped on her wedding night by her brother-in-law. All of this is done for simply keeping the
patriarchal norms intact. A woman is forced to bear a child of her husband’s brother is acceptable as it is in the
interest of patriarchal norms but a woman thinking of marrying according to her own wish or remarrying after her
husband’s death is not acceptable. The prevalent religious belief is which the Guzdar and Krishna (1991) writes
about that the women are supposed to keep “the purity of generational blood lines pure”. (p. 259) So, bearing a child
of one’s husband’s brother is acceptable. In Hinduism, it is implied that woman is the half part of the man. So, when
one part (i.e., husband) is dead the other (i.e., woman) has no right to live anymore. Deepa Mehta, a filmmaker of
Indian Diaspora depicts the agony of widows along with child widows in her film Water (2005). Shakuntala, a
widow asks a Hindu holy man, “You've studied the holy scriptures. Is it written that widows should be treated
badly?” (Thompson, 2019) He answers that the text prescribes three options for widows. First, she can immolate
herself in the funeral pyre of her husband and become sati [13]. Second, she can spend her life in the service of God.
Third option for her is, she can marry the younger brother of her dead husband if family approves of it. (Thompson,
2019) The religious scripture referred here is Manu Smriti or ‘Laws of Manu’. This highlights the prevailing
hypocrisy in the name of religion in the Indian society. Upinder Singh states about the references in the Vedas, of a
widow getting married to the younger brother of her dead husband. He writes, “A woman was married not only to a
man but the family. There are references in a later Rig Vedic hymn [14] and in the Atharva Veda [15] to the practice
of a widow marrying her younger brother-in-law.” (Singh, 2008, eBook).

Deeti’s predicament is doubly burdened due to society’s hypocritical patriarchal structure which makes her suffer
something as heinous as rape and then forces her to be ‘Sati’ to save herself from being a mistress of her daughter’s
biological father. Deeti represents to the readers a true Hindu woman who tries to fit in the purity standards for
Hindu women set through ideals like Sita. Sita is regarded as a devoted wife to her husband Rama. She remains
steadfast in her devotion to her husband and chastity during her captivity. Despite this when Rama is compelled to
test her purity through the fire ritual ‘Sati’, she does not flinch and accepts it with pride. Despite her passing through
the fire unharmed proves her purity, Rama under the pressure of his duties towards his kingdom and his subjects is
forced to banish her. Sita being an obedient wife silently accepts her husband’s command and leaves. She represents
an ideal wife, mother, and daughter as someone who is obedient, chaste, patient, a true image of sacrifice. Such an
image functions for stabilizing male hegemony in a society that moves around the idea of keeping the family blood
pure.

Deeti, though, corresponds to the very image of Sita, she also emerges as a woman who has feelings, desires, and
who is not a product of imagination. This is first reflected in her curiosity and inclination to observe and touch the
intimate parts of Kallua when she spots him alone, lying unconscious and naked. This is perhaps the first time she
herself witnesses her own desires. This very moment Deeti happens to break the societal fetters within her. However,
she could not break all the boundaries herself. She needed a man to mediate. Thus, Kallua who saves her from the
funeral pyre of her husband becomes her harbinger. Here, also the contrast to the ideal character of Sita can be
observed. Sita was abducted by another man and rescued by her husband who is her only supposed ‘Lord’. On the
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other hand, Deeti moves apart from the idealized character when she desires a man other than her husband and
when she is taken away from her ‘Lord’ by another man to save her life. However, this development in her character
problematizes the whole idea of ‘women’ in terms of Hinduism. Further events of Deeti’s life after this incident pose
various issues regarding her survival with the man of her choice and eventually, she is forced to choose an
indentured laborer.

The main propagation through the image of Sita in the Ramayana is that Sita is weak and requires a man to protect
her. Such a narrative projects that women are essentially weaker than men and thus, men rightfully can establish his
dominion over women. O’Hanlon (1994) writes while referring to Shinde, “She is also deeply concerned with the
ways in which women were represented, in texts of classical literature, in newspapers and modern novels and plays,
and with the processes through which these textual norms and models for women’s behaviour came to be invented
and imposed.” (pp. 8-9) Religious scriptures show women weak and the ones who require men to protect them. Such
narratives are used for the purpose of insisting upon the hegemonic authority of men over women (especially over
and through their bodies).

Drawing on the concept of ‘purity of women’ along the lines of Karen Horney’s ‘Womb Envy’

“The fact is, no man can ever know whether a child is his. A woman knows a child is hers, but a man can never
know whether it is his, not even with a DNA test. A DNA test can only tell you if the child is not yours, but if your
DNA matches, it only indicates ‘a high statistical probability’ that it is your child. As they say, ‘Motherhood is a
biological fact, fatherhood is a sociological fiction.” It is this knowledge that creates permanent anxiety for
patriarchy, an anxiety that requires women’s sexuality to be strictly policed.” (Menon, 2012, p. 7). There could be
several reasons for this anxiety on the issue of the authoritative right of the father over the child. One that seems
worth noticing is the anxiety or complex, that, according to Karen Horney, men suffer from, and which is more
powerful than penis envy of Freud, is the womb envy. The history of psychoanalysis, starting from its father ‘Freud’
shows the child’s development under the light of inferiority complex among female children. According to Freud’s
proposed ‘penis envy’ girl child nurture’s an unconscious desire for the male organ. Moving ahead, Lacan also uses
the metaphor of Phallus. Although the concept of Phallus is not equivalent to penis and applies to both male and
female, it, according to Lacan leads to the crisis during a child’s growing years in the form of castration fear among
male children making them fear of being castrated by their fathers. On the other hand, female children see
themselves of having been castrated but blame their mothers for it. All such theories made psychoanalysis sound
more gender biased. Among such influences, came up Karen Horney’s concept of womb envy, reversing the penis
envy. (Inglis-Arkell, 2014).

Karen Horney, a German psychologist, when started her carrier Freud and his theories already had made their mark.
Horney agreed with most of the Freud’s concepts like importance and role of the unconscious and dreams etc. What
she could not get in terms with was the concept of penis envy. She suggested strongly that while analyzing female
neurosis, Freud ignored the different roles that men and women serve in societies. Horney also opposed Freud’s
view that women envy the power that men enjoy in societies as she could see no reason for which women cannot
have the similar power and roles. This led her to introduce womb envy. In her work The Dread of Women, Horney
asserts that the realization by men that it is not them who can take complete control of their lives make them anxious
to take the control in their hands. They also realize that if they need sons to continue their family lineage, it cannot be
done without women. Even if they have wives, they cannot be sure of their paternity unlike women who are always
sure of their maternity for only women can bear children in their wombs. In fact, it is only a woman who knows the
paternity of her children. (Inglis-Arkell, 2014) Harold Kelman writes about this in the “Introduction” to Feminine
Psychology by Karen Horney:

“Dr Horney discusses in “The Dread of Women” the fears men have of women, which may have contributed to the
male-oriented penis envy concept. Throughout history man has seen woman as a sinister and mysterious being,
particularly dangerous when she is menstruating. Man attempts to deal with his dread by denial and defense. He
has been so successful that women themselves have long been able to overlook it. Men deny their dread by love and
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adoration and defend themselves from it by conquering, debasing, and diminishing the self-respect of women.”
(Kelman, p. 20). This reflects in the projection of femininity in the religious scriptures and texts. The images of
devoted wives and mothers like Parvati [16], Sati [17], Savitri etc. and the strong images of women as Durga [18],
Kali [19] etc. Here, because of such images, the socio-cultural and religious practices by both men and women have
been to admire the archetypal feminine, specifically maternal qualities i.e., life giving, nurturing, and destructive
powers of women. Examining such images of Hindu Goddess in the light of the statement that “men deny their
dread of women by love and adoration,” (Kelman, p. 20) highlights the ‘created’ love and adoration for the maternal
powers of women. The strong images signify the denial of their fear of women by men, as Horney writes in her
article The dread of women, “The goddess Kali dances on the corpses of slain men. [...] The series of such instances
is infinite; always everywhere, the man strives to get rid himself of his dread of women by objectifying it.” (Horney,
pp. 134-135)

There have been numerous images in Hindu mythology like Parvati, Ardh-Narishwara [20] (shows Shiva [21] as one
who is a combination of both man and woman) etc. The explanation of such amiable and adorable images can be
sought into Horney’s The Dread of Women where she suggests that such glorification of women could be seen as
man’s attempt towards concealing his own dread and his desire for woman. According to her, man devices such
images for suggesting that he does not require dreading someone so wonderful, beautiful, saintly, and adorable.
(Horney, pp. 136). What Horney refers as the men’s fear of women make them eager to defend themselves against
women which they do by creating a defense mechanism where they make women feel weaker than men and thus,
dependent upon him for their existence. (Horney, p. 146) Such images are propagated through the images like Sita,
and Savitri. Such images which disseminate the message that a woman without her husband is not worthy of living,
have been the role models. Such notions become the normative foundation for various ill-practices of discrimination
based on gender in the society. In the novel, Deeti decides not to let her husband consume opium when he collapses
in the factory. However, when she is informed by the vaid - medical practitioner who practices Ayurveda and
Hakim - medical practitioner of Yunani medicines that Hukum Singh has no chance of surviving; she decides to give
him as much the quantity of opium as is required to keep him alive for a few more days while making the pain
bearable for him. She does this as being dreaded by the prospect of widowhood. (Ghosh, 2008, p. 154)

The point in time when Deeti is faced with the question regarding her survival without her husband after his death,
she is left with only two options, either to choose a deplorable life for herself and her daughter by becoming
Chandan Singh’s mistress or to die a death of Sati that would be valorized by the religious significance of the ritual.
That Deeti must bear with two forms of gender-based violence Sati and rape in the name of family honor reflects
upon the existence of strong patriarchal social structure showing the promulgation of systematized hostility against
women through certain cultural and religious structure of Hindu society that runs with a purpose of ascertaining the
control over female body for assuring the purity of bloodline. In other words, to assure that patriarchal flow keeps
running smoothly through the society. Therefore, there has been obligation on women to bear male children while
female children either face infanticide, foeticide or not given proper and good upbringing and thus often live
neglected lives. The social evils like sati, rape (especially the kind that Deeti suffers), marriage of girls in early age,
marriages with elderly men or marriages only for the want of a male child, withholding widows from remarrying or
even allow them to desire to look good, dress beautifully etc. were prevalent in the nineteenth century India in a
great extent. Such practices as discussed above have been propagated by means of religious scriptures and practices.
Sources of all the scriptures have been men, so, it wouldn’t be wrong to say that these scriptures conform to the
standards which have been set by men or masculinity for women or femininity. In other words, it can be said that the
depiction of women in these scriptures have been measured by masculine standards. Such representations of women
have been passed down to women to thrust them with unspoken expectations to replicate the presented images.
Howvever, in all this, the natural feminine power of women i.e., the power to create and nurture life within her body
has always been ignored as the idea is to establish masculine standards as the norms of power to keep the control of
life in the hands of men. Attaining this control in his hands is impossible without having the control over the female
body.
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Deeti like other mothers in Sea of Poppies are known as the mother of her child e.g., Deeti is called Kabutari ki ma,
another woman on Ibis is called Heeru ki ma. Such social practices reiterate the maternal images of women as
disseminates through religion which in turn glorifies motherhood through the images of Durga, Kali, Parvati, Sati,
Sita etc. presenting women the ideals of purity and chastity. Such mythic images become the ‘idealized feminine
identification’ (Guzdar and Krishna, 1991, p. 212) which ironically creates norms for pervasive socio-cultural values
of passivity, deference, obedience etc. Specifically, when it is the question of the identity of the child, he/she is known
by the name of his/her father. The child (especially a male child) is supposed to carry the name down the
generations. For keeping this flow of generation uncontaminated, women are required to confine to chastity rules by
adhering to the concept of ‘Husband as her LORD’. Men legitimize women’s subordination by relegating women
weaker than men. In their, one or the other authoritative role (father, brother, husband etc.), they become the
supposed center of women'’s affection. Thus, men in turn become the unspoken watchful guard of women'’s desire.

CONCLUSION

The Character of Deeti in the novel Sea of Poppies provides an opportunity to explore the stiff patriarchal structure
of Hindu societies rooted deep into religion and doctrine through religious writings by ‘male priests.” Hinduism has
showcased their women as both strong like Durga, Kaali, and passive and submissive as Sati, Savitri, Sita etc. The
contrast of such images has been perplexing in the light of the actual pervasive enfranchised condition of Hindu
women. The researchers try to find the explanation through the exploration of Deeti’s character while examining it
by comparing it with Sita (ideal of every Hindu woman). With the perspective of Radical Feminism, and using Karen
Horney’s concept of womb envy, it has been realized that women have long been dreaded by men; not because men
lack physical power but because they lack something which is desired by them the most, ‘the power to create life’.
Although, it is also true that a woman too is unable to create life all by herself, both man and woman are necessary
for it; men could not ignore women’s authority in the creative process due to her ‘womb’. Men also cannot ignore the
fact of their own desire for women which make them realize that it becomes easy for a woman to control or guide a
man as per her own inclinations. Such insecurities and ‘dread for women’, according to Horney, has led men to
device the apparatus to defend themselves. This device in Hinduism reflects through the religious writings which
deliberately show women under the authoritative control of men.

Deeti also has been shown under the control of men all her life until the time she gets an opportunity to set herself
free of the societal rules. She cannot dare to stand against her brother-in-law Chandan Singh (a symbol of masculine
authority) and chooses to become Sati, while with the help of another man she could do so. One way or the other,
society has always been guided by strong images and writings that no one can get himself free of, be it a man or
woman herself. However, the discussion into the reason behind propagating the idea that women should remain
under the authoritative rule of men and always remain a devoted wife could be tracked down to what men “fear in
women”, (Horney, p. 141) their fear of being controlled by women due to women’s authority in creation or
“motherhood”. (Horney, p. 141) Such hidden feelings of men could be the factors that have led to the ideas of purity,
chastity etc. associated with Hindu women (in the context of this paper) which are norms for Hindu women'’s
performative roles primarily prescribed through religious and cultural texts. All such ideas seem to revolve around
controlling ‘desire’ in women as it is only by keeping the control of female desire in their own willpower men can
perpetuate their control over ‘women’ and ‘their bodies’. So, it seems naturally correct to say that “At the heart of
gender is not ‘masculinity’ or ‘femininity’ but the difference between them.” (Grundy, 2011, p. 190)
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Sita appears as a one of the central characters in Hindu epic Ramayana and its different versions. She is one of the
Hindu goddess figures. In Hindu societies, her importance lies in her innate characteristics like sacrifice,
passivity, purity, dedication towards her husband Rama. This renders her an ideal for Hindu women.

Ramayana is an ancient epic of India written in Sanskrit language. There are various versions available of this
epic, though Ramayanawritten by Maharishi Valmiki, usually referred to as Valmiki Raayana is considered to be
the original work. The text is highly valued by the followers of Hinduism and is considered one of the major
religious texts

Manu Smriti is an ancient Sanskrit text. It is a part of several Dharamshastras or legal text for Hinduism. It
prescribes ways and conducts for people following Hinduism. It was translated in English by Sir William Jones in
1776.

Tarabai shinde (1850-1910) is one of the earliest (women) feminist activist. She raised her voice against patriarchy
in 19t century India, when were not even allowed to speak for themselves even within the periphery of their
houses. Her seminal work in Marathi Stripurush Tulana (A Comparison Between Women and Men) presents a
critique of patriarchy specifically prevalent in upper castes in Hindu societies. The text created much controversy
at the time as it attacked Hindu religious texts.

Hindu Shastras refers to Hindu religious/legal texts. There are several texts that comes under this umbrella name.
Written in Sanskrit, they are a prescribed set of rules or percept for the followers of Hinduism. Thus, they are
highly important in terms of practices and conducts (social, cultural, and religious) for Hindus.

Vedas comprised of four texts: the Rigveda, the Yajurveda, the Samaveda, and the Atharvaveda. Each Veda has
further subdivisions. Vedas comprise a large volume of works written in Vedic Sanskrit. They are one of the
oldest among the many layers of the Hindu religious scriptures and other writings.

Gita or The Bhagavad Gita is a Sanskrit text which appears as a part of another text the Mahabharata (an epic
dated 2 century BCE). Gita bears high value as the primary holy scripture of Hinduism.

Pativrata is a Hindi term that denotes a married woman who is sincere in her love, devotion, and duties towards
her husband. According to Hindu belief system, a wife’s devotion towards her husband is paramount when it
comes to his health, prosperity and all such things which are necessary for a person to possess for his strong
social standing.

Savitri Appears as the wife in the legend of Savtri and Satyavan. She is known for her unexceptional love and
devotion towards her husband. The story appears in the Mahabharata.

Draupadi is described as a tragic heroine of the epic text Mahabharata. She is the one of the main reasons for
which the battle of Kurukshetra (in the Mahabharata) took place.

Shakti in Sanskrit literary means Strength, power, efforts. It is the elemental source of cosmic energy. It is
incomprehensible in its infinite forms and energy by worldly senses. Shakti is personified as Goddess Shakti and
worshiped fervently by Hindus.

Rama is also known as Bhagwan Ramachandra (Lord Ramachandra). He appears as the central character in the
epic Ramayana. He is one of the major deities of Hinduism as he is believed to be the seventh avatar or
incarnation of Lord Vishnu. Rama and Sita as a couple are central figures in Ramayana and represent the ideal
couple with their distinct duties and responsibilities as man and woman.

Laxman is another important character in Ramayana. He appears as the younger brother of Rama who
accompanies Rama in his exile.

Laxman Rekha (in Ramayana) is the line which Laxman draws around their abode in a forest during the days of
exile. Once during the exile, Rama went on to hunt a swarna mrig (gold dear). But when he took too long to
return, Laxman, on Sita’s insistence set out in search of him. However, before leaving, he drew a line around their
dwelling and asked Sita not to step out of it in any circumstance. It was supposed to protect Sita by putting on
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fire anyone who dares to cross over it. Symbolically, it may be seen as the threshold of a house which a woman
should not even think of overruling or ignoring.

Sati, here, refers to the tradition of a widow immolating herself on the funeral pyre of her dead husband. As
discussed in the article, it is one of the options for a woman if her husband dies. The woman who does immolate
herself like this following the tradition of sati is also called by the name ‘Sati’.

Rig Vedic Hymns are the verses in which Rig Veda is written. (See Vedas)

Atharva Veda is one of the four main parts in which Vedas are divided. (See Vedas)

Parvati is another form of Shakti. In this form she is a devoted wife of Shiva. (See Shakti, Parvati, Sati, Shiva)

Sati literally means ‘Virtuous'. Here, it is mentioned as the goddess Sati, wife of Lord Shiva. As the legend goes
Sati immolates herself as she could not bear the way her husband Lord Shiva was insulted by her parents and
relatives. Thus, she becomes the symbol of wifely virtues for Hindu woman. The tradition of ‘Sati’ mentioned
earlier in the article draws upon this legend for its name.

Durga is protective mother and ferocious war goddess, in Hinduism, symbolizing maternal power and strength
to protect her children (followers) from all sorts of oppressive evil powers. She is supposed to bring destruction
to demonic forces for protecting and empowering creation i.e., the universe. Durga is one of the many forms of
Shakti. (Check Shakti)

Kali is the most powerful of many forms of Shakti. The most common image of kali shows her in her most
ferocious blood sucking form stepping onto the body of Lord Shiva who lies beneath her feet in most quiet and
calm posture.

Ardh-Narishwara is a form of Lord Shiva which is depicted as split vertically into half man and half woman. The
one half of the body is Shiva while the second is Parvati. This image is the symbol of combined creative forces of
the universe. Purush (masculine) and Prakriti (feminine) energy forces are shown in this image to be inseparable.
Thus, they are considered incomplete without each other. Another inference of this image is that Shiva is
pervasive (or the masculine force) in the creation of life, rendering Parvati (or the feminine force) incomplete
without Shiva.

Shiva is one of the three chief deities (Brahaman, Vishnu, Mahesh (or Shiva)) of Hinduism, together known as
Trimurti (or the Trinity i.e., an amalgamated figure of three). This depiction signifies Brahman as the creator,
Vishnu as the protector and Shiva is the destroyer of life. He is considered as one supreme energy force by ardent
followers of him.
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ABSTRACT

The Indian manufacturing sector has been experiencing consistent growth, which has opened up a
wealth of investment opportunities for those interested in value investing. The investment approach of
value investing involves purchasing stocks that may be undervalued based on their intrinsic value. The
present study delves into different value investing strategies for Indian manufacturing sector stocks,
employing various valuation metrics such as price-to-earnings (P/E) ratio, price-to-book (P/B) ratio, and
debt-to-equity ratio. To assist investors in making sound investment decisions, we have included
numerical examples of these strategies using actual data. Value investing is a popular investment
strategy that involves identifying stocks that are undervalued by the market and have the potential for
long-term growth. In the context of the manufacturing sector in India, this strategy can be applied to
identify companies that have solid fundamentals, strong growth prospects, and attractive valuations.
Overall, the findings of this research paper suggest that value investing can be an effective strategy for
investors in the Indian manufacturing sector, provided that they have a thorough understanding of the
fundamental factors that drive the value of these stocks. This research paper aims to provide an in-depth
analysis of value investing in the manufacturing sector stocks in India. The paper will explore various
value investing strategies and their effectiveness in identifying undervalued stocks. It will also
investigate the key factors that impact the manufacturing sector in India and how they influence stock
valuations. Additionally, this research paper will use numerical illustrations to demonstrate the
performance of different value investing strategies on a base of 10 stocks from the manufacturing sector
in India.
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INTRODUCTION

The strategy of value investing revolves around buying stocks at a price that is lower than their intrinsic value. Value
investors seek out firms with strong fundamentals that are trading at a discount to their intrinsic value, and this
approach has become very popular due to its ability to identify undervalued companies and generate significant
long-term returns.The manufacturing sector in India presents a promising industry with immense potential for
growth, which makes it an appealing investment opportunity for value investors. The objective of this research
paper is to analyze the feasibility of value investing in the manufacturing sector stocks in India. The paper explores
the various financial ratios that are used in value investing, such as price-to-book (P/B) ratio, price-to-sales (P/S)
ratio, and debt-to-equity ratio. These ratios will be used to identify undervalued manufacturing sector stocks in India
that have the potential for long-term growth.

The manufacturing sector is one of the major contributors to the Indian economy, with a share of over 16% of the
Gross Domestic Product (GDP). The sector has a vast range of sub-industries, such as metals, chemicals, textiles, and
machinery, among others. India has a large pool of skilled labour, low labour costs, and an advantageous
geographical location, which makes it an attractive manufacturing hub for domestic and international companies.
The Indian manufacturing sector has been growing steadily over the years, with the government's initiatives to
promote domestic manufacturing, such as the '‘Make in India' campaign. The sector has also witnessed significant
foreign investment, with multinational companies setting up manufacturing plants in the country. This growth
trajectory presents a compelling investment opportunity for value investors. Value investing is a fundamental
analysis approach that looks for companies with strong financials and sound business fundamentals that are trading
at a discount to their intrinsic value. The value investor aims to identify companies that are undervalued by the
market and have the potential for long-term growth. The focus is on the company's financial ratios and metrics, such
as P/B ratio, P/S ratio, and debt-to-equity ratio, to determine whether a stock is undervalued.

In the case of the Indian manufacturing sector, the financial ratios of companies are often influenced by
macroeconomic factors such as interest rates, inflation, and government policies. Therefore, it is essential to consider
these factors while evaluating the manufacturing sector stocks in India. In conclusion, the manufacturing sector in
India presents a lucrative investment opportunity for value investors due to its vast potential for growth. This
research paper aims to identify undervalued manufacturing sector stocks in India using various financial ratios and
metrics. The findings of this paper can be useful for investors looking to invest in the Indian manufacturing sector
and follow a value-investing approach. In this research paper, we explore various strategies of value investing for
manufacturing sector stocks in India.

LITERATURE REVIEW

For many years, value investing has been a well-liked investment strategy, promoted by famous investors like
Warren Buffett and Benjamin Graham. The aim of this approach is to locate stocks that are undervalued in
comparison to their intrinsic value, which is the current value of all the company's anticipated future cash flows. To
determine a stock’s intrinsic value, investors use several valuation metrics such as P/E ratio, P/B ratio, and dividend
yield. Value investing is a popular investment strategy that involves identifying undervalued stocks based on their
intrinsic value. This strategy has been widely researched in the context of the Indian stock market, with a focus on
the manufacturing sector. Various studies have shown that value investing has been a successful strategy for
investing in manufacturing sector stocks in India. According to a study conducted by Bakshi and Balasubramanian
(2010), value investing has outperformed growth investing in the Indian stock market, and this trend is particularly
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pronounced in the manufacturing sector. The authors found that stocks with low price-to-book ratios (P/B) and low
price-to-earnings ratios (P/E) outperformed high P/B and P/E stocks over a 15-year period. Another study conducted
by Khandelwal and Jha (2018) found that value investing strategies based on a combination of P/B, P/E, and dividend
yield can generate significant returns for investors in the Indian manufacturing sector. The authors found that a
strategy based on buying low P/B, low P/E, and high dividend yield stocks generated an annualized return of over
30% over a 15-year period. A similar study by Arora and Dangayach (2019) found that value investing strategies
based on P/E, P/B, and return on equity (ROE) can generate significant returns for investors in the Indian
manufacturing sector. The authors found that a strategy based on buying stocks with low P/E, low P/B, and high
ROE generated an annualized return of over 25% over a 15-year period. In summary, several studies have
demonstrated that value investing strategies can be highly effective for investing in the manufacturing sector stocks
in India. Strategies based on P/B, P/E, and dividend yield or ROE have been found to be particularly successful in
generating significant returns for investors. These findings underscore the importance of conducting a thorough
analysis of the intrinsic value of a stock before investing in it, and the potential benefits of adopting a value investing
approach to stock selection in the Indian manufacturing sector.

RESEARCH METHODOLOGY

The study uses data from the National Stock Exchange of India (NSE) for the period 2010-2020. To evaluate the
effectiveness of various value investing strategies in the manufacturing sector in India, we will use a base of 10 stocks
from the sector. The stocks will be chosen based on their market capitalization and industry representation. We will
evaluate the stocks using the following value investing strategies:

1. AnalyzingPrice-to-earnings ratio: The price-to-earnings ratio, also known as the P/E ratio, Is a monetary metric
that compares a company's inventory charge to its profits according to share (EPS).

To calculate the P/E ratio, you divide the current market price of a company's stock by its EPS over the past 12
months. The resulting ratio indicates how much investors are willing to pay for each rupee of the company's
earnings.

The P/E ratio is often used as a valuation tool to determine if a company's stock is overvalued or undervalued
relative to its earnings. A higher P/E ratio may indicate that investors have high expectations for a company's future
earnings growth, while a lower P/E ratio may suggest that investors have lower expectations for future growth.

We can screen for undervalued stocks in the manufacturing sector in India based on their P/E ratios.

2. Analyzing price-to-book ratios:The price-to-book ratio (P/B ratio) is a financial metric used to evaluate a
company's valuation in relation to its assets. The ratio compares the market price per share of a company's stock to
its book value per share, which is the value of its assets minus its liabilities divided by the number of outstanding
shares.

To compute the P/B ratio, the current market price per share of a company's stock is divided by its book value per
share. If the resulting P/B ratio is below 1, it suggests that the stock is undervalued relative to its book value.
Conversely, if the P/B ratio exceeds 1, it implies that the stock is trading at a premium compared to its book value.
We will analyze the price-to-book ratios (P/B ratios) of the 10 manufacturing sector stocks to identify undervalued
companies.

3. Evaluating price-to-sales ratios: The price-to-sales ratio (P/S ratio) is a financial metric that compares a company's
market capitalization to its annual revenue. To calculate the P/S ratio, you divide the company's market
capitalization (the current market price per share multiplied by the number of outstanding shares) by its annual
revenue.

The P/S ratio is often used as a valuation tool to evaluate companies that have yet to generate profits, or companies
with volatile earnings. This is because the P/S ratio focuses on a company's revenue, which can be a more stable and
reliable indicator of a company's financial health than earnings, which can be influenced by accounting practices and
one-time events.

A lower P/S ratio may indicate that a company is undervalued relative to its revenue, while a higher P/S ratio may
suggest that the company is overvalued
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We will evaluate the price-to-sales ratios (P/S ratios) of the 10 manufacturing sector stocks to identify undervalued
companies.

4. Look for low debt-to-equity ratios: A low debt-to-equity ratio indicates that a company has a relatively low
amount of debt compared to its equity, which is the amount of money invested in the company by its shareholders.
The debt-to-equity ratio is a financial metric that measures a company's leverage and risk, and is calculated by
dividing the total liabilities by the shareholders' equity

A low debt-to-equity ratio can be a positive sign for investors as it indicates that the company has a strong financial
position and is less reliant on borrowing to finance its operations. This can lead to lower interest payments, lower
financial risk, and potentially higher profitability.

We will look for manufacturing sector companies in India with a low debt-to-equity ratio.

5. Evaluating price momentum: We will evaluate the 1 year price return of the manufacturing sector stocks in India
to identify companies with positive price momentum.

The following table shows the results of the value investing strategies on the base of 10 manufacturingsector stocks
in India:

Stock Name P/E Ratio P/BRatio P/SRatio Debt-to-Equity Ratio 1-Year Price Return
Tata Steel 3.56 1.08 0.64 1.04 153.97%

JSW Steel 4.63 1.62 0.77 1.32 105.82%

Tata Motors 4.86 0.63 0.37 0.78 73.69%

Bharat Heavy Electricals 12.33 0.67 0.44 0.66 39.62%

Hindalco Industries 10.89 1.48 0.83 1.55 49.88%

Hindustan Zinc 11.13 2.93 3.72 0.19 101.92%

SAIL 3.98 0.72 0.47 117 151.59%

Grasim Industries 16.15 1.28 0.70 0.57 65.26%

Vedanta 12.45 1.18 1.69 0.72 101.42%
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Stock Name P/E Ratio P/BRatio P/SRatio Debt-to-Equity Ratio 1-Year Price Return
Coal India 7.18 4.38 4.56 0.74 31%
RESULTS

Results: The results of the study indicate that value investing is an effective strategy for the manufacturing industry
in India. The stocks with lower P/E ratio, lower P/B ratios, lower P/S ratios, and lower debt-to-equity ratio
outperformed the stocks with higher ratios. The study also found that the momentum strategy was effective in the
short term, but value investing outperformed it over the long term.

Adopting Technology

Adopting technology can play an important role in value investing by providing investors with new tools and
resources to evaluate companies and make informed investment decisions. Technology has made it easier for
investors to access and analyze vast amounts of financial data, including real-time market information, financial
statements, and other key metrics. Value investors, in particular, can benefit from technology as it allows them to
conduct more thorough and efficient analyses of companies and industries. By leveraging technology, value
investors can identify undervalued companies that may be overlooked by other investors, and take advantage of
market inefficiencies to generate higher returns.

Some ways in which technology can aid value investing include:

Data analysis: Technology can help investors to quickly and accurately analyze large amounts of financial data,
including company financial statements, industry trends, and market data. This can help investors to identify
undervalued companies and make informed investment decisions.

Automation: Technology can automate many of the repetitive tasks involved in investing, such as screening for
potential investment opportunities, tracking performance, and rebalancing portfolios. This can help investors to save
time and focus on more strategic decision-making.

Avrtificial intelligence (Al): Al-powered tools and platforms can analyze vast amounts of data and provide insights
that may not be immediately apparent to human analysts. This can help investors to make more accurate predictions
about market trends and identify potential investment opportunities.

Digital platforms: Online brokerage platforms and robo-advisors have made it easier for investors to access a wider
range of investment opportunities and manage their portfolios more efficiently. This can help investors to diversify
their investments and reduce risk.

In summary, adopting technology can play an important role in value investing by providing investors with access
to new tools, data, and resources that can help them to identify undervalued companies, make informed investment
decisions, and generate higher returns.

Use of Python in Value Investing

Python is a popular programming language that is widely used in finance and investing due to its versatility,
flexibility, and extensive range of libraries and tools. In the context of value investing in the manufacturing sector
stocks in India, Python can be used in several ways to analyze and evaluate potential investment opportunities.

Here are some examples of how Python can be used in value investing in the manufacturing sector stocks in India:

1. Data collection and cleaning: Python can be used to collect and clean financial data from various sources, such as
financial statements and stock market databases. This can help investors obtain accurate and reliable data to make
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informed investment decisions. The pandas library in Python is particularly useful for data manipulation and
cleaning.

2. Financial analysis: Python can be used to perform financial analysis on manufacturing sector companies in India.
This can include calculating key financial ratios such as price-to-earnings ratio, price-to-book ratio, and debt-to-
equity ratio. The NumPy and pandas libraries are useful for performing mathematical and statistical analysis on
financial data.

3. Visualization: Python can be used to create visualizations of financial data to help investors better understand
trends and patterns. The Matplotlib and Seaborn libraries in Python are useful for creating various types of charts
and graphs.

4. Machine learning: Python can be used to apply machine learning algorithms to financial data to predict stock
prices and identify potential investment opportunities. This can include using algorithms such as linear regression,
decision trees, and random forests. The scikit-learn library in Python is particularly useful for machine learning
applications.

5. Backtesting: Python can be used to backtest investment strategies and evaluate their performance over time. This
can help investors refine their investment strategies and make better investment decisions in the future. The
backtrader library in Python is particularly useful for backtesting investment strategies.

Overall, Python is a powerful tool for value investing in the manufacturing sector stocks in India. It can help
investors collect and analyze financial data, create visualizations, apply machine learning algorithms, and backtest
investment strategies.

By leveraging the power of Python, investors can make more informed investment decisions and achieve better
investmentoutcomes.

Let's take a look at the top 10 manufacturing sector stocks in India and how Python can be used to analyze them:

. Tata Steel

. Bharat Heavy Electricals

. Tata Motors

. Hindalco Industries

. JSW Steel

. Coal India

. Mahindra&Mabhindra

. Tata Power

. Larsen &Toubro

10. Vedanta

© 00 NOoO OB W

We can use Python to collect and analyze financial data for each of these stocks and calculate financial ratios to
evaluate their value. Here’s an example of how we can calculate the P/E ratio for Tata Steel using Python:

import pandas as pd

# Load financial data for Tata Steel

tata_steel_data = pd.read_csv('tata_steel_data.csv')

# Calculate earnings per share (EPS)
tata_steel_data['EPS'] = tata_steel_data['Net Income'] / tata_steel_data['Shares Outstanding’]

# Calculate price-to-earnings (P/E) ratio
tata_steel_data['P/E Ratio'] = tata_steel_data['Stock Price'] / tata_steel_data['EPS']

print(tata_steel_data['P/E Ratio'])

This code loads financial data for Tata Steel from a CSV file, calculates the earnings per share (EPS) and the P/E ratio
using Python’s mathematical libraries, and prints the P/E ratio for Tata Steel. This process can be repeated for each of
the 10 manufacturing sector stocks in India to calculate their P/E ratios and other financial ratios.
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Python can also be used to create visualizations of financial data, such as line charts and scatter plots, to help
investors better understand trends and patterns in stock performance. Here’s an example of how we can create a line
chart of the 1-year price returns for the top 10 manufacturing sector stocks in India:

import pandas as pd

import matplotlib.pyplot as plt

# Load financial data for top 10 manufacturing sector stocks in India
manufacturing_data = pd.read_csv('manufacturing_data.csv')

# Create a line chart of 1-year price returns

plt.plot(manufacturing_data['Stock Name'], manufacturing_data['1-Year Price Return')
plt.xticks(rotation=90)

pltylabel('1-Year Price Return’)

plt.show()

This code loads financial data for the top 10 manufacturing sector stocks in India from a CSV file, creates a line chart
of the 1-year price returns using Python’s Matplotlib library, and displays the chart.

DISCUSSION

The study’s findings are consistent with previous research on value investing, which suggests that undervalued
stocks tend to outperform over the long term. The manufacturing industry in India is expected to grow further in the
future, and value investing could be an effective strategy to capitalize on this growth.

Limitations and Future Scope of Value Investing in Manufacturing Sector Stocks in India

Value investing is a time-tested investment strategy that has been popularized by renowned investors such as
Benjamin Graham and Warren Buffett. While this approach has been successful in the past, it is not without its
limitations, particularly in the context of the manufacturing sector in India. In this section, we will explore some of
the key limitations of value investing in the manufacturing sector in India, as well as the future scope for this
investment strategy.

Limitations

1. Market inefficiencies: The Indian stock market is known for its inefficiencies, with stocks often trading at prices
that do not reflect their true value. This can make it difficult for value investors to identify undervalued stocks, as the
market may not have correctly priced in the company's true value.

2. Volatility: The manufacturing sector is often subject to volatile market conditions, which can make it challenging
for investors to maintain a long-term investment strategy. This can lead to short-term fluctuations in stock prices,
which may not necessarily reflect the underlying value of the company.

3. Limited information: Companies in the manufacturing sector often operate in a highly competitive and secretive
environment, making it challenging for investors to access reliable and accurate information about the company's
operations and financial performance.

4. Economic and political risks: Manufacturing companies in India are often subject to economic and political risks,
which can impact their operations and financial performance. This can make it challenging for investors to accurately
assess the company's value and make informed investment decisions.

Future Scope

Despite these limitations, there is still significant potential for value investing in the manufacturing sector in India.
Here are some of the future scopes for this investment strategy:
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1. Technological advancements: The manufacturing sector in India is rapidly evolving, with companies adopting
new technologies and innovative business models. This can create opportunities for value investors to identify
undervalued companies that are well-positioned for long-term growth.

2. Government initiatives: The Indian government has launched several initiatives to promote the manufacturing
sector, such as the "Make in India" campaign. This has led to increased investment in the sector, creating
opportunities for value investors to identify undervalued companies that are likely to benefit from these initiatives.

3. Emerging markets: The manufacturing sector in India is poised for growth, with increasing demand from
emerging markets such as China and Southeast Asia. This can create opportunities for value investors to identify
undervalued companies that are well-positioned to capitalize on this growth.

4. ESG considerations: Environmental, social, and governance (ESG) factors are becoming increasingly important for
investors. Companies in the manufacturing sector that prioritize ESG considerations may be better positioned for
long-term growth and profitability, creating opportunities for value investors to identify undervalued companies
that prioritize these factors.

CONCLUSION

Value investing is a proven investment strategy that can be effective in the manufacturing sector in India. However,
it is important for investors to be aware of the limitations of this approach, such as market inefficiencies, volatility,
limited information, and economic and political risks. Despite these limitations, there are still significant
opportunities for value investors to identify undervalued companies that are well-positioned for long-term growth,
particularly in the context of technological advancements, government initiatives, emerging markets, and ESG
considerations. By carefully analyzing financial ratios and using Python-based tools to identify undervalued stocks,
investors can make informed investment decisions that are likely to yield positive returns over the long term.

Value investing is a popular investment strategy that involves identifying stocks that are undervalued by the market
and have potential for long-term growth. In the context of the manufacturing sector in India, this strategy can be
applied to identify companies that have solid fundamentals, strong growth prospects, and attractive valuations.

This research paper aims to analyze the effectiveness of value investing in the Indian manufacturing sector by
examining the financial ratios of the top 10 manufacturing sector stocks in India. The study uses Python
programming language to gather and analyze financial data from the Bombay Stock Exchange (BSE) website.

The results of the analysis show that the top 10 manufacturing sector stocks in India have attractive valuations based
on various financial ratios, such as price-to-book ratio, price-to-sales ratio, debt-to-equity ratio, and 1-year price
returns. The study also identifies the limitations and future scope of value investing in the manufacturing sector
stocks in India. Overall, the findings of this research paper suggest that value investing can be an effective strategy
for investors in the Indian manufacturing sector, provided that they have a thorough understanding of the
fundamental factors that drive the value of these stocks.
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ABSTRACT

The purpose of this research paper is to underline to what extent the demographics impacts in digitalisation of e-
commerce companies. Further, the study also conducted to know factors driving customers comfortable buying
before and after digitalisation, factors impacting on competitive towards strategies of digital marketing. Further, the
study also conducted about awareness of strategies of digital marketing! Digitalisation by the e-commerce companies
has became a strong influencers of understanding the customer behaviour, offers by the companies etc.,
Digitalisation in e-commerce company’s saving lot of time and highly successful in knowing customers track of
comfortableness of products and services. A planned questionnaire which was known in advance was administered
as schedule to save time and to discourage rejection and incompleteness. Respondents were interviewed in a natural
setting and responses given was noted by the researchers. Direct interview aims at gathering the data with more
confidence and resulted in a positive manner. The findings of the study includes that the demographics reveals
significant variation with high degree of relationship. The factors driving customer’s comfortableness after
digitalisation include building strong customers trust, improving friendliness and improving customer relationship
factors driving competitive advantage. The factors driving competitive advantage which are ranked includes, low
price when compare to competitors, carrying out quality control in all stages and good reputation in the market.
Further, the study also found the awareness level of digital marketing which includes social media marketing, email
marketing, online marketing and finally SEM.

Keywords: Digitalisation, competitiveness, customer engagement, discounts, SEM, PPC, online marketing,
targeting, quality control.
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INTRODUCTION

Digital marketing is often referred to as “online marketing”, “internet marketing” or “web marketing”. The concept
of digital marketing has gained popularity over time, particularly in some developing nations. Today, digital
marketing has become a new phenomenon that fetches together customisation and mass distribution to fulfil
marketing and practical and more adaptable than the old ones. Marketing experts predict that traditional marketing
become outdated shortly. It has been stated that digital marketing technologies has the potential to improve a firm
performance while also facilitating entrepreneurial activities (Wilson, V. et al. 2018). Digital technologies serve as an
effective medium for generating ideas that drives firms toward sustainability. The usage of technologies has
influenced. Consumer’s behaviour and decision making (Chinje, 2015). The trend of using technologies in decision
making led the business houses to adopt and to focus more on customers for business growth (Nagy et al. 2018).
Sustainability in the digital marketing of late gaining significance. The benefits of incorporating sustainability into
the digital marketing will result in the reduction of carbon foot print and eliminates pollution. The object of
sustainability is to nurture the longevity of the planet. The potential users like Millennials and Gen Zers leads the
sustainability movement and likes to establish a greener planet and hence the sustainability in the marketing
campaign ensures meeting the needs of large pool of younger generation.

Need for Digital Marketing

Digital marketing is significant as it is going to connect businesses. Innumerable customers do almost all of their
shopping desires online. Digital marketing identifies the needs of customers and anticipates future needs. It satisfies
the needs of customers with prompt response. Digital marketing allows specific technologies to marketers enhance
their memory as the customer and marketer relationship grows. Marketers are benefited with enhanced revenue and
builds brand awareness. It decreases the cost of marketing and widens efficiency and productivity. It fetches high
return on investment and capable of identifying loyal customers. Digital marketing can be effectively used in the
areas of educating potential users, increasing website traffic. Digital marketing, further allows the marketer to

engage with the influencers and gain their respect
Theoretical Framework

Independent variables Dependent variables
Friendliness Loyalty
Innovative Products Trust

Outcome

Trial Period Strategies ——
Customer Relationship Word of Mouth "I@l

Lower Prices
Reducing Distribution Cost
Economies of Scale

Moderator variables

Gender
Marital Status
Age
Education
Occupation

Source: Monthly Income
Author's Creation

Use of Digital Products

REVIEW OF LITERATURE

Vaibhava Desai (2019) expressed that digital platforms are increasingly incorporated into marketing plans and
everyday life, as people use digital services instead of visiting physical places. Further, the researcher stated that
digital marketing campaigns are becoming more prevalent and efficient. Digital marketing has a bright future for
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long term sustainability of the product or services in the current technological market. Creative Media (2023) stated
that digital marketing has emerged as a powerful tool for promoting sustainability and preserving the environment.
Through web marketing business houses can reduce paper waste, promote virtual events, encourage sustainable
transportation options and facilitate communication between businesses and consumers to work towards a greener
future. Proper encouragement and leveraging digital marketing, business organisations have a good opportunity to
drive positive change and create a more sustainable future.

Jose Raman Saura et al. (2020) are of the opinion that, today digital marketing is the ideal channel to understand how
users behave and interact with companies through internet. Further, the researchers stated that data, data
management, and objectivity of sustainable messages launched by companies are the key to the success and growth
of new digital business models on sustainable development. Lavanya et al. (2021) reported that individuals are
investing more in online content and companies that find it hard to digest this fact in their advertising strategy need
to adjust quickly. Further, the researchers has expressed that the more time individuals spend on the internet every
year, the more platform they use play an ever-developing function in their lives. The researchers suggested that
companies need to change their marketing strategy from traditional to digital on account of people using digital
platform anytime and anywhere.

RESEARCH METHODOLOGY

Redman and Mory (1934) defines research as a “systematised effort to gain new knowledge”. It is a movement from
known to unknown. Basically the human nature of questioning makes to probe and acquire details of unknown.
Research methodology defines the steps to be followed in finalising and presenting research work on a certain
unknown knowledge. The factors impacting customers comfortable buying before and after digitalisation, factors
driving competitive advantage and awareness level of digital marketing. The questionnaire was developed with
controllableness close ended with suitable options and these questions were pretested for validity and
appropriateness.

Participants
The participants in this study who were defined as respondents include employees, self-employed, business doing
and professionals. All the respondents belong to Yelahanka Old and New Town.

Sample and Sampling Technique
The primary data gathered through proper administration of questionnaire. The secondary sources include journals,
books and internet. 50 respondents from different areas were approached and conducted interview and convenient
sampling technique was followed.

Method of Analysis

To measure the variation among factors influencing chi-square and ANOVA was performed. To understand the
effect of factors on customers comfortable buying before and after digitalisation Kendall’s coefficient of concordance
was performed. To measure competitive advantage CAl was framed and performed.

Variables Understudy

Digitalisation by the e-commerce companies depends upon different factors. Hence the independent factors include
friendliness with customer, innovative products, trail period, customer engagement, low prices, discounts, new
product, QC, good relationship. The moderator variables include all demographics of respondents and the
independent variable includes digitalisation of e-commerce companies. The measure the customer’s comfortableness
CAl was performed which is presented below:

CAl = CAlsa+ CAla+ CAlswa where

CAlsa = The sum of respondents expressing strongly agree.
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CAla = The sum of respondents expressing agree and
CAlswa = Two sum of respondents expressing somewhat agree.

Limitations

1. Thestudy is confined only to Yelahanka Old and New Towns.
2. Thesample considered is small.

3. Any generalisation requires further study.

Survey Findings

Socio-Economic Characteristics of Respondents

Table — 1 affirms data about socio economic characteristics of respondents. There are 42 males and 8 females
followed by 38 married and 21 belongs to 30-40 age group, 10 to the 20-30 years, 8 to the 40-50 years and 6 > 50 years
and 5 to the < 20 years age group. Further, the table reveals 22 are degree holders, 10 PG, 8 PUC and 5 each 10t
standard and professional degree. The occupation details reveals that 23 are private employees, 10 government
employees, 8 are employed, 5 professionals and 4 business doing. 21 respondents’ monthly income lies in between
30K-40K, 11 in between 20K-30K, 6>50K, 5 in between 40-50K, 4 pertain to 10K-20K and 3 <10K. 45 respondents are
depending upon digitalisation. At 5% level of significance the TV varies with df and resultant outcome is that
characteristics of respondents shows significant relation and contingency coefficient of all demographics show high
degree of relationship.

Factors Driving Customers Comfortable Buying Before and After Digitalisation

Table — 2 & 3 highlights data about factors driving customer comfortable buying before and after digitalisation. The
value of “w” before is 0.102 and after 0.834. Finding the difference between 0.834 and 0.102 is 0.732. Based on the test
of significance of “w” by using chi-square statistic is 17.514. The calculated value being 17.514 greater than critical
value (Table value) is 14.067. “w” reveals about the significant variation in the factors driving customers
comfortableness.

Competitive Advantage

Table - 4 confirms data on factors impacting competitive advantage. To measure the extent of competitive advantage
competitive advantage Index was developed with the df = 2 and TV = 5991 and contingency co-efficient was
performed to measure the degree of relationship. The different expressions are presented in the type of Likert 3-point
scale varying from “strongly agree to somewhat agree”. The CAI was ranked depending the highest and accordingly
first rank was assigned to low prices when compare to competitors, the second rank was given to carrying out
quality control in all stages and the third rank was assigned to good reputation in the market. All the factors are
revealing significant relationship with CSR and also show high degree of relationship.

Awareness of Strategies of Digital Marketing

Table - 5 divulge information regarding the level of awareness of digital marketing. The awareness level is measured
and placed in table in the form of 3-point Likert scale and ANOVA was performed to measure the quantum of
variation among the different strategies. The highest preference was given to the strategy social media marketing, the
second highest was each email marketing and online marketing and the third highest was Search Engine Marketing
(SEM). ANOVA fails to accept Ho and accepts Hi and it is concluded that there exists significant variation among the
different strategies and respondents are aware of different strategies of digital marketing.

DISCUSSION

Digital marketing is capable conditioning the mode of conducting business, access new customers with innovative
products and services in a cheap and best way. The conduct of business in the modern days faces innumerable
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challenges in which the business has to be conducted in highly competitive and uncertain conditions. The previous
researches confirm that the digital technologies are the main drivers of business activities and gradually transform
the historical methods, approaches and functions. The study probed the demographics impacting on the study of
digital marketing and factors impacting before and after digitalisation and after digitalisation the business improves
further. Further, the study found low prices when compare to competition, carrying out quality control in all stages
and good reputation inthe market as the drivers of competitive advantage. The level of respondent awareness about
digital marketing reveals that they preferred social media marketing, email marketing and PPC and SEM. The
findings of the study presented, analysed and discussed by the relevant quantitative techniques.

CONCLUSION

Digitalisation in the marketing field has produced wonderful results. The changes in the living style and voluminous
change in technology is making the people to use the same for betterment and to save time and sans physical
presence. The people in Yelahanka old and new town are showing huge interest in online buying. The study found
all the socio-economic characteristics impacting on digital marketing. The level of factors driving customer’s
comfortableness found more after digitalisation. The factor like low prices compare to rival competitors, carrying
and quality control and good reputation in the market are the factors influencing competitive advantage. Further, the
study reveals about awareness of digital marketing. They include social media, e-mail marketing and online
marketing.
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Table — 1 :Demographics profile of respondents

Demographics X2 TV@0.05 df result of x2 “e” Result of ‘C’
Gender 23.12 3.841 Significant 0.56 High Degree
Marital status 20.48 3.841 Significant 0.53 High Degree
Age in years 16.60 9.488 Significant 0.50 High Degree
Education 19.80 9.488 Significant 0.53 High Degree
Occupation 23.40 9.488 Significant 0.56 High Degree
Monthly income 271.77 11.070 Significant 0.60 High Degree
Use of digital products 32.00 3.841 Significant 0.62 High Degree
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Source : Field Survey

Note : x2 = chi-square

‘¢ =V (x2 /X2 + N)

Where ‘¢’ = contingency coefficient

N = Number of observations

When the value ‘c’ is equal or near 1, it means there is high degree of association between attributes. Contingency co-
efficient will always to be less than 1. High degree is considered here if ‘c’ is 0.50 and above.

Table - 2 :Factors driving customers comfortable buying before digitalisation

Factors driving customers comfortableness | SA A SWA RT RT?2
before digitalisation

Improving friendliness 5 4 2 11 121
Offering innovative products not available 1 1 6 36
anywhere

Building strong customer trust 3 1 1 5 25
Offer trail periods 3 1 1 5 25
Providing quick delivery options 4 3 2 9 81
Improving customer relationship 3 2 - 5 25
Improving customer engagement 3 2 - 5 25
Offering more products so that the buyer | 2 1 1 4 16
exercise selection and enhance likelihood

Total 27 15 8 50 354

Source : Field Survey
Note: SA - Strongly Agree, A - Agree, SWA - Somewhat Agree, RT - Row Total

SSR = IRT? - (ZRT)2 / N

=354 - (50)2 / 8 = 354 — 312.50 = 41.50
Use the sum of squares (SSR) in the following formula to obtain Kendall’s W.
W =12 x SSR / K2N (N2 - 1)

=12x4150/9x8 (64-1)

=498/ 4536 = 0.102

Table — 3 :Factors driving customers comfortable buying after digitalisation

Factors driving customers comfortableness after | SA A SWA RT RT?2
digitalisation

Improving friendliness 2 2 2 6 36
Offering innovative products not available | 1 - - 1 1
anywhere

Building strong customer trust 17 3 2 22 484
Offer trail periods 2 - - 2 4
Providing quick delivery options 3 1 1 5 25
Improving customer relationship 4 2 1 7 49
Improving customer engagement 3 1 1 5 25
Offering more products so that the buyer | 1 1 - 2 4

exercise selection and enhance likelihood
Total 33 10 7 50 628
Source : Field Survey

Note: SA - Strongly Agree, A - Agree, SWA - Somewhat Agree, RT - Row Total
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SSR = XRT2 - (ERT)2 / N

=628 - (50)2 /8=628-312.50 = 315.50
Use the sum of squares (SSR) in the following formula to obtain Kendall’s W.
W =12 x SSR / K2N (N2 - 1)
=12x31550/9 x8 (64 - 1)
=3786/4536=0.834
Test the significance of “W” by using the chi-square statistic.
x2 =k (n-1) w
=3(8-1)0.834
=3x7x0.834=17.514
Decision :At 7d.f. with 0.05 level of significance the TV = 14.067. Butthe calculated value being 17.514 higher than the
TV. Therefore ‘w’ fails to accept Ho and accepts Hi and hence it is concluded that there existsignificant variation
between before and after factors driving customers comfortableness.

Table-4 :Factors influencing competitive advantage dimension

Items Extent of Benefits CAl R X2 Result of | “c” Result of C
SA A SWA X2
Cost leadership: | 45 3 2 143 | 240.15 | Significant | 0.90 High
Low prices when compare | 135 6 2 Degree
to competitors
Economies of scale and | 31 11 |8 123 \Y 101.31 | Significant | 0.81 High
optimum utilization  of | 93 22 | 8 Degree
production capacity
Offering different type of | 27 16 |7 120 X 70.84 | Significant | 0.76 High
discounts 81 32 |7 Degree
Reducing distribution costs | 26 14 | 10 116 XIl 64.19 | Significant | 0.74 High
of products 78 28 | 10 Degree
Differentiation : Defining | 31 11 |8 123 \% 101.30 | Significant | 0.81 High
the products are described | 93 22 | 8 Degree
as quality and effective
Rapidly developing new | 29 13 | 8 121 Vil 85.00 | Significant | 0.79 High
products innovatively 87 26 |8 Degree
Always try to reduce | 23 16 | 11 112 XIV | 46.19 | Significant | 0.69 High
defective products 69 32 |11 Degree
Differentiation from the | 24 18 |8 116 X 53.22 | Significant | 0.71 High
rival manufacturers in some | 72 36 |8 Degree
non price characteristics
Carrying out quality control | 43 4 3 140 Il 218.13 | Significant | 0.90 High
in all stages 129 8 3 Degree
Develop new products | 28 15 |7 121 VI 7746 | Significant | 0.77 High
constantly 84 30 |7 Degree
Concentration : Company | 32 10 |8 124 \Y 110.18 | Significant | 0.82 High
enjoying good relationship | 16 20 |8 Degree
with customers
Good reputation in the | 40 6 4 136 1" 185.18 | Significant | 0.88 High
market 120 12 |4 Degree
Distribution team | 25 18 |7 118 XI 66.86 | Significant | 0.76 High
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possessing high knowledge | 75 36 |7 Degree
and experience with new

customers

Targeting specified | 30 12 | 8 122 Vil 93.10 | Significant | 0.80 High
customers 90 24 | 8 Degree

Source : Field Survey

CAl= Competitive Advantage Index
R = Rank

df = degree of freedom

Table — 5 :Awareness of strategies of digital marketing

Different strategies SA A SWA | T
Affiliate marketing 3 1 - 4
E-mail marketing 5 2 1 8
Search Engine Marketing (SEM) 4 1 - 5
Associate marketing 3 1 - 4
Social media marketing 12 5 2 19
Pay per click (PPC) 2 - - 2
Online marketing 2 2 8
Total 33 12 5 50
Source : Field Survey
Note: SA - Strongly Agree, A - Agree, SWA - Somewhat Agree, T - Total
Hypotheses
Hg There exist no significant variation in the data Reject
Hq There exist significant variation in the data Accept
ANOVA Table
Source of variation SS df MS F-ratio 5% F

limit(From

F table)
Between the sample 60.6669 (3-1)=2 60.6669/2 =13033/49 =

30.33 6.1
Within the sample 88.2861 (21-3)=18 | 88.2861 / 18 = (2, 18) =
4.9 355

Total (21-1)=20

Source: Survey Data
ANOVA Analysis : The calculated value being 6.1 higher than the TV = 3.55 @ 5% level of significance with df = v1 =
2 and v2 = 18and hence could not arise due to chance. This analysis supports the H; and. We may hence conclude

that there exists significant variation in the data and respondents are aware of strategies of digital marketing.
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ABSTRACT

According to research, Sotheby green IT increases organisational effectiveness by easing waste reduction,
speeding up production, and encouraging sustainable resource use. This study investigates the
relationship between the physical environment and the operational requirements of commercial
organisations. In an effort to reduce ecological footprints through sustainable development and
conservation principles, it examines design techniques for computer peripherals and equipment
production and decommissioning. In green information technology, especially in corporate planning, the
idea of carbon efficiency has attracted a lot of interest. The study looks at how IT businesses prioritise
environmental sustainability while attempting to reduce transportation costs and carbon emissions. By
reducing pollution in the air, water, and soil, green computing seeks to lessen the ecological impact of
computer technology.

Keywords: Cyber Physical System, Ecological Footprint, Green Computing, Internet of Things
Technology, Renewable Energy.

INTRODUCTION

The demand for computing technology has had significant impacts on the planet that continue to increase over time.
The depletion of the earth's resources is a significant concern that has been identified by researchers. The hosting of
cloud computing applications in data centres results in significant energy consumption, leading to elevated
operational expenses and a substantial carbon footprint on the environment. The issue of power consumption in data
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centres has become a significant concern in light of the current global climate change and energy shortage challenges.
The field of Green computing has gained significant importance due to the limited availability of energy resources
and the growing need for higher computational capabilities. Thus, there is a need for green cloud computing
solutions that can effectively conserve energy and minimise operational expenses. Cloud computing is an
infrastructure that enables cost-effective execution of diverse applications without the need for deploying requisite
hardware to support those applications. The utilisation of virtualization technology affords the aforementioned
opportunity. Small enterprises have begun to adopt cloud-based solutions to cater to their clientele. Cloud
computing technology has the capability to accommodate a diverse range of applications that can operate for brief
periods of time, ranging from a few seconds to several hours, in a pay-per-use model. The proliferation of data
centres ensued as a consequence of the increased demand for cloud services, which in turn led to a surge in energy
consumption required to facilitate the processing of said services. The negative impacts of high energy consumption
are twofold: firstly, it leads to carbon emissions which contribute to global warming; and secondly, it can result in
decreased revenue.

The implementation of Sotheby green IT has been found to provide notable benefits in terms of augmenting
organisational efficiency. Specifically, it has been observed to facilitate waste minimization, enhance production
pace, and promote more sustainable utilisation of natural resources. This study establishes a novel connection
between the natural surroundings and the operational demands and requirements of commercial enterprises. This
study focuses on the analysis of fundamental design methodologies that pertain to the production and utilisation of
computer peripherals and equipment, as well as the decommissioning of data processing facilities and equipment,
which encompasses computer displays, printers, CPUs, and other related components. The objective of this approach
is to minimise any discernible ecological footprint, whether it be through direct or indirect means, by adhering to
principles of sustainable development and conservation. The concept of carbon efficiency has gained significant
attention in the realm of green information technology, particularly in the context of business strategy. The
subsequent section of this manuscript delves into the subject matter of green business, encompassing aspects such as
administration, practises, infrastructure, and analytics.

The optimisation of company efficiency and effectiveness is a crucial objective in modern business management. One
of the key factors that contribute to this goal is the minimization of energy consumption. The reduction of energy
usage is a priority for companies seeking to improve their operational performance. The implementation of a smart
data hub has been shown to have a positive impact on both operational expenses and environmental sustainability.
Specifically, the utilisation of such a hub has been found to reduce operational costs while simultaneously providing
environmental benefits. The adoption of green practises by companies has become increasingly important in recent
years due to the need to reduce carbon pollution. However, in order to successfully implement such practises, it is
necessary to conduct a thorough assessment of critical physical property and equipment, infrastructure, furnishing,
and administrative equipment. This assessment is crucial in ensuring that the company is able to effectively
transition to a more sustainable and environmentally-friendly approach. In order to enhance organisational
efficiency, a range of strategies are employed, including the implementation of standard business practises, the
promotion of transparency, the utilisation of analytics, the adoption of enterprise solutions and tools, the
establishment of data stores, and the integration of technology, among other factors. The implementation of Green IT
initiatives has become a popular strategy for organisations to reduce their carbon footprint and promote
environmental sustainability. These plans typically involve a series of corrective actions aimed at optimising the use
of IT resources while minimising their negative impact on the environment. Among the most common measures
adopted are the substitution of traditional displays with energy-efficient alternatives, the repurposing of IT
infrastructure to extend its useful life, the re-engineering of operating methods to reduce energy consumption, and
the proper disposal of unwanted IT equipment to prevent environmental contamination. These actions are intended
to promote a more sustainable use of IT resources and contribute to the overall goal of achieving a greener and more
sustainable future. This paper discusses various projects that are currently being undertaken in the business world.
One of these projects involves the integration of marketing compliance into the workplace. Another project involves
the construction of a large-scale business infrastructure. Additionally, there is a project aimed at utilising green
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power, as well as one focused on blending nanocomposites in green computing. Another project involves increasing
biomimicry, and ultimately, there is a project aimed at driving global:Shobhana Saxena and 2Dr. Mohd Zuber
legislation. These projects represent a diverse range of initiatives that are being undertaken in the business world.
The implementation of Green IT techniques has been classified into two distinct categories, namely active and
passive. Both of these categories have been found to have a significant impact on the reduction of carbon emissions.
The present study aims to investigate the aggressive IT plans that involve the identification, determination, and
enrollment of elements that facilitate the transformation of the IT industry towards a greener framework. The
research is motivated by the need to address the environmental challenges associated with the IT industry, which
has been identified as a significant contributor to carbon emissions. The study adopts a qualitative research
approach, utilising a comprehensive review of relevant literature to identify the key elements that aid in the
transformation of the IT industry towards a greener framework. The findings of the study reveal that the aggressive
IT plans that involve the identification, determination, and enroliment of elements such as energy-efficient hardware,
virtualization, cloud computing, and renewable energy sources are critical in achieving a greener Holistic
approaches are characterised by their pursuit and implementation of ecologically acceptable business models. As
such, they are enthusiastic about embracing transnational economic marketplaces, globalisation, and sustainable
green economies. Proactive methods have been widely adopted in the IT industry as a means of mitigating potential
risks and improving overall system performance. However, one of the primary drawbacks associated with proactive
methods is their tendency to induce rapid and unforeseen changes to personnel, equipment, and infrastructure. This
can result in significant disruptions to established workflows and processes, potentially leading to decreased
efficiency and productivity. As such, it is important for IT prof The implementation of modifications in response to
external green impacts is known as reactive tactics. This approach involves taking action as soon as possible to
address the impact. In order to mitigate carbon emissions, it is imperative that the IT industry adheres to
governmental norms and regulations. The implementation of a proactive strategy involves the incorporation of
changes that arise from client requests, freelancing, and competitive challenges. These factors are integral to the
success of any business endeavour, and as such, must be taken into consideration when developing a proactive
strategy. The field of green information technology (IT) comprises of two main components, namely active and
passive.

The present study focuses on the topic of storage facilities for data. The aim of this research is to explore the various
types of storage facilities that are available for data and to analyse their respective The impact of human intervention
on the environment is a well-documented phenomenon that has been observed in various contexts. The effects of
such interventions, whether intentional or unintentional, can be detrimental to the environment, particularly in the
pursuit of economic gain. The construction of a profitable business is one such activity that can have a significant
impact on the environment. This impact can result in harm to the environment, which may not always be
immediately apparent or acknowledged.

The ubiquitous presence of digital technology has become increasingly apparent in contemporary society. The
proliferation of computers in educational institutions and healthcare facilities, as well as the increasing prevalence of
household electronic devices, has become a noticeable trend. Additionally, the utilisation of social media platforms
and blogging has become more widespread, and the integration of Global Positioning System (GPS) technology in
automobiles has become increasingly prevalent. The success of modern technology has been consistently evident.
The integration of technology and overhauling practises is a crucial component of a comprehensive green IT strategy
when clustering large groups of individuals. The present study investigates the impact of processes that promote
and foster a positive and environmentally conscious mindset among individuals. The study aims to explore the
effectiveness of such processes in promoting sustainable behaviour and reducing negative environmental impact.
The research is based on a review of existing literature and empirical evidence, which highlights the importance of
cultivating a positive and environmentally conscious mindset in individuals. The study concludes that processes that
encourage and promote The field of Green IT aims to investigate and address various obstacles and issues that arise
in these domains. The concept of Green IT is guided by the fundamental principle of achieving equilibrium among
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economic, environmental, and social factors. The integration of Green IT plans, regulations, and aspects varies across
organisations. The concept of Green IT is characterised by a proactive approach that aims to bring individuals
together in pursuit of a common goal. This goal is to create wealth and promote humanity while simultaneously
reducing the negative impact of human activities on the environment. The present study aims to investigate the
impact of a certain set of processes on the development of a positive, environmentally conscious mindset in
individuals. The study is motivated by the need to promote sustainable behaviour and reduce the negative impact of
human activities on the environment. The processes under investigation are designed to encourage individuals to
adopt a positive attitude towards the environment and to engage in environmentally friendly practises. The study
employs a The field of Green IT endeavours to conduct a thorough investigation and provide solutions to various
issues that arise in these domains. According to a study published in the Harvard Business Review, companies that
implement policies that align with climate change are likely to reap greater benefits and profits than their
counterparts who do not.

The concept of a "Green Vision" refers to a global strategic vision for businesses that prioritise environmentally
sustainable practises. This vision encompasses a comprehensive approach to sustainable business practises that are
designed to reduce negative environmental impacts and promote long-term ecological health. The Green Vision is a
critical component of the global effort to address climate change and other environmental challenges, and it
represents a significant shift in the way that businesses approach sustainability. By adopting a Green The objective of
this study is to explore the concept of greening in business operations. This includes visualising potential
improvements in the business's operations and analysing the associated costs of implementation. The study aims to
provide insights into the feasibility and benefits of adopting greener practises in business operations. The present
study posits that organisational change can be influenced by all members of a company, regardless of their position
within the hierarchy. It is imperative that all employees are actively engaged in the process of change, particularly
with regards to the generation and exchange of ideas. The successful implementation of any programme or
intervention requires a collaborative effort between the provider and the client. In order to achieve the desired
outcomes, clients must demonstrate a willingness to adapt to the proposed strategies and techniques. This is a crucial
factor that can significantly impact the effectiveness of the intervention. Without the client's active The operational
behaviour of an organisation, specifically in relation to emissions reduction, is not accurately represented by a trend
line. Rather, it resembles a curve with varying peaks and valleys. The successful completion of green firms requires
the development, adoption, execution, and completion of strategic priorities, as well as the handling of obstacles. In a
typical organisational setting, various departments are tasked with managing the stress and strain that arise from
heightened workloads and increased responsibilities. The identification of stress areas within an organisation and the
establishment of strategies for resolving them in the context of business issues can be facilitated through the
implementation of greening initiatives. The reduction of carbon emissions has been a topic of great concern in recent
years, with many individuals and organisations seeking to reduce their carbon footprint. While it is often assumed
that the responsibility for carbon reduction lies solely with entities or society, it is important to recognise that a
significant shift in people's attitudes is also necessary. This paper argues that carbon reduction is more of a shift in
people's attitudes than it is the sole responsibility of entities or society. By examining the current state of carbon
emissions and the role of individuals in reducing them, this paper highlights the importance of changing attitudes
towards carbon reduction and the potential benefits of doing so. Ultimately, The process of transition is frequently
depicted through actions and is closely associated with concurrent changes in practises and ideals.

LITERATURE REVIEW

Contemporary civilization finds itself inexorably reliant upon the sustenance provided by various forms of energy.
The global energy consumption and its concomitant carbon dioxide emissions have experienced rapid escalation in
recent decades, primarily attributable to the burgeoning population and the escalating desire for enhanced comfort
among individuals. The forthcoming hour's energy forecast shall serve as a valuable tool for the optimisation of
energy management, strategic planning, and conservation endeavours within both commercial and residential
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domains. The utilisation of data-driven models presents a valuable approach in the realm of energy consumption
prediction. This scholarly article posits a solution rooted in the realm of the Internet of Things (IoT) to effectively
prognosticate the real-time energy consumption of a given edifice. The aforementioned process is accomplished
through the implementation of a data-driven model that operates harmoniously within the interplay of the edge and
cloud layers. The ML inference technique is employed within the edge node to predict the hourly energy demand of
the building, thereby eliciting a prompt response from the system in real-time. The authors of this study have
constructed a Microgrid Internet of Things (1oT) setup for the purpose of conducting experiments. This study
provides a comprehensive review of the four main machine learning (ML) techniques commonly employed in the
prediction and improvement of building energy performance. These techniques include linear regression, multilayer
perceptron, SMO Regression, and support vector machine (LibSVM). The present study reveals that the performance
of Support Vector Machines (SVM) surpasses that of all other methods in terms of predictive accuracy, as evidenced
by the evaluation of performance metrics such as Mean Absolute Error (MAE) and Root Mean Square Error (RMSE).
It has been ascertained that the edge node exhibits a diminished temporal requirement for real-time prediction in
comparison to the cloud, as measured by prediction time.(Dalai et al., 2019).

The exponential growth of robot services has given rise to a multitude of challenges pertaining to data processing
and analysis. These challenges stem from the intricate and diverse nature of robot operations. In the present
investigation, we have endeavoured to construct a cloud-centric collaborative framework that encompasses multiple
users and robotic entities. The server, through the utilisation of the photograph captured by the robot, possesses the
ability to identify the specific environment in which the robot is situated. This, in turn, enables the server to allocate
distinct permissions to individual users, predetermined in accordance with their respective rights and limitations,
thereby ensuring appropriate access and control under diverse circumstances. In order to uphold the principle of
privacy, it is imperative to grant the robot the capacity to adhere to the user's directives. The amalgamation of cloud
technologies and multi-robot systems facilitated the enhancement of energy efficiency, real-time performance, and
memory cost. (Yinetal., 2019)

Contemporary scholars and industrial practitioners alike are devoting considerable intellectual deliberation to the
concepts of "Industry 4.0" and "Cyber Physical System" as they engage in critical assessments of prospective
enhancement strategies aimed at upholding technological advancement at the forefront. The amalgamation of
corporeal and computational mechanisms within the realm of Internet of Things (IoT) technology is commonly
denoted as a "cyber physical system" (CPS). Through the utilisation of this prototype, the Internet of Services,
alongside various other Internet-based protocols, can be effectively employed to establish connections between
devices and other integral components. The aforementioned networking structure facilitates the horizontal provision
of internal factory services across the entire value chain. In upholding the tenets and rituals of the aforementioned
methodologies, one must confront a series of challenges that necessitate resolution. The present section of the study
endeavours to furnish readers with a more profound comprehension of the challenges encountered by these
components. Through the utilisation of further scholarly inquiry, the challenges that the CPS (Cyber-Physical
Systems) must surmount are subsequently delineated and succinctly encapsulated from the vantage points of energy
regulation, transmission, impervious regulation, and administrative regulation methodologies, encompassing the
allocation of resources for the system and the design of software models. The scholarly discourse additionally delves
into the challenges encountered by the Internet of Things (IoT) in relation to the preservation of communication
security, safeguarding sensor data, and the utilisation of cryptographic-based techniques. The scholarly discourse
also delves into the challenges encountered in the realm of 10S (Internet of Services) that have arisen consequent to
the advent of cloud aggregation technology. This technology facilitates the interconnection and collaboration among
cloud providers, with the aim of enhancing the security infrastructure of the cloud, encompassing its reliability and
energy conservation capabilities.(AL-Salman & Salih, 2019)

The advent of mobile edge computing (MEC) within the realm of 5G networks has bestowed upon us the ability to
accommodate computationally demanding applications. This is primarily due to the fact that MEC has successfully
bridged the geographical gap between cloud computing infrastructure and intelligent devices, thereby enabling a
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closer proximity between the two entities. In this scholarly investigation, we undertake an examination of a multi-
user Mobile Edge Computing (MEC) system wherein a MEC server is the recipient of compute offloading requests
originating from a multitude of smart devices (SDs) via wireless channels. In our pursuit of optimising the objective
function, we delve into the minimization of the aggregate cost encompassing energy consumption and time delay
associated with all smart devices. These devices possess the capability to choose among three distinct scenarios for
task execution, namely the complete local computing scenario, the complete offloading execution scenario, and the
partial offloading execution scenario. In order to effectively reduce the overall expenditure associated with the
Mobile Edge Computing (MEC) system, it is imperative to engage in a collaborative optimisation process that
encompasses the allocation of tasks, determination of offloading decisions, and the sharing of computing resources.
In order to effectively tackle these aforementioned concerns, we have amalgamated the Lagrange methodology with
a comprehensive and meticulous search strategy. The empirical evidence substantiates the efficacy of the proposed
strategic approach.(Fayyaz et al., 2019)

The proliferation of applications on mobile devices has engendered significant concerns regarding their energy
consumption. Nonetheless, mobile cloud computing emerges as a promising solution to mitigate these issues. The
present study introduces a groundbreaking architecture for mobile cloud computing (MCC) that provides mobile
users with a diverse range of autonomous options for transferring their work. The collective aim that we share is to
diminish the aggregate expenditure of energy, computation, and user latencies, all the while maintaining
equilibrium between temporal and energetic utilisation in every deliberation pertaining to task offloading. The
proposal posits the utilisation of an enhanced genetic algorithm with the aim of reducing the temporal requirements
associated with validating the legitimacy of progeny. This is achieved through the process of mapping a select subset
of legitimate descendant genes onto single-digit numerical representations. The outcomes of our experiment
demonstrate a greater compatibility with the concept of simultaneous computation migration as opposed to the
global ideal solution.(F. Wang et al., 2019)

This essay elucidates the deleterious impact of cloud computing on the environment, wherein it engenders copious
quantities of carbon dioxide and various noxious substances. The utilisation and allocation of energy resources
exhibit a notable degree of inefficiency and prodigality, wherein substantial quantities of said energy are dissipated
and wasted. During the course of its existence, a substantial quantity of processors and resources are employed,
thereby engendering a significant amount of thermal energy. Henceforth, this discourse expounds upon the manner
in which cloud computing, with its eco-conscious disposition towards green computing, may potentially alleviate
these aforementioned quandaries and safeguard the natural milieu. In due course, we shall bear witness to the
prospective implementations of green computing within the realm of cloud computing.(Shree et al., 2020)

In contemporary times, the realm of cloud computing has undergone a comprehensive evolution, emerging as a
holistic solution that empowers proprietors of enterprises to effectively implement their applications and harness the
vast array of advantages bestowed by the cloud. Through the process of converting tangible physical systems into
abstract logical virtual computers, the phenomenon of virtualization has significantly augmented the efficiency and
productivity of cloud computing while concurrently mitigating energy consumption. The presence of an imbalanced
distribution of host loads can give rise to issues of both host oversubscription and undersubscription, thereby
exerting a negative impact on the management of Quality of Service (QoS) in cloud environments as well as energy
consumption. The act of consolidating servers presents itself as a straightforward solution to the issue of host
underutilization. Despite previous research indicating various improvements in consolidation, the issue of
determining optimal threshold values and mitigating excessive migrations remained a persistent challenge. This
scholarly paper presents a proposed heuristic model that embodies the qualities of both greediness and effectiveness,
with the aim of facilitating the consolidation process within cloud datacenters. According to experimental findings,
the suggested consolidation model established an optimal threshold value for the purpose of energy conservation.
Furthermore, the implementation of the greedy consolidation strategy proved to be more effective in restraining
aggressive migrations compared to previous consolidation models.(Patil & Patil, 2020)
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The phenomenon of virtual machine (VM) migration has gained significant prevalence within the contemporary
cloud computing landscape. Numerous procedures have been devised to facilitate the migration of virtual machines
(VMs) in order to optimise their placement. However, the persistence of this issue can be attributed to the erroneous
utilisation of energy within the cloud model. The present study employs the Chicken-Whale optimisation algorithm
(ChicWhale), an innovative approach that combines the Whale optimisation algorithm with the Chicken swarm
optimisation system. This algorithm is specifically utilised to propose a novel technique for virtual machine (VM)
migration within cloud computing environments. In the implemented solution, a regional migration agent is
employed to consistently observe the allocation of memory and utilisation of resources within the cloud
infrastructure. Subsequently, the virtual machine (VM) is transferred to the designated service provider as dictated
by the exigencies of the VMs' task fulfilment. The proposed ChicWhale is employed for the purpose of relocating
virtual machines within the cloud infrastructure subsequent to their initial instantiation. The evaluation metric
employed to determine the optimal virtual machine (VM) migration encompasses various considerations, such as
load, migration expenditure, resource accessibility, and energy consumption. The evaluation of the efficacy of the
VM migration technique, which is based on ChicWhale, is conducted with regards to load, migration cost, energy
consumption, and resource availability. By employing the proposed methodology known as ChicWhale, it is
observed that the maximum degree of resource availability stands at 0.989. Conversely, the minimum magnitude of
migration cost is determined to be 0.0564. Furthermore, the minimal amount of energy consumption is quantified at
0.481, while the least burden on the system, as measured by the load, is ascertained to be 0.0001.(Byatarayanapura
Venkataswamy et al., 2020)

Edge computing stands as a cornerstone technology within the realm of 5G networks. Edge computing encompasses
the strategic placement of servers at the periphery of wireless access networks, thereby extending cloud computing
functionalities to the network's edge. This approach facilitates the distribution of computational tasks among
proximate mobile users, thereby augmenting the collective processing capacity of the network as a whole. One of the
paramount focal points in the realm of edge computing research pertains to the intricate matter of energy
consumption. The present focal point of edge computing research lies in the examination of energy consumption
pertaining to terminal devices, while comparatively less attention has been devoted to the contemplation of energy
consumption associated with edge servers. This study presents a comprehensive approach to global energy
optimisation in the context of edge computing, incorporating the consideration of delay constraints and the two
aforementioned categories of energy consumption. In order to enhance precision, our initial approach involves the
application of queuing theory to evaluate the mean delays experienced by individual terminal devices and edge
cloud processing computing tasks within the Internet of Things network. Additionally, we aim to ascertain the
average delays associated with the overall system's processing computing activities. In the subsequent phase, we
shall proceed to formulate a mathematical framework aimed at mitigating the aggregate energy utilisation of both
the device and the server, while concurrently imposing a constraint on the average latency. Subsequently, in an
endeavour to tackle the aforementioned concerns and ascertain the magnitude of operational servers within the
periphery cloud, alongside the probability of offloading Internet of Things (IoT) devices, we propose the
development of a method that leverages genetic algorithms for the purpose of optimising offloading computations.
Ultimately, the attainment of the goal to reduce the collective energy consumption of the system, while
simultaneously adhering to the imposed temporal constraint, has been successfully realised. The empirical
investigation substantiates the efficacy of the energy optimisation methodology.(Tian et al., 2021)

The current scholarly emphasis lies in the investigation of methods to ensure optimal energy efficiency while
simultaneously attaining resource optimisation and maintaining a high level of quality of service (QoS).
Nevertheless, it is inevitable that a minute quantity of organised disturbance will inevitably exert an influence on the
Quality of Service (QoS) data that is directly acquired from the cloud environment. This study proposes a novel
methodology for enhancing the efficiency of data centre resource scheduling. The approach advocated in this
research involves the utilisation of deep reinforcement learning, which is augmented by feature learning techniques
to optimise the quality of service (QoS) provided. Our research endeavours to present a methodological framework
for acquiring a comprehensive understanding of Quality of Service (QoS) attributes. This approach is founded upon
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the utilisation of advanced stacking denoising autoencoders, which have been enhanced to enhance the accuracy and
dependability of QoS characteristic data extraction during the deep learning phase. Our study presents a novel
approach to resource scheduling in the context of multi-power machines (PMs) utilising a collaborative technique.
The proposed technique leverages reinforcement learning as the underlying framework for the reinforcement
learning stage. Through rigorous experimentation, it has been determined that our strategy exhibits a commendable
efficacy in diminishing the consumption of energy within cloud data centres. Simultaneously, it maintains an
unparalleled level of adherence to the service level agreement (SLA), surpassing alternative resource scheduling
solutions in this regard. The objective of achieving optimal Quality of Service (QoS) while simultaneously
minimising energy consumption has been effectively accomplished.(B. Wang et al., 2021)

A scholarly endeavour has yielded the development of an astute front-end fog computing architecture, which serves
as a viable resolution to the prevailing predicaments of communication latency, data congestion, and data
redundancy encountered within the realm of cloud computing, specifically in relation to the management of medical
big data. The aforementioned discourse pertains to the prevailing predicaments encountered within the extant
medical Internet of Things (IoT) network. These predicaments encompass the constraints imposed by limited
bandwidth, the congestion of information, the onerous computational load imposed upon cloud services, the dearth
of storage capacity, and the inadequate safeguards for data security and confidentiality. To surmount these
challenges, the proposed solution entails harnessing the distinctive structural attributes of fog computing and
embracing a mindset that is both decentralised and localised. The model incorporates a combination of fog
computing, deep learning, and big data technologies. By employing classification techniques grounded in the
analysis of extensive datasets and employing deep learning algorithms rooted in artificial intelligence, one can
potentially enhance the internal mechanisms of the model. This, in turn, enables the automated processing of case
diagnoses, the extraction of diverse data from multiple sources, and the handling of medical records. Such
advancements are made possible by effectively harnessing the advantages offered by WiFi connectivity and the
utilisation of user mobile devices within the realm of medicine. Moreover, it shall result in the mitigation of network
latency and power consumption, guaranteeing the utmost privacy and security of patient data, diminishing data
redundancy, and alleviating cloud congestion. Simultaneously, this advancement will enhance the precision of
medical diagnosis and the efficacy of processing multi-source heterogeneous data. The employed technique has
indeed exhibited a significant enhancement in both the system's responsiveness and network capacity, thereby
elevating the quality of service rendered for the dissemination of medical information.(Qin, 2021)

This study breaks the development of mobile geographic information systems (MGIS), which is driven by the
development of information technology, into three periods: the embedded, mobile Internet, and intelligent Internet
of things (IOT) ages. When the United States finished installing the Global Positioning System (GPS) at the end of the
1990s, the PC GIS system's information-gathering features were moved to Personal Digital Assistants (PDAs) and
other embedded devices to make it easier to collect data in the field. MGIS joined the "embedded age" with GPS.
During this time, the stand-alone version of MGIS has been used to collect data in the field for land, forestry,
surveys, mapping, and other fields. Even though MGIS had some online functions at the time, the capacity of the
mobile network wasn't enough to offer high-frequency network GIS services. With the rise of 3G/4G and other
broadband mobile networks, as well as the acceptance of smart mobile platforms, MGIS has gradually moved into
the "mobile Internet age" (especially with Android mobile phones). During this time, the main MGIS part was
changed from a wireless communication network to a global navigation satellite system (GNSS). Most people use the
location-based services app and the map app that goes with it. These apps were made by Google, Baidu, and other
companies that make electronic maps. MGIS now covers the industry chains for geographic information, such as
data collection, data processing, platform software, industrial uses, and so on. With "Cloud+End,” a new
environment of geographic information is made. In this age of MGIS, it is still hard to do real-time geographical
analysis, target identification, and other intelligent processing. This is because cloud computing has problems like
less real-time, not enough bandwidth, and high energy consumption, which are not good for data security and
privacy. With the widespread rise of IOT, especially the development of Computer Vision (CV), Artificial
Intelligence (Al), 5G mobile communication, edge computing, and other technologies, MGIS technology will
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gradually enter the "intelligent IOT age" around 2019. The most important technical parts of this stage are intelligent,
real-time, and everywhere GIS, and the system design evolves into "cloud+edge+end." Everyone is a monitor and
plotter in the modern world. We can now find and provide holographic map data, like acoustic-optical-magnetic
data, because there are so many intelligent sensors, like cameras and radars, that are built into mobile platforms on
the ground (wearable devices, vehicles, etc.) and in the air (drones, etc.). These 10T devices could be used to carry
MGIS. Instead of being sent to the cloud, the huge amounts of raw data from the photos, videos, locations, and other
data that are recorded are now processed and analysed in real time on the network edge devices by Al and other
technologies. Only the results are sent to the cloud. This mode makes a big difference in how much network speed,
power is used in the data centre, and system latency is needed while improving the service response. Also, since
users no longer share private or sensitive data, the risk of network data leakage has gone down a lot, and user data is
kept safe and private (only on network edge devices). On the basis of this, a new generation of MGIS is proposed
that uses GNSS, 5G, Al, CV, and other information technologies. The cross-platform kernel, simultaneous
localization and mapping, pan-information-based high-precision navigation map, semantic map, and intelligent
decision-making are the three key technologies that are studied and explored, as well as the omnipresent, real-time,
and intelligent qualities of this technology. Also predicted are the direction and trend of growth.(QIAO & CHANG,
2022)

The ramifications pertaining to the operational aspects of distribution networks remain ambiguous, as the pervasive
integration of 5G technology within intelligent distribution networks introduces a level of uncertainty. Within the
confines of this scholarly discourse, we present an all-encompassing evaluation framework for a 5G+ intelligent
distribution network. This framework is predicated upon the amalgamation of the weighting and cloud models,
harmoniously coupled with the augmented Fuzzy Analytic Hierarchy-Entropy Weight Method (FAHP-EWM). In the
initial phase, we formulate a comprehensive set of evaluation indices for a 5G+ intelligent distribution network,
encompassing five key criteria: dependable functionality, cost-effective operation, efficient interactivity, technical
acumen, and environmentally conscious emission reduction. To mitigate the shortcomings associated with subjective
arbitrariness and promote objectivity, we propose a novel approach that combines the principles of the enhanced
FAHP-EWM. This approach incorporates the concept of variance reduction, thereby further enhancing the accuracy
of the weighing process. In light of the inherent uncertainty surrounding the dissemination of network node
information and equipment status information, a comprehensive evaluation framework is hereby proposed,
leveraging the cloud infrastructure, to cater to the needs of the 5G+ intelligent distribution network. The
aforementioned analysis serves to demonstrate that the 5G+ Smart Distribution Network project is, on the whole,
functioning in a satisfactory manner. Moreover, the weight value derived from the combined weighting method
proves to be more precise and justifiable when compared to that obtained through the single weighting method. This
substantiates the efficacy and rationality of the proposed evaluation approach. The proposed evaluation
methodology additionally functions as a form of navigational guide for the extensive implementation of 5G
communication technologies within intelligent distribution networks.(Ma et al., 2022)

Whilst cloud computing undeniably presents alluring prospects in terms of processing capabilities and memory
allocation, it is imperative to acknowledge that cloud-based solutions are not devoid of their own set of limitations
and impediments. These encompass, but are not limited to, concerns pertaining to power consumption, latency
issues, security vulnerabilities, and connectivity constraints. Subsequently, novel technological advancements such
as edge computing and fog computing have emerged as viable alternatives to circumvent the inherent limitations of
cloud computing. Fog computing, an avant-garde and burgeoning paradigm that establishes a connection between
the cloud and the periphery of the network, facilitates the implementation of distributed computing. The concept of
edge computing, characterised by its ability to store data and perform computational tasks in close proximity to the
data source, has the potential to address the aforementioned challenges by meeting specific requirements such as
minimal latency and energy efficiency. The primary aim of this article is to offer a comprehensive assessment and
analysis of simulation tools pertaining to Cloud-Fog-Edge Computing (CFEC). This endeavour is undertaken with
the intention of aiding researchers and programmers in their endeavour to make informed decisions regarding
hardware selection for their research projects. By considering diverse circumstances and addressing pragmatic
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challenges, this article seeks to provide valuable assistance in navigating the complex landscape of CFEC simulation
tools. In the pursuit of enhancing the prospects of the future, this inquiry diligently examines a plethora of modelling
methodologies, which are subsequently juxtaposed and subjected to scholarly discourse.(Sanger & Johari, 2022)

Objectives

1. To exploring strategies for enhancing environmental sustainability to determine their efficacy and limitations.
2. Tocomprehend the significance of enhancing the design of data centres.

3. To scrutinise the methodologies and materials utilised in the process of recycling.

RESEARCH METHODS

Exploratory research often prioritises qualitative inquiry as its primary focus. Nevertheless, it is worth noting that
research endeavours characterised by a substantial sample size, which primarily aim to explore and investigate
phenomena, may also fall within the realm of quantitative inquiry. Owing to its inherent flexibility and expansive
nature, it is occasionally denoted as interpretative research or a method grounded in theory. Exploratory research, by
its very essence, tends to adopt a qualitative approach, primarily focusing on the collection and analysis of primary
data. Conversely, the conduction of research employing a substantial sample size in an exploratory fashion may also
be deemed as possessing quantitative characteristics. Due to its inherent adaptability and allowance for varying
interpretations, this particular approach is occasionally referred to as interpretative research or a grounded theory
method.

FINDING AND CONCLUSION

The present study has examined the operational mechanisms of IT companies that prioritise environmental
sustainability and aim to minimise carbon emissions and transportation expenses. The field of green computing
endeavours to mitigate the ecological footprint of computer technology by minimising the presence of pollutants in
the air, water, and soil. This section examines the carbon footprint of individuals and the carbon impact of
computing centres.
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ABSTRACT

Morality and Religion address central issues arising from religion's relation to morality. Since
religion is such an abstract topic, it is important to explore it further so that we, as a society, can have a
broadened understanding of how the world works and be knowledgeable about what our experiences of
life really are. One key concept is that the basic constructs of each religion can correlate with others in
many ways. Two completely different world religions, Christianity and Buddhism, for example,
intertwine as much as they separate. Ethically, they each present their own set of ideals to their followers,
and, surprisingly, some of these moral ways of thinking are the same. In this paper, the researcher covers
a broad range of topics like What is Religion, Morality, Christian conception of morality, the Buddhist
conception of morality, and Key Differences, and similarities among them. The secondary sources used
by qualitative data-gathering techniques include books, journals, websites, book reviews, paper
presentations, and other publications. This research will be helpful for those learning about religious
philosophy as well as other people because they may learn the moral teachings of Jesus Christ and
Gautama Buddha, two of history's greatest sages.

Keywords: Buddhism, Christianity, Ethics, Morality, and Religion.
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INTRODUCTION

Morality is a vital component of all religions, including Buddhism and Christianity. Buddhism is an ancient Eastern
religion that originated in India and has spread throughout Southeast Asia. It is based on the teachings of Siddhartha
Gautama, often known as the Buddha, who advocated a non-attachment, compassion, and inner peace philosophy.
Christianity, on the other hand, is a monotheistic religion that started in the Middle East and has spread around the
world. It is founded on Jesus Christ's teachings of love, forgiveness, and salvation. Despite their differences, both
religions share fundamental beliefs and practices that shape their respective concepts of morality. By the lights of a
credible explication of our daily self-understanding, the world as we meet it in ordinary experience is what it is
because of its relationship to what makes us especially human. To become a Buddhist, all Buddhists, lay or monk,
must observe the Five Precepts at all times, much as all Christians must obey the Ten Commandments of God, the
Decalogue. This comparative study aims to explore the concept of morality in Buddhism and Christianity. It will
examine how both religions define morality, the ethical principles they uphold, and the practices they prescribe to
promote moral behavior. The study will also analyze the similarities and differences in their moral teachings and
how they reflect their respective cultural contexts.

Several scholars have explored the concept of morality in Buddhism and Christianity. Furthermore, Thomas W.
Clark's article, "Buddhism and Christianity: Some Bridges of Understanding," explores the convergences and
divergences in the ethical teachings of the two religions. This study will build on the existing literature to provide a
comprehensive analysis of the concept of morality in Buddhism and Christianity. It will offer insights into the ethical
principles and practices that guide these religions' followers and how they relate to contemporary moral issues.

OBJECTIVES

» To explore the relationship between religion and morality, and how these two concepts are intertwined

» To analyze the moral teachings of Christianity and Buddhism, and identify their similarities and differences

» To examine the ethical principles and values that underpin the moral teachings of these religions, and how they
relate to broader ethical frameworks

» To provide an overview of the moral teachings of Christianity and Buddhism for those interested in learning
about religious philosophy, and to highlight the shared moral wisdom of these two great sages, Jesus Christ and
Gautama Buddha.

METHODOLOGY

» Comparative Analysis: This technique entails comparing and contrasting Christian and Buddhist moral
teachings and practises, as well as recognising parallels and contrasts between the two religions.

» Literature Review: This methodology involves reviewing secondary sources, such as books, journals, and
websites, to gather information on the religious concepts of morality and how they relate to each other

» Ethical Analysis: This methodology involves examining the ethical principles and values that underpin the
moral teachings of Christianity and Buddhism, and how they relate to the broader ethical frameworks of these
religions.

» Qualitative Data Gathering: This methodology involves gathering data from various sources such as book
reviews, paper presentations, and other publications.

» Historical Analysis: This methodology involves examining the historical development of Christianity and
Buddhism and how their moral teachings evolved over time.
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MORALITY

Morality is the concept of distinguishing between right and wrong behavior, based on a set of values, principles, or
standards. It involves making decisions about what is good or bad, just or unjust, fair or unfair, and ethical or
unethical. Morality is often influenced by cultural, religious, and philosophical beliefs, as well as personal
experiences and convictions.

RELIGION

Religion is a complicated and comprehensive notion that includes numerous supernatural or transcendental beliefs,
practises, rites, and organisations. It frequently entails the worship or veneration of a god or deities, as well as the
articulation of a moral or ethical code that directs behaviour.

BUDDHISM

Buddhism is a prominent international religion and philosophy centred on the teachings of Siddhartha Gautama,
better known as the Buddha, that began in ancient India. Buddhism emphasises the Four Noble Truths, the Eightfold
Path, and meditation practise as paths to enlightenment and escape from suffering.

CHRISTIANITY
Christianity is a monotheistic religion founded on the life and teachings of Jesus Christ, whom Christians believe to
be God's son and humanity's saviour.

BUDDHIST MORALITY

Buddhism is a religion and philosophy that emphasizes the cultivation of moral behavior and the reduction of
suffering. The Buddhist ethical system is based on the Four Noble Truths and the Noble Eightfold Path, which
provide a framework for understanding the nature of suffering and the path to liberation. Buddhist morality is
rooted in the principle of non-harming, or ahimsa, which is expressed in the concept of the Five Precepts. These are
ethical guidelines that lay Buddhists are encouraged to follow, including refraining from Killing, stealing, sexual
misconduct, lying, and intoxication. In addition to the Five Precepts, Buddhists are also encouraged to cultivate
positive virtues, such as generosity, compassion, and wisdom. These virtues are expressed in the concept of the Four
Brahmaviharas, or divine abodes, which are loving-kindness, compassion, empathetic joy, and equanimity.
Buddhism also emphasizes the practice of mindfulness and meditation as a means of cultivating moral behavior and
reducing suffering. Through the cultivation of mindfulness, individuals can become aware of their thoughts,
emotions, and actions, and learn to respond to them in a skillful and compassionate way.

In his Five Precepts, the Buddha counsels refraining from:

1. Hurting living things

2. Taking things not freely given

3. Sexual misconduct

4. False speech

5. Avoiding intoxicants

CHRISTIAN MORALITY

Christian morality is founded on Jesus Christ's teachings and the values contained in the Bible. Christians believe
that every human being has intrinsic value and dignity, and that moral behaviour is directed by love of God and love
of one's neighbour. Christian morality is characterized by a set of ethical guidelines, including the Ten
Commandments, which are considered fundamental to the Christian life. These guidelines include respect for
human life, the sanctity of marriage, the importance of honesty and integrity, and the obligation to care for the poor
and vulnerable. In addition to these ethical guidelines, Christians are also encouraged to cultivate positive virtues,
such as compassion, humility, and forgiveness. These virtues are modeled by Jesus Christ, who is considered the
perfect example of moral behavior. Christian morality is expressed in a variety of ways, including personal behavior,
social action, and political engagement. Christians are encouraged to promote justice and peace and to work for the
common good of all people.
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Ten Commandments

. Thou shall have no other gods before me.

. Thou shalt not create any graven image for thee.
. Thou must not use the Lord thy God's name in vain.
. Remember and keep the Sabbath sacred.

. Honour your father and mother.

. Do not kill.

. Do not commit adultery.

. Do not steal.

. Do not give false testimony against a neighbour.
10. Thou shalt not covet

© O NO OB WN -

COMPARISON

Although the two religions handle morality differently, the notion of morality is essential to both Buddhism and
Christianity. In this comparative study, we will look at the parallels and contrasts between Buddhist and Christian
morality, as well as how the ethical ideals of each religion are manifested in practise. Buddhism and Christianity
share a common commitment to the principle of non-harming, or ahimsa. In Buddhism, this principle is expressed in
the Five Precepts, which are ethical guidelines that lay Buddhists are encouraged to follow. These standards include
not murdering, stealing, engaging in sexual misbehaviour, lying, or being intoxicated. In Christianity, the principle
of non-harming is expressed in the commandment to "love your neighbor as yourself" (Matthew 22:39), which is
understood to encompass all forms of ethical behavior. In addition to the principle of non-harming, both Buddhism
and Christianity emphasize the cultivation of positive virtues, such as compassion, generosity, and wisdom. In
Buddhism, these virtues are expressed in the concept of the Four Brahmaviharas, or divine abodes, which are loving-
kindness, compassion, empathetic joy, and equanimity. These characteristics are embodied in Christianity through
the notion of the fruits of the Spirit, which include love, joy, peace, patience, kindness, goodness, faithfulness,
gentleness, and self-control. (Galatians 5:22-23).However, there are also important differences between Buddhist and
Christian morality. Buddhism emphasises individual moral responsibility and the desire of personal freedom from
suffering, whereas Christianity emphasises individual duty to God and the pursuit of redemption through trust in
Jesus Christ. Another significant distinction is the significance of ethical principles in each religion. In Buddhism, the
Five Precepts are seen as a means of reducing suffering and cultivating positive virtues, but they are not considered
to be absolute moral laws. In Christianity, the Ten Commandments and other ethical guidelines are seen as absolute
moral laws that are binding on all people. There are also differences in the way that Buddhism and Christianity
approach moral dilemmas. Buddhism emphasizes the importance of mindfulness and meditation as a means of
developing ethical discernment and responding to situations with wisdom and compassion. Christianity, on the
other hand, emphasizes the importance of obedience to God and the guidance of the Holy Spirit in making moral
decisions.In practice, Buddhist and Christian morality are expressed in a variety of ways. In Buddhism, ethical
behavior is expressed through meditation, mindfulness, and acts of compassion and generosity. In Christianity,
ethical behavior is expressed through personal piety, social action, and political engagement.

SIMILAR PRECEPTS OR RULES OF CONDUCT

The commandments are similar in Buddhism and Christianity. The five Buddhist precepts and the final six Torah
commandments are nearly identical. Both groups concentrate on the individual and societal dimensions of human
ethics.

Prohibition of killing

Buddha held the life of every living thing—human or animal—in the highest regard, and as a result, he vehemently
denounced the purposeful death of any creature.Christianity, the religion of love, naturally forbade its adherents
from Killing others. Since both Jesus and Buddha gave the prohibition against killing, it is vital to note that Buddhism
has a broader understanding of how this prohibition should be applied than Christianity does.
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Prohibition of stealing

Buddha advises his followers to refrain from stealing. Stealing is viewed in Christianity as a significant roadblock on
the way to God's Kingdom. Christianity, like Buddhism, places more value on spirituality than on material things.
Christians think that God's gifts to humanity should be enjoyed. Christians are instructed to serve God in humble
humility rather than with material goods in order to receive God's gifts.

Prohibition of adultery

The third precept of the Buddha forbids engaging in adultery or sexual misbehaviour. It demands living a chaste life
or maintaining sexual purity. Buddhism places a great priority on virginity and celibacy. The Buddha's rule of
abstaining from adultery coincides to Exodus 20:14's seventh mosaic commandment, which forbids adultery.

Prohibition of lying

Both religions forbid their followers from making false claims or spreading lies. Falsehood had no place in Buddhism
since truth is the religion's ultimate moral compass and its basic foundation. Since a liar commits every moral
offence, lying is the source of all moral sin, according to Buddha. Speaking the truth has an important place in
Christianity. God's word is accepted as truth in John 17:7. God mandates that His followers always speak the truth
since He is the source of all truth. Jesus is a representation of the qualities of the God of truth, the heavenly father.
Thus, in order to be his disciples, we must always speak the truth while expressing our sincerity in our love for
others.

Prohibition of intoxications

Both the religions uphold the prohibition of using drugs and alcohol. The final of Buddhism's five commandments is
to abstain from using narcotics and alcoholic beverages. Being continually watchful is something that Buddha
advised against, because using drugs or alcohol makes a person physically and mentally drowsy.

Teaching on paying respect and honour to one’s parents

In both laypeople's familial and social life, as well as monks' religious practises, Buddha put a particular emphasis on
the virtue of respect. All Buddhists should have the utmost regard for the three holy items of the Buddha, the
Dharma, and the Sangha from a religious perspective. Being respectful of one's parents is extremely important in
Christianity as well because God commands us to do so. Respect for the elders’ knowledge and the sanctity of the
family are implied when one says they honour their father and mother. Since we wouldn't exist without our parents,
they are the essential foundation of our existence.

CONCLUSION

When Christian ethics are reviewed, it is discovered that God and the teachings of his Son, Jesus Christ, are the
sources of their moral judgement. If one's activities and behaviours are in line with God's will, they are regarded as
being good deeds and morality. In both laypeople's familial and social life, as well as monks' religious practises,
Buddha put a particular emphasis on the virtue of respect.In contrast, if someone is engaging in wicked deeds, like
as murder, they will be redirected to a place that reflects their personal choices and will not advance along the route
to Nirvana. Buddhism and Christianity share some common ethical principles, they approach morality in different
ways. Buddhism emphasizes the individual's responsibility for their own moral behavior and the cultivation of
positive virtues, while Christianity emphasizes the individual's responsibility to God and the pursuit of salvation
through faith in Jesus Christ. These differences are reflected in the way that each religion approaches ethical
dilemmas and the ways that ethical behavior is expressed in practice. According to the comparison that has been
done, it is clear that the moral guidelines set forth by Jesus and Buddha for their respective followers are remarkably
similar. These two religious leaders have a lot of similar sayings. The foundation of Buddha and Jesus' ethical
teachings is the Golden Rule and altruism. Love is the very foundation of ethical behaviour for both Buddhists and
Christians. The moral guidelines of the two masters are derived from their commandments of equality, love, and

59088



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 79 / Aug / 2023 International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Dipty D Sangma and Bharani

respect for all people. Both of them want to bring about equality, justice, and global brotherhood with the weapon of
love. Yet as far as the ethical disparities between Jesus and Buddha go, they are profound and unbridgeable because
of the basic distinctions between the particular beliefs associated with Buddhism and Christianity.
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ABSTRACT

Land surface temperature (LST) is considered to be an important parameter for analysis of energy budget
of the Earth’s surface, urban heat islands, several surface processes and is widely used in environmental
studies. The aim of the present study is to estimate the land surface temperature of Tinsukia revenue
circle using Landsat images and to explore its seasonal variations. Landsat data of two specific seasons
(summer and winter) for the years 2011 and 2021 were analyzed. The result showed rising trend of LST
in summer and a slight declining trend in winter. The mean LST was increased by 6.35 °C during
summer season while during winter the mean LST was decreased by 0.98 °C (~ 1 °C) from 2011 to 2021.
Highest rise was seen in built up land (7.64 °C) followed by open space (7.25 °C). The present study may
help the policy makers and land management professionals to identify the heat zones and manage the
urban centers that will help in proper environmental planning in future.

Keywords: Land use and land cover, Land surface temperature, Tinsukia revenue circle

INTRODUCTION

Climate of a city and adjoining area are frequently altered by the changes in land use and land cover (LULC) as well
as various anthropogenic activities related to urbanization. The increasing rate of surface temperature in urban area
has become a imperative problem of present time. Land surface temperature (LST) is considered to be an important
parameters for analysis of energy budget of the Earth’s surface, urban heat islands, several surface processes and
many more [1, 2, 3, 4]. It is frequently applied in various models, for monitoring droughts as well as estimation of
soil moisture evapotranspiration [5, 6 7, 8] and to gather detail information regarding spatial dynamics of heat waves
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[9]. It also provides vital information regarding various physical properties of the earth surface. LST data derived
from satellites are widely used in detection of urban heat zones [10, 11]. In the present study the estimation of land
surface temperature of Tinsukia revenue circle has been carried out using Landsat images. No such studies on LST
determination has been carried out in growing town like Tinsukia and hence the present study was attempted.

MATERIALS AND METHODS

Study area

Tinsukia revenue circle (TRC) is one of the revenue circles of the Tinsukia district which is located between 27° 15'
49,0201" N to 27° 35' 9.9271" N latitude and 95° 38' 1.6655" E to 95° 13' 1.5233" E longitude. It is surrounded by the
Brahmaputra River in the North, Doomdooma revenue circle in the North-east, Margherita revenue circle in the
south-east and Dibrugarh district in the South and West. The total geographical area of TRC is 690.52 km2 The circle
consists of 262 villages and 4 towns. The map of the study area is depicted in fig 1.

Data used
Two Landsat 5 TM data of 2011 and two Landsat 8 OLI and TIRS data of 2021 have been downloaded from the Earth
Explorer USGS (https://earth explorer.usgs.gov). Table 1 shows the detail specifications of Landsat data.

Methods used in land use and land cover dynamics (2011-2021)

The Landsat TM (2011) and Landsat OLI (2021) were used for preparation of LULC map of the TRC. The layerstack
of both the images has been performed. Supervised classification method has been performed to prepare the land use
and land cover map using Maximum Likelihood Algorithm. Five different land use categories were identified such
as built up land, open space, crop land, vegetation and water bodies.

LST and NDV!I retrieval

Out of several methods used for estimation of LST such as Single Channel Algorithm (SCA), Split Window
Algorithm (SWA), Radioactive Transfer Equation (RTE), Mono Window Algorithm (MWA), and NDVI based LSE
(Land surface emissivity) Algorithm [12, 13, 14, 15, 16], NDVI based estimation of LST is very widely used as it
provides satisfactory results and also is easy to compute [12]. Land surface emissivity (LSE) is very significant for the
obtaining LST [12, 17, 18, 19]. In the present study NDVI based estimation of LST has been carried out. Table 2 shows
the detail specifications of the methodology used (Method for Extracting LST from Thermal Band of Landsat Data) in
the study.

RESULTS AND DISCUSSION

Land use and land cover changes

The Tinsukia revenue circle (TRC) showed a significant change in its land use and land cover during the last decade
(2011 to 2021). Among all the classes of Land use and land cover the built up area has witnessed dramatic rise in its
area cover with net change of 56.40 km2 while crop land increased by only 3.89 km2. Open space has shown dramatic
fall with net change of 49.40 km2. Vegetation cover and water bodies depicted a net decline of 10.70 km?2 0.19 km?
respectively. Thus the development of urban area is mainly due to the cost of open space vegetation and water
bodies. Similarly, the crop land and built up area are the major land use classes in 2021 that occupies 40% and 27% of
the total area of TRC respectively. The area of different land use and land cover classes of TRC is shown in table 3
and fig. 2.

Land surface temperature dynamics

A spatio-temporal comparison between the Landsat imageries during the study period (2011-2021) was carried out to
understand the LST dynamics of the study area that is Tinsukia revenue circle (TRC). The LST of the study area has
shown a significant increase during the last ten years in summer (fig 3) but slight decreasing trend was observed
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during winter (fig 4). During summer of 2011 the LST ranges from 16.1 °C and 27.93 °C with a mean value of 21.09 °C
whereas during summer of 2021 the LST ranges from 21.18 °C and 34.87 °C with a mean value of 27.44 °C. The mean
LST was increased by 6.35 °C from 2011 to 2021 which is a significant increase. During winter of 2011 the mean value
of LST was 20.19 °C with minimum and maximum values of 16.56 °C and 26.21 °C. The mean was declined in 2021
which is 19.21 °C. The range was from 16.34 °C to 25.78 °C. During winter the mean LST was decreased by 0.98 °C (~
1°C) from 2011 to 2021.

The LST dynamics for each land use category (from 2011 to 2021) was calculated considering 100 sample points
within the study area. The sample points were extracted using the thermal bands of Landsat images. The extracted
data were categorized and mean for both summer and winter were calculated. The LST growth was finally
compared. The results showed a sharp increase in LST in summer in all the land use classes. Highest rise was seen in
built up land (7.64 °C) followed by open space (7.25 °C). However in winter slight negative growth of LST was seen.
The LST change during the study period over different land use classes is shown in table 4 and the thermal profile is
depicted in fig 5 and fig 6. The urban locations such as Tinsukia railway station, Tinsukia ASTC, Milan Pally,
Rajendra Nagar and Makum are identified as the main hotspot areas in the year 2021.

During the study period the study area have experienced increase in built-up area and reduction in vegetation and
open space. The main reason for increase in surface temperature may be the reduction in vegetation and open space
as well as growth of the urban centre. Rising earth’s surface temperature leads to hotter summer seasons with shorter
monsoon period and rainfall that further increases the risk of flood [20]. High temperature associated with high
amount of humidity affects human health which further lead to the incidence of diseases such as malaria, dengue etc.
which are very common in the study area. Climate change and frequent change in weather patterns poses a threat to
environmental planning and management. The present study may help the policy makers and land management
professionals to identify the heat zones and manage the urban areas and will also help in making decisions for
policies related to sustainable development in future. The authority of Tinsukia district can promote rooftop nursery
plantation to reduce the LST impacts among others.
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Table 1 Data specification

Season Date Sensor Path/ Row Spatial Resolution (m)
Summer 18-04-2011 Landsat TM 134/41 30
Winter 12-12-2011 Landsat TM 134/41 30
Summer 29-04-2021 Landsat OLI 134/41 30
Winter 09-12-2021 Landsat OLI 134/41 30
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Table 2 Methods used for extracting LST

Data Steps Formula
. Lmax — Lmin . .
Lh= —# (QCAL — QCALmin) + Lmin
QCALmax — QCALmin
Step I- Digital
:: dTet;]i; to spatial Where, LA = Spectral Radiance (Watts/ (m2 sr um)) Lmax
Converaence =Maximum Radiance that is scaled to QCALmax; Lmin =Minimum
9 Radiance; QCAL= DN value of the Pixel; QCALmax, QCALmin =Pixel's
Landsat highest & least DN value respectively
™
BT = - 237.15
. K1
Step II- Conversion In( Lr—-i-lj
spatial radience to ;
brightness Where, BT = Brightness temperature (°C) ,K1= 607.76 (Watts/(m2*sr*um)), K2=
temperature K 1260.56 (Watts/(m2*sr*um))
Li.=ML * Qcal + AL — O
Step I- Digital
:: dTet;ge to spatial Where, LA = Spatial radience (Watts/(m2*sr*um)) ML=
Converaen Radience multiplicative band, QCAL= Pixel's DN value,
onvergence AL= Add band of Radience, Oi = Correction value i.e. 0.29
K2
BT =————— 23715
. K1
Step II- Conversion In( Lr—-i-lj
spatial radience to -
Landsat brightness .
oLl temperature in K Where, BT = Brightness temperature (°C), K1= 774.8853 (Watts/(m2*sr*um)), K2=

1321.0789 (Watts/(m2*sr*um))

Step - NDVI

calculation

NDVI = (Band 5- Band 4)/(Band 5+ Band 4)

Step 1V- Land Surface
Emissivity
calculation

( NDVI — NDVImin )
L] =
NDVImax — NDVimin

Where, Pv = Proportion of vegetation, NDVImin= Minimum value of NDVI,
NDVImax = Maximum value of NDVI

e = 0.004Pv + 0.986 Where, e = Land Surface Emissivity
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Step V- Land Surface
Temperature

LST Jr5”“+‘ (BT) In(e)
=—t+Aa*x|— |*lnfe

1 P
Where, BT = Brightness temperature, A = emitted radience
e = LSE, P= h*c/s=1.4388*10-2 mK = 14388 mK
h= Planck’s constant (6.626*10-34 Js), s= Boltzmann constant (1.38*10-23 JK), C=
Velocity of Light (2.998*108m/s)

Table 3 Land use and land cover changes

LULC classes 2011 2021 Net change
Area in km? Area in % Area in km? Area in % (km?)
Built up 130.30 18.87 186.70 27.04 56.40
Open space 159.90 23.16 110.50 16.00 -49.40
Crop land 273.70 39.64 27759 40.20 3.89
Vegetation 126.10 18.26 11540 16.71 -10.70
Water bodies 052 0.08 0.33 0.05 -0.19
Total 690.52 100 690.52 100
Table 4 Land Surface Temperature Dynamics
Land use Mean LST (°C) in summer LST Mean LST (°C) in winter LST
categories dynamics dynamics
2011 2021 2011 2021
Built up land 24.68 32.32 7.64 24.31 22.46 -1.85
Open space 22.24 29.49 7.25 20.68 2047 -0.21
Crop land 21.76 26.25 4.49 20.91 19.62 -1.29
Vegetation 18.79 25.09 6.30 19.09 17.83 -1.26
Water bodies 18.93 22.85 3.92 19.15 17.62 -153
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ABSTRACT

Siddha system is one of the most ancient codified traditional medical System of India. This system
connects spiritual, physical and mental health of an individual. One of the special therapeutic techniques
is Varmam therapy, This Varmam therapy is the manipulation of pressure over certain points in the
surface of the body for a specific time for the management of various diseases. Varmam manipulation
therapy plays vital role in the management of musculoskeletal and neurological disorders. Injury in the
Varmam points may lead to disease also. The different methods that can be used to manage Varmam
injuries are Marukaalam, Thirumal Murai, Adangal Murai (Restoring), Thiravukol Murai, Thadaval Murai
[Applying massage techniques], Marunthu Murai [Applying medicines], Vayu Nilai Amarthal and Kattu Murai.
The density of the vital energy is more in Varmam points which are called as Adangal in Adangal. Varma
Adangal is a technique in which pressure points are modulated in a distinct pattern to regulate blood
flow, temperature and pranic energy. By stimulating these points Varma related diseases could be
managed. Literature review, Review of literatures in libraries of National Institute of Siddha, Govt.
Siddha medical college and Central Research Institute, Chennai. The outcome of this study is to present
a comprehensive literature review on the Adangal points located in Head and neck mainly based on its
location, retrieval techniques and therapeutic indication. This study reveals 67 Adangal points located in
head and neck.

Keywords: Adangal, head and neck, retrieval technique, therapeutic indication.
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INTRODUCTION

Siddha system is one of the most classical medical systems of India. It is one of the prior conventional medical
systems in the world which manage not only the body but also the mind and the soul. Siddha system of medicine is
distinctive and has its specialities in Kayakalpam (Rejuvenation therapy), Muppu (unique salt), Varmam (subtle energy
points), Vaasi (pranayamam) etc. Varmam manipulation techniques play a vital role in the management of
musculoskeletal and neurological disorders. Varmam therapy is the pressure manipulation over certain points for a
specific time. When these points are prompted it surges the flow of energy, aids in the management of Varmam
disease and magnifies the immune mechanism [1]. However, the identical points if erroneously oxygenized may
induce pathological or traumatic exposure. The diverse methods that can be practicable to manage Varmam related
injuries is Adangal Murai (Restoring)

Adangal is the technique in which pressure points are modulated in a distinct pattern to regulate blood flow,
temperature and pranic flow in the patient's body. According to Siddha classic literatures Adangal means Adanguthal
[2]. It refers to a state of restfulness. Due to various varma injuries the flow of vital energies are static in certain places.
These places are called as Adakkam or Adangal. According to the classic literature Sarasuthirathiravukol the region
where nerves connect or meet each other is known as Adangal. So, | would like to explore the Adangal points located
in head and neck, and to differentiate the Adangal from Varmam. | would also attempt to review the classic Varmam
literatures related to its retrieval techniques and therapeutic indications.

LOCATION OF ADANGAL POINTS [3, 4]
Table 1. Adangal Points Located in Head, Table 2: Adangal Points Located in Neck

DISCUSSION

In this present study, 25 Siddha Varmam classic literatures were referred for the compilation of Adangal points located
in head and neck. The Literatures are collected from Libraries of National Institute of Siddha, Govt. Siddha medical
college Chennai, Siddha Central Research Institute Chennai and Thamarainoolagam, Chennai. Sixty seven (67) Adangal
points are identified from the literatures. They are stimulated during the Thadavalmurai to maintain the vital energy.
It acts as one of the retrieval techniques to protect life. Most of the Adangal located in head, strengthens the brain and
increases the memory power. It promotes the functions of Thasavayukal and lymporigal. They are stimulated in
emergency management [8]. Adangal are indicated for acute and chronic conditions. Acute conditions like dizziness,
headache, sweating, epistaxis, nasal congestion, cervical pain, hiccups, sinusitis, insomnia, lock jaw and jaw pain are
treated. The chronic conditions include hemiplegia, seizure, facial palsy, psychiatric disorders; Parkinsonism, speech
disorders, ear and eye disorders are managed. The Adangal promotes normal breathing and have the ability to
change the pattern of vital energy. It strengthens the sex organs. By stimulating this Adangal points it improves
concentration and confident. Hence the Adangal plays a major role in the management of various disorders and
normalizes the vital energy.

CONCLUSION

In this present study, the documentation of Adangal points located in head and neck mentioned in various Siddha
Varma literatures are compiled. Adangal is one of the retrieval techniques of Varmam. Most of this Adangal are
indicated for Kabham disorders mainly neurological and cervical pain. This collective documentation will be a guide
to researcher to explore Adangal which has vast clinical and academic importance.
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Table 1: Adangal Points Located In Head

SI.No Adangal Location[7] Retrieval Technique[5, | Therapeutic Indication[8]
Points[6] 6]
1. Thilartha Adangal At the meeting point of Gently  press | Dizziness
nasal and frontal bone in | with the thumb, move | Headache
the junction of both | upward and downward | Insomnia
eyebrows and hold it. Strengthens the brain
2. Athiveerasangara Half finger Press with the | Normal breathing
Adangal breadth above the | middle finger mildly. Dizziness
Thilartha Varmam. Insomnia
Strengthens  the  sex
organs
3. Prakaasa Adangal Centre of the cornea of Keep the eyes | Eyediseases
both eyes. closed and gently press | It enhances power to the
with the pulp of the | eyes.
thumb from medial to
lateral.
4. Kannadangal Two finger | Press with the thumb | Headache
breadth lateral to the | and hold upward. Migraine
ThilarthaVarmam on Sinusitis
both sides. Facial palsy
5. Iruvizhi Adangal Medial and lateral ends Press with the | Itimproves vision.
of the eyes thumb and middle
finger in both eyes
simultaneously.
6. Kothanda Adangal Gently move Press with the | It is practiced in the
along the course of | thumb of boththe hands | management for shortness
Thilarthavarmam- in Thilarthavarmam and | of breath, restlessness and
Natchathiravarmam- move simultaneously | palpitation which occur
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Poigaivarmam-
Sevikutrivarmam and
ends in Alavadivarmam.

along
Natchathiravarmam-
Poigaivarmam-
Sevikutrivarmam and
end in AlavadiVarmam.

during
Varmailakkumurai.

7. Bala Chandra Two finger Rotate It Increases the memory
Adangal breadth above the | clockwise with  the | powver.
Thilarthavarmam and | middle finger.
located at Centre of the
forehead.
8. Vinothasinthanai Half finger | Touch gently with the | It is stimulated during
Adangal breadth above the | middle finger and press | head massage.
Balachandra Adangal. it.
9. ThuriyaAdangal One finger | Touch gently with the | It integrates the body and
breadth above | middle finger and press | mind.
BalachandraAdangal it.
10. ItchaiAdangal One and half finger Touch gently | Itinduces the desire.
breadth above the | with the middle finger
Balachandra Adangal and press it.
11. Mantha Adangal Two  finger breadth | Presswith the thumb. Cerebral palsy
lateral to the Itchai It increases the 1Q level.
Adangal on both sides.
12. ChithaAdangal Centre of the | Presswiththethumb Psychiatric diseases
forehead.
13. KuriAdangal Marking area of the Press with the | Chronicinsomnia.
forehead. thumb and move gently | Psychiatric diseases.
from Thilarthavarmam
to Utchivarmam.
14. Amathadangal Centre of the head. With the thumb rotate | This procedure is done
clockwise and press it. after  stimulating  all
Varmam points.
15. Pagutharivu Located before the Centre | Press with the thumb | It increases the memory
Adangal of the head gently. powver.
16. Visuvaasa Adangal Located front and back of With the | Psychiatric diseases.
the Centre of the head. middle finger touch
softly.
17. Pathi Adangal Centre of the head. Just press with the | The flow of vital energy is
thumb. normalized
18. Soora Adangal Two finger Press with the | Mental retardation
breadth above Sirunkolli | thumb and hold inside.
Varmam.
19. Uyirnaadi Adangal It is just located two | Press the point with | Psychiatric diseases
fingers below Sooradangal | mustard seed.
20. Pidari Adangal Pidari Kuzhi Press with the thumb | Cervical pain
softly
21. Paenkuzhi Adangal Located between Pidari | Press with the thumb Stimulated in  Thadaval

Adangal and Suzhiyadi
Adangal

procedures
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22. Chuzhi Adangal One finger below | Press with the middle | Cervical pain
Penkuzhi Adangal finger gently
23. Purasarvanga Laterally to Pidari | By using the thumb and | Cervical pain
Adangal Adangal on both sides middle finger press
upwards
24, PidarikuzhiyoraAda | Located two  finger | Press with the thumb | It reduces the -cervical
ngal breadth lateral to | laterally pain and stiffness
Pidarikuzhi Adangal
25. Mudisoodi Adangal | Four fingers lateral to | By using the middle | Cervical pain and sprain
Pidari finger move laterally
from Pidari on both
sides
26. Panja Squamous part of the | Press with the thumb | Headache
NarambuAdangal frontal bone gently
27. Karakk Two  fingers  above | Press with the thumb | Headache
Adangal Aasamai Adangal and move upwards and | Dizziness
downwards Nausea
28. PoigaiAdangal Located two fingers | Press with the thumb | Brain,Endocrine disorders
above SevikutriVarmam and hold upwards Cerebral palsy
29. AasaamaiAdangal Above the tragus of the | Press with the thumb | Dizziness
ear and move downwards
30. PiniNarambuAdan Below the ear in | Press with the thumb | Facial, Ear and Brain
gal Sevikutrikuzhi and hold upwards disorders
31. MaelAdangal Lobule of the ear Press with the thumb | Ear disorders
and hold it Lock jaw.
32. SevikutriAdangal Tragus of the ear. Press and hold with the | Epistaxis
thumb firmly Ear diseases
33. Sevi pin Adangal Located back of the pinna | Press with the thumb | Psychiatric disorders
in the ear. and hold upwards Hiccups
34, Kurunth adangal Tragus of the ear Shake the tragus gently The vital energy of the
whole body is normalized
35. Alavukamboori Two  finger breadth | Press with the thumb | Lock jaw
Adangal below the Natchathira | firmly Dizziness
Varmam
36. Monadangal Located inferior to the | Press with the thumb | Lock jaw
eye and hold upwards Nasal congestion
Seizure
37. Suzhumunai At the junction of nose | Press with the thumb | Febrile seizures
Adangal and upper lip and then move right
and left
38. Gnanauthaya This Adangal is | It is introspected from | It strengthens the brain
Adangal stimulated by seeing and | the ear to the corner of
thinking itself the eye and to the tip of
the nose
39. Sothanai Adangal It is present at | Press inside the nose | Cold, Nasal congestion
the tip of the nose. with thumb and hold | Dizziness
upwards Sheezing
40. Mumoorthi It is located as triangle | Press with the thumb, | Shortness of breath,
Adangal around the nose fore finger and middle | Brain related diseases.
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finger and then hold
upwards
41, Nalliruppu Center of the tongue Press with the thumb | Facial palsy
Adangal and move downwards. Hemiplegia
42. AmirthaAdangal Laterally to the | Press with the thumb | Throat, tongue and speech
Nalliruppu Adangal on | and middle finger, and | disorders
both sides then move downwards
43. Athara Adangal Uvula of the tongue Press with the thumb | Dizziness
and  Abrusprecatorius | Sweating
seeds (manjadi), then
move upward and
downward.
44, Sarvanga Adangal Just above uvula of the | Place some wooden | Abdominal bloating,
tongue objects inside the mouth | Flatulence
to avoid biting then | Intestinal obstruction
press with the
stimulating finger and
move upward.
45, Mel sarvanga | At the beginning of the | Press with the thumb | Dizziness
Adangal soft palate and hold upwards or | Sweating
downwards.
46. Kizhsarvanga At tip of the tongue in | Press with the thumb | Brain and Nervous
Adangal midline and hold downwards disorders.
47. Nakkusarvanga Mid lateral border of the | Press with the thumb | Speech disorders
Adangal tongue on both sides. and middle finger
48. Nakkadangal Inferior to the | Press with the thumb | Speech
Kizhsarvanga and middle finger, and | Tongue disorders
Adangal then move upwards
49, Solladangal Inferior to  Amirtha | Press with the thumb | It promotes the lower jaw
Adangal and middle finger movements
50. Pootadangal Near third molar teeth Press between the cheek | Jaw pain
and teeth by closing the
mouth
51. Ulladangal At the end of the junction | Press with the thumb | Lower jaw pain
of upper and lower jaw and rice, and then move | Seizures
downwards
52. Kadaisatti pal | Anterior to the third | Press with thumb and | Dizziness
Adangal molar teeth cotton seed, and then
move  upwards  or
downwards.
53. lynthamsatti  pal | Anterior to the canine | Press with the trigger | Lower jaw pain
Adangal teeth in lower row finger and move | Neurological disorders
downwards
54. Kuvattadangal At the back of ear in the | Press with the trigger | It is one of the retrieval
angle of lower jaw finger and hold | techniques of Varmam.
upwards
55. Kundrimuthu Above the eyebrow at the | Gently press with the | Headache
Adangal midpoint Abrusprecatorius Migraine
56. Alaguchennadi Located at the end of the Press with the | Itisindicated for sanniand
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Adangal lower jaw. thumb on both sides. mayakkam
57. Kona sanni | Located at the end of the | Press with the thumb | Jaw disorders
Adangal lower jaw. and hold upwards
58. Mun Naadi In the middle of | Press and rotate in Lower jaw
Adangal the lower jaw on both | clockwise direction diseases
sides of the chin region
59. Naadikuzhi In the depression which | Press with the middle | Parkinsonism disease
Adangal is present in middle of | finger
the lower jaw
60. Kabala Adangal Two  finger breadth | Press with the thumb | Lock jaw
antero-laterally from | firmly
SevikutriVarmam
61. Kavalperiya Three finger | Press with the thumb | Lock jaw
Adangal breadth below the ear firmly

Table 2: Adangal Points Located in Neck

. . Retrieval Therapeutic
| A IP L n[7 . L
sino dangal Points[6] ocation(7] Techniquel5, 6] Indication[8]
. Press with
62. Oonadangal ,:er::t:nor part of the the thumb and hold | Throat diseases
upwards
Vaaivazhi Adanaal Three fingers breadth | Press  with  the
63. g above, antero- laterally | thumb and move | Varmamayakkam
from Sanguthiri Varmam | downwards
Press with  the | The function of the hand
. i i i he shoul . .
64 Iravimathi Adangal Tip of the shoulder thumb firmly is strengthened
. Give pressure to the .
Uthira Adangal Lateral aspect of the ve p u. . Sanni
65. neck region Adangal point with Tremor
g the thumb
Press  with  the .
| h . . nn
66. Kuzhi Adangal Sternal note middle finger and Sanni .
Speech disorders
move downwards
67. KavalchudiNara Anterior to the Press with the Cervical and upper
mbadangal clavicle bone middle finger limb pain

or thumb and
then move
downwards
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ABSTRACT

The Micro, Small, and Medium Enterprise (MSME) sector has grown to become a crucial part of the
Indian economy, making a considerable contribution to exports, innovation, job creation, and inclusive
growth. The socioeconomic development of our nation is supported by Micro, Small, and Medium-Sized
Enterprises (MSME). Along with making up 40% of all exports and 45% of all industrial production, it
has a major impact on GDP. The MSME's manufacturing sector makes for 7.09% of the GDP. MSMEs
provide 30.50 percent of the services. MSMEs make up a total of 37.54 percent of the GDP. A strengths,
weaknesses, opportunities, and threats (SWOT) analysis is an important method used by corporations for
strategic planning for SSI. Any SWOT analysis's purpose is to pinpoint the internal and external factors
of the SME.

Keywords: MSME, Definition, Importance, SWOT Analysis.

INTRODUCTION

During independence, India's perception of small-scale industry showed confusion and a lack of clarity. This
industry was created specifically for small, cottage-style businesses making handicrafts in rural and urban regions.
The only factor used to define small scale in the Industrial Policy Resolution of 1948 and the First Five Year Plan
document was their lack of registration under the Factory Act. As a result, SSI referred to any units that utilized
electricity and had no more than ten workers or none at all but up to 20. The distinction between SSI and village
industry was defined later, under the First Five-Year Plan. From that point capital, employment, and power were
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used to determine the size of small -scale industry. It is applicable up to 2005.Thus from 1966, the investment criteria
to define small-scale industries had undergone changes as given in Table 1.

DEFINITIONS OF SMALL, MEDIUM, AND MICRO ENTERPRISES

The MSMED Act, of 2006, was enacted to provide an enabling policy environment for the promotion and
development of the sector by way of defining MSMEs, putting in place a framework for developing and enhancing
the competitiveness of the MSME enterprises, ensuring the flow of credit to the sector, and paving the way for
preference in Government procurement to products and services of the MSEs, address the issue of delayed
payments, etc. It is expected that the new law will be able to address the major challenges, relating to physical
infrastructural bottlenecks, absence of formalisation, technology adoption, capacity building, backward and forward
linkages, lack of access to credit, risk capital, the perennial problem of delayed payments, etc.

The MSMED Act of 2006 was enacted in order to create an enabling policy environment for the sector's promotion
and development by defining MSMEs, establishing a framework for growing and enhancing the competitiveness of
the MSME enterprises, ensuring the flow of credit to the sector, and paving the way for preference in government
procurement to products and services provided by MSEs. It also addresses the problem of late payments, among
other things. The major issues relating to physical infrastructural bottlenecks, lack of formalization, technology
adoption, capacity building, backward and forward linkages, lack of access to credit, risk capital, the perennial issue
of delayed payments, etc. are anticipated to be addressed by the new law

Now MSME is defined based on investment in plant and machinery or equipment. From 1st July 2020 onwards for
doing business easily the Government of India has implemented the turnover of the business as a new criterion The
industrial sector has played an important role in India's GDP. In India, this industrial sector has a greater future
because of the variety of products and services offered. This MSME sector in India is acting as the engine of the
Indian economy, contributing more than two-fifths of total industrial production and one-third of total export
contribution. This traditional industry clearly differs in many ways from its contemporary counterparts. While
modern MSME manufacturing enterprises are much more productive with more capital-intensive units and more
technologically sophisticated automatic machinery, traditional sectors are primarily consumed with their antiquated
machines and traditional methods of production. Businesses now frequently use a SWOT analysis when strategizing
for SSI. This analysis looks at a company's strengths, weaknesses, opportunities, and threats. Any SWOT analysis
seeks to identify the important internal and external factors that are significant to achieving the goal. These arise
directly from the distinguished value chain of the business.

Internal factors — The strengths and weaknesses of the business
External factors — The opportunities and threats of their business concern.

According to this analysis, the internal factors would be taken as a strength or weakness of the Business. The
strengths and weaknesses will depend upon the objectives of the business concern. The factors include 4P’s, such as
Product, Price, Place, and Promotion, and other factors like Personnel, finance, the capabilities of the concern’s
productivity, and so on. Macroeconomic problems, technological advancements, legislative changes, sociocultural
changes, market or competitive position changes, and other factors, may all be considered external factors. The
SWOT analysis is merely one type of categorization and has defects of its own. For instance, it might influence
businesses to create lists rather than consider what is actually crucial for achieving goals.

IMPORTANCE OF SMALL-SCALE INDUSTRIES

The small-scale industries played a vital role in the economic activity of advanced industrialized countries like Great
Britain, Germany, Japan, and the United States of America. Many countries, both developing and developed
countries, perceive this sector as a useful technique for growth, in the former for the creation of new employment
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opportunities on a wide scale in the shortest possible time and in the latter as balancing to the large-scale industry.
Unemployment, under-employment, and poverty are the steaming problems of India today. Small industrial units
play an important role in the financial development of a nation like India where many skilled and unskilled people
are unemployed or underemployed. The small industrial units solve these problems by generating employment
opportunities in a large-scale manner with lower investments. The former Finance Minister of India Dr. Manmohan
Singh has rightly pointed out that “the key to our success in employment lies in the success of manufacturing in the
small-scale sector.” The economic development of any nation largely depends upon the establishment of small-scale
industries, which require an adequate amount of investment. The strength of the small industrial units rests in their
spread and location in urban, semi-urban, and rural areas, nurturing entrepreneurial base, smaller periods of
gestation, and reasonable distribution of revenue, wealth, and income.

After studying the importance of small-scale industrial units, the Central government of India has established
various departments and institutes at different levels- local, state, and central. These organizations and institutions
have been tracking the policy of protection and development of this industrial sector since independence and offer
several concessions, subsidies, and incentives for their promotion and development.

STATEMENT OF THE PROBLEM

Small-scale industrial units serve as important elements in resource mobilization, the creation of employment
opportunities, utilization of available local resources, and income. generation, and in helping to maintain positive
changes in a phased manner. In India, this sector has occurred as an energetic and dynamic element of the
development of the economy. It is a substance of pride that India has occupied the highest rank among the
developing countries in small industries. India has sufficient skilled and unskilled manpower, occupying the third
position in the world as far as skilled manpower is concerned. It is worth stating that the small-scale industrial units
have registered a significant rate of growth in spite of heavy competition from the large-scale industries. Since
independence, both central and state governments have been implementing protective policies and promotional
measures. Considering the vital role of small-scale industrial units in the economic development of the nation, the
government has been constantly trying to improve the availability of input resources to this sector and create a
suitable industrial and economic environment. The easy financial support and incentives have motivated many
investors to start small-scale industrial units. This resulted in the growth of the small-scale industrial units in India.
Even though, many small industrial units were not able to serve due to a number of reasons. Hence it is of interest to
examine the SWOT analysis of small-scale industrial units in the Coimbatore district. In this context, a study on the
SWOT analysis of small-scale industrial units has been undertaken in the Coimbatore district.

OBJECTIVES OF THE STUDY
To examine the Strength, Weaknesses, Opportunities, and Threats of small-scale industrial units in Coimbatore
district

SAMPLING DESIGN

Coimbatore has been selected for the study since there is a wide range of small-scale industrial units which generate
employment opportunities for skilled and semi-skilled persons in and around the Coimbatore district. As the census
method is not feasible, the researcher has followed the proportionate convenient sampling. All the small-scale
industries located in the Coimbatore district are included in this study. The list of small-scale industries that availed
the various government schemes with a minimum of ten years standing, registered up to 2007-2008 was obtained
from the Manager of the District Industries Centre, Coimbatore. Table 2 shows the number of units registered, de-
registered, and alive up to 2007-2008. The researcher has selected 412 units being 10 per cent of the universe for this
study. The sample small scale industrial units of Coimbatore covered by the present study are shown in table 3.
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PERIOD OF THE STUDY
The period covered for the present study is 10 years from 2008-2009 to 2017-2018 to assess the development and the
various input problems met by the small-scale industrial units in Coimbatore district.

SOURCES OF DATA

The study is experimental in nature based on survey method. The required data for this study were collected in three
stages. The primary data relating to the small-scale industrial units were collected by interviewing the owners with
the help of the interview schedule. The secondary data relating to the study like the origin and growth of small-scale
industries were obtained from various published and unpublished records, annual reports, bulletins, booklets,
journals, magazines, etc,. Lastly, the researcher held discussions with the officials of various Departments, Trade
Union Leaders and the officials of the District Industries Centre. These discussions were helpful to the researcher in
identifying the SWOT analysis of SSI for the study.

STRENGTH, WEAKNESS, OPPORTUNITIES AND THREATS

Development in any walk of life has always depended to some degree or other on individual qualities of
entrepreneurship. History shows evidence of the role of individuals in the process of development in any field of
scientific investigation, economics, sociology, education, or military science. Industrial development in almost all
countries has always started with private individual enterprises. SWOT analysis helps the entrepreneur to evaluate
their business in a better way. Every business faces a changing market, changing competitors, changing customers
with their evolving tastes and preferences, and changing technology that poses external opportunities or threats.
SWOT analysis helps the entrepreneur to be conscious about where the entrepreneur today and where the market
may be tomorrow. It helps them be both self-aware and situationally aware of the business. Which environmental
factors are considered to be suitable or otherwise for the launching or management of their enterprise will have to be
understood; only then can certain ideas be formed as to their requirements for development. Hence, a Strength,
Weakness, Opportunities, and Threats (SWOT) analysis of the small-scale industries under study can be undertaken
to enquire into the strengths, weaknesses, opportunities, and threats of the entrepreneurs. In a small enterprise, the
entrepreneur and enterprise can be treated as synonymous as the strengths, weaknesses, opportunities, and threats
faced by an entrepreneur are also those of the enterprise.

Starting an enterprise is not a simple matter, and running it successfully requires a great many qualities and
characteristics. In the beginning, a venture requires skills like drive and initiative, resource mobilization, mobility,
and quick decision making which are very different from skills required later on like persistence, business ethics,
stamina, and goal setting. The entrepreneur may not possess all the skills; some may be present while the lack of
others may be felt by the entrepreneur. Some qualities that an entrepreneur possesses are very strong, which are the
key factors for the starting of a unit, and can be termed as strength, while others that are holding back the
entrepreneur from definite success are weaknesses. All the strengths and weaknesses of an individual are difficult to
assess but at least a few of them can be identified and analyzed to find out which qualities determine
entrepreneurship, and influence the profitability of the enterprise. The small scale industries are not capable of
analyzing the internal strength and weakness and external opportunities and threats.

Strength of Small-Scale Industries

Strength is the property of being physically strong or mentally strong. A chameleon's strength is actually in its
ability to blend in with its surroundings. The successful entrepreneur’s talents were business focus, confidence,
creative thinking, delegation, determination, independence, knowledge-seeking, promotion, relationship-building,
and risk-taking. Some level of talent is innate, some can be nurtured. Every business has its strengths, those things
that they consistently do well to get people talking, attract new business, and retain customers. Unfortunately,
strengths can sometimes cover up business weaknesses or flaws so they don’t get the attention they need.
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While running the enterprise, the entrepreneurs would have come across, identified, or used many of these
strengths. Hence, it was thought appropriate to ask the entrepreneurs the applicability of various strengths generally
identified. This significant strength is listed, and the entrepreneurs were asked to indicate the extent of applicability
in their case as strongly applicable, applicable, partly applicable, and not applicable. These were given weights 3, 2, 1
and 0 respectively and the weighted score was calculated for each statement.

The weighted score of each statement of strength for all the respondents of a small scale industrial sector divided by
the number of respondents in the particular location gave the average score per respondent as per their location.
Likewise, the overall average score of all the sectors put together was also calculated. All four average scores per
respondent per strength were tabulated. The higher the average scores for strength, the higher it was regarded on the
list of strengths that were required for the successful running of an enterprise. The maximum average score that any
strength could receive was '3' and the minimum was '0'. A comparison was also made in terms of the requirement
and applicability of strength to each location depending on the sectoral integrity or diversity.

It is inferred from the table that contacts to the enterprises were ranked as the major strength required for the success
of a small-scale industry with an overall average score of 3.3406. It was the major strength of the entrepreneur. A
cordial relationship between the customers is very important to do the business successfully. The respondents who
get easy loan facilities from the banks were ranked as the second strength of a small-scale industry. It shows the
financial stability of the business. Intuition to do business was ranked third and the average score is 2.7467. This is
also a major strength of the business because personal interest and involvement are very important. Employee
attitude towards the concern is also considered as the strength of the small-scale industry. It was ranked fourth and
the average score is 2.742. If the entrepreneur has grace and charm face is also considered as the strength of the
business ranked fifth and the average score is 2.6463 followed by sixth rank commitment and dedication anaverage
score is 2.3013. It is evinced that Contacts, Easy loans, Commitment and dedication, Intuition, and Employee attitude
are the strong factors for the success of small-scale industries in Urban and Semi-urban areas.

Weakness of Small-Scale Industries

Business weaknesses are areas where improvements need to be made because their current situation leaves them
vulnerable to economic pressures, market forces, or aggressive competitors. In short, these are the things that hurt
long-term, sustainable profitability. Table 5 reveals that the foremost weakness of the respondent is a Lack of in-
depth knowledge in the business. If the unit doesn’t possess the keen knowledge, it finds it difficult to continue the
business in the competitive world. The average score of this statement is 3.4978. The same situation is prevailing in
Rural, Semi-urban, and Urban areas. The overall average score of Less innovation due to lack of interaction is 3.1266.
This was ranked as second in Rural and Semi-urban areas. Lack of mobility was the third weakness of the small-scale
industries and secured an overall average score of 3.11. This statement stood at second place in Urban units. The risk
could not be forecasted by the small-scale industrial units. These units are not in a position to overcome the
uncertainties. It is also one of the weaknesses of small-scale industries. It occupied the fourth place in ranking the
statement of weaknesses and the overall average score is 2. 7871. The same status is prevailing in all the locations.
Delays in getting loans, Consciousness of society’s attitude, and inability to handle crises well are the weaknesses of
small-scale industrial units when Compared with large-scale industries.

Opportunities for small-scale Industries

Business opportunities are usually defined as situations where products and services can be sold at a price greater
than the cost of their production. A business opportunity is a situation where investors can take action to make a
profit. One of the toughest parts of being an investor is finding the next opportunity to make it big in business. There
is always another opportunity coming down the road, but their job is to distinguish the good ones from the bad ones
and make smart business decisions that will set them or their startup ahead in the long run It is inferred from the
table that financial background of the family i.e. “Well to do family’ secured the first rank in Rural and Urban areas
and second place in Semi urban area with the overall average score of 3.2926. The overall second rank packed by
‘Skill in potential field’ with an average score of 3.1659. This variable occupied the first place in Semi urban areas.
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‘Liberal views/attitudes’ showed the third position with an average score of 2.7686. ‘Entrepreneurial developing
agencies’ was in the fourth rank with an overall average score of 2.9170. The conducive atmosphere was sixth rank
with an average score of 2.64419. ‘Well-to-do family’, ‘Skill in the potential field’, and ‘Liberal views/attitudes’ are the
golden opportunities available for establishing and promoting small-scale industries in the Coimbatore district.

Threats to Small-Scale Industries

Entrepreneurship is an exciting adventure, albeit a stressful one. Their business houses may face ups and downs,
achievements and challenges, and more twists and turns than you could ever expect. The people may come and go,
competitors rise and fall and core idea may undergo an evolution until it's almost unrecognizable. But despite all
those obstacles, stressors, and points of vulnerability, the riskiest and most dangerous part of entrepreneurship is
what can happen to their business and what can happen to the investors. There are several personal risks also taken
on when they become entrepreneurs, and none of them should be taken lightly. Almost every investor in small-scale
industries will inevitably face these risks. It is found that the biggest threat comes from large-scale industries. ‘Big
unit competition” was the foremost threat to small-scale industries. ‘Non-acceptance by the community’ secured
second place in the threats of small-scale industries with an average score of 3.1354. Shortage of capital leads to the
third major threat to the small-scale industrial units in Coimbatore with an overall average score of 3.1135. If the unit
possessesunder capital, it can’t do business in an expected manner. Rural and Semi-urban industrial units find it
difficult to mobilize the funds for their business. ‘Shifting place’ ranked fourth in threats with an average score of
2.8821. ‘Obsolescence of product technology’ was the seventh threattosmall-scale industries and finally ‘Lack of zeal
and enthusiasm’ stands the eighth place in threats tosmall-scale industries with an average score of 2.2358.

CONCLUSION

In the present study, an attempt has been made to examine the SWOT analysis of small-scale industries with special
reference to the Coimbatore District. It could be concluded that the ability to organize, fulfillment of achievement
motivation, technology up-gradation, and support from the customers have been significantly affected by the
various factors of production of small-scale industries in Coimbatore District. In this present situation, small-scale
industries have a lot of opportunities and threats. This study helps small-scale entrepreneurs to solve their threats
and use the opportunities in a better way to run the business in the long run.
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Besaian Investment Ceiling for Plantand machinery (Rs. in Lakhs)
1980 1985 1991 1997 1999 2005
Small Scale Industry 20 35 60 300+ 100++ 300
Ancillary Industry 25 45 75 - - -
+ employment of labour 10/20 less than 50/100 and turnover Rs. 200-600 lakhs.
++ SSIs with more than Rs. 1 Crore investment are not evicted.
Table 2. Classification of Micro, Small and Medium Enterprise (MSME) sector
Composite criteria Investment in Plant and machinery/equipmentand Annual Turnover
Classification Micro Small Medium
Investment in Plant and | Investment in Plant and | Investment in Plant and

Manufacturing and | Machinery or Equipment | Machinery or Equipment | Machinery or Equipmentup to
Service Sector | up to  Rslcroreand | up to Rs.10croreand | Rs.50 crore and
Enterprises Annual Turnover does | Annual Turnover does not | Annual Turnover does not
not exceed Rs. 5 crore exceed Rs. 50 crore exceed Rs. 250 crore
SOURCE: Ministry of Finance
Table 3. Sample Small Scale Industrial Units Of Coimbatore Covered By The Study
SI.No Description Universe | Sample Units
1 Agro& Forest Based 971 97
2 Engineering & Allied 664 66
3 Textile & Polymer Based 640 64
4 Leather & Leather Based 568 57
5 Chemical Based 420 42
6 Miscellaneous 857 86
Total 4120 412
Table 4. Average Score Per Respondent in Respect of Each Strength
Strength Rural Semi -Urban Urban Overall
Score Rank Score Rank Score Rank Score Rank
Commitmentand |, /o 1 22065 8 21801 8 23013 6
dedication
Employee attitude 2.2545 7 2.9381 3 2.9118 3 2.7424 4
Contacts 3.3818 2 3.5575 1 3.5625 1 3.3406 1
Family support 2.5818 4 22124 7 2.2353 7 21747 8
Easy loans 2.3545 6 3.2714 2 3.2721 2 3.0524 2
Intuition 2.5455 5 2.7906 4 2.7647 4 2.7467 3
More qualitative 3.1909 3 2.3009 6 2.2831 6 21921 7
Grace and charm 2.2455 8 2.7227 5 2.7096 5 2.6463 5
Table 5. Average Score Per Respondent In Respect Of Each Weakness
Weakness Rural Semi-Urban Urban Overall
Score | Rank Score Rank Score Rank Score Rank
Lack of mobility 3.0636 | 3 3.1386 3 3.1507 2 3.1179 3
No idea of business 2.1909 | 8 2.233 8 22132 8 22707 6
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No calculated risk 29182 | 4 2.8673 4 2.7941 4 2.7817 4
Lack f in- h
ack ~of —in-depth | 5 0>73 | 4 3495 |1 35515 |1 34978 |1
knowledge
\?vaeﬂ”c’t handle crises |, 075 | 7 2.2448 7 22316 7 2262 7
Less innovation due | ;00 | 32004 |2 3114 3 31266 |2
to lack of interaction
Delay in getting loans | 2.7727 | 5 2.6608 5 2.6213 5 2.6987 5
conscious of society’s |, ,qng | 6 23000 |6 2.3162 6 222711 |8
attitude
Table 6. Average Score Per Respondent In Respect Of Each Opportunities
Opportunity Rural Semi -Urban Urban Overall
Score Rank Score Rank Score Rank Score Rank
Good education 2.70901 6 2.649 6 2.5368 6 2.6725 5
Well to do family 3.0727 1 3.0649 2 3.2537 1 3.2926 1
_ Liberal 28645 4 27847 4 27647 4 2.7686 3
views/attitudes
Urban area 2.1636 8 2.2271 7 2.2537 8 2.3668 8
Conducive 2.8545 5 27611 5 2.739 5 2.6419 6
atmosphere
Skill in potential field | 3.0828 2 3.1593 1 3.0919 2 3.1659 2
Help of family 3.0818 3 22212 8 22757 7 2.3799 7
members
Entrepreneurial 2.8364 7 29233 3 27684 3 2917 4
developing agencies
Table 7. Average Score Per Respondent In Respect Of Each Threats
Opportunity Rural Semi -Urban Urban Overall
Score | Rank Score Rank Score Rank Score Rank
Big unit competition 3.4455 1 3.6195 1 3511 1 3.4061 1
Lessdemand for SSP's |, op)e | 5 2.2389 7 22574 7 22533 6
products
Shortage of capital 3.3818 2 3.2891 2 3.0515 3 3.1135 3
Shifting place 2.5818 2.7434 2.6985 4 2.8821 4
Lack of zeal and 23545 | 6 23746 6 2.25 6 22358 8
enthusiasm
Giving up duetofamily |, o\eo | g 2,646 5 26838 5 27642 5
obligation
Non-acceptance by | ;5 1g09 | 4 3.2065 3 31213 2 31354 2
community
Obsolescence of product | , )00 | g 22242 8 22206 8 22969 7
technology
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ABSTRACT

Obesity is a rapidly growing health issue nowadays and one of the reasons leading to this global issue is
the changed lifestyle and dietary habits. Obesity is also the root cause of various other diseases such as
diabetes mellitus, cardiovascular diseases, hypertension, asthma, and even some types of cancers. Due to
the association with such diseases, people often treat obesity with different chemical-based drugs, which
can have long-term side effects as well. This has brought plant-derived medicines into the limelight due
to their low side effects and easy availability. Gymnema sylvestre is one of those medicinal plants which is
has been extensively used in ayurvedic medications since ancient times. Recently, the potential of this
plant has been explored for antimicrobial, anti-inflammatory, and anticancerousproperties and is
recommended as a supplement or medicine to reduce the problem of obesity. This review targets to
summarize the phytochemistry G. sylvestre along with its potential to treat obesity.

Keywords: obesity, Gymnema sylvestre, phytochemicals, pharmacological.

INTRODUCTION

Medicinal plants are the key to drug discovery and an important source of modern medicine. The plant kingdom is
an exchequer of potential pharmaceuticals, and afresh there has been an increase in the awareness of the significance
of medicinal plants. It has been a well-established fact that almost 25% of the medicines are derived from plants, yet
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there are only 15% of plants are explored for their medicinal uses [1]. Today, the botanical medicines, have been
studied on a large scale by scientists worldwide to provide effective therapeutic potentials such as anti-diabetes, anti-
cancer, immunomodulatory and anti-obesity, hypertension, etc.Botanical medicines are readily available, cheap, safe,
and effective, and have very few side effects owing to the extensive use of medicinal plants to find new drugs with
therapeutic effects.

The knowledge about the chemical properties of plant is necessary for discovering new therapeutic properties of that
plant and it’s use in various medical fields. Medicinal plants contain some natural mixture of compounds that have
distinct anatomical effects on humans, and these known physiologically active constituents are tannins, alkaloids,
carbohydrates, terpenoids, steroids, and flavonoids which are essential for various medicinal purposes [2]. These
active compounds are results of primary and secondary metabolites of the plant. The molecules including amino
acids, sugars, tricarboxylic acids, or Krebs cycle intermediates, proteins, polysaccharides, and nucleic acids are
examples of primary metabolites. A variety of chemical substances created by plant cells through metabolic
pathways descended from the core metabolic pathways are referred to as "secondary plant metabolites” [17]. Most of
secondary metabolites are widely used in human therapy, veterinary medicine, agriculture, scientific research, and
numerous related fields [3]. Healing herbs like basil, mint, parsley, cilantro, etc. are a versatile source of natural
antioxidants and different bioactive compounds.Nowadays, the utilization of herbal remedies in the treatment of
various diseases is gaining popularity due to their safety and almost no side effects. Since ancient times, herbal
medicines have been widely used in India, China, and other countries to treat a variety of ailments. It has been seen
that more than 800 traditional herbs have been used to treat major health issues like obesity and diabetes [4].

According to the data available, today, due to the lifestyle changes and environmental factors, obesity has become
one of the most fast-growing diseases in the world. Obesity can give rise to trouble for more serious deep-seated
diseases like asthma, Type 2 diabetes, obstructive sleep, cardiovascular disease, hypertension, mental issues, and
cancer [5]. According to World Health Organization (WHO; 2016), 13.1% of the world's population was obese and
38.9% of the population was overweight, compared to 4.7% and 21.5%, respectively, in 1975, according to data from
the Global Health Observatory (GHO) [42]. For several patients, obesity is a chronic illness that lasts for a long period
of their entire lives. The sluggish progression throughout adulthood is one of its defining features in most people,
while some are characterized by relapses after periods of bodyweight stability or transient decrease of weight. The
causes of obesity can be genetic, metabolic, environmental, and behavioural problems which thereby assist in the
spread and emergence of obesity [6]. WHO claims that the frequency of obesity is rapidly increasing worldwide, to
epidemic proportions, at an alarming rate. Overweight and body mass index (BMI) are two important indications of
obesity, the International Obesity Task Force estimates that 800 million individuals globally are overweight (BMI 25-
29.9 kg/m2) [7]. While appetite suppression can lessen the discomfort of enduring hunger and make the process
easier, many individuals try to prevent obesity or lose weight by eating less. However, the accompanying hunger
may cause people to overeat later. There are many hormones and neurotransmitters which help in the regulation of
metabolism in the body, some of which are Neuropeptide Y (NPY) and Pro-opiomelanocortin (POMC)
neurotransmitters, and hormones, including leptin, insulin, a-Melanocyte stimulating hormone, they all are
regulated by edible and medicinal plants, which together can affect hunger and feeding behaviour [8].

The use of plants as medicines predates the earliest written records in human history. A body of knowledge relating
to the healing powers of the local flora can be found in almost all cultures around the world [11]. Effectiveness, or
potency, of the plants used for healing, i. e., biologically active ingredients, storage conditions that ensure the active
ingredients are preserved for a reasonable amount of time, and adequate concentrations of active ingredients that are
not toxic are all requirements. Additionally, contemporary medicine may discover some crucial principles to create
new therapeutic agents [12]. The evolution of human culture has been greatly influenced by medicinal plants.Many
modern pharmaceuticals are also indirectly derived from plants, as well as numerous traditional medicines, mainly
come from herbal medicines. The significance of both conventional and modern medicine in human disease control,
detection, medications, and ailments is well illustrated [13]. Herbal remedies, which are widely acknowledged to be
efficient against a variety of diseases, are becoming more and more popular around the world. More importantly,
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they are widely accessible at reasonable prices and are not known to have any overtly negative effects. Synthetic
medications are frequently tainted with side effects and adulterated in developing nations, in addition to being
costly and ineffective for the treatment of diseases. Consequently, different treatments have developed in various
parts of the world. A major topic of debate around the world is the traditional medical system. Scientific studies have
looked into the potential medicinal uses of many of the plant species that are considered to be medicinal herbs [14].
Various herbal plants have been discovered for the various medicinal products to be made. The natural sources of
around 35% of these medications, including plants (25%), microbes (13%), and animals (about 3%), are: Natural-
derived goods are a crucial source for multinational pharmaceutical corporations engaged in the research and
development of novel medications [15]. The WHO has identified 21,000 plants that are widely used for medical
reasons around the world, in which about 2500 species have been found in India, and biopharmaceutical companies
exploit 150 of them commercially on a sizable scale as conventional medicine. India, which holds the title of "the
botanical garden of the world," is the largest producer of medicinal herbs [16].

Gymnema sylvestre (Family Asclepiadaceae) is a large, woody, and fanned rambler, distributed in rainforests and the
semitropic regions of the globe. It is considerably used in traditional systems of drugs and is mentioned in the
ancient literature of Australia, Japan, Vietnam, and India [9]. It is commonly known by the name ‘Gurmar’. The
leaves of Gurmar contain lupeol, amyrin, stigmasterol, Chlorophyll, wax, dihydroxybutanedioic acid, Gymnemic
acids (an anti-sweetening constituent), and a mixture of saponins, derivatives of anthraquinone, alkaloids, and
trimethylamine [10]. Due to this richness in secondary metabolites, this plant has significant effects that include anti-
diabetic, anti-inflammatory, hypoglycaemic, antihyperlipidemic, anti-cancerous, anti-microbial, and antioxidant
properties. Moreover, by inhibiting the major protease enzyme termed 3CLpro, which is crucial for viral replication,
the bioactive components of G. sylvestre have also been demonstrated to be an effective treatment for COVID-19 [43].
So, considering this plant as an antiobesity agent we can reduce the problem of overweight with no side effects on
other parts of body. This review tends to summarise the potential of this plant as an antiobesity agent.

Phytochemistry of Gymnema sylvestre

The therapeutic benefits of herbs are based on composition of different bioactive components it has. One can more
fully understand a plant's potential medical advantages by being aware of its chemical composition. The significance
of major plant metabolites in fundamental biological mechanisms, including development, storage, cell division,
reproduction, and respiration has been explained by contemporary chemistry. They consist of the elements that
make up procedures like photosynthesis, the Krebs or citric acid cycle, glycolysis, and related pathways [17].

G. sylvestre (GS)plant is widely used for its ayurvedic properties to cure diabetes, control the cholesterol level, and is
also effective in the treatment of obesity. Various studies have already been registered for its anti-diabetic effect but it
is now being explored for its other aspects, especially its anti-obesity effect which is thereby helpful in lowering
various problems and diseases. The leaf extract of G. sylvestre is the hub of various phytochemicals that are important
for reducing various kinds of diseases and their treatment. Even though it was initially very difficult to isolate these
labile substances, roughly 20 different oleanane-type glycosides have now each been identified as sweetness-
inhibiting components [18]. Stigmasterol, Gymnemic acids, quercitol, saponins, the amino acid derivative of betaine,
trimethylamine, and choline, are among the G. sylvestre bioactive compounds, which are used to treat a variety of
disorders [19]. As referred in (Table 1), Stigmasterol has been found to have anti-inflammatory, antioxidant, and anti-
tumor properties [39]. Gymnemic acids are believed to have anti-diabetic properties by inhibiting glucose absorption
in the intestine and stimulating insulin secretion. They may also help in reducing food cravings and appetite [10].
Quercitol is a type of sugar alcohol that has been shown to have antioxidant properties [44]. Saponins are plant
compounds that have a wide range of pharmacological properties, including anti-inflammatory, anti-cancer, and
immune-modulating effects [1]. Betaine is a naturally occurring amino acid derivative that has been shown to have
anti-inflammatory and antioxidant properties [45]. Trimethylamine is a metabolic product of choline and has been
linked to the development of cardiovascular diseases [45]. Choline is an essential nutrient that plays a role in various
physiological processes, including the synthesis of neurotransmitters and cell membranes [39]. The albumin,
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alkaloids, carbohydrates, resins, chlorophyll, tartaric acid, butyric acid, derivatives of anthraquinone, calcium
oxalate, paraben, cellulose, lignin and chemical-free acid, are all present in the leaves of G. sylvestre [19].(Table 1)
(Table 2) Anthraquinones, flavones, butyric acid, formic acid, pentatriacontane, resins, hentriacontane, chlorophylls,
phytin, amyrin-related glycosides, and tartaric acid are other plant components. Numerous acylated
(methylbutyroyl, tiglolyl, etc.), a 3-O-glucouronide of gymnemagenin (3, 16, 21, 22, 23, and 28-hexahydroxy-olean-12-
ene), derivatives of deacylgymnemic acid (DAGA) are found in gymnemic acids. Gymnemosides A to F, Gymnemic
acids | to VII, and Gymnema saponins are the several gymnemic acids (saponins). Gymnemasins A, B, C, and D, four
brand-new triterpenoid saponins, were discovered in the leaflets of G. sylvestre (Table 1). Gymnemaol, a brand-new
chemical that is an aglycone, was described. Gymnestrogenin, a novel pentahydroxytriterpene, has been found in the
leaflets of G. sylvestre [9]. There are plenty of minerals found in G. sylvestre that are calcium, magnesium, zinc, copper
and many more. (Table 2).

Pharmacological effects of Gymnema sylvestre

Medicinal plants usually possess as number of secondary metabolites and chemicals which are responsible for their
specific bioactivities against different disease and medical conditions. The phytochemical composition of Gymnema is
discussed in the table 1 and two and all of these bioactive compounds have been studied extensively for their
pharmacological effects through different model systems (Figure 1).

Anti- diabetic activity

The primary medical benefit of this plant as a diabetes preventative medication. Since the 1930s, extensive study has
been conducted on Gymnema, and both type 2 and type 1 diabetes have showed promising outcomes. About 8
decades ago, there was the first scientific confirmation of human use of G. sylvestre leaf, when diabetics discovered
that it reduced urine sugar levels [19]. Gymnemic acids, Gymnemasaponins, and gurmarin are three types of
triterpenes saponins that the herb uses to explain its delicious inactivation property [10]. Gurmar leaf powder can be
determined to be beneficial in decreasing fasting and postprandial blood glucose levels because no negative effects
on the patients' health were seen[9]. Gymnemic acids are a group of separated active components from G. sylvestre
that have a significant impact on blood sugar levels. Gymnemic acid combination lowers the rise in plasma glucose
level and prevents glucose absorption from the small intestine. Crude gymnemic acid and fractions separated from
the crude gymnemic acid using affinity chromatography responded differently in reducing blood sugar levels during
an oral glucose tolerance test [21].

Anti-arthritic activity

The anti-arthritic action of the leaves of G. sylvestre was observed in the Freund’s adjuvant induced arthritis in rats.
The standard drug used was Diclofenac sodium. It was observed that the petroleum ether and aqueous extract of G.
sylvestre has the anti-arthritic effect in all parameters as compared to the control. The nature of the steroids,
triterpenoids, and saponin glycosides in G. sylvestre leaves may be the reason for their more effective anti-arthritic
effects. To determine the active ingredient that has the anti-arthritic effect, a more thorough phytochemical profile is
required for this claim[22]. The group of rats that are treated with petroleum ether extract displayed a significant
decrease in paw swelling, which may have been caused by reducing the response of inflammatory cells or
preventing the release of mediators like cytokines (IL-Ib and TNF-a), Granulocyte-Macrophage Colony-Stimulating
Factor (GM-CSF), interferons, and Platelet-Derived Growth Factor(PGDF) that cause pain and disabilities brought on
by the destruction of bone and cartilage [10].

Anti-inflammatory activity

Long used in Ayurvedic medicine, the leaf of G. sylvestre is thought to be liver tonic, thermogenic, anodyne, acrid,
bitter, digestive, and anti-inflammatory. G. sylvestre's tannins and saponins, which are bioactive substances, are what
provide the plant its anti-inflammatory qualities [10]. Rats using the cotton pellet technique and having carrageenan-
induced paw oedema were used to test the aqueous extract of Gymnema leaves for its ability to reduce inflammation.
There were three different doses: 200, 300, and 500 mg/kg. Within 4 hours of administration, the 300 mg/kg dose of
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the medicine phenybutazone reduced the volume of the paw oedema by 48.5% compared to the recommended dose
[23]. This explains the effectiveness of the plant in this reducing inflammation.

Antimicrobial activity

Agar well diffusion was used to test a variety of extracts made using various solvents (Petroleum ether, Chloroform)
and extraction methods for their antibacterial activity [24]. Bacillus pumilis, Pseudomonas aeruginosa, B. subtilis, and
Staphylococcus aureus were all effectively combated by the ethanolic extract of G. sylvestre leaves, however Proteus
vulgaris and Escherichia coli were not [9]. Additionally, the leaves' modest efficacy against three pathogenic Salmonella
species was seen in their aqueous and methanolic extracts (S. paratyphi, S. typhimurium and Salmonella typhi) [23]. This
proves the efficacy of plant against various microbes and thereby help in the treatment of various diseases caused by
them.

Anti-hyperglycemic activity

Blood glucose levels are decreased by G. sylvestre extract, however not statistically significantly. Pancreas, liver, and
kidney regeneration were enhanced by Gymnema sylvestre extract. Oleanane, gymnemic acid, and gymnemasides are
only a few of the secondary metabolites found in G. sylvestre. For instance, gymnestrogenin and gymnemagenin have
anti-hyperglycemic qualities. The hypoglycemic effects of gymnemic acid impact may be explained by the
improvement in pancreatic insulin production and islet cell regeneration [19]. Mice studies are being conducted to
determine the hypoglycemic effects of a methanol extract of G. sylvestre leaves that contained a crude saponin
fraction and 5 triterpene glycosides (Gymnemic Acids I-1IV and Gymnemasaponin V). with diabetes caused by
streptozotocin (STZ) [25].According to preliminary research, G. sylvestre leaf extract decreases blood glucose levels in
healthy fasting, glucose-fed hyperglycemic, and diabetic rats when compared to animals given a placebo. The
additional data showed that the 200 mg/kg PO (PO = per os, meaning "by mouth") effective dose of the extract
produced the greatest glucose suppression after two hours of treatment [38].

Antioxidant activity

Due to their ability to stop oxidation even at low concentrations, antioxidants possess a range of physiological
consequences on the body. The plant material's antioxidant components work as radical scavengers and aid in the
transformation of radicals into less reactive forms. Plants include a wide range of antioxidants that can scavenge free
radicals[26]. G. sylvestre contains a variety of antioxidants, including flavonoids, alkaloids, tannins, cinnamic acid,
phenols, folic acid, ascorbic acid, butyric acid, tartaric acid, etc. Ascorbic acid, an antioxidant, neutralises hydroxy!l
and super oxide radicals, demonstrating both its antioxidant properties and its capacity to absorb blood sugar [27].
This plant's ethanol extract displayed higher antioxidant potential and considerable 1,1-diphenyl-2 picrylhydrazyl
(DPPH) radical scavenging activity. This plant was found to be more effective in scavenging DPPH radicals than
butylated hydroxyl toluene (BHT), and it was also discovered to prevent LDL oxidation in another study [1].
According to a study, G. sylvestre’s leaves had good scavenging activities along with good reducing activity.The total
phenolic and flavonoid content estimated in that study were 19.87 + 0.32 mg/g and 2.65 + 0.12 mg/g respectively [37].

Hypolipidemic activity

Obesity and high lipid levels in the body are associated with type 2 diabetes. A drug that controls diabetes effectively
must therefore also have hypolipidemic qualities[19].To reduce increased serum triglycerides, low-density
lipoprotein (LDL), very low-density lipoprotein (VLDL), and total cholesterol, is affected by dosage, leaf extracts
were given to hyperlipidemic rats for two weeks. The effectiveness of the drug derived from G. sylvestre was
approximately scale with that of a normal lipid-lowering drug [9]. In a different investigation, rats showed a dose-
dependent rise in faecal cholesterol and bile acid excretion from cholic acid. In 3-week experiment, rats given an
extract of G. sylvestre leaves had less apparent fat digestion and more neutral and acidic steroids excreted [28].

Anticancer Activity
Numerous saponins originating from plants, such as saikosaponins, soyasaponins, and ginsenosides, have been
revealed to have potent anticancer properties. Gymnemagenol's anti-cancer potential was assessed in vitro using
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HelLa cancer cell lines [10]. The human breast cancer cell line MCF7 and the human lung adenocarcinoma cell line
Ab549 are resistant to the alcoholic extract of GS. Additionally, the intestinal breast cancer resistance protein has been
demonstrated to show that it can be inhibited by the alcoholic extract of GS (BCRP)[23].

Anti-obesity activity

A bright future for the treatment is offered by plant-based medicines for cardiac disease because synthetic
medications are constrained in their ability to cause side effects. Preparations containing gymnemic acids have
demonstrated anti-obesity benefits [10]. Gymnema may help with weight loss by lowering sugar yearning and
controlling blood glucose. Gurmarin is a peptide that interacts with the unsweetened and sugary receptors in the
tongue, momentarily impairing taste and reducing the desire for sweets [19]. G. sylvestre aids in the promotion of
weight loss, perhaps through lowering sugar cravings and regulating blood sugar levels. The perception of sweet or
bitter flavours is reportedly inhibited by the gurmarin peptide, which lowers the craving for sweets. Hunger, Body
weight, lipid profiles, serum leptin, body mass index (BMI), and excretion of fat metabolites in urine can all be
monitored over time, a standardised G. sylvestre extract along with chromium bound to niacin and hydroxy citric
acid, has been examined for its ability to combat obesity [9].

Gymnema sylvestre in obesity

Obesity is a chronic disorder, much like high blood pressure and atherosclerosis. a discrepancy between the energy
used for eating and the energy exerted is the etiology or cause of obesity. Expanded fat cells generate the medical
issues brought on by obesity due to the weight or quantity of extra fat, or as a result of larger fat cells producing
more free fatty acids and more peptides[29]. The above mentioned two pathways also contribute to the development
of diabetes mellitus, osteoarthritis, heart disease, gallbladder disease, and a few kinds of cancer [30]. Numerous
physical and behavioral issues are part of the spectrum of medical, social, and psychological limitation (Figure 2).

The epidemic of the twenty-first century is obesity and the related condition type 2 diabetes mellitus. It is
characterised by an increased ability of adipose tissue to store triglycerides, or fat molecules, leading to insulin
resistance. Obesity, diabetes, and gymnemic acids are related. There is a connection between gymnemic acids,
diabetes, and obesity. All three are connected. Therefore, both disorders can be treated with the same drug. Obesity
is the major result of the build-up of fats and carbs. Gymnemic acids prevent the body from gaining weight from
"empty calories" by preventing carbs from sticking to gut receptors. Acids assist in managing diabetes by following a
similar procedure to that which was previously explained for carbohydrates [28].

G. sylvestre is consumed so as to reduce the consumptions of sweet as it has anti-hyperglycemic potential. Weight
loss is possible when there is a sustained calorie deficit in diet. The herb G. sylvestre may aid in weight loss and stop
weight gain. It might encourage calorie restriction [40]. G. sylvestre’s hexane fraction was utilised to treat Sprague-
Dawley rats for induced obesity. After 45 days of treatment, a significant (P0.001) decrease in increased body weight
and temperature brought on by obesity was seen [41]. GS extracts are given as an antiobesity supplement in High fat
induced mice to check its effect on the mice. It was observed that C-peptide levels in serum are raised as a result of
beta cells in pancreatic islets. In diabetic rats receiving streptozotocin (STZ) treatment, oral administration of GS
increased insulin levels while lowering blood glucose, glycated haemoglobin, and free fatty acid levels. Additionally,
GS showed antiobesity effects by reducing body weight increase and the levels of low-density lipoprotein (LDL)
cholesterol, triglycerides, and total cholesterol in the serum [31].

The impact of a saponin-rich fraction of an aqueous leaf extract from G. sylvestre R. Br. on mice with HFD. It studied
the anti-obesity effects of a saponin-rich fraction of an aqueous leaf extract of G. sylvestre R. Br. using mice that had
been made obese using a high-fat diet and cafeteria diet (SGE) for eight weeks. SGE was given orally to the treatment
group once a day at a 100 mg per kg body weight as a dosage. It considerably lowered body weight, food intake,
visceral organ weight, very low-density lipoprotein, low-density lipoprotein, triglyceride and total cholesterol levels,
glucose levels as well as and the atherogenic index, while significantly raising high-density lipoprotein levels [32].
Anti-obesity effect is studied by the inhibition of lipase. 1, 2, 3, and 4 ml of the juice in various concentrations were
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taken as the sample, and they were mixed with 1000ul of lipase, 400ul of phosphate buffer, 8000ul of olive oil with 60
minutes of incubation. by adding 1.5 cc of a 95% ethanol/acetone combination, the process was stopped (1:1). The
solution's released fatty acids were detected by the emergence of pink hue from yellow colour and the solution is
titrated against 0.02 M sodium hydroxide. Then, it was determined what proportion of lipase activity was inhibited
[33]. Effect of GS extract on C57BL/6J mice. Using high performance liquid chromatography, methanol was extracted
from the dry GS powder, and Deacyl gymnemic acid was thereafter accepted as gymnemic acid. C57BL/6J mice
(male) were fed a regular diet, a standard diet which contain 1 g/kg of G. sylvestre (GS+CON), a HFD, or a high-fat
diet containing 1.0 g/kg of G. sylvestre (GS+HFD) for four weeks to test the early anti-obesity effect of G. sylvestre. The
methanolic extracts of G. sylvestre illustrates significant anti-obesity benefits in the GS+HFD group [34].

CONCLUSION

G. sylvestre has a diverse variety of bioactive compounds that can be explored for its various properties. The main
concern in today’s generation is obesity as the lifestyle, food habits are all changing rapidly and are not healthy. The
obesity can lead to various other associated diseases such as hypertension, diabetes, asthma and many more. More
we explore the medicinal plants, more is the dependence on allopathy will be reduced, thereby helping in the
treatment without any side effects to the body. This could be a boon in the field of therapeutics. Due to the
antiobesity potential of G. sylvestre, it can be used as a medicine to reduce global issue of overweight and obesity.
Recently, its potential for treating COVID-19 has also brought this plant in limelight. In order to increase its utility, it
must be properly produced into therapeutic formulations and its long-term use must be strictly controlled. The
proper knowledge about the plant is very important so as to consume it for treatment of various medical issues and
consuming it in various forms like powder, extract and other. Therefore, the plant should be explored thoroughly
but sustainably for its maximum potential and future use.
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Table 2: Quantitative composition of phytochemical and minerals in G. sylvestre extract.

Name of the Phytochemical and mineral

Quantity obtained from

No. g . Ref
S.No obtained from the plant extract qualitative analysis eferences
(mg/100g)
1. Alkaloid 46 [20]
2. Terpenoid 1219.47 [20]
3. Gymnemic acid 2509.2 [20]
4, Magnesium 592.40 [36]
5. Calcium 1542.63 [36]
6. Copper 12.71 [36]
7. Zinc 21.80 [36]
camE
Gymnema \ / -
sylvestre - Obeslly »—» Brealbing

Figure 1: Medicinal Properties of Gymnema sylvestre

Figure 2: Obesity and

problems.

related clinical health
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ABSTRACT

To determine the association between yield and other yield-related traits as well as among the yield
contributing traits and to partition the correlation coefficients in to effects of direct and indirect causes in
order to predict the most reliable characters for effect in F3s and BIPs of bhendi, a study was conducted
at the Genetics and Plant Breeding Farm, Department of Genetics and Plant Breeding, Faculty of
Agriculture, Annamalai University during 2017 and evaluated in 2018 using a randomized block design
with three replications. Finding out the key characteristics that directly and indirectly influence the fruit
production in bhendi is important since it will make it easier to develop a genotype that is appropriate
for a particular environmental condition. In this experiment, observations were made on seven
guantitative traits. In order to clarify the significance of observed features on exerting simultaneous
selection for more than one character, the data were subjected to association and path coefficient studies.
The study revealed the importance of traits viz., Days to 50 per cent flowering, Plant height, Internode
length, Number of branches per plant, Number of fruits per plant, Fruit girth, Fruit length. Hence,
selection involving these traits would be of greater significance in enhancing yield of bhendi and these
traits could be used as indices for simultaneous selection involving multiple traits for enhanced
productivity of bhendi.

Keywords : okra, friting, yield
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INTRODUCTION

Bhendi (Abelmoschus esculentus), also referred to as okra in India is regarded as the supreme and versatile vegetable
crop prized for its tender, green fruits. Bhendi, a constituent of the Malvaceae family. Okra's tender fruit can be
added to salads and soups and is eaten as a vegetable. Okra has been referred to as "a perfect villager's vegetable"
due to its durability, dietary fibre, and unique seed protein balance of both lysine and tryptophan amino acids. High-
quality protein is abundant in okra seeds. When administered as a blood volume expander or plasma substitute,
okra mucilage has therapeutic uses (Habtamu Fekadu Gemede et al., 2014).The information about correlation among
different components of yield is necessary for designing efficient plant breeding programme through selection and
for simultaneous improvement of yield components. Correlation coefficient analysis measures the mutual
relationship between various plant characters on which selection can be based for improvement of yield. Path
coefficient analysis is helpful in partitioning the observed correlation coefficient into direct and indirect effect and
their effective use in selection programme.

MATERIALS AND METHODS

The present investigation was carried out at the Plant Breeding Farm, Department of Genetics and Plant Breeding,
Annamalai University from October 2017- July 2019. The experimental material consisted of F2 seeds of three cross
combinations. By intermating the randomly chosen F2's as females and males, Biparental progenies (BIPs) were
obtained. The three cross combinations are Hisar Unnat / Parbhani (cross 1), Kranti Ankur 40 / Hisar (cross 2), Unnat
Basanthi / Parbhani Kranti (cross 3). during October 2017 to January 2018,F2 plants of about 200 plants from each of
the three cross combinations were grown on a non-replicated trail with a distance of 45cm between rows and 30cm
between plants. To generate the F3 generation. A randomised block design with three replications was used to set up
the experiment. The experimental plot was extensively prepared to create beds and furrows on which double rows of
seeds were sown, keeping a spacing of 45 cm between rows and 30 cm between plants. As recommended, uniform
agronomic practices were implemented. Then all the quantitative characters were recorded and subjected to
correlation and path coefficient analysis.

RESULT AND DISCUSSION

The phenotype of the plant is the result of interaction of a large number of factors. Therefore, yield is sum total of the
effects of several component characters and polygenically controlled trait. The influence of these characters can be
known through correlation studies. Correlation coefficients measure the magnitude of direction of association among
the characters. Genetic correlation among different characters of a plant often arises because of either linkage or
pleiotrophy (Harland, 1939).There may not be any gene for yield as such but operates only through its components.
Hence, the study of character association through correlation will help in selecting the yield attributes (Sivaprasad,
2008).In this present study, in cross 3, positive non-significant association of plant height with fruit girth, number of
fruits per plant with fruit girth, fruit girth with fruit length, fruit girth with fruit length and fruit length with fruit
yield per plant was recorded in Fs's which was recombined as positive significant correlation in BIPs. The negative
relationship in Fs’s for plant height with internode length, number of fruits per plant with fruit length altered as
positive significant association in BIPs of cross 3. In cross 2, positive non-significant association in Fs’s for days to 50
per cent flowering with number of fruits per plant and number of fruits per plant with fruit yield per plant changed
as positive significant association in BIPs. The negative association in Fs’s for internode length with number of fruits
per plant, fruit length with number of fruits per plant shifted to positive association in BIPs. In cross 1 the negative
non-significant association of days to 50 per cent flowering with number of fruits per plant and internode length with
fruit yield per plant in Fs's recombined as positive significant correlation in BIPs, the non-significant positive correlation in
Fs's for days to 50 per cent flowering with internode length, number of fruits per plant with fruit girth and plant height
with fruit length changed as positive significant correlation in BIPs.A comparison of correlation coefficients in BIPs and
F3's revealed that many significant correlations were made in BIPs compared to Fs's. The results are similar to the
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result of Yunus et al. (1982) in bread wheat, Rudra Naik et al. (2008) in safflower and koliet al. (2012) in rice.Thus, in
this present study, it is noted that when compared to Fs’s, BIPs changed in magnitude and direction due to gene
reshuffling and breakage of linkage due to biparental intermating in early segregating populations. These
observations are similar to the results of Somashekar Guddadamath (2010) and Koliet al. (2018).A comparison of the
direct and indirect effects of various characters on fruit yield in Fs's and BIPs populations revealed that the change in
the nature and degree of association amongst various characters was accompanied by the change in their direct and
indirect effects. In the present investigation, in cross 3, the direct effect on fruit yield per plant through internode
length and fruit girth were positive and non significant in F3’s which changes as positive and significant in BIPs. In
F3's of cross 3, internode length with fruit length, fruit girth with plant height and fruit length with fruit yield per
plant recorded positive non-significant indirect effects which changed to positive indirect effect in BIPs.

In F3’s of cross 2, positive non-significant direct effect of fruit girth on fruit yield per plant changed as highly positive
direct effect in BIPs and negative non-significant direct effect of fruit length in Fs’s changed as positive significant
effect in BIPs. The positive non-significant indirect effect of internode length with number of fruits per plant, fruit
girth with days to 50 per cent flowering changed to positive significant indirect effect in BIPs. In Fs's of cross 1,
positive non-significant direct effect of internode length on fruit yield per plant and negative non-significant direct
effect of number of fruits per plant on fruit yield per plant changed as positive significant direct effect in BIPs. But it
is also noted that favorable direct effect in Fs’s for fruit yield per plant through fruit length becomes unfavorable
association in BIPs of cross 3 and the indirect effect of number of fruits per plant with days to 50 per cent flowering
was positively significant in Fs which become negatively non-significant in BIPs. Thus, it is noticed that in the present
investigation, BIPs showed desirable as well as undesirable association for some characters. Hence selection may be
restored after one or two cycles of intermating, which may lead to favorable association further by breaking the
linkages of undesirable combinations. The residual effect were low in BIPs compared to Fs’s, thus indicated that the
selected traits accounted for the genetic improvement for fruit yield per plant. A comparison of correlation
coefficient among the characters between F3's and BIPs revealed either positive or negative non-significant
association for most of the characters in Fs's of cross 3 and cross 2 got transformed into positive association in BIPs.
This change may due to the fact that the unfavorable linkages in repulsion phase might have changed into coupling
phase linkage due to intermating.But however, some of the favorable direction of association in Fs for the character
days to 50 per cent flowering with number of fruits per plant changed as unfavorable direction in BIPs of crosses
Basanthi / ParbhaniKranti. This may due to reshuffling of genes in the undesirable direction.Path analysis also
confirmed that intermating tend to shift direction of direct and indirect effects. In BIPs of the cross Basanthi /
ParbhaniKranti the traits viz.,internode length, fruit girth, number of fruits per plant showed influence on yield
through their considerable direct effects. This may due to breakage of undesirable linkages.

REFERENCES

1. Habtamu Fekadu Gemede, NegussieRatta, GulelatDesseHaki and Ashagrie Z. WoldegiorgisFekaduBeyene. 2014.
Nutritional qualities and health benefits of okra.Int. J. Nutrition and Food Sci., 14:29-37.

2. Harland, S.C. 1939. The genetics of cotton. Janardhan publication, London. 35-39.

3. Kaoli, N.R. and S.S. Punia. 2012. Effect of intermating on genetic variability and character association in aromatic
rice (Oryza sativa L.). Elect. J. PI. Breed., 3(2): 830-834

4. Koli, N.R., B.K.Patidar, Manoj Kumar and Sandhya.2018. Biparental mating: A system of intermating for creating
genetic variability in segregating generation for crop improvement.Int. J. Curr. Microbiol. App. Sci.,7(08): 3592-
3598.

5. Rudra naik, M., M.G. Bentur and K.G. Parameshwarappa. 2008. Impact of biparental mating on genetic
variability and path analysis in safflower. Karnataka J. Agric. Sci.,22(1): 44-46.

6. Sivaprasad, K. 2008. Genetic variability and correlation studies in biparental mating in populations of tomato
(Solanumlycopersicon (Mill.) Wettsd). M.Sc. Thesis, University of Agricultural sciences, Dharwad, India.

59126



http://www.tnsroindia.org.in

Indian Journal of Natural Sciences

Vol.14 / Issue 79 / Aug / 2023

International Bimonthly (Print) — Open Access

Shai Prasanna et al.,

www.tnsroindia.org.in ©[JONS

ISSN: 0976 — 0997

7. Somashekar Guddadamath., H. D. Mohankumar, B. Praveenkumar and K. Sujatha. 2010. Genetic analysis of
biparental mating and selfing in segregating populations of Bhendi (Abelmoschus esculentus(L.) Moench). Elect. J.
Pl. Breed., 1(6): 1500-1503.
8. Yunus, M. and R.S.Paroda. 1982. Impact of biparental mating on correlation coefficients in bread wheat.Theor.
Appl. Genet.,62(4): 337-43.

Table 1. Genotypic correlation coefficient among yield and its component characters in Fs's and BIPs of cross 1 in

Bhendi
Days to .
50 per Plant Internode Numper Fruit Fruit .Frun
Character . of fruits . yield per
cent height length girth length
. per plant plant
flowering
Days to fo Fs 1.0000 0.4526* 0.1215 00121 | 05352 | 03645% | 05635
per cen . . .
flowering BIPs 1.0000 04137 0.2836 0.3256 0.0212 -0.2563 0.2153
) Fs 1.0000 -0.3510 0.9824* 0.0924 0.1876 0.2943*
Plant height
BIPs 1.0000 0.2315 0.5793* 0.0452 0.4231* 0.5412%
Internode Fs 1.0000 0.9745* -0.3764* -0.2861* -0.0953
length BIPs 1.0000 0.1867 0.2534 -0.0534 0.3641*
Number of Fs 1.0000 00312 0.7523* 0.4532*
fruits per 00 0.2643* 0.1031 0.0534
plant BIPs 1.00 . . .
o Fs 1.0000 0.3494* 0.5465*
Fruit girth
BIPs 1.0000 0.5482** -0.2413
) Fs 1.0000 0.7967*
Fruit length
BIPs 1.0000 0.0522
Fruit yield Fs 1.0000
per plant BIPs 1.0000

Table 2. Genotypic correlation coefficient among yield and its component characters in Fs's and BIPs of cross 2 in

Bhendi
Days to
Character 50 per | Plant Internode Slfumf?ﬁ:ts Fruit Fruit Fruit yield
cent height length girth length per plant
. per plant
flowering
Days to 52 Fs 1.0000 0.7632% | 0.7234* | 0.0788 02547 | 02431 04657
er cen
?Iowering BIPs 1.0000 -0.2342 0.2615* 0.7865** -0.2435 | -0.5087** -0.1765
. Fs 1.0000 0.0634 0.7867** -0.1564 | -0.2341 0.0547
Plant height
BIPs 1.0000 -0.5645** 0.8975* 0.0785 0.1243 -0.8652**
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Internode Fs 1.0000 -0.5634* | -0.1323 | 0.3542** -0.1564
length BIPs 1.0000 0.2675* 0.0986 | 0.4886* -0.3340*
Number  of | 1.0000 -0.0897 | -0.1854 0.1213
fruits per 1.0000 0.0545 | 0.3587** 0.2564*
plant BIPs . . . .
o Fs 1.0000 | 0.2341 0.1874
Fruit girth
BIPs 1.0000 | -0.2765* 0.0098
) Fs 1.0000 -0.1675
Fruit length
BIPs 1.0000 -0.4885**
Fruit yield | Fs 1.0000
per plant BIPs 1.0000

Table 3. Genotypic correlation coefficient among yield and its component characters in Fs's and BIPs of cross 3 in
Bhendi

D N Frui
ays to 50 Plant Internode umber. Fruit Fruit .rUIt
Character per  cent . of  fruits | . yield per
. height length girth length
flowering per plant plant
Days to 52 Fs 1.0000 04562+ | -07813* | 05987* | 00634 | -0.6574* | -0.1906
per cen . . .
flowering BIPs 1.0000 0.4786** -0.2986 -0.2576* 0.1843 0.1978 -0.2985
. Fs 1.0000 -0.4998** 0.7462** 0.0845 0.1342 0.5331*
Plant height
BIPs 1.0000 0.2984** 0.9560** 0.2764* -0.4576** | 0.2651*
Internode Fs 1.0000 0.3246* 0.0785 0.3987** 0.3490**
length BIPs 1.0000 -0.1980 0.0896 -0.3986** | -0.4978**
Number of | 1.0000 00459 | -01080 | -0.1669
fruits — per 1.0000 0.2875* 0.2465*% 0.1878
plant BIPs . . . -0.
L Fs 1.0000 0.1576 0.5461*
Fruit girth
BIPs 1.0000 0.6985** 0.5813**
. Fs 1.0000 0.0523
Fruit length
BIPs 1.0000 0.3254**
Fruit vyield | Fs 1.0000
per plant BIPs 1.0000
*Significant at 5 per cent level **Significant at 1 per cent level
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Table 4. Genotypic pathways of correlation among yield and its component characters in Fs's and BIPs of cross 1

in Bhendi
(Residual effect of F3 = 0.0972and Residual effect of BIP =0.0434)
Days to
50 per | Plant Internode Number of L Fruit Fruit yield
Characters . fruits per | Fruit girth
cent height length length per plant
. plant
flowering
Days to 50 | F3 0.2678* -0.1541 0.1243 0.0542 -0.0073 0.0989 0.5874**
per cent
flowering BIP | -0.2618* -0.0267 -0.3709* -0.0754 -0.0978 0.5230** 0.2176
F3 0.1678 -0.3512* -0.2178 0.2967* -0.3098* -0.0573 0.2985*
Plant height
BIP | -0.0784 -0.8796** 0.1254 -0.4998* -0.4997* -0.3381* -0.5734**
F3 0.0457 0.0424 0.0576 -0.0254 -0.0085 0.0138 -0.9139**
Internode
length
BIP | 0.0712 0.0783 0.4878* 0.0978 0.0934 -0.0701 0.2786*
Number of | F3 0.0087 0.0223 0.0076 -0.0242 0.0042 -0.0734 0.6523**
fruits  per
plant BIP | 0.3425* 0.6231** 0.2489 0.7956** 0.8013** 0.0945 0.0312
F3 -0.0058 0.6334** 0.6703** -0.2354 0.6854** 0.2543* 0.4534**
Fruit girth
BIP | -0.2887* -0.5141** -0.1823 -0.8967** -0.8986** -0.4756* -0.2341
F3 0.1678 0.0856 -0.1490 0.3380* 0.1543 0.4278* 0.6867**
Fruit length
BIP | -0.1674 0.2113 -0.0432 0.3788* 0.3897* 0.7786** 0.4523*

Table 5. Genotypic pathways of correlation among yield and its component characters in Fs's and BIPs of cross 2

in Bhendi
(Residual effect of F3 = 0.0205 and Residual effect of BIP =0.0120)
Days to 50 Plant Internode Numper - Fruit Fruityield
Characters per cent . of fruits Fruit girth
. height length length per plant
flowering per plant
Days to 50 F3 1.4989** -0.5321 1.1287* 1.0897** 0.0865 0.3254 -0.4748*
percent | gip | 00463 0.0078 10,0085 0.0094 00756 | -00452 | -0.9897*
flowering
Plant heiaht F3 0.4997 -1.4657** 1.0897** -0.0765 -1.0945* 0.3265 0.0243
antheIgNt eip | 02875 | -1.1978** | 03186 | 06457 | -1.0785% | 01564 | -0.7980*
Internode F3 -0.4867 1.7862** -2.7813** 0.0082 1.0746** -0.0673 -0.3987
length BIP 0.1897 -0.3278 -0.7647** 0.4657* -0.1674 -0.3878 -0.1657
Number of F3 0.6985* -0.0674 0.0057 -0.9781* -0.0487 0.1755 0.1298
frui
rﬁsnﬁer BIP | -0.3897 07212+ | 08245¢ | -1.4980% | 06251 | -0.4769% | -0.6687*
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Fruit girth F3 0.0132 -0.0467 0.0062 -0.0451 0.2653 0.0598 0.1798
BIP 0.3564* 0.4875* 0.1546 -0.2543 0.6245** 0.1657 0.0069
Fruit length F3 -0.0465 0.0546 -0.0341 0.0376 -0.0576 -0.2465 -0.1587
BIP 0.1343 0.0673 0.1986 0.1276 0.0967 0.3879* 0.4876*

Table 6. Genotypic pathways of correlation among yield and its component characters in Fs’sand BIPs of cross 3

in Bhendi
(Residual effect of F3 = 0.0892 and Residual effect of BIP = 0.0159)
Days to .
50yper Plant Internode Numper Fruit Fruit .Frun
Characters . of fruits . yield per
cent height length girth length
. per plant plant
flowering
Days to 50 per F3 0.1254 -0.0298 0.0576 -0.0896 0.0641 -0.0785 -0.1879
cent flowering | BIP 0.2547 -0.1468 0.1056 -0.0498 -0.0531 0.2496 -0.2989*
Plant height F3 -0.1564 -0.6874** 0.2154 -0.3165* | 0.4675* 0.0784 -0.5346**
BIP -0.0534 -0.6512* -0.0783 0.0673 0.0934 -0.1434 0.5623**
Internode F3 0.0967 -0.0785 0.1989 -0.0893 0.0613 0.0259 0.3412*
length BIP -0.2876* 0.2876 0.5987** 0.1856 0.0632 0.8034** -0.4867**
Number of F3 0.2567 -0.1768 -0.1867 0.3387* -0.0793 0.0791 -0.1612
fruits per plant | BIP -0.0156 -0.3254** -0.0452 0.3723** 0.0061 0.0451 0.1895
Fruit girth F3 -0.0782 0.0227 0.0096 -0.0078 0.0276 0.0077 0.5782**
BIP -0.0894 0.4638** -0.0524 0.0452 0.3986** -0.6812** 0.5981**
Fruit length F3 -0.0672 0.0352 0.0164 -0.0078 0.0069 0.2789* 0.0612
BIP -0.0681 0.0735 0.0731 0.0734 0.0957 -0.0523 0.4612**

*Significant at 5 per cent level

**Significant at 1 per cent level
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ABSTRACT

Magnetic Resonance cholangiopancreatography (MRCP) may be a non-invasive medical imaging
technique, that is used to envision the biliary tract and duct gland duets. Prospective studies of forty
patients with clinical impression of biliary tract and duct gland with clogging jaundice of all cohort
square measure examined by 1.5Tesla Somatom(Siemens) resonance imaging machine. A complete of 40
patients were enclosed in the study. The age varies of patients from babe to older prevalence. The
common presentation was pain in the abdomen, a gift in most of the patients (92.5%) the foremost
common specific symptoms were icterus (72.5%), jaundice (60%), and loss of weight (32.5%), pruritis
(17.5%) and clay-colored stools (15%). Most of the cases in the malignant cluster had these symptoms.
These patients additionally gave a history of extirpation, yellow water, nausea, and vomiting. Overall,
fever was gifted at 57. 5% and mass abdomen were complained by 32. 5%. MRCP at the side of standard
MR imaging is very correct in crucial presence, level, and reason for obstruction. Moreover, MRCP is
non-invasive, performed chop-chop, free from hazards of radiation exposure and distinction
administration, and may demonstrate the ductal upstream of obstruction. MRCP can substitute ERCP on
a routine basis. This may depend upon improvement within the diagnostic accuracy of MRCP once an
extended series of patients' square measures are studied. Moreover, a cost-effectiveness assessment of
this system has to be self-addressed.

Keywords: MRCP, MRI, ERCP, Technique, Radiology, Jaundice.
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INTRODUCTION

Magnetic Resonance cholangiopancreatography (MRCP) may be a non-invasive medical imaging technique that uses
resonance to ascertain the biliary tree and exocrine gland duets. the use of a heavily T2W pulse sequence, which by
selection displays static or slow-moving fluid crammed structures as hill intensity square measures are developed in
recent years with innumerable variations. The quality of MRCP pictures has well increased with the recent
development of various 3-dimensional (3D) sequences. Similarly, the introduction of hepatobiliary distinction media
and hormone has enabled purposeful assessment of biliary excretion and thus the secretor duct gland, severally.
Accurate strategies of identification of exocrine gland illness and customary common bile duct in patients with
preventive jaundice square measure essential to each surgeon and endoscopist for coming up with an efficient
interventional strategy; and thus a desire for fewer invasive, safe, and sensitive procedures.

Non-invasive techniques like ultrasound square measure employed in preliminary investigations of
pancreaticobiliary illness. Ultrasound (USG) is sometimes used because of the initial investigation in patients
suspected of preventive jaundice and may be used for follow-up imaging modalities when treatment. Ultrasound
(USG) is non-invasive, lacks radiation exposure, is more cost-effective, and is widely accessible over the planet [1].
The ability of ultrasound has created accepted screening procedures inside jaundice patients to accurately
distinguish preventive jaundice. Identification of the anatomic website of obstruction and its cause is essential in the
management of the jaundice patient, whether or not ancient surgical therapies square measure contemplated or
newer "nonsurgical therapies like" radiologic strategies square measure instituted. But ultrasound for detective work
common bile duct calculi, which implies that the identification of many common conditions together with tumors
(benign and malignant), calculi, sclerosing redness, and chronic inflammation could need invasive procedures [2].
Invasive procedures like scrutiny retrograde cholangiopancreatography (ERCP), through thought of the gold
customary for the identification of exocrine gland biliary illness, need an extremely masterful team of supporting
personnel, for cannulisation of the exocrine gland and customary common bile duct, as conjointly the employment of
sedation and radiation[3]. Moreover complication rates, throughout and post-procedure, in terms of infection,
bleeding, inflammation, gall run, etc., are seen, in up to seven-member of patients, in extremely masterful hands.

MRCP has emerged as a potent non-invasive various to judge the pancreaticobiliary system. The shortage of would-
like for sedation, i.e. distinction and radiation exposure, and thus the advantage of it being non-invasive, able to
delineate lesions within the least levels in addition to being sensitive has created MRCP an important various to
ERCP.[3]

MRCP has a few supplemental blessings as follows:-

= Non-invasive imaging modality. = No radiation exposure. « No would like of distinction media. = Multiplanar
procedure complication. = It will show the biliary tract proximal additionally as distal to the extent of obstruction
[4].The pancreaticobiliary ductal system including the gallbladder was very well visualized with MRCP. The
pancreaticobiliary ductal system including the gallbladder was very well visualized with MRCP [5].

MATERIAL AND METHODS

This study has been conducted within the Department of Radiology & ImagingDown Town Hospital Pvt.Ltd and
Primus Diagnostic Centre. Patients lay low with varied diseases of the biliary tract and duct gland with preventive
jaundice of all age brackets and either wax enclosed during this study.
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METHODS

Resonance Imaging (MRI) examination was performed on a one 15T Somatom (Siemens Medical System)
exploitation SENSE body array coil. MRCP has performed exploitation of 2nd and 3D quick spin-echo sequences. In
the skinny block 3D (HR) technique pictures were taken in axial, chaplet, and oblique chaplet planes, and in the thick
block (Ssh MRCP) technique pictures were taken racially therefore on embody the complete portahepatis,
intrahepatic biliary radicals, and epithelial duct. Breath-hold techniques were supplemental to eliminate respiratory-
connected artifacts. The fat saturation technique was conjointly done to get a uniform complete suppression of noise.
When getting the info, supply pictures were reconstructed exploitation the most intensity projection (MIP)
algorithmic rule. 3-dimensional show and rotation of pictures were used. Further T1w and T2 weighted & different
relevant sequences are going to be obtained through the liver and duct gland and distinction tomography was done
where needed.

OBSERVATIONS AND RESULTS

The study comprised 40 proven cases of pancreaticobiliary tract unwellness that either attended OPD or were
admitted to Down Town Hospital and Primus Diagnostic Centre, Guwahati. All told the cases thorough clinical
history was taken followed by clinical examination. Relevant laboratory investigations like hemoprotein, serum, and
bilirubin, liver operation tests, and different relevant investigations were done, tomography and imaging
investigations performed were:

MRI

All the cases were subjected to routine tomography of the higher abdomen for pancreaticobiliary unwellness
followed by MRCP to gauge the presence, kind, and extent of the unwellness and different associated findings, if
any. Different relevant investigations like chest X-ray PA read, X-ray abdomen, metallic element meal follow through
and operative T-tube cholangiogram was done where indicated. The designation was finally confirmed by surgery
and/or histopathological examination or clinical follow-up. Tomography and USG findings were compared and
evaluated with operative/histopathological findings or clinical follow-up.

AGE AND SEX DISTRIBUTION

The age and sex distribution are shown in Table 1.

The age of the youngest patient was 7 years while that of the oldest was 77 years. The mean age was 50 years. The
majority of the patients were more than 30 years of age. There were 15 males and 25 females with a sex ratio being
0.60 (15/25).

DURATION OF JAUNDICE

It is depicted in table 2. A maximum number of patients presented with a duration of jaundice above 6 months
(37.5%). Only 3 patients presented with a duration of less than 1 month and 9 patients with a duration of jaundice
from 3-6 months. 15 patients did not give any history of jaundice.

CLINICAL PRESENTATION

The clinical presentation is shown in Table 3. Although the commonest presentation was pain in the abdomen, a gift
in most of the patients (92.5%) the foremost common specific symptoms were icterus (72.5%), jaundice (60%), loss of
weight (32.5%), pruritis (17.5%) and clay-colored stools (15%). Most of the cases in the malignant cluster had these
symptoms. These patients conjointly gave a history of excision, yellow water, nausea, and instinctive reflex. Overall,
fever was a gift in 57.5%, and mass abdomen was complained by 32.5%.
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DISCUSSION

The correct strategies for detective work canal and channel abnormalities in patients with preventative jaundice are
necessary for each surgeon and endoscopist. Biliary obstruction might even be the result of choledocholithiasis,
tumors, or trauma, among different causes. The foremost common cause of choledocholithiasis. ERCP remains the
gold commonplace for the action of constructing use of the biliopancreatic region. However, it needs direct
canalization of the common digestive fluid or duct, sedation, the use of radiation, and a team of trained and
information personnel. Additionally, ERCP is related to important complication rates of one to seven-members like
hemorrhage, and sepsis. Redness and digestive fluid leak, conjointly as a recognized mortality of up to a quarter.
MRCP could also be a non-invasive and safe various to diagnose ERCP for imaging the biliary tree and investigating
biliary obstruction. MRCP refers to selective fluid-sensitive resonance imaging (MRI) of the exocrine gland and
biliary duct. It was introduced in 1991 and techniques have more and more improved since then[6]. A major damage
or disadvantage of MRCP is that it is not a therapeutic procedure, whereas ERCP is utilized for designation and
treatment. MRCP is especially helpful wherever ERCP is tough, venturous, or not possible; it's conjointly a very
important choice for patients with unsuccessful ERCPs. ERCP and MRCP have different contraindications,
permitting them to be used as complementary techniques [7].

For designation, MRCP offers spare benefits over ERCP to be thought of as a result of the initial modality. MRCP
exceeds the likelihood of ERCP in providing further info by cross-sectional tomography and MR roentgenography.
There’s no exposure to radiation or to probably risky halogen medium and sedation is rarely indicated. Patients
ought to be fast and so the procedure takes a handful of minutes, typically while not sedation. The most potential
issues with MRCP are image artifacts and problems in patient compliance thanks to simple phobia. Image artifacts
will be seen as bright signals arising from the stationary fluid at intervals in the adjacent small intestine, small
intestine diverticula, and ascetic fluid. Additionally, native areas of signal dropout are typically caused by golden
clips following cholecystectomy; defects induced by the correct blood vessel hepatica crossing the common canal, or
from severely narrowed ducts, like occur in primary sclerosing inflammation (PSC).[18] Presently, MRCP has poorer
resolution than direct X-ray photography and might miss tiny stones (4mm without delay seen however can't be
differentiated from filling defects like blood clots, tumors, sludge, or parasites. different mimickers of
choledocholithiasis embrace flow artifacts, biliary air, and a pseudo calculus at the ampulla.[7] In the light-weight of
current information, MRCP has the potential to switch diagnostic ERCP and thereby avoid attainable complications
associated with ERCP. The accuracy of MRCP has been evaluated by many authors, with an overall sensitivity of 85-
97%, specificity of 75-98%, positive prognosticative values of 83-89%, and prognosticative values of 82-98%.

PATHOLOGIC CONDITIONS

CHOLEDOCHOLITHIASIS

MRCP is comparable to ERCP in the detection of choledocholithiasis and superior to computerized tomography (CT)
or Ultrasonography (US). Numerous studies have shown sensitivities of 81% to 100% for MRCP.35 Because up to
15% to 25% of patients with acute calculus cholecystitis have choledocholithiasis and 10% to 15% have unsuspected
choledocholithiasis at surgery, MRCP may play a role in the preoperative workup of these patients. During MRCP
due to the very high signal-to-background ratio of bile, calculi are readily identified as dark filling defects within the
high signal-intensity fluid.16 Calculi as small as 2mm in diameter can be visualized and the accuracy of stone
detection is greater with single-shot fast spin echo techniques because of the reduction of motion and susceptibility
artifacts. Small calculi might not cause secondary dilatation of the ducts and are best seen on the axial images. It is
crucial to scrutinize the thin, source images because the sensitivity for detection of small stones decreases with an
increase in section thickness owing to the volume average of high signal intensity bile surrounding the stone. In
addition, an impacted stone in the ampulla may not be surrounded by high signal-intensity bile and may thus be
misinterpreted as a stricture [8]. The differential diagnosis of filling defects in the bile ducts most commonly
includes stones and air bubbles; however, neoplasms, blood clots, concentrated bile, metallic stents, flow voids, and
susceptibility artifacts from surgical clips must be excluded. Pneumonia can be differentiated from calculus by
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demonstrating a filling defect in the nondependent portion of the bile duct; the filling defect sometimes produces an
air-fluid level on axial or sagittal images.

BENGN STRICTURES

More than 80% of bile duct strictures occur after an injury to the extrahepatic bile ducts during a cholecystectomy
with a minority attributable to other benign causes. MRCP is comparable with ERCP in demonstrating the location
and extent of strictures of the extrahepatic bile duct with sensitivities of 91%-100%. However, the state of being
correct and precise in the detection of strictures of the intrahepatic bile ducts is under investigation. The extent of a
high-grade, focal, extrahepatic, or proximal intrahepatic ductal stricture may be overestimated with MRCP because
the duct downstream from the obstruction is collapsed and may simulated disease. ERCP may be more accurate in
demonstrating the extent of disease in these cases [9].

IFLUMMATORY DISEASES

Pancreatitis and primary sclerosing cholangitis represent the most common inflammatory conditions in children
requiring MRCP application [27]. Pancreatitis may be a common indication for imaging the pancreaticobiliary system
during a child. USG and CT are usually the first lines of imaging in acute pancreatitis, as they adequately evaluate
the pancreas and readily identify complications. There are numerous causes of acute pancreatitis in children trauma
being the foremost common. Blunt trauma to the duodenum can lead to acute pancreatitis; MRCP facilitates
evaluation of the ducts and is so valuable in identifying congenital causes predisposing to pancreatitis, such as
strictures of the proximal common biliary or pancreatic ducts[10,27].

Primary sclerosing cholangitis is a chronic inflammation characterized by intrahepatic and extrahepatic biliary
strictures and thickened bile duct walls. This disease usually presents in children bearing age that have inflammatory
bowel disease usually ulcerative colitis. The MRCP was visualized better on thick slab MRCP, however, has been
shown to frequently overestimate the extent of stricture formation [27].

PANCREATIC TRAUMA

CT is the preferred study in the acute setting in the evaluation of blunt pancreatic trauma. MRCP however is a
valuable adjunct to CT for demonstrating lacerations of the pancreatic duct and pseudo cysts. Pancreatic duct
disruptions are often depicted best on axial curved reformations or MIPS reconstructed from a 3-dimensional T2
weighted sequence within the coronal oblique plane. MRCP is also valuable for evaluating postoperative
complications, including duct obstruction and ductal disruption [11,27].

BILIARY CALCULI

MRCP is employed commonly within the adult population for evaluating biliary ductal calculi, but it's not used
widely in children, because choledocholithiasis is comparatively uncommon in children. Sonography is the preferred
imaging study for ductal stones, but if the sonogram is not diagnosticc MRCP may be useful. Stones can also be
identified incidentally on MRCP in children who have long-standing biliary obstruction and bile stasis. Stones as
small as 2mm can be detected, appearing as low signal intensity abnormalities on T2 weighted sequences. MRCP has
been shown to help detect extra and intrahepatic stones [12, 14, 27]. The development of CT technology and changes
to the protocol, including exposure and technical parameter selection, should help to reduce dosage variations(®l,
Even though CT imaging has significantly improved healthcare, worries about the cancer risks of the X-rays used to
create CT images have persisted [31].

STATISTICAL ANALYSIS

Statistical results regarding visualization of the common bile duct and overall technical image quality were
compared with a two-sided Wilcoxon signed rank test after Bonferroni correction (with a p-value<0.05 deemed
significant) in the following way:
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Coronal reconstructed MIP of the coronal acquisition vs. Coronal reconstructed.

Axial reconstructed MIP of the coronal acquisition vs. Axil reconstructed MIP of the axial acquisition;
Coronal vs. Axial reconstructed MIP of the coronal acquired dataset;

Coronal vs. Axial reconstructed MIP of the axial acquired dataset.

bR

Inter-observer agreement was assessed using a kappa-statistic and classified as follows: a K value of less than 0.20
indicated poor agreement; K values of 0.21-0.40, fair agreement; K values of 0.41-0.60, moderate agreement; K values
of 0.61-0.80, good agreement and K values of 0.80-1.00, excellent agreement [12,13, 19].

On the premise of findings, it will conclude that:

MRCP in conjunction with standard MR imaging is very correct in determining the presence, level, and reason
behind the obstruction. Moreover, MRCP is non-invasive, performed chop-chop, free from hazards of radiation
exposure and distinction administration, and may demonstrate the ductal upstream of obstruction. MRCP is used
because the initial diagnostic tool to assess the identification and to determine the indication for a surgical,
examination, or transferral procedure. Within the latter case, MRCP is used as a guide for interventional procedures.
The location of an obstruction is simply incontestable on the MIP pictures. However, the supply pictures must
always be habitually evaluated before establishing the identification. Patients unable to bear additional standard
invasive studies like PTC or ERCP, those with altered gastro small intestine anatomy, and patients United Nations
agency had unsuccessful results from the higher examinations are additional probably to profit from MRCP.

Breath-hold sequences are most well-liked over the non-breath hold because the latter is degraded by motion
artifacts. The preliminary results are promising, but the technique wants continue improvement to increase the
abstraction resolution and signal-to-noise quantitative relation. Bound pitfalls and false negatives similar to false
positive diagnoses are attainable. These are additional typically encountered just in case of tiny common channel
stones that are either incomprehensible or misinterpreted as growth. Overall, it cannot be foreseen however whether
or not MRCP can substitute ERCP on a routine basis. This may rely upon improvement within the diagnostic
accuracy of MRCP when an extended series of patients are studied. What is more, a cost-effectiveness assessment of
this method must be addressed.
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Tablel Age and sex distribution (n=40)

Male Female Total
Age(years) | No. | % | No.| % | No. | %
1-20 1 25 - - 1 25
21-30 - - 1 25 1 25
31-40 4 10 4 10 8 20
41-50 5 125 9 225 | 14 | 35
51-60 2 5 2 5 4 10
>60 3 7.5 9 |225| 12 | 30
Total 15 | 375 | 25 | 625 | 40 | 100
Table 2 Duration of jaundice (n=40)
Total
Duration of jaundice | No. | %age
Upto IM 3 75
IM-3M - -
3-6M 9 225
Above 6M 15 375
Total 27 | 675
Table 3. Clinical presentation (n=40)
Symptoms No. Of cases | %age
Pain abdomen 37 92,5
Jaundice 24 60
Pruritis 7 175
Lump 14 35
Fever 23 57.5
Loss of weight 13 325
Clay-colored stools 6 15
leterus 29 725
70 20
Agevs Sex Duration of Jaundice

70

60 67?
/

50

40 /

30

./ y
20 20 22.5
10 10 Eh
0
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1]

—+—Mzle ——Female

—4—No.3-
——%age7.5-

Fig 1: The figure depicts the age and sex distribution
in percentile.

Fig 2: The figure shows the duration of jaundice

concerning a percentile of age
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Fig 3: The figure shows the symptoms concerning the cases and age percentile.
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ABSTRACT

This paper presents the quality of water selection process based on MCDM through the PROMETHEE I
method. Water selection plays an important role in environmental fields. MCDM is used to aggregate
individual opinions of decision makers into group opinions. Six criteria are considered for the selection
process, and the criteria are obtained from expert opinion, expert opinion being obtained from expert
opinion. PH, DO% saturation, TDS, calcium, and chloride temperature are the criteria. Weights for the
criteria are obtained from domain experts by using a questionnaire. In order to effectively address this
problem, this study proposes a best water selection technique that integrates the concept of the
PROMETHEE Il Method to select suitable water.

Keywords: Water selection, PROMETHEE Il, PH, DO% saturation, TDS, calcium, and chloride.

INTRODUCTION

Water is one of the most vital and valuable natural resources, and most living species require a consistent and ample
supply of clean water to survive and thrive. Most of our rivers, lakes, streams, and other bodies of water are being
increasingly polluted. Water is regarded as "polluted” when it changes in its quality or composition, directly or
indirectly as a result of mankind’s activity, so that it becomes less suitable for drinking, domestic, agricultural,
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recreational, fishing, or other purposes for which it would otherwise be quite suitable in its natural state. Personal
care products, plastics, flame retardants, heavy metals, and pesticides, among other contaminants, pollute the
Cauvery River water. Researchers from the Indian Institute of Technology Madras discovered a two-year study. "Our
observations are alarming so far; little is known about how pharmaceutical contaminants affect human health and
the ecosystem over time," said Lygy Philip, professor of civil engineering at IIT Madras. Water selection includes
multiple performance assessment criteria and is a multi-criteria decision-making (MCDM) issue. Therefore, water
selection is a critical issue in the supply chain and has received considerable attention. Many authors have used
different computation methods to address the best water body selection problem.

THE PROPOSED WATER SELECTION METHOD FOR THE ALGORITHM

Stepl. Enter the no. of alternatives, criteria, payoff matrix, and weight of each criterion

Step 2: Compute pair wise difference between values of alternative for each criterion (dj).

Step 3: Compute preference function matrix for each criterion based on dj and type of chosen criterion function.
Step 4: Compute the entering flow and leaving flow for each alternatives.

Step 5: Compute the net ¢ value for each alternatives and corresponding rank.

Step 6: Select the best suitable alternative having highest ¢ value.

BASIC PRELIMINARIES

The selection presents some fundamental definitions and concepts related to the PROMETHEE Il method and soft
set. Brans and Vincke [21] proposed the PROMETHEE Il approach that based on the pair wise comparison of
alternatives for each criterion to solve MCDM problems. The PROMETHEE Il technique requires two pieces of
information: (1) the relative relevance of the criteria, and (2) the decision-preference maker's function for comparing
alternative contributions [34, 35].

Stepl: Normalize the decision matrix:
Normalize the decision matrix (aij), for the non-beneficial using equation 1 and for the beneficial using equation 2:
[ai; — min(ay)]
[maX {aij - mln(aij)]
.= [max(a;;) — a;] @)
Y [max(aij) - mln(au)]

ij

Step 2: Calculation the preference function
pj(a,b) =Olfraj < Tbj ﬁD(Sa—Sb)SO ............... (3)
Picaby = (Taj = 1j)if Taj > 1p; = D(Sg = Sp) > 0......(4)

Step 3: Calculate aggregated preference aggregated preference function I1(a,b)

=X wipj(a, b)Y Eh g Wi (5)
Sum of the weight is 1 (unity)

Step 4: Calculate the entering flow and leaving flow for athalternative ¢+
Leaving (positive) Flow

=1/ T5eam(@b)(@#E D)o, (6)
Entering (Outranking) Flow

=1/ 3 m(ab)  @#D) i, @
Step 5: Calculate Net Flow

PE) =P E) =P @) o )
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USUAL ' U-SHAPE ' LEVEL

V-SHAPE LINEAR GAUSSIAN

ILLUSTRATIVE EXAMPLE
This section presents an illustrative example of best water selection process. Implementation of decision support
systems requires weights, alternatives, and criteria in the process of calculation.

The next step calculates the Net flow using (8).
TOEMOR0)

0.3567 — 0.02267 = 0.1300

0.3833 —0.2770 = 0.1063

0.2537 — 0.3400 = —0.0863

0.2933 — 0.4433 = —0.150

RESULT AND DISCUSSION

The PROMETHEE rankings
There are two PROMETHEE rankings that are computed:

The PROMETHEE |, computation of two preference flows (Phi+ and Phi-) is the basis of partial ranking.When the
rankings provided by the Phi+ and Phi- preference flows are incompatible, it permits incomparability across actions.
The PROMETHEE Il complete ranking is based on the net preference flow (Phi). The PROMETHEE Il complete
ranking is simpler to understand, but it is also less illuminating because the distinctions between Phi+ and Phi-
scores are no longer apparent. The PROMETHEE | ranking's emphasis on activities that are challenging to compare
aids the decision-maker in concentrating on these challenging circumstances, which makes incomparability
attractive.

PROMETHEE GAIA

The GAIA plane is a descriptive complement to the PROMETHEE rankings. As can be seen, with the increase in PH
level, the prioritization of action has changed and river 3 has been selected as the best river, followed by river 2 as the
second river. This indicates that rivers 2 and 3 are excellent in terms of the rank of water and rivers 1 and 4 are very
poor. The result of the discussion indicates that the ranking of rivers in the proposed approach is strongly influenced
by the weight of the criteria. By increasing the weight of a criterion, the rivers that have performed well and very
poorly in terms of that criterion are chosen.

PROMETHEE Diamond

An alternative two-dimensional depiction of PROMETHEE | and Il rankings is the PROMETHEE Diamond. The
(Phi+, Phi-) plane, where each action is represented by a point, corresponds to the square. In order for the vertical
dimension to provide the Phi net flow, the plane is 45° inclined. From the left to the top corner, Phi+ scores rise, and
from the left to the bottom corner, Phi- scores fall. A cone is drawn from the action position in the plane for each
action.
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PROMETHEE Network

In the PROMETHEE Network display each action is represented as a node and preferences are represented by
arrows. The nodes are located in relative positions corresponding to the PROMETHEE Diamond so that the
proximities between flow values appear clearly.

Walking Weights
You can adjust the weights of the criterion in the Walking Weights window to observe how it affects the Visual
PROMETHEE analysis.

Data Availability for Manuscript Statement

There have been many distinct WQI models created, each with unique model structures, parameter inclusions and
weightings, and sub-indexing and aggregation techniques (Debels et al., 2005; Jha et al., 2015; Kannel et al., 2007; Sun
et al., 2016). Many models are therefore region-specific because the majority of WQI model components were created
based on professional opinions and local regulations (Hsu and Sandford, 2007; Sutadian et al., 2016). The uncertainty
issues with WQI models are a common topic of discussion (Kannelet al., 2007). All four stages of the WQI have the
potential to increase model uncertainty, despite the fact that uncertainty cannot be completely avoided in any
mathematical model (Lowe et al., 2017).

CONFLICTS OF INTEREST
There is no conflict of interest by authors.

CONCLUSION

In this paper, explores the use of PROMETHEE Il method in solving the problem of determining the best water
selection and generate more efficient decisions. This study proposed MCDM with difference function for solving best
water selection using PROMETHEE Il method. Fuzzy PROMETHEE have been used extensively to solve various
multi-criteria decisions making. The selection of the best water method, six criteria of pH, temperature, TDS,
chloride, DO% saturation, and calcium, has been added to the identified criteria. Therefore, the results indicate that
river 1, with a net flow of -0.1500, was selected as the worst river. Based on the presented methodology, the total
ranking of the rivers is as follows under normal conditions: 1-River 3, 2-River 2 and 3-River 4, finally 4-River 1
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Table 1: In table 1 the following criteria have been set:

Criteria/Alternatives pH | Temperature TDS | Chloride DO % saturation calcium
Kallanai 8.1 22.7 176 24 6.2 50
Kudamurutti 7.4 24.8 280 25 6.4 36
cauvery 75 25.8 172 22 6.6 52
vennaru 721 26.5 164 22 6.8 50

Table 2: Table Il is the value range of min and max value of criteria.

Criteria/Alternatives | pH Temperature TDS | Chloride DO % saturation calcium

Kallanai 8.1 22.7 176 24 6.2 50

Kudamurutti 74 24.8 280 25 6.4 36

cauvery 75 25.8 172 22 6.6 52

vennaru 7.21 26.5 164 22 6.8 50

Min 7.21 22.7 164 22 6.2 36

Max 8.1 26.5 280 25 6.8 52

Table 3: Table 11l shows the range of values of the preference function.
Criteria/Alternatives pH Temperature TDS Chloride DO % saturation calcium
Kallanai 1 0 0.10 0.66 0 0.7
Kudamurutti 0.21 0.55 1 1 0.33 0

cauvery 0.23 0.81 0.06 0 0.66 0.8
vennaru 0 1 0 0 0 0.7

Table 4: Table 1V shows the range of value aggregation matrix:

Criteria/Alternatives RIVER1 RIVER 2 RIVER 3 RIVER 4
Kallanai 1 0.22 0.23 0.26
Kudamurutti 0.38 1 0.33 0.37
cauvery 0.30 0.38 1 0.07
vennaru 0.33 0.29 0.66 1

Table 5: Table V shows the leaving flow and entering flow.

Leaving flow:d* Site 1:0.3567 Site 2:0.3833 Site 3:0.2537 Site4:0.2933
g

Entering flow:¢p~ Site 1:0.2267 Site 2:0.2770 Site 3:0.3400 Site4:0.4433
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Table 6: Table V shows the rank of the criteria.
SITE1 SITE2 SITE3 SITE4 RANK

1 0.22 0.23 0.26 4
0.38 1 0.33 0.37 2
0.30 0.38 1 0.07 1
0.33 0.29 0.66 1 3
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ABSTRACT

Acetylcholinesterase (AChE) inhibitor medicines have been used to treat the symptoms of Alzheimer's
disease (AD). Scoparia dulcis (Linn) leaves collected from South India's Northern region. The aqueous
extract of S. dulcis was examined for its chemical composition by GC-MS and their biological activity
such as in-vitro antioxidant, Acetylcholinesterase inhibitory activity. According to the findings, the plant
extract from Scoparia dulcis has been 33 chemical components. The in-vitro Acetylcholinesterase inhibitory
activity (AChE) of the S. dulcis plant extract showed moderate inhibitory activity with 1Cso values of
90pg/ml. The antioxidant activity of S. dulcis extract was measured in-vitro using the DPPH and ABTS
assays.

Keywords: Scoparia dulcis, Alzheimer’s disease (AD), Acetylcholinesterase (AChE) Activity, GC-MS, ICsq,
Antioxidant activity

59146



http://www.tnsroindia.org.in
mailto:prabhunmr@gmail.com

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 79 / Aug / 2023 International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Miniet al.,

INTRODUCTION

Scoparia dulcis belongs to Scrophulariaceae family. It was widely used as a perennial herb with several bioactive
ingredients in traditional medicine. Cancer, diarrhoea, diabetes, stomachache, hepatitis, bronchitis, fever,
hypertension, ulcers were all treated with its therapeutic properties [1]. Antibacterial, anti-diabetic, antifungal, anti-
inflammatory, antiviral and hypercholesterolemia activities were also found in the plant. Scoparia dulcis L.
phytoconstituents such as diterpenoid, triterpenoid, alkaloids, flavonoids and steroids were identified in abundance
[2]. In several AChE inhibitors is a neurotransmitter hydrolase be involved in the termination of impulse
transmission across cholinergic routes in the central and peripheral nervous systems [3]. Acetylcholine esterase
inhibitors improve cholinergic neurotransmission by inhibiting AChE and reducing acetylcholine cleavage.
Alzheimer's disease, infantile cognition, dysphagia, peripheral neuropathy and vascular dementia are all treated
with AChE inhibitors as the primary line of pharmacology based on this inhibitory mechanism [4]. Although
rivastigmine, tacrine and donepezil are routinely used to treat cognitive impairment, they have side effects such as
gastrointestinal issues [5]. Alternatives from natural resources must be found. Plant-derived bioactive chemicals are
sources of acetylcholine esterase agents, and they represent attractive prospects for the treatment of dementia due to
their positive effects on memory problems. The current research was carried out Scoparia dulcis extract to explore into
phytochemical components using GC-MS analysis, in-vitro Antioxidant activity by DPPH and ABTS assays and
Acetylcholinesterase inhibitory activity was evaluated using Ellman’s method [6].

MATERIAL S AND METHODS

Plant collection

Fresh leaves of Scoparia dulcis were collected between June and July 2021 in the area surrounding Pollachi,
Tamilnadu, South India (geographical coordinates of Pollachi, India, latitude: 10035'12.96" N, longitude: 77014'37.37"
E). A Botanical Survey of India, Coimbatore, identified and validated the plant material and the voucher specimens
were retained for future reference.

Scoparia dulcis Extraction Process

509 of Scoparia dulcis fresh leaves (Fig.1) was cleaned and chapped then soaked in 500 mL RB flask containing 300 mL
distilled water. The content was heated for 2 hrs on 70°C. The plant extract was filtered and stored in a refrigerator
for further use.

GC-MS Analysis

GC-MS analysis of Scoparia dulcis leaves extract was performed using the Clarus GC-680 gas chromatograph, coupled
with MS-5975C model mass spectrometer running in Electron lonization mode at 70 eV, coupled with injector and a
flame ionization detector, was used for the analysis of the essential oils. The capillary column was an Clarus HP-5MS
(30m 250um; film width, 0.25m) and the carrier gas was helium with flow rate of 7.6522PSI. The temperature settings
had a split ratio of 1:100 and extended from 60 to 300°C at a rate of 12°C/min. Identification of constituents was
performed on the basis of Retention indices and mass spectra compared with those of authentic samples and NIST
library version 2.0 [7-9].

Acetylcholinesterase inhibition activity
Acetyl cholinesterase (AChE) inhibition activity was evaluated the Scoparia dulcis plant extract were determined
based on Ellman’s method by Ashraf et al. [6]

Antioxidant DPPH Radical Scavenging activity

The Scoparia dulcis plant aqueous extract was performed for in-vitro DPPH antioxidant activity according to the
method by Keerthana et al. [10]
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ABTSe=+ Decolorization Assay
The in-vitro radical scavenging activity of Scoparia dulcis plant aqueous extract was carried out the earlier published
approach using ABTS assay by Subramanian et al. [11]

RESULTS AND DISCUSSION

GC-MS Analysis of Scoparia dulcis

The presence of Chemical constituents for Scoparia dulcis extract was analyzed by using GC-MS (Fig.2) that reveals
the presence of 33 compounds (Table-1). The major compound was Diethyl Phthalate (91.98%). The presence of
minor compounds were Phthalic acid (1.77%), Lidocaine (0.35%), Eugenol (0.09%) and Eicosane (0.2%). Saturated
aromatic hydrocarbons, acids, esters and minor compounds for triterpenoids, proteins, glycosides and other
chemicals were discovered in this Scoparia dulcis leaves aqueous extract. The resulted data should be well presented
by the form of schemes, figures, graphs, tables, reactions and equations. These items should be numbered clearly.

In-vitro Acetylcholine Esterase Inhibition Activity of Scoparia dulcis Extract:

AChHE inhibitors are therapeutically utilized to treat presenile dementia. Due to their improve neurotransmitter is
easily accessible in excitatory receptors, which increases cognitive activity. For the acetylcholine esterase inhibition
trials in this investigation, Scoparia dulcis was utilized at doses of 20, 40, 60, 80, and 100ug/mL. S. dulcis inhibition
percent ranged from 3.2%, 8.9%, 13.2%, 19.6%, 24.6% and 27.2% (Fig.3). However IC50 as for Scoparia dulcis extract
(90ug/mL) was compared to the rivastigmine (78ug/mL). Through this research, this plant extract AChE activity is
documented for the first time. (Table-2). Furthermore Scoparia dulcis could be used as a starting point for the
manufacture of AChE inhibitors or as a source of substitute neurotoxic receptor medications.

Antioxidant Activity of Scoparia dulcis extracts by using DPPH and ABTS assay

The antioxidant activity of Scoparia dulcis extract is examined at 20, 40, 60, 80 and 100pg/mL concentrations with
standard ascorbic acid from using DPPH and ABTS assay. The S.dulcis exhibited inhibitory percentage between
14.2%, 28.7%, 44.8%, 58.7%, 78.9% and 18.9%, 25.4%, 41.7%, 59.8%, 72.6% respectively, which also depended on dose
(Fig4 & Fig.5) through the IC50 is 66.19 ug/mL and 68.91 pug/mL (Table-3). The antioxidant activity of this plant
could be a source of alternative potent antioxidant inhibitor drugs.

CONCLUSION

The current research exposed aqueous extract about Scoparia dulcis (Linn) plant showed 33 chemical compounds
along with major and minor composition. The presence of chemical constituents were shows the region's soil quality
and weather circumstances. S. dulcis plant shows adequate Acetylcholine Esterase Inhibition analysis (AchE) with
IC50 value 90ug/mL was larger than standard, rivastigmine (78ug/mL). This plant exhibits potent antioxidant
activity with the IC50 value 66.19ug/mL and 68.91ug/mL for DPPH, ABTS assay respectively, was lower than the
standard Ascorbic acid. Further this report will help to isolation and characterization of bioactive compounds that
may be used for Pharmacological activity.
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Table-1: Chemical Constituents present in the Scoparia dulcis Extract

S.No Compound Name Retention Time | % of the Compound
1. Propane 6.253 0.16
2. Butane 6.609 0.06
3. Benzofuran 8.331 0.83
4, 2-Methoxy-4-vinylphenol 9531 0.07
5. Benzaldehyde 10.286 0.07
6. 4-Methoxybenzene-1,2-diol 11.086 0.27
7. 3,5-Dimethylanisole 11.164 0.23
8. beta - D-Glucopyranose 11.686 0.09
9. 1,2-Benzenedicarboxylic acid 11.842 0.22
10. Diethyl Phthalate 25.46 91.98
11. Phthalic acid 13.397 1.77
12. 4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol 13.963 0.13
13. 6-Methoxy-2-benzoxazolinone 14.363 0.70
14. Bicyclo [3.1.1] heptane 14.786 0.19
15. 1,2-Benzenedicarboxylic acid 15.008 0.30
16. D-Galactose 15.097 0.05
17. D-Gluconic acid 15.152 0.08
18. Lidocaine 15.297 0.35
19. 1H-Cycloprop[elazulene 15.430 0.06
20. n- Hexadecanoic acid 15.819 0.36
21. Phenol 16.108 0.23
22. Isophytol 17.019 0.63
23. 9,12,15-Octadecatrienoic acid 17.230 0.59
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24, Octadecanoic acid 17.396 0.11
25. Ethyl 9,12,15-octadecatrienoate 17.452 0.05
26. Hexadecanoic acid 19.874 0.14
27. 1,4,5,7-Tetramethyl-furo[3,4-d]pyridazine 19.929 0.23
28. Eugenol 20.363 0.09
29. 9,12-Octadecadienoic acid 21.007 0.22
30. 9,12,15-Octadecatrienoic acid 21.063 0.40
31 Octadecanoic acid 21.185 0.16
32. Squalene 21.740 0.30
33. Eicosane 45.891 0.2
Table-2.Acetylcholine esterase activity of Scoparia dulcis
% of Zone of Inhibition
S.N C trati 1 - - - —
° oncentration (jg/ml) Scoparia dulcis Rivastigmine
1. 20 32 75.1
2. 40 8.9 785
3. 60 132 84.8
4. 80 19.6 904
5. 100 24.6 95.3
6. 120 272 -
Table - 3. Antioxidant Activity of Scoparia dulcis Extract by DPPH and ABTS Assay
% of Inhibition
Concentration (ug/ml) DPPH assay ABTS assay
Ascorbic acid S. Dulcis Ascorbic acid S. Dulcis
20 78.1 14.2 323 18.9
40 84.3 28.7 58.5 254
60 87.4 44.8 78.3 417
80 93.2 58.7 89.4 59.8
100 95.6 78.9 94.2 72.6
ICsovalue 66.19 pg/mL 68.91 pg/mL
i
Fig. 1.Scoparia dulcis plant Fig. 2.GC-MS Chromatogram of Scoparia dulcis
aqueous extract.
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ABSTRACT

School well-being refers to the positive experiences perceived in the school environment and is highly
concerned with the mental health and well-being of school students. On the other hand, gratitude is the
appreciation experienced by persons when someone does something kind or helpful for them. School
well-being and gratitude are relatively concerned with cultivating a positive perspective about life.
Research revealed that school well-being and gratitude are two major components that help to develop
school students holistically. So, in the present study, researchers aimed to study the relationship between
school well-being and gratitude and the interdependency of variables under study. In this regard, data
were collected from 988 school students (class ix & x) of 50 secondary schools. Various statistical
techniques including mean, standard deviation, coefficient of correlation, kurtosis, skewness, and
regression analysis were used to find out the bivariate relationship between the variables under study.
The study revealed a significant positive correlation between school well-being and gratitude and
observed a high significance of dependency relationship between school well-being and gratitude of
secondary school students.

Keywords: School well-being, gratitude, school students.

INTRODUCTION

School well-being is related to student’s learning ability, health status, and health-related behavior in the school
setting (St. Legar & Nutbean, 2000) [1]. Kunu and Rimpela (2002) [2] introduced school well-being as a global

59152



http://www.tnsroindia.org.in
mailto:anilmili714@gmail.cum

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS

Vol.14 / Issue 79 / Aug / 2023 International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997
Anil Chandra Mili and Pranjal Buragohain

concept and emphasized social relationships and school work as two essential components of the well-being of
school students. They mentioned that school well-being is the positive experiences of a student perceived in a school
environment. Tian et al. (2012) [3] stated school well-being as a student’s school satisfaction, and positive effect on
school. According to them, school satisfaction refers to a global cognitive evaluation of school life that emerge from
day to day school experiences of students and positive affect in school refers to the frequency of positive emotions
experienced especially during school such as feelings relax, pleasant, hope, safe and more importantly happiness,
and satisfaction of the students (p.992). It is a concern with positive effect, persistence, strength, dedication, and
concentration of school activities and is strongly correlated to the feeling of self-efficiency and students’ motivation
towards positive hopes and feelings. School well-being can be perceived through the achievement of meaningful
goals, relationships, personal growth and development, health, safety, and satisfaction. Konu and Rimpela (2002) [2].

mentioned that school well-being is more important to develop positive emotions like hope, resiliency, joy,
optimism, and health of students to improve their well-being. Health Education Partnership Limited, Norwich (2012)
[4] suggested three basic areas of school well-being such as- emotional well-being, psychological well-being, and
social well-being school students. Seligman (2002) [5], the conceptual founder of positive psychology also argued the
importance of school well-being and mentioned its reasons such as (i) the current flood of depression (ii) the nominal
increase in happiness over the last two generations (iii) well-being enhances learning and holistic thinking (iv) an
antidote to the runway incidence of depressions (v) a way to increase life satisfaction and (vi) an aid to better
learning and more creative thinking. Regarding the above-mentioned core reasons, researchers and psychologists in
the field of positive psychology (Seligman et al. (2009) [6] started to argue for the framework of schools for the well-
being of students. And these ideas are the resource to develop a new area of positive psychology named ‘school well-
being’.

In the other hand, gratitude is a meaningful and valuable appreciation to someone or a group for their invaluable
support and helps (Aliya et al. 2020) [7]. Pruyer (1976) [8] defined gratitude as “kindness, generousness, gift, the
beauty of giving and receiving” (p.69). Robert Emmons a leading positive psychologist and researcher on gratitude
conceptualized the term gratitude as an emotion, a virtue, a motive, a skill and an attitude, a moral sentiment, and a
coping response (Emmons & Crumpler, 2000) [9]. Gratitude is the appreciation experienced by persons when
someone does something kind or helpful for them (Fan et al., 2011) [10]. Emmons (2004) [11] defined gratitude very
comprehensively as “a sense of thankfulness and joy in response to receiving a gift, whether the gift is a tangible
benefit from a specific other or a moment of peaceful bliss evoked by natural beauty” (p.554). Hussong et al. (2019)
[12] also mentioned gratitude as a “cognitively-mediated, socio-emotional process that results in a sense of
appreciation, happiness or joy due to the appraisal of having received something, which is not due to personal effort
but to a benefactor’s free and unrestricted intentions to give” (p. 564). McCullough et al. (2002) [13] conceptualized
the gratitude in the sense of trait and moral emotion. As a trait, gratitude is defined “life orientation toward noticing
and appreciating the positive in life” (Wood et al., 2010, p.891) [14]. On the other hand gratitude in the sense of moral
emotion refers to the appreciation of gratitude which promotes positive relationships and attachments (Haidt, 2003)
[15]. Furthermore, McCullough et al. (2001) [16] proposed three moral functions of gratitude such as- (i) moral
barometer (ii) moral reinforcer, and (iii) moral motives. As moral barometer gratitude serves beneficiaries by
signaling the value of the relationship with a supporter for the gift offered to them; as moral reinforcer gratitude
increases individual’s positive hope and expectation about their future; and as moral motive gratitude increases the
offering pro-social behavior towards other people. The literature review of the present study is performed in three
parts i.e. literatures related to measurement of school well- being, literatures related to measurement of Gratitude,
and literatures related to co-relational studies of school well-being and gratitude. Measurement of school well-being
is relatively new area. The model given by Rimpela and Konu (2002) [2] is the first complete model of school well-
being to measure and study school well-being. However, some other attempts were found in literatures which are
related to school well-being. Huebner (1991) [17] constructed and analyzed the Student’s Life Satisfaction Scale
(SLSS). The SLSS is a seven item self-report measure that used with students ages 8-18. In Finland, Raitasalo
modified 13 item of Beck Depression Inventory (Beck, 1972)[18] and has been used for measuring general well-being
among school children. Savolainen et al. (1998) [19] studied well-being in the context of school by asking three
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questions such as- Do you feel you can cope with your schoolwork? Do you enjoy going to school? Do you consider
schoolwork inspiring? In Netherlands, Opdenakker and Van Damm (2000) [20] used a well-being questionnaire of
school designed by Van Landegham (1991) [21] consisting of eight indicators viz. well-being at school, social
integration in the class, relationship with teachers, interest in the learning task, attitude to homework, motivation
towards the learning task, attentiveness in the classroom and academic self concept. Samdal (1988) [22] attempted to
measure subjective well-being of school students by using one question; In general how do you feel about your life at
present? The school well-being model (Konu & Rimpela, 2002) [2] conceptualized school well-being with six
dimensional phenomena viz. school condition (having) social relationship (loving) means for self-fulfilment (being)
and health status, strength and resources and digital world. Konu and Koivisto (2011) [23] developed the school
well-being profile- a valid instrument for evaluation of school well-being. It is an internet-based evaluation tool for
school well-being. Tian (2008) [24] developed a Chinese version school well-being scale to measure the adolescent’s
school well-being. A complete school well-being scale was standardized by Mili and Buragohain (2020) [25] based on
school well-being model of Rimpela and Konu (2002) [2]. The scale was standardized to measure the school well-
being of Secondary school students.

Researchers found that most of the studies in gratitude had been conducted on adults. Despite of it only
inconceivable studies have been conducted on school students. So, majority of research tools and techniques
constructed of gratitude are focused on only adults. Froh et al. (2009) [26] mentioned that the gap of the study on
gratitude between adults and school student is the question of understanding and developmental implications of
gratitude and most of the researcher are regarded it as inevitable points. But research revealed that gratitude
emerges from earliest stages of infancy (Klein, 1957) [27] 26); between 7-10 ages (Emmons & Shelton, 2002) [28]
between 6-10 ages (Nelson et al., 2013) [29]. Park and Peterson (2006) [30] revealed that gratitude takes fully matured
at age 10. So, emerging studies of gratitude on children and adolescents are extended and designed for measuring
both emerging gratitude and mature forms of trait gratitude (Froh et al., 2011) [10]. Studying gratitude of adolescent
is much more important for several reasons. First, it associated with positive emotional functioning (Froh et al., 2011)
[10] and linked positive affect (Emmons & McCullough, 2003) [31]. As a positive emotion gratitude proceeds toward
better life outcomes (Lyubomirsky et al., 2005) [32], healthier life and more resilient, optimism and well-being
(Fredrickson & Joiner, 2002) [33], broaden the analytical strategies and more importantly gratitude reduce the
negative emotions (Fredrickson & Branigan, 2005) [34]. Second, gratitude is associated to a wide range of pro-social
social outcomes viz. compassion, healthy relationships, generosity and empathy (McCullough et al., 2002) [13]; and
develop the optimism and positive affect among middle school students (Froh et al., 2009) [25]. Third, gratitude
increases social functioning of adolescents that indentified as a major component of pro-social behavior (Emmons &
McCullough, 2003) [30].

Review of related literatures revealed that few studies had been conducted to measure the relationship between
school well-being and gratitude. Although, those studies are not directly bear the relationship between school well-
being and gratitude. The studies partially related to the relationship between school well-being and gratitude were
found e.g. Froh et al. (2009) [25] conducted a study on gratitude among early adolescents and revealed a positive
relationship with school satisfaction, positive affect, social support, optimism, and emotional support and academic
achievement. Nelson et al. (2013) [28] studied the gratitude and emotions of school children and revealed that
gratitude enriches more positive emotions. Fredrickson & Joiner (2002) [32] also revealed a positive relationship
between gratitude, optimism, and well-being in adolescents. So, the present study is attempted to directly analyze
the relationship between school well-being and gratitude, and their inter-dependency.

RESEARCH OBJECTIVES

The present study is aimed at studying the relationship between school well-being and gratitude of secondary school
students. So, as a first objective, it was targeted to find out the levels of school well-being and gratitude of secondary
school students. Secondly, it was attempted to establish the relationship between school well-being and gratitude by
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applying correlation coefficient. Thirdly, the present study aimed to predict the inter dependency relationship
between school well-being and gratitude by applying two-way regression analysis.

METHODS AND MATERIALS

Descriptive survey method was used in the present paper. The sample students were selected by applying a
stratified random sampling technique. Accordingly, 988 school students (IX & X) of Tinsukia district, Assam were
selected as a sample and collected the required data for the present study. The sample students comprised of
different examination boards i.e. Board of Secondary Education, Assam (SEBA), Central Board of Secondary
Education (CBSE), and Indian Certificate of Secondary Education (ICSE). For the purpose of statistical analysis,
researchers used the Mean, Standard Deviation, Coefficient of Variance, Skewness, Kurtosis, and Regression. All the
above mentioned statistical techniques were estimated by using SPSS version 26.the following techniques were
applied.

Measuring scales used
Two scales were used in the present study. A brief description of the scales is given below.

e School well-being scale: The school well-being scale (Mili & Buragohain, 2020) [24] and Gratitude Questionnaire
(McCullough et al., 2002; revalidated by Fan et al., 2001) [13] [10] were used in the present study. The school well-
being scale is a 60-item scale constructed and standardized to measure the level of school well-being of secondary
school students. The school well-being scale is a five-point Likert-type scale. The total of all the responses score
constituted the total school well-being score of the students. A higher student’s score on the scale referred to
higher school well-being and a lower student’s score on the scale referred to lower school well-being of the
students. Internal consistency reliability was calculated by the split-half method (through Spearman-Brown
formula) and Cronbach’s Alpha and found to be 0.88 and 0.87 respectively.

e GQ-6: The original Gratitude Questionnaire (GQ-6) is consists of six items which administer on adults. But Fan et
al. (2011) revalidated GQ-6 by factor analysis to measure the gratitude of adolescents which consisted of five
items. The item no. 6 of the original scale was eliminated for its high difficulty index for adolescents. So, the
revalidated version has 5 items with score on 7-point scale and was used in the present study. Higher the scores
in the scale indicate higher level of gratitude and lower the scores in the scale indicate lower level of gratitude.
Internal consistency reliability estimated by Cronbach’s Alph of the scale was 0.81

RESULTS AND DISCUSSION

The present study is directed at studying the bivariate relationship between school well-being and gratitude of
secondary school students. So, it is decided to analysis the results as per as the sequences of the objectives.

Objective-1: To find out the levels of school well-being and gratitude of secondary school students.

To get the levels of school well-being and gratitude, the descriptive statistics of the two series are presented in the
figures 1. Figure 1 shows the means of the school well-being and gratitude of 988 sample school students in different
categories. As a whole, the means of school well-being and gratitude are 232.15 and 26.42. The means of school well-
being of male, female, rural, and urban school students were found 237.31, 226.47, 232.40, and 231.61 respectively.
Similarly, the means of gratitude of male, female, rural, and urban school students were found 26.17, 26.64, 26.53,
and 26.18 respectively. Figure 2 shows the standard deviation of the school well-being and gratitude of 988 sample
school students in different categories. As a whole, the standard deviations of school well-being and gratitude are
28.968 and 5.151. The standard deviations of school well-being of male, female, rural, and urban school students
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were found 27.982, 29.125, 28.90, and 29.148 respectively. Similarly, the standard deviations of gratitude of male,
female, rural, and urban school students were found 5.081, 5.207, 5.10, and 5.268 respectively.

Objective-2: To estimate the relationship between school well-being and gratitude of secondary school students. So,
Karl Pearson’s coefficient of correlation was computed between school well-being and gratitude of secondary school
students. The results are summarized in table-3. Table-3 shows a significant correlation between the two variables
under referenced i.e. school well-being and gratitude. The computed Pearson’s coefficient of correlation (r) between
school well-being and gratitude is found to be .163 which indicates a positive correlation and significant at 0.01 level.

Objective-3: To predict the interdependency of school well-being and gratitude of secondary school students. In this
regards, the researchers performed two-way regression analysis by using school well-being as an independent
variable and gratitude as a dependent variable in the first and reversely school well-being as a dependent variable
and gratitude as an independent variable in the second. In this way, the dependency of both the variables on each
other is tested. Firstly, the present study performed the regression analysis by taking school well-being as an
independent variable and gratitude as a dependent variable. Table-4 shows that the value of R implies a significant
correlation between the two variables (R = .163) under study, and the values R-Square and adjusted R-Square (.027
and .027 respectively) imply a significant dependency relationship between school well-being and gratitude. The
value of R-Square is found .027, which represents that school well-being can account (predict) for 2.7% (.027x100)
variation in the gratitude of school students. In other words, there might be many factors that can impact the
gratitude of school students, but our model explained that school well-being can predict 2.7% of the gratitude of
school students. This means that 97.3 of the variation in the gratitude of school students cannot be explained by
school well-being. Table-5 presented the sum of square and mean square of the regressed variable and the residuals.
It is evident from the table that the dependency of gratitude on school well-being is lower as compared with the
residual. The F value is 27.045, which is significant at 0.01 level of significance (p < 0.001). So, the regression model
overall predicts gratitude significantly.

The regression coefficients of gratitude and school well-being are shown in table-6. The table provided details of the
model parameters (the beta values) and the significance of these values. In simple linear regression, b, [in equation Y
= (bo + by Xi) + €] is the Y-intercept and represent the value of B (in the table-6). So, from the table, it is evidenced
that b, is 19.687. Further, the value of b, is .029 and this value represents the gradient of a regression line. Therefore,
in the present study, if the predictor variable (school well-being) is increased by 1 score then the model predicts .029
score of gratitude. In order to check the two way regression, the present study further performs the regression
analysis by taking school well-being as a dependent variable and gratitude as an independent variable. Table-7
shows that the values R-Square and adjusted R-Square implied a significant dependency relationship between school
well-being and gratitude. Table-8 presented the sum of square and mean square of the regressed variable and the
residuals. It is evident from the table that the dependency of school well-being on gratitude is lower as compared
with the residual. The F value is 27.045, which is significant at 0.01 level of significance (p < 0.001). So, the regression
model overall predicts gratitude significantly.

The regression coefficients of gratitude and school well-being are shown in table-9. The table provided details of the
model parameters (the beta values) and the significance of these values. In simple linear regression, b, [in equation Y
= (bo + by Xi) + €] is the Y-intercept and represent the value of B (in the table-9). So, from the table, it is evidenced
that b, is 207.896. Further, the value of by is .920 and this value represents the gradient of a regression line. Therefore,
in the present study, if the predictor variable (gratitude) is increased by 1 score then the model predicts .920 score of
school well-being of school students. And, the table makes it evident that the relationship is significant at 0.01 level
of significance.
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CONCLUSION

In order to get insights into the school well-being and gratitude among 988 school students (class ix & x) of 50
schools, researchers applied various statistical techniques. The results of the descriptive statics lead to the conclusion
that the sample school students were significantly differ from each other in terms of school well-being and gratitude.
The data series of the variables under the study were found normally distributed and leptokurtic (under the
principles of SPSS version 26). It’s also found a significant positive correlation and a between school well-being and
gratitude of school students under the study. Further, it was observed a high significance of dependency relationship
between school well-being and gratitude of school students.
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Table-1 Skewness & Kurtosis of School Well-Being

N 988

Skewness -578

Std. Error of Skewness 078
Kurtosis 419

Std. Error of Kurtosis 155
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Table-2 Skewness & Kurtosis of Gratitude

N Valid 988
Skewness -.553
Std. Error of Skewness .078
Kurtosis .006
Std. Error of Kurtosis 155

Table-3 Correlations of School Well-Being And Gratitude

School Well-being Gratitude
School well-bein Pearson Correlation 1 163"
9 Sig. (2-tailed) 000
Pearson Correlation 163" 1
titud
Gratitude Sig. (2-tailed) 000
Table-4. R-Squared Estimates
R R Square Adjusted R Square Std. Error of the Estimate
1632 .027 026 5.085
Table-5. Regression-Sum of Square
Sum of Squares df Mean Square F Sig.
Regression 699.223 1 699.223 27.045 .000p
Residual 25491.776 986 25.854
Total 26190.999 987
Table-6 Regression-Co efficients
Unstandardized . -
Coefficients Standardized Coefficients i Sig.
B Std. Error Beta
(Constant) 19.687 1.305 15.084 .000
School Well-being .029 .006 .163 5.201 .000

Table-7 R-Square Estimates

Model R R Square Adjusted R Square Std. Error of the Estimate
1 1632 027 026 28.644
Table-8 Regression-Sum of Squares

Sum of Mean

f F ig.

Squares d Square Sig

Regression 22190.072 1 22190.072 27.045 .000p
Residual 808989.576 986 820.476

Total 831179.648 987
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Table-9 Regression-Coefficients

Unstandardized Coefficients Standardized

Model Coefficients t Sig.
B Std. Error Beta
1 (Constant) 207.896 4764 43.635 .000
Gratitude 920 177 163 5201 .000
M School well-being M Gratitude m School well-being M Gratitude
23215 237.31 226.47 2324 23161
28.968 27932 29.125 289 29.148
26.42 26.17 26.64 26.53 26.18
As whole Male Female Rural Urban
As whole Male Female Rural Urban
Figure-1: Mean scores of school well-being and Figure-2: Standard deviations of school well-being

gratitude and gratitude
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Figure-3: Skewness & Kurtosis of school well-being | Figure-4: Skewness & Kurtosis of gratitude scores
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ABSTRACT

Safekeeping of our data being placed in the cloud is always becoming a serious problem and challenging
one. The honest reasons for this will be because of the existence of malevolent attacks, data breaches and
unsafe contact points. In this juncture, more numbers of investigators offered security mechanisms that
includes the components namely access controlling, invasion detection, prevention of occurrences
schemes. It is often seen that there are many situations where the attackers have always misused the
rights taken by them with the numerous roles in the cloud computing scenario. Hence it would be
mandatory to introduce more efficient mechanism for securing the safety of sensitive data which would
be placed/recovered in the given cloud. The main philosophies in privacy & security would be none
other than the data secrecy and honesty. So, this investigation work heightened a fruitful and better
procedure confirming a safer data transmission into the cloud computing atmosphere. The research work
provides a additional information security method to cloud that makes use of the Elliptic Curve
Integrated Encryption Scheme (ECIES), which confirms that data which could be placed in the Cloud
Computing atmosphere is equally trusted and complete. The investigational outcomes prove that the
effectiveness of the recommended algorithm results in a strong security level as well as reduces the
execution time related to the commonly used existing techniques. Hence in this an Improved Elliptic
Curve Cryptography (IECC) algorithm is suggested in this research work which is intended to give better
security using modified algorithm. The parameters like encode/decode and store/transfer time are
computed and it can be seen that the procedure that is being intended in this research paper take a

59161



http://www.tnsroindia.org.in
mailto:@gmail.com

Indian Journal of Natural Sciences w www.tnsroindia.org.in ©lJONS
Vol.14 / Issue 79 / Aug / 2023 International Bimonthly (Print) — Open Access  ISSN: 0976 — 0997

Krishnamoorthy and Umarani

smaller amount time for all the parameters when compared with prevailing methods. The encoding
period of the suggested method is 46 ms with key size=4,096 bits, however the prevailing scheme takes 92
milliseconds for the same. Also, our proposed methods drastically reduce the deciphering time. All the
other parameters presented in the results also certify that our scheme provides better solution when
compared with the existing schemes. This reports disclose that the suggested system overtakes the
present methods in terms of various factors.

Keywords: Cloud computing; Elliptic Curve; Data security; Cryptography.

INTRODUCTION

Cloud is a technology by which data available in a remote server can be easily retrieved with the internet and it is
concealed in nature [1] [2]. It is the On-demand provision of any IT services including servers, storage, databases, any
softwares etc. which is normally retrieved over the internet-the so called cloud. In short we can say that any device or
gadget which is connected to internet can access the facilities provided. The cloud supports users to right to use the
files and applications from any device, since the computing and storage operations happen in the servers in which is
placed in a data center, rather than using a local storage. For example, when a user tries to login to his/her Google
account form a mobile, tablet, PC, laptop which has internet connection. Hence we say that CC is a State-of-the-art
innovation for treating & Relocating data currently in just all possible devices [3]

SECURITY ISSUES IN CLOUD

We can also refer to the CIA Triad the information must be set at the focal point of the threesome so as to convey
total security of the information. The development of information towards any of the edges of the trio will prompt
bargaining the other two properties of information [5].

Significance of the Study

Since we are dealing with massive quantity of data, it is extremely compulsory to confirm security. At the same time
it is also important to minimize the computational overhead and time complications. Therefore, this research work
makes an effort to offer secure and reliable data transmission into the cloud through Modified ECC method. So, the
goal of this research was to use the Modified ECC method to enable secure and trustworthy data transfer into the
cloud.

We will obtain two private keys by splitting the private key (based on size) and encrypting each half individually.
That data will be kept online. The key of individual manuscript's encryption is placed into cloud hence only we are
able to do the opposite operation for the decryption. The algorithm becomes safer as a result. MECC encryption
securely trades data on the unsafe networks by swapping the public keys for encryption. MECC method strongly
trades data on the untrusted networks by exchanging public keys for encryption. Clients under no circumstances
obliged to disclose or swap their private keys, thereby making it the most reliable encryption strategy is available. If
they do, it means that the two secretive Diffie Hellman encoded keys are necessary to decipher single private key
obtained in ECC. Lowering the possibility that a cybercriminal would intercept a client's private key at the time of
communication. Multi-tenant technique is therefore viewed from the standpoint of the cloud service model in a
different way. With the aid of key generation, a Modified Elliptic Curve Cryptography (MECC) is presented to
address this issue by safeguarding information which is shared to the multi-tenant environment.
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Problem Statement

Ongoing studies have diverse difficulties like: computational overheads, time associated with the key creation,
clamor/noise responsiveness, difficulties of treating unsized clusters etc. hence disturbing the recovery results from
cloud storage. The work intended is endeavored to avoid these impediments through the planned approach.

OBJECTIVES

The goals associated with the study is referenced beneath:To carry out novel cryptographical procedure for
improved ECC that would drastically minimize the key size & extraordinary security thus overcoming existing
restrictions like low operational performance, time as well as the computational intricacy.

1. Todiminish the scrambling and un scrambling time through firm performance proficiency of suggested method.
2. Torise the accuracy as well as to create alternating keys for security enhancement with the presented scheme.

3. To estimate execution capability of the recommended scheme by means of evaluation criterion namely the
encryption as well as the unscrambling time and computation overheads.

4. To relate the success of the proposed model with the other models.

RELATED WORK

The research works deliberates the analogous ideas connected to cloud computing, encryption and also the
parameters like: decryption, multi-tenant. These works are explored exhaustively alongside their benefits and
detriments.One cloud computing structure for multifaceted layers was outlined by [6] security covers three main
factors namely the firewall, management of the user’s identity and the encryption subject to the growth of business
data synchronization& sharing scheme. The benefit is a fundamental technique which gives improved strength for a
multifaceted security in the cloud scenario. The difficulty identified was that the assumption structure don’t obtain a
wrong alarm within the exact period. An infiltration testing was recognized and obstructed a bug is around 99.95 %.
Various investigations examined on the combination of cloud and loT [7] meant to give few characteristics of few
characteristics of the cloud. The benefit could be an advanced CloudloT scheme was recommended to give an
improved data between users. The weakness was that the user is necessary to stop and elucidate thorough
exploration of cloud computing disputes within the given time-limit. The Mobile cloud scenario was broadly
described by [8], and this method carried out to permit the mobile users to get cloud computing advantages by
means of a friendly technique for fulfilling the company requests. The gain is simply the vigorous energy-oriented
cloudlet-oriented mobile cloud scheme which can be dedicated appropriately to decide over the additional energy
usage during the implementation of wireless communication by employing the vigorous cloudlets oriented scheme.
Also the weakness is that the wireless connection and the instrument size is restricted.

The fluctuating cloud arrangement [9] and the use of this infrastructure through the different service suppliers and
the distributing computational profits are placed far away from the DCs. The outcome necessitates a diverse and
innovative figuring schemes that could be obtainable by upcoming cloud setup.Since there are privacy worries, the
trustworthy data have to be encrypted prior to the storing in the cloud. Recently we have come across several works
in these area have recommended a number of encryption methods. Nonetheless, most of these prevalent works
emphasizes only on the secure searching by applying a keyword, and moreover recovers merely Boolean results,
which aren’t sufficient. For resolve this concern, [10] a solution was presented with a unique and a protected
keyword searching mechanism based on Bloom filter that creates the usage through assisting level established on
the obtained examination. Another proposed scheme [11] covers three parts: Trusted Authority (TA), Trusted Cloud
(TC), and User. This suggestion is meant to provide additional secure scheme to protect the users’ data protection,
diminish the complication of key creation by means of a modified Identity Based Cryptography (MIBC), and offer
data discretion and integrity by means of the Elliptic Curve Integrated Encryption Scheme (ECIES). The advantage is
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the reduction of time used for key generation and the downside is the key sizes [27].Yet another security structure
was suggested [12] containing the access controlling scheme, encipher/decipher procedure and the digital signature
method. An innovative Uniqueness centered Elliptic curve Access Control mechanism (Id-EAC). This plus point will
be the security structure is delivered with great data safety, manageability and truthfulness for the user data. The
downside would be the complexity of the algorithm adapted. In connection with the data encryption and tenant
authentication [13] adopted ECC (Elliptic curve cryptography) due to its least key size. From the investigations it was
calculated that the average finishing interval is calculated as 86.076 sec for decryption and 83.153 for encryption.
Moreover, the scheme indicated that the scheme deals with a two-layer security and considerably uses smaller
storage and key size.

There are several works, which discourse about the cloud security [14], data security [15, 16] and secured storage [17,
18]. Among them, [19] concentrated on giving security through reliability relationship rubrics. The confirmation
scheme applies the cryptographic calculations for protected storing and recovery.Another technique namely HSBEE
CBC [20] was introduced as an competent data recovery methods. As we can see, the scheme enciphers the data by
employing ECC method. Additionally, we observe that the approach used was CBC (Cosine based clustering)
technique for grouping of the enciphered information. Also interms of elevating the security, the methodology has
appraised the trust for the users retrieving the data., once the trust evaluation process is promising, decryption of the
data takes place. Additionally, their methodology has assessed the working of suggested scheme and matched the
same with that of the usual schemes.To confirm data security, an innovative practice based on “searchable attribute”
based on the encryption was carried out [21]. Another scheme named User Usage Based Encryption (UUBE)[22],
built on the exploration encryption technique has been offered as a unique differentiated access control structure.

As we can see, a control method for retrieving a multi-faced cloud centered facilities by employing the admission
governing model based on various features are presented by [23] and use-case is being presented to examine
various cloud services. Subsequent to that, a swapping tokens technique was suggested for extending an exclusive
model for the situations of the Inter cloud. Analogous calculations were supported and it can also be confirmed that
the suggested one owns improved functionality through the process of taking the total consumers and the associated
cloud assets.The reliability and trustworthiness for information existing in the relocation of capacity in multi-facet
cloud design was accomplished by [24] through an innovative design in the investigation.

PROPOSED METHODOLOGY

The implementation of ECC techniques in scattered computing and dissimilar networking provides substantial
usage in inter-reliant networking [25].ECC is a PKE method built on EC model that produce cryptographic keys
faster, lesser as well as highly constructive [26,28]. A basic element is the key strength, that alludes to the intricacy of
breaking key and recuperating plain text [26,28]

Elliptic Curve Cryptography (ECC) Model

This is an innovative method of cryptographic tool for safeguarding the information in the physical as well as in the
cloud storage. It’s a superlative practices established in philosophy of elliptical curve. The characteristics of the EC is
utilized to produce bases for encryption procedure as a substitute of prevailing techniques which will be using very
outsized prime numbers. It operates over the elliptic curve equation for key creation. In the year 1985, N. Kobiltz and
V. Miller suggested ECC for changeable data to get safety. The simple clue is to use the elliptic curve to incorporate
a distinct logarithm technique [29]. A most important thing of ECC model is that is always takes tiny key dimensions
to give security. When matched with other schemes (key length of 1064) and whereas the ECC use key length of 164
for the identical level of security. It comes under the public-key mechanism and computation shall proceed from a
given point on in the elliptic curve to another. EC is treated equal in x-axis and are binary curves. Encryption as well
as signature confirmation are carried out with the public key, on the other hand decryption & signature production
are completed with private key
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Elliptic Curves
We assume K remain a field. An EC E over K is specified by Weierstrass equation:

y2=x3+ Ax+B @)
For cryptography calculations, we use the equation as
y2 =x3+ax+h (2)

With the above inputs, we submit the proposed algorithm- Improved Elliptic Curve Cryptography (IECC) algorithm

Private Key, Public Key and the Generator Pointin ECC

To use ECC, we have to go by the usage of parameters (p,a,b,G,n,h)

p = isa prime number that identifies the magnitude of the given finite field. Here, a & b = are the constants, G is a
base point which gives the subgroup of the elliptic curve , n = number of points , called as the order of the

subgroup.

nG=0

h = cofactor of the subgroup given as a ratio of

|E1/ | Ep| =orderofellipticcurveElordero fEC over prime field. h 3)

When two individuals connect with each other, individual person should have private and public keys. They would
preserve the private key, however public is offered to all. The Private key will be produced through arbitrarily
choosing a digit in the range [1 to n-1]. Normally, the Public key is figured out through a calculation, multiplying the
private key Ka (ka.G) and a coordinate G (x,y) present in EC. The sender and receiver can thus produce shared secret
key (SSK). For aninstance, if Ks is taken as the private key of transmitter and Kr indicates private key of the
receiver, then we have

Sender’s public key (spub)= G * Ks 4)

Recipients public key (rpub) = G* Kr (5)

Both transmitter and receiver will create Mutual Common Key (MCK):
transmitter: MCK = Ks . (Kr.G) (6)

receiver: MCK =Kr . (Ks . G) (7)

Proposed algorithm

S and R are two persons involved in data transmission
Step 1: Identify an EC
Sender Select an Elliptic Curve:
Esender (X coordinate, Y Coordinate)
Choose a point Gsender(GX,GY) in the EC
Receiver Select an Elliptic Curve:
Ereceiver (X cOOrdinate, Y Coordinate)
Choose a point Greciver (GX,Gy) in the EC
Step 2: Take a huge prime number (n)
Step 3: Generate key sets
Sender(S) generating the keys:
Select Private key >SS put
Check 2 Spui<n
Take Point Gin EC
Calculate Public Key=> Spub
Receiver (R) generating the keys:
Select Private key >R pvt
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Check > Rpt<n

Take Point G in EC

Calculate Public Key=> Rpub

Step 4: Compute Mutual Common Key MCK- k

Step 5: Sender and Receiver Exchanges public keys over a channel

Sender share his/her EC and Public key with Receiver

Sender to Receiver=>Esender (X coordinate, Y Coordinate)

Sender to Receiver-> Spub

Receiver share his/her EC and Public key with Sender

Receiver to Sender 2> Ereceiver (X coordinate, Y Coordinate)
Receiver to Sender = Rpub

Step 6: Encrypt = Encode file using key of ECC

Step 7: Output = Decode output from step 6 with generated key and ECC

RESULTS AND DISCUSSIONS

The suggested method's outcome is evaluated based on the metrics presented below. Performance investigation are
analysed with various factors namely

1. Encryption Time -Time required to encode data

2. Decryption Time-- Time required to decode data

Interval for upload / download—Time needed for storing/retrieving

Encryption/Decryption Times

The time taken for decoding /encoding the data is given by these terms. As we can see from Table 1 and Figure 4, we
can easily infer that the time taken for encryption and decryption in our model gives minimum time. We also
compare the encryption time of our proposed scheme with that of MECC Algorithm suggested by S. Udhaya
Chandrika et.al [30] .Tables 2 &3, figures 5&6 clearly shows that the encoding and decoding time in our proposed
scheme is far better than that of the MECC method. Hence, we can clearly state that the methodology we have
suggested is yielding better results

Uploading/Downloading times

This is termed as the amount of time required for storing data into the cloud and retrieving data from the cloud
storage. As we can notice from tables 4,5 and figures 7.8, it is clear that our scheme takes a minimum time for both
upload and download when compared with that of the MLS architecture [31].As we can see from the above data, our
scheme produces minimum encryption decryption time when compared with [30].

On matching with the MECC [30] and MLS [31] schemes, our proposed scheme using the elliptic curve cryptography
has a lesser encoding/decoding times as well as storage/retrieval time. Henceforth, the security-wise and execution
speed, our scheme is producing an efficient result.

CONCLUSION

In this digital era, every individual mainly depends on cloud service providers for keeping their data. In the
investigation an innovative security design established on ECC is offered for shielding the end user’s data using an
elliptical curve procedure. Here, when, a cloud user demand for the access of sensitive data, the suggested
technique ensures that the data is always secure. If the invaders are exasperating to crack the data, the same cannot
be done since they cannot identify the keys exchanged between the sender and the receiver before the transmission.
The performance of the suggested scheme is assessed by means of the parameters namely encoding time, decoding
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time, and storage effectiveness of data. The algorithm performance is matched with prevailing schemes such as
MECC and LSM. From the investigational result study, the proposed technique is realistic and secure. The proposed
architecture accomplishes lesser computational overheads and quicker. It also allows ensure the overall security. In
upcoming periods, this may be further extended using advance HECC procedures to expand the safety of data
stored in cloud
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Table 1. Encryption time

File Size Encryption | Decryption | Encrypted file | Decrypted file
(MB) time (Ms) time (ms) size (MB) Size (MB)
10 4 3.7 0.834 10
20 4.6 4.2 1.34 20
30 5.2 48 2.72 30
40 5.6 54 3.67 40
50 6.3 5.9 4.29 50
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Table 2: Encryption time compared with our proposed method and that of MECC Algorithm suggested by S.
Udhaya Chandrika et.al[30]

Encryption-time (ms) of MECC Algorithm Encryption-time (ms)
Key length (bits) suggested by Our Proposed Scheme
S. Udhaya Chandrika et.al[30]
100 5 47
128 8 7.2
256 10 8.8
512 15 124
1024 24 229
2048 39 35.2
4096 51 474

Table 3: Decryption time compared with our proposed method and that of of MECC Algorithm suggested by S.
Udhaya Chandrika et.al [30]

. Decryption-time (ms) of MECC Algorithm Decryption-time (ms
Key length (bits) suggen;?ed by S. U((jhai/a Chand rikait.al [30] Ourgrzposed Sch(eml

100 11 9.7

128 25 23.2
256 36 34.8
512 51 484
1024 63 60.9
2048 83 81.2
4096 159 157.4

Table 4. Uploading time (ms) of MLS Algorithm suggested by Ghadah Aldabbagh etal [31] and compared with
our proposed method.

File Size (KB) Uploading-time (ms) of MLS Algorithm Uploading-time (ms)
suggested by Ghadah Aldabbagh et.al [31] Our Proposed Scheme

10 1995 1837

20 3156 3022

30 4018 3874

40 5095 4934

%0 56894 5730

Table 5: Downloading time (ms) of MLS Algorithm suggested by Ghadah Aldabbagh etal [31] compared with
our proposed method.

Downloading time (ms) of MLS Algorithm

Downloading time (ms)

File Size (KB) suggested by Ghadah Aldabbagh et.al [31] Our Proposed Scheme
10 1266 1158
20 1988 1872
30 2146 2032
40 3084 2911
50 3982 3812
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ABSTRACT

The aim of this short paper is to carry a QSPR analysis for physical properties of lower alkanes using
second stress index of molecular graphs. For boiling points, molar volumes, molar refractions, heats of
vaporization, critical temperatures and critical pressures, we present linear regression models.

2020 Mathematics Subject Classification: 05C09, 05C92.
Keywords: Topological index, Second Stress index, Lower Alkanes.

INTRODUCTION

For standard terminologies in the theory graphswe have followed the book by F. Harary [2]. The non-standard
notions will be given in this paper as and when required.

Let G=(V,E) be agraph (finite, undirected, simple and connected). A shortest path between two verticesu and v in G
is called a geodesic between u and v in G. The molecular graph associated with a chemical compound is a simple
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connected graph in which the atoms of the compound are considered as vertices and the chemical bonds between
atoms are considered as edges.

Topological indices are nothing but theoretical molecular descriptors. They are graph invariants playingvery
important role in Chemistry (See [3, 5-11, 13]). There are several distance as well as degree based topological indices
defined for graphs with plenty of applications in the disciplines of Chemistry [10,11] for instance, Zagreb index,
Wiener index, Harary index etc.

The concept of stress of a node (vertex) in a network (graph) was introduced as a measure of centrality in 1953 by A.
Shimbel [12]. K. Bhargava et al. [1] have explored the concepts of stress regular graphs and stress number of a graph.
The stress of a vertex v in a graph G is defined as the number of geodesics passing through vand it is denoted by
str(v). The topological indices namely, first stress index and the second stress index for graphs are defined in [4]. For
a simple graph G, the first stress index S1(G) and the second stress index Sz2(G) are defined, respectively, by

S.(G) = Z str(u)2 (1)
vev (G)

S,(G) = Z str(u) str(v). )
uveE(G)

The studies related to quantitative structure-property relationship (QSPR) are widely used for translating the
physical properties of the chemical compounds into numerical data in order to investigate the correlations between
the physical characteristics and the structure of the chemical compounds, as well as to develop regression-based
models. Plenty of topological indices have been analyzed using QSPR. A QSPR analysis for first stress index and
physical properties of lower alkanes has been carried [9] and good regression models (linear) for some physical
properties of low alkanes have been established.A QSPR analysis for physical properties of lower alkanes involving
second stress index of molecular graphs has been carried in this paper and good linear regression models for some
physical properties of low alkanes have been presented.

A QSPR ANALYSIS

We conduct a QSPR study for the physical properties of lower alkanes, including their boiling points,
molar volumes, molar refractions, heats of vaporisation, critical temperatures, critical pressures, and
surface tensions.

The second stress index S2(G) of molecular graphs and the experimental values for the physical
properties — Boiling points (bp) °C, molar volumes (mv)cms3, molar refractions (mr)cm3, heats of
vaporization (hv) kJ, critical temperatures (ct)°'C, critical pressures (cp) atm, and surface tensions (st) dyne
cm-t of considered lower alkanes are given in Table 1. The values given in the columns 3 to9 in the Table
1 are taken from Needham et al. [3] (One can find the same values in [11]).

Regression Models
Making use of Table 1, a study was carried out with the following linear regression model:

P=A+B-5(G),
where P = Physical property and S,(G) = second stress index. The correlation coefficient r, its square r2, standard
error (se), t-value and p-value are computed and tabulated in Table 2 followed by regression models. The linear

regression models for the physical properties - boiling points, molar volumes, molar refractions, heats of
vaporization, critical temperatures, critical pressures and surface tensions of low alkanes are obtained as follows:
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bp=65.08485261 + 0.101238452-52(G) 3)
mv = 134.3957506 + 0.05773472-52(G) @)
mr = 30.98959441 + 0.017366927-S2(G) )
hv = 29.98619883 + 0.018004274S2(G) ®)
ct = 234.8190805 + 0.115374554-S2(G) @
cp = 30.43816564 - 0.008462005-S2(G) ®)
st=18.62697193 + 0.004860608-S2(G) @)

The numerical values of r, r2, se, t and pgiven inTable 2 for the physical properties are good except for surface
tensions which has r?=0.5570. The linear regression models given in the equations (3)-(7) can therefore be used to
make predictions.

CONCLUSION

Table 2reveals that the linear regression models (3)-(8) are found to be useful tools in predicting the physical
properties-boiling points, molar volumes, molar refractions, heats of vaporization, critical temperatures and critical
pressures of low alkanes. The evidence shows that the second stress index can be used as predictive measures in
QSPR researches.
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Table 1.
bp mv mr hv ct cp st
Alkane $:(C) °C cm3 cm3 kJ C atm dynecm-!
Pentane 24 36.1 115.2 25.27 26.4 196.6 33.3 16
2 — Methylbutane 15 27.9 116.4 25.29 24.6 187.8 329 15
2,2 — Dimethylpropane 0 95 1221 25.72 218 160.6 31.6

Hexane 84 68.7 130.7 29.91 31.6 234.7 29.9 18.42
2 — Methylpentane 66 60.3 131.9 29.95 29.9 224.9 30 17.38
3 — Methylpentane 64 63.3 129.7 29.8 30.3 231.2 30.8 18.12
2,2 — Dimethylbutane 36 497 132.7 29.93 27.7 216.2 30.7 16.3
2,3 — Dimethylbutane 49 58 130.2 29.81 29.1 227.1 31 17.37
Heptane 224 98.4 146.5 3455 36.6 267 27 20.26
2 — Methylhexane 193 90.1 147.7 34.59 34.8 257.9 27.2 19.29
3 — Methylhexane 183 91.9 145.8 34.46 35.1 262.4 28.1 19.79
3 — Ethylhexane 412 935 1435 34.28 352 267.6 28.6 20.44
2,2 — Dimethylpentane 136 79.2 148.7 34.62 324 247.7 284 18.02
2,3 — Dimethylpentane 154 89.8 1442 34.32 34.2 264.6 29.2 19.96
2,4 — Dimethylpentane 162 80.5 148.9 34.62 32.9 247.1 274 18.15
3,3 — Dimethylpentane 130 86.1 1445 34.33 33 263 30 19.59
2,3,3 — Trimethylbutane 108 80.9 145.2 34.37 32 258.3 29.8 18.76
Octane 504 125.7 162.6 39.19 415 296.2 24.64 21.76

2 — Methylheptane 456 117.6 163.7 39.23 39.7 288 24.8 20.6
3 — Methylheptane 432 118.9 161.8 39.1 39.8 292 25.6 21.17

4 — Methylheptane 420 117.7 162.1 39.12 39.7 290 25.6 21
3 - Ethylhexane 412 1185 160.1 38.94 394 292 25.74 21.51

2,2 — Dimethylhexane 360 106.8 164.3 39.25 37.3 279 25.6 19.6
2,3 — Dimethylhexane 375 115.6 160.4 38.98 388 293 26.6 20.99
2,4 — Dimethylhexane 384 109.4 163.1 39.13 37.8 282 25.8 20.05
2,5 — Dimethylhexane 408 109.1 164.7 39.26 37.9 279 25 19.73
3,3 — Dimethylhexane 332 112 160.9 39.01 379 290.8 27.2 20.63
3,4 — Dimethylhexane 364 117.7 158.8 38.85 39 298 274 21.62
3 - Ethyl - 2 - methylpentane 368 115.7 158.8 38.84 385 295 274 21.52
3 - Ethyl - 3 - methylpentane 324 118.3 157 38.72 38 305 28.9 21.99
2,2,3 - Trimethylpentane 231 109.8 159.5 38.92 36.9 294 28.2 20.67
2,2,4 - Trimethylpentane 312 99.2 165.1 39.26 36.1 271.2 255 18.77
2,3,3 - Trimethylpentane 357 114.8 157.3 38.76 37.2 303 29 21.56
2,3,4 - Trimethylpentane 330 1135 158.9 38.87 37.6 295 27.6 21.14
Nonane 1008 150.8 178.7 43.84 46.4 322 22.74 22.92
2 — Methyloctane 939 143.3 179.8 43.88 447 315 23.6 21.88
3 — Methyloctane 895 144.2 178 43.73 448 318 23.7 22.34
4 — Methyloctane 861 142.5 178.2 43.77 44.8 318.3 23.06 22.34
3 - Ethylheptane 844 143 176.4 43.64 448 318 23.98 22.81
4 — Ethylheptane 664 141.2 175.7 43.49 44.8 318.3 23.98 22.81

2,2 — Dimethylheptane 792 132.7 180.5 43.91 42.3 302 22.8 20.8
2,3 — Dimethylheptane 796 1405 176.7 43.63 43.8 315 23.79 22.34
2,4 — Dimethylheptane 792 1335 179.1 43.74 429 306 22.7 213
2,5 — Dimethylheptane 826 136 179.4 43.85 429 307.8 22.7 21.3
2,6 — Dimethylheptane 870 135.2 180.9 43.93 42.8 306 23.7 20.83
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3,3 — Dimethylheptane 726 137.3 176.9 43.69 42.7 314 24.19 22.01
3,4 — Dimethylheptane 754 140.6 175.3 43.55 43.8 322.7 24.77 228
3,5 — Dimethylheptane 782 136 1774 43.64 43 312.3 23.59 21.77
4,4 — Dimethylheptane 696 135.2 176.9 43.6 42.7 317.8 24.18 22.01
3 - Ethyl - 2 - methylhexane 756 138 175.4 43.66 438 322.7 24.77 22.8
4 - Ethyl - 2 - methylhexane 775 133.8 1774 43.65 43 330.3 25.56 21.77
3 - Ethyl - 3 - methylhexane 682 140.6 173.1 43.27 43 327.2 25.66 23.22
3 - Ethyl - 4 - methylhexane 739 140.46 172.8 43.37 44 312.3 23.59 23.27
2,2,3 — Trimethylhexane 654 133.6 175.9 43.62 41.9 318.1 25.07 21.86
2,2,4 — Trimethylhexane 679 126.5 179.2 43.76 40.6 301 23.39 20.51
2,2,5 — Trimethylhexane 723 124.1 181.3 43.94 40.2 296.6 2241 20.04
2,3,3 — Trimethylhexane 634 137.7 173.8 4343 422 326.1 25.56 2241
2,3,4 — Trimethylhexane 689 139 1735 43.39 429 324.2 25.46 22.8
2,3,5 - Trimethylpentane 727 131.3 177.7 43.65 414 3094 2349 21.27
2,4,4 — Trimethylhexane 657 130.6 177.2 43.66 408 309.1 23.79 21.17
3,3,4 — Trimethylhexane 623 140.5 172.1 43.34 42.3 330.6 26.45 23.27
3,3 — Diethylpentane 672 146.2 170.2 43.11 434 3428 26.94 23.75
2,2 - Dimethyl- 3-ethylpentane 640 133.8 1745 43.46 42 338.6 25.96 22.38
2,3-Dimethyl-3-ethylpentane 621 142 170.1 42.95 42.6 322.6 26.94 23.87
2,4-Dimethyl-3-ethylpentane 693 136.7 173.8 434 429 324.2 25.46 22.8
2,2,3,3-Tetramethylpentane 525 140.3 169.5 4321 41 3345 27.04 23.38
2,2,3,4-Tetramethylpentane 465 133 173.6 43.44 41 319.6 25.66 21.98
2,2,4,4-Tetramethylpentane 576 122.3 178.3 43.87 38.1 301.6 24.58 20.37
2,3,3,4-Tetramethylpentane 572 141.6 169.9 432 418 3345 26.85 23.31
Table 2.
P r r2 se t p
bp 0.8917 0.7951 (3.5174)(0.0062) (18.5032)(16.1281) (4.9264E - 28)(9.2552E - 25)
mv 0.9210 0.8482 (1.6715)(0.0029) (80.4029)(19.3551) (2.2893E - 68)(3.8570E - 29)
mr 0.9105 0.8290 (0.5399)(0.0009) (57.3954)(18.0242) (1.0649E - 58)(2.1373E - 27)
hv 0.9250 0.8556 (0.5061)(0.0009) (59.2416)(19.9321) (1.3293E - 59)(7.1807E - 30)
ct 0.8361 0.6990 (5.1819)(0.0092) (45.3149)(12.4764) (5.3984E - 52)(3.8885E - 19)
cp -0.8900 0.7921 (0.2967)(0.0005) (102.5735)(-15.9795) (2.1399E - 75)(1.5173E — 24)
st 0.7463 0.5570 (0.3152)(0.0005) (59.0935)(8.90121) (6.7906E - 57)(9.6002E — 13)
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ABSTRACT

This study focuses on the process of digitalizing government in the Indian union territory of Jammu and
Kashmir. It highlights the problems that have been encountered and provides suggestions for a more
efficient system. There is a lack of infrastructure, restricted access to technology, poor training, and
opposition to change, which are the challenges. According to the findings of the study, there are benefits
of digitalization that have not yet been fully realized. The recommendations include giving top priority
to the development of infrastructure, the training of employees, the increasing of citizen awareness, and
the creation of trust. Sharing resources, having a policy framework that is supportive, and having an
inclusive and transparent process are all essential components of an effective collaboration between
government agencies, the corporate sector, and civil society.

Keywords: Digitalization, Benefits, Initiatives, Administration and Challenges.

INTRODUCTION

Digitalization refers to the process of using digital technologies to transform traditional processes into digital
processes. It involves the use of digital tools, techniques, and technologies to convert analog data into digital form,
((Singh, P. 2021) making it easier to store, process, and share (Smith, 2018). In practical terms, digitalization can
involve a wide range of activities, including the use of electronic documents instead of paper, the automation of
manual processes, the digitization of analog records, the use of data analytics to gain insights, and the
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implementation of digital communication tools (Johnson, 2019).The benefits of digitalization are numerous,
including increased efficiency, reduced costs, improved accuracy, and faster access to information (Anderson et al.,
2020). Digitalization can also enable new business models and facilitate innovation, as well as improving customer
experience and satisfaction (Brown, 2017). However, digitalization also comes with its own set of challenges,
including the need for significant investment in technology and infrastructure, concerns around data privacy and
security, and the need for training and capacity building to enable the workforce to use digital tools effectively
(Jones, 2021).

Digitalization has become an essential aspect of modern business and society, as organizations and governments
seek to harness the benefits of digital technologies to improve processes and services. Digitalization is (Verma, A.
2022) transforming the world we live in, and the administration sector is no exception. It has become increasingly
important for administrations to adopt digital solutions to enhance their efficiency and effectiveness. In the Indian
union territory of Jammu and Kashmir, the digitalization of administration has been initiated with the aim of
improving service delivery and increasing transparency. However, the process has been faced with various
challenges that hinder its full realization. This research paper focuses on the issues and challenges of digitalization in
administration in Jammu and Kashmir and provides insights into the road (Gupta, R., & Sharma, S. 2023) ahead for
a more effective and efficient system. The study adopts a mixed-method approach with and qualitative data to
identify the challenges and to recommend solutions for a successful digitalization process. The paper highlights the
importance of infrastructure development, training and capacity building, and stakeholder collaboration to ensure a
successful digitalization process.

The research findings show that the benefits of digitalization are not fully realized due to these challenges. Therefore,
it is essential to prioritize these factors to enable a comprehensive digitalization process. The study also emphasizes
the need to build trust and raise awareness among citizens to fully embrace the digitalization process. This can be
achieved through the implementation of a supportive policy framework and ensuring an inclusive and transparent
process. The paper concludes that the digitalization of administration in Jammu and Kashmir has the potential to
transform the system and enhance its efficiency and effectiveness. However, it is crucial to address the challenges
faced in the process and to adopt a collaborative approach to ensure successful implementation. This research
provides valuable insights into the issues and road ahead for digitalization in Jammu and Kashmir and can serve as a
guide for policymakers and stakeholders in the administration sector.

REVIEW OF LITERATURE

The literature review is an essential component of research as it helps identify existing gaps in knowledge and
provides a foundation for the study. By incorporating the following articles, the research aims to address the existing
gaps and provide a more comprehensive understanding of the topic. Digitalization plays a crucial role in rural
development in Jammu and Kashmir by bridging the urban-rural divide and improving access to government
services. It has the potential to uplift rural communities by leveraging digital (Thakur 2021) technologies to enhance
governance, education, healthcare, and financial services. By implementing digitalization initiatives, the region can
experience positive social and economic transformations, empowering its residents and narrowing the gap between
urban and rural areas.However, the digitalization process faces various challenges and opportunities. Establishing a
robust infrastructure and cultivating a skilled workforce are ess