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ABSTRACT: 

 The British writer, Hilary Mantel, earns both critical acclaim and bestseller status for her Cromwell trilogy. 

She is two-time Booker Prize winner for the first two books of this trilogy. This paper highlights the ways in 

which Mantel handles the historical characters in a lively and interesting manner in her first Booker Prize winning 

novel Wolf Hall.  

FULL PAPER: 

Hilary Mantel is Hilary Mary Thompson, born in July 6, 1952 in Hadfield, Derbyshire, England. She has 

been composing novels for really a long time before her scholarly fame. Her novels showcases her dull mind and 

complex expertise. She is known especially for her depressingly funny, socially examining books set in an 

extensive variety of contemporary and historical fiction. The most famous of her all novels, Wolf Hall (2009) 

portrays the growth of Thomas Cromwell, former Lord Great Chamberlain of the United Kingdom. It is praised 

for its great degree and complex depiction of its characters. It turned out to be a worldwide smash hit and won 

the Booker Prize. Its sequel, Bring up the Bodies (2012), centers all the more barely around Cromwell’s part in 

the defeat of Anne Boleyn, and it too won the prestigious Booker Prize as well as the top honor of the Costa Book 

Awards. Both of these novels are adopted for stage play by Royal Shakespeare Company in 2013 and it is also 

made into television miniseries in 2015. In 2020, mantel released her last part of her Trilogy, The Mirror and the 

Light, which accounts Cromwell’s tumble from power and his execution. Hilary Mantel had her sad demise on 

22nd September, 2022 because of stroke. 

 Hilary Mantel is viewed as the representative of the Post-World War II English fiction writer. Her twelve 

novels range from the obscurely creative thrill to historically fictitious work. She is thus, the post-modern novelist. 

Her books though mirrors the comic components, yet she is a serious writer expressing the ethical vision. Her 
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books depicts her perspective towards life in a hopeful and in most part in a negative way. Her liking for history 

and historical events enable her to generate praiseworthy works like A Place of Greater Safety (1992), A Change 

of Climate (1994), An Experiment in Love (1995), Beyond Black (2005) and the Thomas Cromwell series. 

 Wolf Hall firmly follows the true history of Tudor Court. The Tudor reign begin with the King Henry VII, 

who believes firmly that to maintain the power one must keep a strong allies. So he marries his first son Arthur, 

to the Spanish princess Katherine of Aragon. Arthur passes just four months after his marriage and the second 

son, Henry VIII is made the King. Henry VIII is strong-willed to marry Katherine, and for that he gains a special 

ecclesiastical order which would permit him to wed his sibling’s widow. Unfortunately, Katherine fails to give 

him a son and the only child left for them is Mary Tudor. 

 Wolf hall is set up in the England of 16th century. King Henry VIII is trying hard to divorce his wife 

Katherine and wed Anne Boleyn, but as Catholic Church believes marriage to be long-lasting and permanent, it 

does not support him for his divorce. Thus, he breaks away from the clutches of Roman Catholic rules and declares 

himself as the supreme head of the church and the country. He did this with the assistance of his self-determined 

and skillful minister, Thomas Cromwell, who is the protagonist of this historical novel. Wolf Hall begins with his 

humble, poor life as a child of blacksmith to his prosperity to rise as a lawyer and a legal adviser to the king 

himself. 

 Mantel has been evaluated as a hazily fanciful narrator. Her books range from confusing thriller to dark 

humor and to historical novels. She focuses mainly on family life, seclusion, the idea of time, feminism, religion, 

the outcome of the political and social framework. In this way she manages a variety of themes throughout her 

novel. 

 The Wolf Hall begins with the scene of Thomas Cromwell as a child being beaten mercilessly by his 

father, Walter. The scene makes it clear about father’s brutality towards his only son. Everyone sympathize over 

the future of Cromwell and the thing that it is better for him to leave the house than to tolerate beatings. Thomas, 

too feel it as the proper solution and leaves the house. In France, he learns three card game and helps the 

lowlanders, where he learns good and miserable side of life. His only longing is to get enlisted in the military to 

be an officer: “he walks around the docks saying to people, do you know where there’s a war just now?” (Mantel 

14). Cromwell from the very young age dreams of achieving a great height. 

Wolf Hall cherishes, recollection of childhood memories which plays an essential part in the evolution of 

the characters as well as the plot of the novel. Thomas Cromwell, is seen recalling his sad miserable life, which 

caused him to leave his house and achieve on his own. Wolf Hall also has the description of King Henry VIII 

thinking of his lost blissful childhood: “I lived at the palace at Eltham, I had a fool called Goose” (Mantel 618). 

Queen Katherine too recalls her childhood multiple times. 

http://www.ijnrd.org/
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The novel portrays that, people of Tudor court are exceptionally ambition to snatch power, even if it is 

through their double dealing or through defilement. When King Henry VIII realizes that the church won’t give 

him a divorce, he nullifies the power of the church and declares himself as the supreme head over all the churches. 

Anne Boleyn with her timid diplomacy, secures the favor of the King and earns high posts for her brothers and 

father. She also remains strict on the notion that before beginning the relationship, King Henry VIII must legally 

marry her. 

Cromwell is an intellectual man. He is fully aware that men wear mask to hide their own identity. One 

must be very careful and always find out what people wear under their clothes. That is, one must be careful 

towards others motifs. Thus, he keeps a close eye on people’s defiance and reservations to execute his plans at 

the right moment. To earn the favor of the king, Cromwell disregards his own principles and satisfies all the 

cravings of the King. Cromwell knows that Cardinal Wolsey is powerful only till he satisfies King’s desire. 

Wolsey’s power and nobility disappears at the King’s dismay, which teaches Cromwell that he should have the 

King’s aid to rise in court. As needs be Cromwell is ready to continuously oblige to the King even when he is 

ethically against to what King is doing. When Henry request the King to prosecute Thomas More for a wrong 

doing which he didn’t carry out; Cromwell shows no opposition. Thus, Cromwell’s ambition combined with his 

important skill assists him to climb to the high position in the King’s court. 

  King Henry VIII is an ardent devotee of Roman Catholic Church. He, thus wants to nullify his 

marriage with the papal support. He waits for twenty years to get a male heir. If Henry VIII fails to produce a 

male heir then there is a chance of Civil War. It is because of this that he marries six women; namely Katherine 

of Aragon, the mother of future Queen Mary I; Anne Boleyn, the mother of Future Queen Elizabeth I; Jane 

Seymour, the mother of future King Edward VI; Anne of Cleves; Catherine Howard and Catherine Parr. 

Marriage, thus plays a major role in Wolf Hall as the story revolve around the dissolution of one marriage 

and legitimization of another marriage of Henry VIII. Katherine who doesn’t want to divorce the King, plays all 

her cards till Cromwell persuades her advantages saying that, her daughter Mary will be made the Princess and 

she will get a decent sum of wealth for her living. 

Anne Boleyn who the King needs to marry, likewise is been anxious to become the Queen of England, 

which is impossible unless she legally marry the King. She feels the vulnerability and uneasiness about her 

marriage. As their secret marriage is fixed, there fosters another problem, one Harry Percy claims that he has 

covertly married Anne and she is his lawful wedded wife and the King can’t marry her. It is Cromwell again who 

decides to dispose of this case. In a public gathering where King needs to get the public consent to his marriage, 

a nun, Elizabeth Barton, shows up and predicts the destruction of the Kingdom if he marries Anne. Anne at this 

time keep a close watch on the individuals who support her and individual who go against the marriage. The 

people assisting their marriage were heavily rewarded and the rivals where tormented after she legally became 

the Queen. 

http://www.ijnrd.org/
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 In the beginning of the novel, the castle of Cardinal Wolsey is being vacated and he is being 

ordered to return back the great seal of England, which is his power of authority. He is shifted to Tower, which 

is a place of torment. This embarrassment of Wolsey gives Thomas Cromwell a tricky idea of revenge. He, thus 

intentionally draws near to the King so that he can do the things all the more without any problem. He sends 

Cardinal Wolsey to north and instead of going with him, he sends Rafe and Richard to accompany Wolsey. 

Meanwhile he is working to become more close to the King. Cromwell plots vengeance against all who are 

responsible for Wolsey’s condition. Among them he needs to diminish the significance of Stephen Gardiner, 

Henry Norris, Harry Percy, Duke of Norfolk and Duke of Suffolk and some others. At a certain point of time, 

after becoming the counselor of the King, he puts before the House of Commons a bill to suspend the money to 

be deposited to Rome. This is a plan of Cromwell to show the King, his true supporters. Thus, King finds out who 

all are for him and who all are against him. He does it cunningly. At this point he forces to desert the Stephen 

Gardiner from his house in the name of Anne Boleyn. He thus, outsmart every individual in plotting revenge. He 

works cunningly like a wolf. King Henry has praised him saying that he is as clever as a bag of serpents. 

The theme of childhood, ambition, religion, marriage etc. in Wolf Hall leads to a major theme, 

transformation. The protagonist, Thomas Cromwell, a son of Blacksmith transforms into a strong and powerful 

man. He elopes at the age of nine to escape his father’s beating and comes back only twelve years later with a 

wife, Liz. He gets an opportunity to work with Cardinal Wolsey which paves him a way to become close to king 

and he with his talent emerges as a Counselor to the King, then becomes a keeper to the jewel house. He later 

replaces Stephan Gardinar and becomes a master Secretary. Then, becomes King’s deputy in church affairs too. 

Wolf hall thus, is the story of transformation of Cromwell, which Hilary mantel showcase in an amazing and 

trustworthy way. 

Hilary Mantel is noted for her thematic diversity: 

Diversity of theme is the main characteristic of novels of Hilary mantel. There is no one connection in 

Hilary Mantel’s two novels, in respect of theme. Even the sequel of Thomas Cromwell’s trilogy novels 

has different themes Wolf Hall deals with rise of Thomas Cromwell from a son of a poor blacksmith to 

King Henry’s right hand. The sequel of this novel Bring Up The Bodies is about beheading of Anne Boleyn 

and Cromwell’s avenge on his enemies. (Deokar 18) 

She has uniqueness and writes each novel with the unique theme. 

Hilary Mantel makes clear her ‘novelistic vision’. She states life itself is unstable and so we are. If one 

tried to be stable then he or she would be finished. Therefore, Hilary mantel hates monotonousness in 

writing and wants choice. (Deokar 201) 

The theme of Wolf Hall is vastly distinct. When Thomas Cromwell and Thurston, his cook, discuss Cardinal 

Wolsey and Norfolk, they discuss the historical concept that “man is wolf to man”. This is the central theme of 
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this novel. The main characters in this novel are trying their hardest to stay in power in the English court by any 

means necessary. Man has transformed into a wolf in this circumstance. 

 Although Wolf Hall is a historical novel, as a piece of fiction it offers a relatively accurate insight into the 

lives of people living in the Tudor period. Through this novel Hilary Mantel paints a picture of people in Tudor 

England. She does not provide a historical factual record that fits stereotypes; but also describes how English 

people used to think and act during that time. During this time, aristocrats, kings, queens, and even priest has a 

tendency to say that man is wolf to man. Characters and incidents in the current novel demonstrate the same trend. 

The saying, man is a wolf to man means, the man acts like a wolf towards another man for his own benefits. King 

Henry wants to marry Anne Boleyn and divorce his first wife in order to produce a male heir. Yet, Pope of Rome 

doesn’t permit him to do as such. The idea of a male heir is the King’s obsession. He captures Cardinal Wolsey 

and imprisons him for treason, where he dies. By punishing Cardinal Wolsey, the King hope to instruct the Pope. 

Thomas More, who disagree with the King’s status as head of the Church of England, and he too is beheaded by 

him. King Henry thus, transforms into a wolf and kills his enemies to fulfill his wish. Anne Boleyn needs to wed 

King Henry and she too becomes like wolf and is ready to kill anyone who gets in the way of her in becoming 

the Queen of England. The theme of man is wolf to man oozes throughout the novel revealing the Tudor’s 

tendency. 

 The characters portrayed by Hilary Mantel have not been depicted in historical context. She has however 

reinvented them. She has shown the readers what goes on inside these characters’ heads. The phrase “man is wolf 

to man” serves as the novel’s overarching historical theme. The main characters in the novel use both good and 

foul tactics to gain or maintain power in English court. The current novel has a very straightforward plot, in order 

to make it easier for readers to comprehend the serious historical novel and keep them interested in reading. Wolf 

Hall thus is definitely a work that bought fame and recognition to our late writer Hilary Mantel. 
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A B S T R A C T   

In this study, activated carbon (AC) produced from jasmine flowers was effectively manufactured using a hy
drothermal carbonization procedure at various annealing temperatures. The XRD pattern revealed the graphitic 
phase of carbon. The surface morphology of nanoparticles exhibits uneven shapes. To investigate the photo
catalytic activity of methylene blue (MB), it was photodegraded using visible light irradiation. Under solar light 
irradiation, the prepared activated carbon was used as a potential photo catalyst for the photo catalytic 
degradation of brilliant green dye, which revealed 96% degradation. The antibacterial activity of activated 
carbon was tested against S. Aureus (MTCC-737) and E. coli (MTCC-443) microbial pathogens, and the zone of 
inhibition layer was studied. To the best of our knowledge this is the first study to use jasmine flower based AC as 
a photocatalyst for the efficient breakdown of MB dye.   

1. Introduction 

Water is an important component of daily existence. According to the 
UNESCO World Water Assessment Programme (WWAP), one hundred 
million humans, one million seabirds, and one hundred thousand marine 
animals perish annually due to water pollution [1]. Industrial sludge, 
heavy metals, pesticides, organic dyes, and other substances greatly 
pollute the water supply. Humans acquire a variety of illnesses due to 
water contamination. Even minute amounts of dye can degrade water 
quality. During the colouring process, the textile and paper industries 
release a large amount of dye waste [2]. Methylene blue is a heterocyclic 
aromatic dye that appears blue when oxidised but is colourless when 
reduced. Methylene blue causes loss of coordination, fast heartbeat, 
hallucinations, fever, nausea, vomiting, and diarrhoea. The non- 
biodegradable colour methylene blue causes several health issues and 
environmental pollutions [3]. Traditional techniques cannot breakdown 

methylene blue adequately. Only photocatalysis totally destroys dye 
without producing sludge or by-products. It is frequently used to treat 
coloured molecules as a result of its low cost, environmental friendli
ness, and absence of sludge [4]. Because of their large surface area and 
porosity, activated carbons (AC) are commonly used as an active ma
terial for methylene blue degradation. Activated carbon is utilised in a 
variety of environmental applications, including wastewater treatment, 
mercury removal, water purification, and gas purification, as well as 
energy storage, super capacitors, and batteries [5]. Corn cob, wheat 
straw, and rice hull in agricultural biomass-derived activated carbon 
[6], hazelnut shells [7], walnut shells [8], and peanut shells [9], egg
shells [10], and coconut shells [11] were utilised. Activated carbon is 
produced using a variety of synthetic techniques, including pyrolysis, 
physical activation, and chemical activation. To convert carbon, the 
physical activation process requires high temperature and pressure. By 
completing the heat degradation of raw material with chemical re
actions, chemical activation may be done in a single step. Chemical 
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activation operations are conducted using acidic reagents, such as ZnCl2, 
H3PO4, HCL, and H2SO4, or with essential reagents, such as KOH, K2CO3, 
and NaOH. Because they are very stable and can transfer electricity, 
carbonaceous materials can be used to stabilise hybrid systems and 
make photocatalytic energy happen. 

Zhang et al., 2021 [12] stated that carbon stalk-derived hydrother
mally treated activated carbon for the photodegradation of methylene 
blue removal obtained a 99.4% degradation efficiency at a 150 mg/L 
methylene blue concentration. Nizam et al., 2021 [13] described acti
vated carbon produced from rubber seed and shell for cationic methy
lene blue elimination. The interaction and hydrogen bonding result in 
the elimination of methylene blue. Wang et al., 2020 [14] generated 
activated carbon by utilising phosphoric acid as the activation agent in 
an integrated corncob hydrothermal carbonization process. Activated 
carbon’s surface area was measured at 480 m2/g. The ability of activated 
carbon to absorb dye rose from 41% to 82%. Emrooz et al., 2020 [15] 
created micro and mesoporous activated carbon produced from Azolla 
to remove methylene blue. According to this study, at the conclusion of 
120 min, activated carbon mediated by jasmine flowers achieves a 
maximum degradation efficiency of 94%. Comparing the observed re
sults to earlier reports. The hydrothermal carbonization method is the 
simplest, most ecologically friendly, time-and energy-efficient method 
for incorporating nanoparticles. The fundamental objective of this study 
is to produce a low-cost, high performance, low-temperature absorbent. 
Lin et al., 2021 [16]. The activator NaOH improves the surface area and 
photocatalytic activity of the material. 

This study seeks to manufacture the catalytic activity of activated 
carbon by degrading methylene blue dye under UV irradiation using 
conventional and simple carbon. Jasmine flowers will be used as a 
biomaterial in an affordable hydrothermal carbonization process. In 
addition, the biological activities of activated carbon at various tem
peratures of annealing were evaluated against a variety of microor
ganisms that cause disease. This research covers, to the best of our 
knowledge, the production of activated carbon using jasmine flower 
extract. The annealing temperature regulated the nanoparticles’ form 
and size. 

2. Experimental procedure 

2.1. Materials 

All of the chemicals and reagents are utilized without being purified 
further. Sodium hydroxide (NaOH), Methylene blue (C16H18CIN3S), 
Hydrochloric acid (HCL) were purchased from Merck. Methylene blue is 

a pollutant dye used for degradation. 

2.2. Preparation of activated carbon 

Jasmine flower-derived activated carbon was effectively produced 
by the hydrothermal carbonization method. Jasmine flower powder was 
added to 20 ml of distilled water togetherwith an activating agent 
(NaOH) at a ratio of 4:1, followed by three hours of stirring. The solution 
was transferred to a 100 ml Teflon autoclave and placed in an oven at 
100 degreesCelsius for three hours. To eliminate untreated biomass, the 
solution was cooled, filtered, and washed with distilled water and HCL. 
The sample was baked in an oven at 80 ◦C for one night, and then it was 
put together at different annealing temperatures (400 ◦C, 500 ◦C, 
600 ◦C) [17]. 

2.3. Characterization techniques 

A PAN analytical XPERT PRO diffractometer with Cu-K radiation 
(-1.54) was used to identify the structural and phase characteristics of 
activated carbon generated from jasmine flowers. FT-IR spectroscopy 
was used to analyses functional groups. The FT-IR spectra were captured 
using a Perkin Elmer spectrophotometer. SEM analysis was used to 
analyse surface morphology and particle size measurement. The Joel 
JSM 6390 Scanning Electron microscope was used for SEM examination. 
The high-resolution transmission electron microscopy was captured 
with the Gatan Quantum ER 965. The spectrum was acquired using 
Nanoplus and a particle size analyzer. 

2.4. Photo catalytic performance of activated carbon 

In the photo degradation investigation, the as-prepared photo cata
lyst (AC) was disseminated in 100 ml aqueous solution of MB dye. The 
solution was ultrasonically agitated for 30 min in a dark room before 
being exposed to radiation to provide the right adsorption/desorption 
conditions. The solution was then exposed to direct sunlight while being 
stirred magnetically. The reaction solution was kept at 37 ◦C while 5 ml 
of the suspension was taken every 10 min and centrifuged for 10 min at 
3000 rpm. The UV–Vis spectrophotometer was then used to analyse the 
photodegradation behaviour [18]. 

2.5. Reactive species experiment 

Reactive oxidative species entrapment studies were carried out to 
investigate the potential photocatalyst mechanism of MB dye over the 
AC. By adding 1.0 mM of disodium ethylenediamine tetra-acetic (h+), 
ethanol (e− ), isopropyl alcohol (OH•), and benzoquinone (O2

•− ), respec
tively, different types of scavengers were used in this experiment to trap 
photogenerated electrons, holes, hydroxyl radicals, and superoxide 
radicals. For the scavenger investigation, the same photocatalytic 
experimental methodology was used. 

2.6. Antibacterial activity 

AC synthesised using jasmine flower were evaluated for their ability 
to combat E-Coli and Staphylococcus aureus using the disc diffusion 
method. All samples were inoculated into sterile nutrient broth (Hi 
Media) (5 ml). Additionally, they were incubated for 3 to 5 h to bring the 
culture up to McFarland standards (106 CFC/ml). By spreading 100 ml 
of revived culture on Mueller Hinton-Agar/Hi Media using a spreader, 3 
repetitions of each individual organism were organised. 50 ml samples 
of AC nanoparticles were put in one well (7 mm- diameter) (7 mm- 
diameter). All of the petri plates with organisms whose antibacterial 
effect was indicated by a zone of inhibition in mm were kept in the 
incubator at 37 ◦C for one day. 

Nomenclature 

AC Activated carbon 
FT-IR Fourier Transform Infrared Spectroscopy 
H2SO4 Sulphuric acid 
H3PO4 Ortho phosphoric acid 
HCL Hydrochloric acid 
K2CO3 Potassium carbonate 
KOH Potassium hydroxide 
MB Methylene Blue 
Na2CO3 Sodium Carbonate 
NaOH Sodium hydroxide 
O2 Superoxides 
OH Hydroxyl radicals 
SEM Scanning Electron Microscope 
TEM Transmission Electron Microscope 
XRD X-ray Diffraction 
ZnCl2 Zinc Chloride  
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3. Results and discussion 

3.1. X-Ray diffraction 

Using XRD analysis, the phase and crystalline nature of activated 

carbon were determined. Fig. 1 depicts the XRD pattern of activated 
carbon at various temperatures of annealing. The X-ray diffraction peaks 
at 26◦ and 43.2o correspond to Bragg reflection planes (002) and (100), 
respectively. The observed pattern corresponded to JCPDS. 7440-44- 
0 [19] is the file number. The peak at 26o shows disordered carbon or 
amorphous carbon, whereas the peak at 44odenotes the graphitic phase 
of carbon. Activated carbon’s X-ray diffraction reveals a hexagonal 
graphite structure that corresponds well with JCPDS file number 75- 
1621 [20]. Due to an increase in the interplanar distance of the acti
vated carbon, the noticeable peak visible at 43.2o progressively shifts 
upward when the annealing temperature is increased. The increase in 
annealing temperature facilitates the proper migration of atoms inside 
the lattice [21]. The small change in diffraction peak locations may be 
attributable to the presence of strain in the crystal structure, which is 
common in nanocrystalline produced using an eco-friendly process. 

3.2. Fourier Transform Infrared spectroscopy 

FT-IR spectroscopy was utilized to analyse the functional groups of 
the studied activated carbon. Fig. 2 depicts the FT-IR spectra of activated 
carbon at various annealing temperatures. The designated band at 3744, 
3434, 3443, 3393 cm− 1 corresponds to the O-H stretching vibration of 
alcohol, phenol, carboxylic acid, or water [22]. This frequency corre
sponds to the C-H stretching vibration of the aliphatic molecule. The 
band at 1631 cm− 1corresponds to the C = C transition. Vibrational 
stretching of the aromatic ring [10]. The band seen at 1578 cm− 1 cor
responds to the sulphate group’s adsorption. The band found at 1337 
cm− 1 corresponds to C-H asymmetries. C-O stretching vibrations are 
represented by the band at 1270 cm− 1. The detected band at 1110–1114 
cm− 1corresponds to the vibrational bending of CO-H bonds. The peaks 
at 780 and 619 cm− 1 are from the O-H group [23,24]. Annealing tem
perature increases, water molecules are eliminated. Due to varying 
annealing temperatures, there is a little difference in peak shift and 
intensity. 

3.3. Scanning electron microscope with EDX 

Using SEM and TEM photographs, the morphological analysis of 
activated carbon was observed. Fig. 3A-D displays SEM images of acti
vated carbon heated to 400 ◦C, 500 ◦C, and 600 ◦C, respectively. The 
enhanced surface morphology of activated owing to a higher annealing 
temperature [25] is revealed by SEM pictures of irregular and agglom
erated nanoparticles. A number of holes and cavities are present on the 
surface of activated carbon as a result of the emission of hot gases during 
the annealing procedure. Energy Dispersive X-ray Analysis was used to 
identify the components of the produced activated carbon nanoparticles 
(EDX). Carbon and oxygen peaks have been proven to exist. The 
remaining small peaks are attributable to plant extracts, and their 
quantities are negligible. Fig. 4 A-C depicts the elemental analysis 
spectrum. 

3.4. Transmission electron microscope 

Transmission electron microscopy (TEM) images of activated carbon 
nanoparticles at 600 ◦C are shown in Fig. 5 A and B. The uneven forms of 
activated carbon result from theparticles’ synthesis. The photos 
demonstrate the activated carbon’s high surface area, which can hinder 
the recombination process and potentially activate charge carriers. 
These approaches are quite effective at catalysis. 

3.5. Particle size analyser 

Fig. 6 displays the DLS spectrum of activated carbon. At 400 ◦C, 
500 ◦C, and 600 ◦C, the average particle size of activated carbon is 120 
nm, 185 nm, and 190 nm, withpolydisperse index values of 0.387, 
0.375, and 0.345, respectively. According to the DLS spectrum, particle 

Fig. 1. XRD spectrum of Activated carbon (AC) NP’s.  

Fig. 2. FTIR spectrum of Activated carbon (AC) NP’s.  
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size values increase as the temperature rises. 

3.6. UV–Visible spectroscopy 

UV–Visible spectroscopy was used to study the optical characteristics 
of activated carbon. Fig. 7 depicts the absorbance spectra of activated 
carbon at various temperatures of annealing. The UV spectrum may be 
used to forecast surface morphology, oxygen deprivation, and contam
inants. As a result of the electrical shift from the valance band to the 
conduction band, activated carbon with a preset absorbance peak at 249 
nm absorbs light. The values of the energy band gap may be estimated 
using the Tauc plot. 

αhν = (hν − Eg)n (1) 

Where is the absorption coefficient, α represents a constant, h rep
resents the energy of light, and Eg represents the energy bandgap [26]. 
The energy band gap values of activated carbon at temperatures of 
400 ◦C, 500 ◦C, and 600 ◦C are 2.04 eV, 2.00 eV, and 1.94 eV, respec
tively. Due to an increase in annealing temperature, band gap values 
may fluctuate somewhat. Bandgap energy values decrease owing to an 
increase in crystallite size and annealing temperature. This phenomenon 
suggests that the interatomic distance increases when the amplitude of 
atomic vibrations grows in response to an increase in thermal energy. 
The annealing temperature decreased the optical band gap of activated 
carbon (Fig. 7 b-d), with 600 ◦C annealing reducing the optical band gap 
somewhat more than 400 ◦C and 500 ◦C annealing. However, the 
altering effects on the band gap of activated carbon did not appear to be 

Fig. 3. SEM images of Activated carbon (AC) a. (400 ◦C), b (500 ◦C), c and d (600 ◦C) at different magnifications.  

Fig. 4. (A-C) EDX spectra of Activated carbon (AC) NP’s.  
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significant. The effects of thermal annealing on photocatalytic activity 
and its dependence on annealing temperature cannot be explained only 
by the optical bandgap decrease generated by thermal annealing, ac
cording to these results. 

3.7. X-ray photoelectron spectroscopy 

The XPS analysis was used to determine the surface electrical state 
and chemical composition. The XPS spectra of synthesised activated 
carbon (600 ◦C) were shown in Fig. 8. The synthesised Activated carbon 
contains C and O elements, according to the XPS survey spectra. Two 
unique peaks can be seen in the X-ray photoelectron spectroscopy (XPS) 
spectra of AC at energies of 284.5 and 532.2 eV, which are ascribed to 

carbon and oxygen, respectively. Fig. 8 displays the XPS high resolution 
narrow scan C 1s spectrum. It has a large peak at 284.5 eV, which is 
consistent with a non-functionalized carbon, as well as contributions 
from aliphatic C sp3 and C sp2 hybridization, all of which are associated 
with the carbon surface. The existence of a C-C/C-H transition in an 
aromatic compound might be responsible for the binding energies 284.5 
shown in the figure. The range 532.2 eV was where the surface O 1s peak 
was seen. The O 1s signal is not very responsive to the kind of oxygen 
ring bonds [27]. 

3.8. Photocatalytic activity 

The photocatalytic activity of methylene blue (MB) was investigated 
by observing its photodegradation under visible light irradiation. Fig. 9 
depicts the photocatalytic activity of activated carbons at various 
annealing temperatures. Activated carbon breaks down methylene blue 
quickly because its pores are very active and it has a lot of surface area. 
Maximum absorbance spectra of methylene blue are observed at 650 nm 
due to the absorption of the azo bond present in MB dye [28]. When 
ultraviolet light is allowed to penetrate through the surface of carbon, 
electrons from the valance band are stimulated into the conduction 
band, leaving holes. The positive holes interact with H2O to produce free 
radicals (OH•), whereas photo generated electrons interact with the 
surface of carbon to make superoxides (O2

− ). Free radicals (OH•) and 
superoxides (O2

•− ) are a major cause of methylene blue degradation 
[29,30,31]. Together, these reactive radicals break down organic sub
stances into CO2, H2O, and other minerals. Oxygen vacancies and de
fects turn into active centres to collect photo induced electrons during 
the photo catalytic reaction process. As a result, photo induced electron 
and hole recombination can be successfully suppressed. The absorption 
of O2, which is transformed into superoxide radicals (O2•-) by contact 
with photo induced electrons, can also be aided by an increase in oxygen 
vacancies. These superoxide radicals are active in the oxidation of 
organic contaminants by generating additional radicals like OH• and 
H2O2. Fig. 10 is a diagram illustrating photocatalytic activity. Free 
radicals and superoxide react with dye molecules to produce carbon 
dioxide, water, and other organic chemicals. During deterioration, the 
following processes occur:Fig. 11.  

Carbon + hѵ → h+ + e− (2)  

h+ + OH− → OH* (Hydroxyl radicals)                                               (3) 

Fig. 5. A, & B TEM images of Activated carbon (AC) NP’s at (600 ◦C).  

Fig. 6. (A-C) DLS spectra of Activated carbon (AC) NP’s.  
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h+ + H2O → H+ + OH*                                                                  (4)  

e− + O2 → O2                                                                                (5)  

OH* + MB dye → H2O + CO2 (Degradation products)                         (6)  

O2
•− − + MB dye → H2O + CO2 (Degradation products) [32]                  (7) 

Fig. 7. A UV-absorbance spectrum and (B-D) Tauc plot of Activated carbon (AC) NP’s.  

Fig. 8. (a-c) XPS spectra of activated carbon (600 ◦C).  
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Activated carbon annealed at different temperatures (400 ◦C, 500 ◦C, 
and 600 ◦C) exhibits maximum degradation efficiencies of 86%, 90%, 
and 94% after 2 h, respectively. The conversion of the amorphous phase 
to the graphitic phase enhances the efficiency of degradation. Photo
catalytic performance is improved by highly active pores and surface 
area [33]. The surface polarity, surface area, and aromaticity that result 
from the adsorption of organic pollutants [34] are crucial properties. 
During photodegradation, methylene blue is transformed to leuco 
methylene, resulting in a shift in hue from dark blue to colourless [35]. 
Several characteristics, including carrier recombination, particle size, 
surface area, surface acidity, and the presence of a greater number of 
hydroxyl groups, affect the photocatalytic activity of catalytic material. 

In this study and previous research, 600 ◦C (sample 3) exhibits a greater 
percentage of degradation than 400 ◦C (sample 1). Due to the higher 
surface-to-volume ratio and low recombination rate of electron-hole 
pairs formed by optical exposure, theenhanced photocatalytic activity 
can be attributed to the many accessible surface states. As part of this 
investigation, the comparison in Table 1 shows how unique the study is 
about how methylene blue breaks down.Table 2. 

3.8.1. Photocatalytic performance of activated carbon based photocatalyst 
The results obtained are summarized in Table 1 and compared to 

earlier publications on photocatalyst, including activated carbon. Under 
the impact of UV or visible light, several nanostructures of photocatalyst 
based on activated carbon were utilised to degrade organic dyes. Ac
cording to Table 1, activated carbon generated from egg shells can 
breakdown 82% of Methylene Blue dye for 120 min in the presence of 
sunshine, and the majority of reported activated carbon nanoparticles 

Fig. 9. Time-dependent UV–vis absorption spectra for degradation of MB 
(400 ◦C, 500 ◦C and 600 ◦C). 

Fig. 10. Schematic representation of Photocatalytic degradation of MB dye.  

Fig. 11. shows reusability of activated carbon (600 ◦C) after 5 cycles.  
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can degrade the dye for more than two hours. However, after 120 min of 
sun irradiation, 600 ◦C activated carbon had a maximum photo
degradation efficiency of 94% for MB dye. In the near future, the acti
vated carbon in its current state may be useful for the photodegradation 
of MB dye using sunlight. 

3.9. Reusability 

Fig. 12 shows reusability of activated carbon (600 ◦C) after 5 cycles. 
The long-term stability and reusability of the optimized AC photo
catalyst (600 ◦C) towards the degradation of MB dye was studied under 
five cycles of sunlight exposure. The concentration of MB dye should be 
constant in each cycle, and the recovered centrifuged catalyst is used in 
subsequent cycles of the degradation process. The catalyst remains 
efficient and has remarkable photostability even after four cycles. 
Maximum MB dye degradation occurs after 120 min, and the efficiencies 
for the first, second, third, fourth, and fifth cycles are 94%, 93.5%, 92%, 
92.4%, and 91%, respectively. The results of the present investigation 
therefore support the fact that AC formed during the photocatalytic 
destruction of MB dye under sunlight irradiation may exhibit excellent 

photostability, stability and excellent photo corrosion resistance. 

3.10. Scavenger studies 

Fig. 12 shows the experiment for capturing reactive species while AC 
is being photocatalysis by sunlight. It was found that the addition of IPA 
and 2Na-EDTA scavengers reduced the photocatalytic efficacy of AC 
toward the degradation of MB dye. However, the degradation of MB in 
comparison to AC as a photocatalyst is not noticeably altered by the 
addition of ethanol and BQ. These findings suggest that the main reac
tive species involved in the photocatalytic breakdown of MB under solar 
illumination are holes and hydroxyl radicals. 

3.11. Electrochemical impedance spectroscopy 

Using an electrochemical analyzer in a typical three-electrode setup, 
measurements for Mott-Schottky (MS) and electrochemical impedance 
spectroscopy (EIS) were made. The working electrode’s active area was 
0.5 cm2 by 1 cm2. EIS was carried out using an open circuit voltage of 
0.2 V and an AC voltage amplitude of 5 mV, with a frequency range of 

Table 1 
Photocatalytic performance of AC-based photocatalyst for the degradation of organic dyes in aqueous solution.  

S.No Nanocatalyst Time Dye Degradation efficiency References 

1. Activated Carbon (Coconut shell) 120 mins Methylene blue 68% [36] 
2 Activated Carbon 

(coffee grounds) 
150 Min Methylene blue 20.97% [37] 

3 Activated Carbon  
(Jack fruit leaves 

) 

30 Min Methylene blue 84% [38] 

4 Activated Carbon  
(Egg shell) 

180 Mins Methylene blue 82.8% [39] 

5 Activated Carbon  
(fir bark) 

180 Mins Methylene blue 96% [40] 

6. CuS, CdS and CuS-CdS 10 Mins Methylene blue 80, 59 and 99.97% [41] 
7 La-doped ZnO 90 Mins Methylene blue 88% [42] 
8 Zinc sulfide 60 Mins Rhodamine B 93 [43] 
9 ZnS 90 min Brilliant green 88 [44] 
10 ZnS, CdS and CuS 60 min Bromothymol blue dye 63.88%), 83.42% and 46.23% [45] 
11 CdS and Sn-doped CdS 180 min Methylene blue 91.39% and 97.56% [46] 
12 CdS, TiO2, CdS-TiO2 60 min Acid Blue dye 68%, 09%, and 84% [47] 
13 ZnO-AC/A + P 60 min Malacite Green and Congo Red 92% [48] 
14 ZnO-NR/ACF 120 mins Methylene blue 90% [49] 
15 Nano Zinc Oxide/Nanohydroxyapatite 100 min Methylene Blue 91% [50] 
16 Activated Carbon  

(Jasminum) 
120 Mins Methylene blue 94% This Work  

Table 2 
Antibacterial efficacy of AC.  

Nanomaterials Bacterial pathogen Zone of inhibitions 
(mm) 

References 

Zinc oxide Staphylococcus aureus 29 [57] 
Escherichia coli 22 

Ag NPs Aspergillus niger 25 [58] 
Microsporum canis 23 
Staphylococcus aureus 17 

Ag-NPs Escherichia coli 7 [59] 
Staphylococcus aureus 12 

Ag-NPs Escherichia coli, 15 [60] 
Klebsiella pneumoniae 10 
Salmonella Typhimurium 20 
Salmonella Enteritidis 20 

AC  Aspergillus flavus 21 [61] 
Aspergillus Niger 22 
Fusarium solani 22 
Candida albican 24 
S. cerevisae 23 

AC (600 ◦C) E scherichia coli  12 Present 
work 

Staphylococcus aureus 10  Fig. 12. Scavenger studies of activated carbon (600 ◦C).  
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0.1 Hz to 100 kHz. The analysis of the photogene rated charge separa
tion and transfer during the photocatalytic process was done using the 
electrochemical impedance spectroscopy (EIS) of as prepared activated 
carbon. Generally, the Nyquist plot’s semicircle’s radius represents the 
rate of reaction taking place at the photocatalyst’s surface. The reduced 
arc radius in the Nyquist plot (see Fig. 13) suggests that surface imper
fections in the produced AC may be the cause of the rapid reaction rate 
and efficient charge transfer with decreased electrical resistance [51]. 

3.12. Morphological stability of prepared AC 

TEM and SEM were used to assess the morphological stability of the 
recycled/recovered photocatalyst. According to TEM and SEM analysis, 
even after the third cycle of photodegradation, the AC authenticates that 
no structural change has been seen even after fifth cycle (Fig. 14). The 
fact that the degradation efficiency was still 96% even after three cycles 
further demonstrates the high photostability and reusability of the as- 
prepared AC under simulated visible-light irradiation. 

3.13. Antibacterial activity 

Fig. 15 depicts the antibacterial action of activated carbon. The 
antimicrobial effectiveness of activated carbon was evaluated using the 
disc diffusion technique. The antibacterial activity of gram-positive 
(S. aureus) and gram-negative (E. coli) bacteria was evaluated (E-Coli). 

Possible response mechanisms include the following: 
1. Electrostatic interaction between nanoparticles and the cell wall 

membrane 
2. Individual particle diffusion to the cell membrane. 
3. Superoxides and free radicals are produced. 
It is possible that superoxides and free radicals would arise since the 

experiment was conducted in a dark environment [52]. The interaction 
between the carbon surface and the negative cell wall membrane of E- 
Coli results in electrostatic attraction, and the rupture of the cell wall 
leads to protein denaturation and cell death. The adsorption ability of 
carbon leads to effective antibacterial activity against E-Coli [53]. The 
cell wall of Gram-negative bacteria has an outer lipopolysaccharide 
membrane and a thin layer of peptidoglycan, whereas the cell wall of 
Gram-positive bacteria has a thick layer of peptidoglycan [54]. These 
results suggest that not all positively charged NPs are more biocidal than 
negatively charged AC NPs toward the pathogens under study. 
Furthermore, it is challenging to say which pathogens are more 
vulnerable to exposure to positively charged AC NPs. In the literature, it 
is hypothesised that the electrostatic attraction between negatively 
charged microbial cell membranes and AC NPs with a positive surface 
charge can significantly increase the adhesion of AC NPs, giving posi
tively charged AC NPs stronger antibacterial activities than negatively 
charged AC NPs. In this investigation, bio-formed activated carbon 
nanoparticle agglomerates were utilized. These large aggregates are less 
likely to penetrate the bacterial cell membrane and cause internal harm. 
It appears that direct interactions between activated carbon nano
particles and the membrane surfaces of bacteria result in the mechanical 
rupture of the cell wall, which might be an efficient mechanism for the 
antibacterial activity of the sample. It was discovered that when the 
concentration of activated carbon-NPs increased, the size of the inhibi
tory zone grew. Crystalline structure and particle shape have a minimal 
effect on antibacterial activity, but surface area and concentration have 
a significant impact [55,56]. Gram-positive bacteria result in a smaller 
inhibition zone because it is difficult to destroy S. aureus’ cell wall. 
Compared to amorphous carbon, the graphitic phase of carbon has su
perior antibacterial activity. Antibacterial activity is determined by the 
surface area, crystallinity, crystallite size, and particle size. A high 
concentration of activated carbon results in a larger inhibitory zone. The 
fact that the activated carbon material being studied is very good at 
killing bacteria shows that it is a great choice for treating wastewater. 

4. Conclusion 

This work used a hydrothermal carbonization method and a jasmine 
flower as biomass to make activated carbon. The hexagonal graphite 
phase of carbon is shown by the XRD pattern. FT-IR spectroscopy was 
used to identify the functional groups in activated carbon. The 

Fig. 13. Electrochemical impedance spectra of o activated carbon (600 ◦C).  

Fig. 14. a, b, c Morphological stability of activated carbon (600 ◦C) after 5 cycles.  
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production of agglomerated and irregular-shaped nanoparticles was 
shown by SEM and TEM. The optical absorption occurs at 249 nm in the 
UV spectrum. At different annealing temperatures, the energy band gap 
of activated carbon is 2.04 eV, 2.00 eV, and 1.97 eV (400 ◦C, 500 ◦C, and 
600 ◦C), respectively. Under visible light irradiation, the greatest pho
tocatalyticdegradations for MB was recorded at 94 percent. As itself, 
activated carbon has strong antibacterial action. According to the find
ings, the generated activated carbon material is very suitable for 
wastewater treatment and environmental applications. The Nyquist 
plot’s smaller arc radius verifies the efficient separation of photo
generated electron and hole pairs. The reusability investigations reveal 
that AC still display remarkable photostability and degradation effi
ciency even after four cycles. It is firmly believed that the prepared AC 
may serve as a potential photocatalyst for environmental remediation in 
the near future because they exhibit excellent photocatalytic perfor
mance even in their pristine form due to small crystallite size, high 
sunlight absorption, effective separation of charge carriers for a longer 
period of time, and high reduction and oxidation ability. 
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[4] R. Sharma, M. Almáši, S.P. Nehra, V.S. Rao, P. Panchal, D.R. Paul, I.P. Jain, 
A. Sharma, Photocatalytic hydrogen production using graphitic carbon nitride 
(GCN): A precise review, Renew. Sustain. Energy Rev. 168 (2022) 112776, https:// 
doi.org/10.1016/j.rser.2022.112776. 

[5] V. Benedetti, F. Patuzzi, M. Baratieri, Characterization of char from biomass 
gasification and its similarities with activated carbon in adsorption applications, 
Appl. Energy 227 (2018) 92–99. 

[6] M. Aravind, M. Amalanathan, M.S.M. Mary, C. Parvathiraja, A.A. Alothman, S. 
M. Wabaidur, M.A. Islam, Enhanced photocatalytic and biological observations of 
green synthesized activated carbon, activated carbon doped silver and activated 
carbon/silver/titanium dioxide nanocomposites, J. Inorg. Organomet. Polym 
Mater. 32 (1) (2022) 267–279. 

[7] Y. Ma, Comparison of activated carbons prepared from wheat straw via ZnCl2 and 
KOH activation, Waste and biomass valorization 8 (3) (2017) 549–559. 

[8] Y. Chen, Q. Chen, H. Zhao, J. Dang, R. Jin, W. Zhao, Y. Li, Wheat straws and corn 
straws as adsorbents for the removal of Cr (VI) and Cr (III) from aqueous solution: 
kinetics, isotherm, and mechanism, ACS Omega 5 (11) (2020) 6003–6009. 

[9] K. Lewicka, Activated carbons prepared from hazelnut shells, walnut shells and 
peanut shells for high CO2 adsorption, Polish J. Chem. Technol., 19(2), 2017. 

[10] M. Aravind, M. Amalanathan, Structural, morphological, and optical properties of 
country egg shell derived activated carbon for dye removal, Mater. Today:. Proc. 
43 (2021) 1491–1495. 

[11] F. Gao, X. Tang, H. Yi, B. Zhang, S. Zhao, J. Wang, T. Gu, Y. Wang, NiOmodified 
coconut shell based activated carbon pre-treated with KOH for the high efficiency 
adsorption of NO at ambient temperature, Ind. Eng. Chem. Res. 57 (49) (2018) 
16593–16603. 

[12] L. Zhang, J. Tan, G. Xing, X. Dou, X. Guo, Cotton stalk-derived hydrothermal 
carbon for methylene blue dye removal: investigation of the raw material plant 
tissues, Bioresources and Bioprocessing 8 (1) (2021) 1–11. 

Fig. 15. Antibacterial activity of Activated carbon (400 ◦C, 500 ◦C and 600 ◦C).  

M. Amalanathan et al.                                                                                                                                                                                                                         

https://doi.org/10.1016/j.jece:2020.104877
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0010
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0010
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0010
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0015
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0015
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0015
https://doi.org/10.1016/j.rser.2022.112776
https://doi.org/10.1016/j.rser.2022.112776
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0025
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0025
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0025
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0030
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0030
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0030
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0030
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0030
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0035
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0035
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0040
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0040
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0040
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0050
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0050
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0050
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0055
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0055
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0055
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0055
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0060
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0060
http://refhub.elsevier.com/S1387-7003(22)00957-1/h0060


Inorganic Chemistry Communications 146 (2022) 110149

11

[13] N.U.M. Nizam, M.M. Hanafiah, E. Mahmoudi, A.A. Halim, A.W. Mohammad, The 
removal of anionic and cationic dyes from an aqueous solution using biomass- 
based activated carbon, Sci. Rep. 11 (1) (2021) 1–17. 

[14] X. Chen, L. Yu, S. Zou, L. Xiao, J. Fan, Zeolite cotton in tube: A simple robust 
household water treatment filter for heavy metal removal, Sci. Rep. 10 (1) (2020) 
1–9. 

[15] H.B.M. Emrooz, M. Maleki, A. Rashidi, M. Shokouhimehr, Biomass Convers. 
Biorefinery. 1–12 (2020). 

[16] Y. Zhang, J. Xu, B. Li, Z. Xie, X. Li, J. Tang, S. Fan, Enhanced adsorption 
performance of tetracycline in aqueous solutions by KOH-modified peanut shell- 
derived biochar, Biomass Conversion and Biorefinery (2021) 1–15. 

[17] S. Haj Yahia, K.K. Lee, B. Ayed, N. Hedin, T.L. Church, Activated carbons from 
Hydrochars prepared in Milk, Sci. Rep. 9 (1) (2019) 1–11. 

[18] C. Parvathiraja, S. Shailajha, S. Shanavas, J. Gurung, Biosynthesis of silver 
nanoparticles by Cyperuspangorei and its potential in structural, optical and 
catalytic dye degradation, Applied Nanoscience 11 (2) (2021) 477–491. 

[19] D. Rattan Paul, S.P. Nehra, Graphitic carbon nitride: a sustainable photocatalyst for 
organic pollutant degradation and antibacterial applications, Environ. Sci. Pollut. 
Res. 28 (4) (2021) 3888–3896. 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Ag nanoparticles modified with TiO2 
nanofibers was synthesized by the hy
drothermal method. 

• TheAg-TiO2 Nanofiber achieved high 
photocatalytic performance toward the 
removal of Methylene blue. 

• The Ag–TiO2 Nanofibers displayed the 
attractive antibacterial efficacy against 
both gram positive and gram negative 
bacteria. 

• The Ag–TiO2 nanofibers are suitable for 
waste water treatment and biomedical 
applications.  

A R T I C L E  I N F O   
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Keywords: 
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A B S T R A C T   

This work successfully utilised eco-friendly green synthesis to produce Ag–TiO2 nanofibers (NFs). As pollution 
and energy limitations have become global issues, there is an ongoing need to develop more effective catalysts 
through straightforward and environmentally friendly methods. The Ag–TiO2 nanofibers (NFs) XRD pattern 
exhibits an anatase TiO2 and FCC crystal structure of Ag nanoparticles. The SEM investigation revealed a 
nanofiber-like surface morphology. The Ag–TiO2 nanofibers (NFs) exhibits an optical band gap energy is 2.5 eV. 
Methylene blue (MB), malachite green (MG), Congo red (CR), and crystal violet (CV) dye aqueous solutions were 
used to evaluate the photocatalytic performance of the synthesized Ag-modified TiO2 nanofibers (NFs) under 
direct sunlight irradiation. The effects of catalyst size on the efficient breakdown of MB dye were also investi
gated. The optimum catalyst concentration was found to be at 0.02 mg/mL. At 120 min of direct sunlight, the 
highest photosynthetic degradation efficiency (DE percentage) of 94% was achieved for MB dye. Ag–TiO2 
nanofibers (NFs) have been demonstrated to have exceptional antibacterial activity against Gram-positive bac
teria such as Staphylococcus aureus and Gram-negative bacteria E-Coli. Because of these great qualities, it seems 
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likely that the Ag–TiO2 nanofibers (NFs) made could be a great photocatalyst for getting dye pollutants out of 
wastewater.   

1. Introduction 

In recent years the most important challenges facing humanity now 
are the scarcity of clean water, growing population and pollution of 
existing water sources. There is a correlation between pesticides and 
other organic dyes in water sources and the transmission of water-borne 
diseases. A significant and widespread negative influence on the water 
supply is caused by impurities such as plastics, textiles, electronic trash, 
and industrial wastes. In recent years, addressing environmental issues 
resulting from huge releases of toxic substances has become a vital 
priority for the scientific community. Dye pollutants are exceedingly 
difficult to remove from wastewater. MB is a negative polar dye 
frequently employed in textile and artwork printing and painting. The 
negative effects of methylene blue are headaches, nausea, vertigo, and 
skin discolouration. Numerous technologies, including adsorption Liu 
et al. (2020), the biological process Javaid et al. (2011), membrane 
filtration Kurt et al. (2012), improved oxidation Yasar et al. (2013), and 
other physical and chemical processes, have been utilised to eliminate 
hazardous colours from wastewater. These procedures have the draw
backs of high temperatures, high pressure, energy consumption, and a 
longer time frame. Due to issues with effluent, sludge formation, and 
adsorbent repair, none of these approaches is superior for dye degra
dation. When dye molecules are exposed to sunlight they break down 
into carbon dioxide, water molecules, and simple mineral acids Priyanka 
and Lens (2022). Therefore, heterogeneous photocatalysis paves the 
way for an eco-friendly, cost-effective, and effective method of envi
ronmental clean-up (Thakur et al., 2020; Roongraung et al., 2020a,b). 

Gaurav K. Upadhyay et al. (2019) synthesized that ZnO: TiO2 
nanocomposite for removing methylene blue. The optical bandgap of 
the ZnO: TiO2 nanocomposites has decreased from 3.30 eV to 3.10 eV. 
After 120 min, the ZnO-modified TiO2 nanocomposite degrades at its 
fastest rate, between 75 and 90%. Moradi et al. (2018) reported that 
under UV irradiation, the magnetic NiFeO4@ZnO nanocomposite de
grades direct blue dyes and reactive blue dyes. NiFeO4@ZnO nano
composites degrades natural blue dyes and reactive blue dyes by 98.5% 
and 96.5%, respectively. Mukhopadhyay et al. (2016) synthesized that 
plasmonic Au-coated ZnO/TiO2 catalysts completely degrades under CR 
and MB under UV light irradiation. According to Aqeel et al. (2020) 
sol-gel process was used to prepare the nano photocatalyst Zr/Ag/TiO2. 
Zr/Ag/TiO2 nanocomposites have 93% dye degradation efficiency. 
Santos et al. (2015) used a hydrothermal technique to prepare Ag/TiO2 
nanocomposite to decolourize tartrate azo dye. According to Kumar 
et al. (2020) the photocatalytic activity of the Ag/TiO2 composites de
grades 78 percent of methyl orange dye after 180 min. 

Noble metal nanoparticles have strong Surface Plasmon Resonance 
(SPR) properties and a high electron trapping capacity. In the present 
research work aims to synthesis and analyse Ag–TiO2 nanofibers (NFs) 
for the effective photodegradation of Methylene blue (MB), malachite 
green (MG), Congo red (CR), and crystal violet (CV) dye aqueous dye 
solution under solar irradiation. Ag–TiO2 nanofibers (NFs) may be able 
to absorb UV and visible light from the sun and attract additional dye 
molecules to the surface, which is a good way to break down organic 
dyes. The most important factors for enhancing photocatalytic activity 
are metal ions dopants (Cu, Co, Ag, Au), composite networks, and the 
different kinds of light sources used (UV/Visible or sunlight). Metal 
doping can reduce charge carrier recombination and improve photo
catalyst visible light absorption based on ZnO and TiO2. 

2. Materials and methods 

2.1. Materials 

The ingredients Titanium Tetra Isopropoxide (TTIP), Silver nitrate 
(AgNO3), and Methylene blue (C16H18ClN3S) were purchased from 
Sigma Aldrich. Without any additional purification, all chemicals and 
reagents are used. 

2.2. Synthesis of Ag–TiO2 nanofibers (NFs) 

Ag–TiO2 nanofibers (NFs) were synthesized by employing a simple 
and environmentally friendly hydrothermal method Aravind et al. 
(2021). After adding 10 mL of titanium tetra-isopropoxide (TTIP) to a 
beaker with a capacity of 100 mL, the next step was to add 5 mL of 
jasmine flower extract and 20 mL of distilled water. The solution was 
constantly stirred at a pace of 400 revolutions per minute (rpm). The 
titanium solution should now have added 0.1 M of an AgNO3 solution. 
The solution was kept warm in an autoclave made of stainless steel and 
heated for one day in a muffle furnace at a temperature of 180 ◦C. 
Calcination took place for 6 h at a temperature of 500 ◦C Wang et al. 
(2020). 

2.3. Characterizations of Ag–TiO2 nanofibers (NFs) 

The Panalytical X-Pert Pro diffractometer was used to measure 
powder X-ray diffraction. The Shimadzu Prestige 20 IR- 
Spectrophotometer was used to record the FT-IR spectrum with an 
area of 400–4000 cm− 1. Scanning Electron Microscopes with Energy 
Dispersive X-Ray Spectroscopy (Jeol JSM 6390 and Quintox KM9106) 
were used to analyse surface micro-morphology and their elemental 
analysis. A Jasco V630 UV–Visible Spectrophotometer was used to 
measure UV–visible absorbance spectra. Dielectric measurements were 
made with a CHI604E electrochemical analyser and a Hioki LCR 
impedance analyser. 

2.4. Photocatalytic measurement 

The degradation of MB aqueous dye in visible light was investigated. 
The Ag–TiO2 nanofibers (NFs) were distributed in a 100 mL aqueous MB 
dye. So that adsorption and desorption may occur properly before 
irradiation can take place. The solution was ultrasonically agitated for 
60 min inside a dark room. Every 30 min, 5 mL of solution was collected 
and centrifuged at 3000 rpm for 10 min. The temperature of the reaction 
mixture was kept constant at 37 ◦C. The photodegradation behavior was 
evaluated using a UV–Vis analyser. Similarly, different quantities of 
catalysis (0.005 mg–0.02 mg) of Ag–TiO2 were used to assess the cata
lytic effectiveness of the samples. The following equation is used to 
determine the degradation efficiency (DE) of dye. 

Degradation Efficiency (%)= (Co − C) / Co × 100 % (1)  

where Co – Initial concentration of dye solution. 
C – Final concentration of dye solution Ahmad et al. (2020). 

2.5. Antibacterial properties 

The antibacterial properties of Ag–TiO2 nanofibers (NFs) were 
investigated using disc diffusion. The antibacterial activity of Ag–TiO2 
nanofibers (NFs) was examined using gram-positive (S. aureus) and 
gram-negative (E. coli) bacterial pathogens Wong et al. (2020). 8 (milli 
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meters) mm wells were punched in Mueller Hinton Agar (MHA) and 
wiped with positive and negative strains. In each well was poured a 
solution of prepared Ag–TiO2 nanofibers (NFs) of varying concentra
tions. The agar plate was incubated for 24 h at 37 ◦C. The inhibitory 
layer was measured in millimetres Rao et al. (2019). 

3. Results and discussion 

3.1. XRD analysis 

Fig. 1 a) Demonstrates the XRD pattern of Ag–TiO2 nanofibers (NFs). 
The Braggs reflection planes (101), (110), (004), (111), (102), (200), 
(105), (211), (204), (220), and (116) correspond to the diffraction peaks 
2(θ) at 25.56o, 27.48o, 36.17o, 38.28o, 41.36o, 48.37o, 54.54o, 56.92o, 
62.81o, 64.35o, and 69.20o. The diffraction peaks measured at 38.28o, 
48.37o, and 64.35o correlates to the FCC crystal structure of Ag–TiO2 
nanoparticles. The detected XRD peaks precisely matched with the 
JCPDS card numbers 07–6173 and 04–0774 Roongraung et al. (2020). 
The average crystallite size of Ag–TiO2 nanofibers (NFs) is 33 nm (nm). 
In the XRD pattern of Ag–TiO2 nanofibers, dual phases consisting of a 
tetragonal anatase phase and a face-centred cubic lattice of silver 
nanoparticles are seen. The Ag nanoparticles couldn’t get into the TiO2 
crystal lattice, so they gathered on its surface. 

3.2. UV–visible absorbance spectroscopy 

Fig. 1 (c and d) depicts the UV–visible and Tauc plots of Ag modified 

TiO2 nanofibers (NFs). The Ag modified TiO2 nanofibers reveals the 
absorbance peak reaching between 208 and 396 nm (NFs) Liang et al. 
(2022). The redshift is triggered by the presence of Ag-nanoparticles on 
the surface of the TiO2 nanostructure. Because of the localized SPR ef
fect, the plasmonic Ag nanoparticles in the TiO2 catalyst may easily 
absorb light and excite the surface electron for transmission to an 
acceptor Li et al. (2018). The Tauc plot was used to obtain the optical 
band gap values, 

hν=A
(
hν − Eg

)n / α (2)  

where α is the optical absorption coefficient, Eg is the bandgap energy, A 
is an optical constant, and n indicates the transition order Arifin et al. 
(2022). The optical band gap values of the Ag–TiO2 nanofibers (NFs) 
determined are 2.5 eV. While Ag nanoparticles have been added on the 
surface of TiO2 nanoparticles, compared to commercial TiO2 nano
particles, the bandgap gradually decreases. When Ag nanoparticles are 
present on the surface of the TiO2 nanostructure, a huge quantity of 
photons with a longer wavelength are absorbed. It makes photocatalysis 
work better. Electrons are excited from the VB (valance band) to the CB 
(conduction band) and subsequently shifted to the Ag fermi level. UV 
spectra result in a decreased photoelectron carrier recombination rate 
Shen et al. (2022). 

3.3. Fourier transform –infra red (FT-IR) spectroscopy 

Fig. 1 b) shows the vibrational spectra of as-prepared Ag–TiO2 
nanofibers (NFs) using jasmine flower extract. The band obtained at 

Fig. 1. a) XRD pattern of Ag–TiO2 nanofibers (NFs), b) FT-IR spectra of Ag–TiO2 nanofibers (NFs) using jasmine flower extract (c and d) UV–visible absorbance 
spectra and Tauc Plot of Ag–TiO2 nanofibers (NFs). 
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3385.3 cm− 1 denotes the hydroxyl (O–H) groups Zhang et al. (2012). 
The peak at 2851 cm− 1 corresponds to the – CH3 stretching mode of 
vibration Ashraf et al. (2020). The – C = C - aromatic stretching vibra
tions band obtained at 1631.30 cm− 1 Jaber et al. (2020). The band 
observed at 1355 cm− 1 represents the Ag–TiO bond. The signal at 1355 
cm− 1 supports silver NPs deposition on the surface of TiO2 NFs. The 
Ti–O–Ti vibrations in Ti are seen by the 528 cm− 1 peak Carvalho et al. 
(2018). 

3.4. Scanning electron microscope with elemental dispersive analysis X- 
ray spectrum 

Fig. 2 (a and b) display the SEM and EDAX images of the Ag–TiO2 
nanofibers (NFs) respectively. The surface morphology demonstrates 
that a vast number of nanofibers made of TiO2 are regularly aligned 
Kang et al. (2019). When Ag nanoparticles are decorated on the surface 
of the nano-structured TiO2 nanofibers results in the size and form of the 
composites may be controlled to a certain extent. The EDAX spectrum of 
Ag–TiO2 nanofibers (NFs) reveals the presence of key components, 
including silver, titanium, and oxygen. 

3.5. Photocatalytic performance 

3.5.1. Mechanism of photodegradation of dye molecules 
The photocatalytic dye degradation of Methylene Blue is shown in 

Fig. 3. When sunlight falls on the surface of Ag–TiO2 NFs, photoelectrons 
(e− ) may be excited from the valance band to the conduction band by 
leaving holes (h+) in the Valance band. Photo generated e− and h+

migrated to the Ag–TiO2 nanofibers (NFs) surface, preventing electron 
hole pair recombination. However, because Ag has a higher fermi en
ergy level than TiO2, electrons move from Ag to TiO2. When light 
(visible) is irradiated on the surface of Ag–TiO2 nanofibers (NFs), the 
Schottky barrier effect mechanism causes Ag and TiO2 to form new Fe 
(Fermi energy) levels and change some values, resulting in improved 
photocatalytic activity. Water molecules infiltrate the gaps in the va
lance band, allowing hydroxyl radicals (•OH) and hydrogen ions (H+) to 
get through. Superoxides (O2

•) are formed when photo generated elec
trons absorb dissolved oxygen. Reactive hydroxyl groups and superoxide 
react with aqueous solutions to produce CO2 and H2O as by-products 
Kang et al. (2019).  

Ag–TiO2 nanofibers (NFs) + hv → e − + h + (3)  

h + + H2O → •OH + H+ (4)  

O2 + e-→O2
⋅− (5)  

O2
. − + H+ → •HO2                                                                         (6)  

2•HO2 → H2O2 + 1O2 (Singlet oxygen)                                              (7)  

H2O2 + e − →•OH + OH− (8)  

•OH + H+ + MB dye → CO2 + H2O                                                (9) 

The accumulation of noble metal (Ag) nanoparticles to the surface of 
a TiO2 catalyst prevents the trapping of electron hole pairs and decreases 
the rate of electron-hole pair recombination. Due to the SPR effect, the 
incorporation of silver nanoparticles increases the visible light absorp
tion capability of TiO2 nanoparticles and their catalytic activity Chen 
et al. (2012). TiO2 is one of the most effective photocatalysts for 
removing persistent contaminants such as organic dyes, medicinal 
chemicals, bacteria, and viruses. The rapid recombination of charge 
carriers and the inefficient utilisation of light remain significant hurdles 
to its broad application. By altering the TiO2 lattice with the noble metal 
silver, it is possible to enhance the catalytic performance of TiO2 and 
shift its photocatalytic response to the UV to the visible light spectrum. 

3.5.2. Effect of catalyst 
The impact of the initial photocatalyst concentration was investi

gated by increasing the initial Ag–TiO2 nanofibers (NFs) concentration 
from 0.005 mg to 0.02 mg per 100 ml in MB dye solution, which can be 
seen in Fig. 3 (a). When the amount of photoactive catalyst was 
increased from 0.005 to 0.02 mg, the photocatalytic activity increased, 
perhaps due to an increase in the active sites on the catalyst surface. 
Over 0.02 mg of catalyst decreased photocatalytic activity due to the 
optical scattering and light screening effects of nanoparticles. It is due to 
particle aggregation, a barrier to light irradiation. The degradation ef
ficiency is diminished with a catalyst concentration of 0.005 mg/mL. 
Doping metal with TiO2 may function as cationic dopants, enhance its 
sensitivity to visible light, and prevent recombination by modifying its 
electronic band structure. At the end of 120 min, the Ag–TiO2 nanofibers 
(NFs) (0.02 mg) may disintegrate at a maximum rate of 94% Pala
niswamy et al. (2021). 

Fig. 2. (a, b) SEM and EDAX spectra of Ag–TiO2 nanofibers (NFs).  
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3.5.3. Effect of the dye concentration 
Fig. 3 b) illustrates the influence of diminishing efficiency on MB 

concentrations (5, 10, and 15 μM). As the dye concentration increases, 
the effectiveness of photocatalytic degradation decreases. At lower 
concentrations, more active sites from MB molecules are adsorbed by 
Ag–TiO2 NFs. Increasing the dye concentration prevents photons from 
ever reaching the Ag–TiO2 nanofibers (NFs) surface, reducing the dye 
removal efficiency. Increased dye concentrations reduce the travel 
length of photons, hence decreasing the light-activated catalyst Pala
nisamy et al. (2020). 

3.5.4. Photocatalytic degradation of malachite green 
Malachite green, commercial dye effluents, was used as a target 

Organic Compound Model (OCM) to assess the photo activity of the 
fluorescent Ag–TiO2 nanofibers (NFs) photocatalyst. In light adsorption, 
the Ag–TiO2 nanofibers (NFs) performance was inadequate; only a small 
percentage (3–4%) of the dye was degraded after 60 min. In Fig. 4 a), the 
Ag–TiO2 nanofibers (NFs) photocatalyst reveals the maximum photo
catalytic degradation efficiency of 92% at the end of I hrs, when exposed 
to visible light. As stated in the optical characteristics, the Ag–TiO2 
nanofibers (NFs) photocatalyst has low band-gap energy. Radical 
recombination outpaces separation when exposed to UV light, whereas 
electron-hole production is expected, and recombination is weak when 
exposed to visible light. Malachite green photodegrades in the sunshine 

without energy, which benefits both financially and environmentally. 
The negatively charged catalysts can easily be coated with cationic MG 
dye, and the Ag–TiO2 nanofibers (NFs) photocatalyst demonstrates 
outstanding photocatalytic performance. 

3.5.5. Photocatalytic degradation of crystal violet 
The crystal violet photodegradation estimates the catalytic perfor

mance of Ag/TiO2 NFs under sunlight irradiation for 60 min. Fig. 4 b) 
Shows the time-dependent UV–Vis absorbance spectra of crystal violet 
dye degradation. The first experiment subjected the CV solution to 
sunlight irradiation without using photocatalyst. According to the 
findings, solar radiation causes materials to degrade at roughly 3%. 
Degradation was barely detectable. 

On the one hand, we observe that the photocatalytic activities of 
Ag–TiO2 nanofibers (NFs) photocatalysts in sunlight are distinct. After 
60 min of direct sunlight exposure, the photodegradation efficiency for 
Ag–TiO2 nanofibers (NFs) photocatalyst shows 80.3%. The photo
catalytic activity was often sensitive to the crystalline, surface OH 
groups, particular surface area, and photocatalyst surface roughness. As 
a result, the Ag–TiO2 nanofibers (NFs) photocatalyst exhibits superior 
photocatalytic performance when exposed to visible radiation. Doping 
ions will increase the number of electrons and hole traps in the Ag–TiO2 
nanofibers (NFs) photocatalyst lattice, fastening the charge carriers and 
preventing the recombination rate of photo generated e− and h+, 

Fig. 3. (a and b): Time-dependent absorbance spectra (UV–Vis) of MB dye degradation (Effect of catalyst 0.005 mg to 0.02 mg and effect of dye dosage 5 μM to 
15 μM). 
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improving catalytic activity. 

3.5.6. Photocatalytic degradation of Congo red (CR) dye 
The decolourization of dye with initial concentrations (10 mg/L) CR 

under solar irradiation was used to evaluate the photocatalytic degra
dation efficiency of Ag–TiO2 NFs. Fig. 4 c) shows the time-dependent 
UV–Vis absorbance spectra of CR dye degradation. The maximum 
absorbance (λmax) of the supernatant dye solution determines the con
centrations of the CR dye at 498 nm. The photocatalytic performance 
was improved, possibly due to the enhanced surface to volume ratio and 
band structure alteration of the Ag NPs. It effectively limited the 
recombination of photogenerated (e− /h+) pairs. CR dye degradation 
using Ag–TiO2 nanofibers that were hydrothermally produced (NFs). At 
492 nm, CR exhibits the highest absorption. The decline in CR dye’s 
maximal absorption at regular intervals of 30 min is indicative of dye 
degradation. The activity of the catalysts was initially examined using 
0.02 mg of the catalyst exposed to visible light for 120 min. However, in 
120 min, Ag–TiO2 nanofibers (NFs) demonstrated 80.5% photocatalytic 
degradation. The increased photocatalytic activity of Ag–TiO2 nano
fibers (NFs) implies that the addition of silver greatly enhances Ag–TiO2 
nanofibers (NFs) catalytic activity. 

However, only about 80.5% of CR was decoloured for 50 mg/L 
concentrations. Therefore, when the original CR content increased, the 
photodegradation efficiency of CR photocatalysis by the Ag–TiO2 
nanofibers (NFs) powder also dropped. Two factors are primarily 
responsible for the decline in the semiconductor’s degrading efficiency 
as CR concentration increases. More molecules are adsorbed on photo
catalyst when the CR concentration increases, lowering their active 
sites. Therefore, as more of the catalyst surface is occupied, the pro
duction of hydroxyl radicals will be reduced. 

On the other hand, raising the CR can decrease the number of 

photons that reach the catalyst surface. By adsorbing the light, CR 
molecules reduce photons’ ability to excite photocatalyst particles. 
Consequently, photo degradation’s effectiveness dropped. Under 
visible-light irradiation, the Ag–TiO2 nanofibers (NFs) demonstrate 
effective photocatalytic activity in the breakdown of CR. 

3.6. Ag–TiO2 based photocatalyst 

The catalytic performance of an Ag–TiO2-based photocatalyst was 
compared with some other organics and is tabulated and summarized in 
Table 1. Table 1 shows that previously published Ag–TiO2 catalysts 
could decolourize 79.8% of Methylene Blue dye in 150 min, while most 
Ag–TiO2 composites could take more than 2 h to do the same. Compared 
to ternary composite materials, Ag–TiO2 nanofibers (NFs) produced 
hydrothermally has a high photodegradation efficiency of 94% when 
exposed to sunlight (see Table 2). 

3.7. Structural and morphological stability of Ag–TiO2 nanofibers (NFs) 

Powder XRD and SEM were used in the study to investigate the 
structural and morphological stability of Ag–TiO2 nanofibers (NFs) 
(Fig. 5 a, b). According to the XRD pattern, the initial crystalline phase 
and structure of the Ag–TiO2 nanofibers (NFs) subjected to photo
degradation did not change. Because dye molecules were incorporated 
into the material, the SEM pictures show a few agglomerations, leading 
to subtle morphological changes when the material was degraded. 

3.8. Reusability 

The stability and reusability of the optimized Ag–TiO2 nanofibers 
(NFs) towards the dye degradation of MB were studied under sunlight 

Fig. 4. (a–c) Time-dependent UV–Visible absorbance spectra of Malachite green, Crystal violet and Congo red and d) Possible reaction mechanism of dye 
degradation. 
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exposure for five cycles. The concentration of MB dye should be constant 
in each cycle, and the recovered centrifuged catalyst should be used in 
subsequent cycles of the degradation process. The motivation remains 
efficient and has remarkable photo stability even after four cycles. 
Maximum MB dye degradation occurs after 120 min, and the efficiencies 
for the 1st, 2nd, 3rd, 4th, and 5th cycles are 92%, 92%, 92%, 90%, and 
90%, respectively. Therefore, the results of the present investigation 
support the notion that Ag–TiO2 nanofibers (NFs) formed during the 
photocatalytic degradation of MB under solar light irradiation may 

Table 1 
Comparison of photocatalytic performance of Ag/TiO2 with reported literature.  

Catalyst Model pollutant Dye Performance (%) Source of light Irradiation time (Min) Reference 

Ag/TiO2 MB 79.8 Visible 150 Zhao et al. (2017) 
PS@Ag@TiO2 MB 90 Visible 30 Cha et al. (2009) 
Ag2O/ZnO–TiO2 RhB 95 Visible 150 Wani and Ganie (2021) 
Pristine Ag/TiO2 MO/RhB 77/84 Sunlight 180 Heng et al. (2021) 
Ag/Ag2S–TiO2 CV 28.92 Sunlight 120 Shuang et al., (2018) 
Ag–Ag2O/TiO2@polypyrrole MB 83.9 UV 120 Kumar et al. (2016) 
Fe3O4–TiO2–Ag MB 90.1 Visible light 85 Ghafuri et al. (2019) 
Ag2O/TiO2 MB 95.4 Visible light 180 Kavitha et al. (2021) 
Fe2O3/TiO2 MB - UV 60 Ahmed et al. (2013) 
g–CN–TiO2 MB - UV - Vijayan et al. (2023) 
TiO2-GO MG and MB 85 and 93 Visible 60 Verma et al. (2023) 
SiO2–TiO2 MB 90 Visible 30 Mahanta et al. (2022) 
Cu2O–CuO//TiO2 MB and MO 87 Visible 120 Ansari et al. (2022) 
Fe3O4/TiO2 RhB 91 Visible 120 Madima et al. (2022) 
G-TiO2 MB - Visible 120 Shimi et al. (2022) 
Ag/TiO2 MB 94 Sunlight 120 Present work  

Table 2 
Shows Zone of inhibition values of bacterial strains.  

S.No Gram positive (S. Aureus) Gram negative (E-coli) 

1. 14 mm 17 mm  

Fig. 5. (a & b) shows Morphological and Structural stability of Ag–TiO2 nanofibers (NFs) after 5 cycles and (c & d) shows EIS spectra of Ag–TiO2 nanofibers (NFs).  
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exhibit excellent photo stability, longer life span, and photo corrosion 
resistance. 

3.9. Electrochemical impedance spectroscopy 

The three-electrode electrochemical analyser performed Mott- 
Schottky (MS) and electrochemical impedance spectroscopy (EIS). The 
working electrode active area was 0.5 cm2 by 1.0 cm2. EIS was carried 
out using an open circuit voltage of 0.2 V and an AC voltage of 5 mV with 
a 0.1 Hz to 100 kHz frequency. The photo generated charge carrier 
separation and transfers were analysed during the catalytic process 
using the EIS of as-prepared activated carbon. Generally, the Nyquist 
plot semicircle radius represents the reaction rate at the photocatalyst 
surface. The reduced arc radius in the Nyquist plot (Fig. 5 c and d) 
suggests that surface imperfections in the produced Ag–TiO2 nanofibers 
(NFs) may be the cause of the enhanced photoreaction and improved 
efficient charge transfer with decreased electrical resistance Wilke et al. 
(2018). 

3.10. Antibacterial activity 

Fig. 6 (a) represents the antibacterial screening of Ag–TiO2 nano
fibers (NFs). Agar diffusion was used to visualise the antibacterial ac
tivity of Ag–TiO2 NFs. Due to their powerful antibacterial capabilities, 
metals and metal oxides are used to treat various bacterial illnesses. Due 
to their potent antibacterial activity, silver nanoparticles are 

traditionally used in medication delivery, biomedical imaging, tissue 
engineering, and cancer treatment. Nanoparticles based on TiO2 are 
frequently employed for many applications Prakash et al. (2016). The 
cell wall membrane of gram-positive bacteria is composed of thin 
peptidoglycan easily disrupted by nanoparticles. Positive cell walls are 
composed of a 30 nm thick coating of peptidoglycan that is tough to 
degrade. Cell wall membranes are composed of lip polysaccharides, 
phospholipids, and proteins. Interactions between microorganisms and 
nanoparticles may change permeability and induce cell death Pinto et al. 
(2013). The inhibitory mechanism may involve (1) photocatalyst irra
diation, (2) the production of active OH groups, and (3) the bombard
ment of silver ions and hydroxyl radicals on the bacterial cell wall, 
resulting in damage and death. TiO2 nanoparticles disrupt bacterial cells 
by interacting with the cell wall membrane. The way bacteria breathe is 
changed by the plasmonic ions on the surface of TiO2 nanofibers that are 
optically active (Parvathiraja and Shailajha, 2021). The interaction of 
Ag+ ions with gram-negative bacteria results in electrostatic attraction. 
Ag-NPs attach to phosphorus and sulphur in the bacterial cell mem
brane, as well as other intercellular components like DNA bases and 
proteins, disrupting bacterial function and eventual death Naseem et al. 
(2016). As predicted, there is no inhibition zone in control. E. coli pro
duces the largest inhibitory zone of the two examined bacterial strains, 
measuring 7 mm, whereas S. aureus produces a zone of 4 mm. Changes in 
the zone inhibitory layer are attributable to the varying susceptibility 
and size of nanoparticles. The bactericidal activity of nanoparticles may 
result from the binding of surface to bacteria, which depends on the 

Fig. 6. a) antibacterial activity of Ag–TiO2 nanofibers b) a. c conductivity spectra of Ag–TiO2 nanofibers (NFs) and c) Dielectric properties of Ag–TiO2 nano
fibers (NFs). 
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amount of accessible surface area for interaction. As the particles’ size 
rises, the surface O2

.− also concentration increases, resulting in a more 
efficient breakdown of the bacteria’s cell wall and cytoplasmic mem
brane. Antibacterial activity is affected by the size and shape of the 
particles produced. Because of this, the nanocomposite made seems to 
be good for treating wastewater and biomedical uses. When compared to 
Aureus the gram negative E-Coli bacteria result higher zone of inhibition. 
Hence the prepared nanofibers are highly applicable for wood dressing 
and food packaging etc. 

3.11. Dielectric properties 

Fig. 6 (c) illustrate Ag–TiO2 nanofibers (NFs) dielectric characteris
tics. Using a hydraulic pressure pellet under high pressure, the pellets 
were created. At various temperatures, the change in dielectric loss 
values is measured using frequencies ranging from 10 Hz to 1 MHz. A 
material’s dielectric properties depend on its grain boundaries, grain 
size, charge carriers, charge orientations, temperature, the outside fre
quency, and how the experiment is done. Dielectric constant 

Ԑ’=
Cd
ԐoA

(10)  

where, Cp-capacitance, t-thickness, A-samples’ area, Ԑo-permittivity of 
free space (Ԑ0 = 8.85 × 10− 12 F/m) Sharma et al. (2015). 

Dielectric loss or permittivity is obtained from the value of the 
dissipation factor 

D=
Ԑ”
Ԑ’

(11)  

Ԑ”=D x Ԑ’ (12)  

where D is the Dissipation factor, Ԑ′ is the Dielectric constant Suresh 
(2014). 

As can be seen in Fig. 6 (c), the constant dielectric experiences an 
exponential decline with increasing frequency up to the point when it 
reaches a value that is almost constant in the high-frequency region. 
Results indicate that the dielectric constant values vary concerning 
temperature. Due to the frequency of electric charge carriers, dielectric 
constant values decrease with frequency; impurities, crystal flaws, and 
crystalline size result in greater dielectric loss factors at lower fre
quencies. When the quantity of nano-Ag in a composite is modest, it can 
be evenly dispersed to form many Coulomb islands, impeding electron 
transit and decreasing interfacial polarization. For higher temperatures, 
the space charge polarization is predominant. All four polarizations are 
present at low frequencies, so the dielectric constant value is high. 

In contrast, these polarizations’ progressive loss of significance at 
higher frequencies may account for their low value Jadhav and Biswas 
(2016). Positive and negative charges move towards the positive and 
negative electric field poles, respectively, when Ag–TiO2 pellets are 
subjected to an external electric field. So, space-charge polarization 
happens at the Ag–TiO2 surfaces, making nanocomposites with a much 
higher dielectric constant. 

3.12. AC conductivity 

The AC electrical conductivity were measured with different tem
perature. AC conductivity of Ag–TiO2 nanofibers (NFs) was calculated 
using the formula 

Ϭac =ωԐoԐ’tan δ (13)  

where Ԑ0-permittivity of free space (Ԑ0 = 8.85 × 10− 12 F/m), ω-angular 
frequency. Fig. 6 b) Illustrates the temperature-dependent AC conduc
tivity of Ag–TiO2 nanofibers (NFs). The conductivity (σ) was shown to 
increase with increasing temperature Kumar et al.. (2017). Crystalline 
size, grain and grain borders, surface-to-volume ratio, and 

nanocomposite structure determine AC conductivity. Thus, the com
posite material may be used in nanodevices, optoelectronics, and 
spintronic. 

4. Conclusion 

Using a hydrothermal technique effectively produced Ag–TiO2 
nanofibers (NFs). The Ag–TiO2 nanofibers (NFs) XRD pattern reveals the 
FCC structure of silver and the anatase phase of TiO2. From SEM 
investigation, nanofiber-shaped morphology was observed. The UV 
spectra of nanocomposites reflect their optical activity. For a 0.02 mg/ 
mL concentration of catalyst, Ag–TiO2 nanofibers (NFs) have a 
maximum degradation efficiency of 94%. The increase in photo
degradation efficiency may be attributable to a reduction in crystalline 
size, particle size, e− and h+ recombination rates, and other factors. The 
antibacterial activity of Ag–TiO2 nanofibers (NFs) is efficient against 
gram positive and gram-bacteria. So, the Ag–TiO2 nanofibers (NFs) can 
be used in electrical, biological, and wastewater treatment applications. 
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a b s t r a c t 

The Imidazolium glutarate (IMGA) single crystal was grown using a low-temperature solution growth 

method. The title crystal belongs to the triclinic crystal structure with space group P1. 13 C and 1 H nu- 

clear magnetic resonance spectra were recorded to evaluate the environment of the title compound. The 

grown crystal (2 0 2) was orientated using powder X-ray diffraction (XRD) studies. The vibrational modes 

present in the title compound were confirmed through Fourier transform infrared (FT-IR) and FT-Raman 

spectral studies. The IMGA crystal is stable up to 150 °C and material weight loss occurs between 150 

and 258 °C. The UV–Vis-NIR studies show that 75% transmission in the entire visible region. The crystals’ 

dielectric loss and constant were calculated as a function of frequency. Intermolecular interactions and 

fingerprint plots of the IMGA were executed by the Hirshfeld Surface (HS) analysis. The theoretical non- 

linear optical (NLO) properties like first-order hyperpolarizability and dipole moment have been studied. 

The 3rd order NLO susceptibility and related parameters have been studied by Z-scan measurement. 

© 2022 Elsevier B.V. All rights reserved. 

1. Introduction 

Organic materials are more attractive and versatile in the field 

of molecular optoelectronics [ 1 , 2 ]. The interactions between the 

molecules in organic compounds provide electrical, conducting, 

and optical properties [3] . Organic crystals have the significant ad- 

vantage of being able to be modified according to our demands in 

terms of material qualities and chemical structure. The molecules 

in the crystal structure of the imidazolium-based dicarboxylic crys- 

tals form hydrogen-bonded chains, with strong N 

–H 

…O hydrogen 

bonds connecting the imidazolium cations and strong O 

–H 

…O type 

connections connecting the carboxylate anions [ 4 , 5 ]. Both kinds of 

chains self-assemble into layers or a supramolecular network. Im- 

idazole is a critically important nitrogen heterocycle with unique 

biological and NLO characteristics [ 6 , 7 ]. Because of its chemical 

structure, imidazole can act as both a weak acid and a base, it 

serves as a proton transfer agent in living systems. Horike et al. 

[8] , have achieved a significant improvement in proton conductiv- 

∗ Corresponding author. 

E-mail address: ginojohnwel@gmail.com (G. DJ) . 

ity in a metal-organic framework (MOF)-based compound by using 

the proton donor-accepter capacities and rotational motions of a 

type of heterocyclic imidazole molecule. In addition, MacDonald 

et al. [9] , Fuller et al. [10] , and K. Pogorzelec-Glaser et al. [11] have 

produced anhydrous entirely organic proton conductors that are 

hydrogen-bonded (H-bonded). The structure of imidazolium glu- 

tarate (IMGA) and its electrical properties have been reported by 

Pogorzelec-Glaser et al. [11] . However, theoretical research can be 

useful in understanding the relationship between structure and 

property, which can help in the development of NLO properties. 

Using the Gaussian 09 w software, the molecular electrostatic 

potential (MEP), highest occupied molecular orbital and lowest 

unoccupied molecular orbital (HOMO-LUMO), hyperpolarizability, 

natural bond orbital (NBO) of the IMGA molecule have been deter- 

mined [12] . The relationship between structure and NLO properties 

of imidazolium-based organic single crystals such as imidazolium 

hydrogen succinate [13] , imidazolium L -tartrate [14] , imidazolium 

diphenylacetate diphenylacetic acid [15] and 2ethylimidazolium 

D -tartrate [16] have been studied both experimental and theoret- 

ical. In this point of view, the title compound was studied both 

experimental (single crystal XRD, powder XRD, FT-IR, FT-Raman, 

etc.) and theoretical (optimized structure, HOMO-LUMO, NBO, 

https://doi.org/10.1016/j.molstruc.2022.134672 
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Fig. 1. As grown IMGA single crystal. 

MEP, etc.). The obtained results are discussed in the forthcoming 

sessions. 

2. Materials and methods 

2.1. Growth of IMGA crystal 

IMGA was synthesized by the reaction between imidazole 

(6.808 g, Merck) and glutaric acid (13.212 g, Loba chemical) taken 

in a 1:1 ratio. The calculated amount of glutaric acid was slowly 

added to a saturated aqueous solution of equimolar imidazole at 

room temperature to prepare the growth solution. A magnetic stir- 

rer was used to thoroughly agitate the supersaturated solution for 

three hours at room temperature, producing a homogeneous mix- 

ing of the solution. Then the solution was filtered twice using a 

Whatman filter paper and put into a beaker covered with a thin 

polythene cover to reduce the rate of evaporation. Tiny crystals 

have been formed on the bottom of the beaker due to sponta- 

neous nucleation. The purity and size of the crystal were improved 

by two times recrystallization processes. After 30 days, an optically 

Fig. 3. Powder XRD pattern took along (1 0 1) plane of the IMGA crystal. 

transparent good quality IMGA crystal of size 15 × 10 × 2.5 mm 

3 

was obtained. Fig. 1 shows the as-grown crystal of IMGA. 

2.2. Computational details 

The Hirshfeld surface and related fingerprint analysis were 

performed by CRYSTAL EXPLORER 3.1 [17] . The Gaussian 09 W 

programme has been used to do the quantum chemical com- 

putation (gas phase) of the IMGA using the Becke-3-Lee-Yang- 

Parr (B3LYP) level of theory [18] supplemented with the stan- 

dard 6–311 ++ G(d,p) basis set [ 19 , 20 ]. The GAUSSIAN 09 W pack- 

age was used to determine the geometrical parameters, including 

energy, band gap, bond angle, dihedral angle, and atomic charges 

of the title molecule. The Gauss View 5.0 application [21] was 

used to display the optimized geometry. As a result, the B3LYP/6–

311 ++ G (d,p) basis set was used to generate the Mulliken atomic 

charge (MAC) distribution, HOMO-LUMO, MEP, and first-order hy- 

perpolarizability, which were then viewed using the Gauss View 

5.0 program. The title molecule’s NBO analysis was computed 

using the NBO 3.1 programme [22] . 

Fig. 2. Enlarged powder XRD pattern and observed powder XRD pattern of IMGA crystal. 

2 



G. DJ, C. Sidden, R. Paulraj et al. Journal of Molecular Structure 1276 (2023) 134672 

Table 1 

Observed lattice parameters of IMGA crystal. 

Parameters Single Crystal XRD (Present study) Reported Data [7] 

Crystal structure Triclinic Triclinic 

a 8.34 ̊A ± 0.05 8.420 Å (2) 

b 13.56 Å ± 0.08 13.685 Å (3) 

c 16.97 Å ±0.09 17.068 Å (3) 

α 90.53 ° ±0.09 90.62 ° (3) 
β 103.59 ° ± 0.20 103.45 ° (3) 
γ 91.17 ° ± 0.14 91.03 ° (3) 
Volume (A 3 ) 1890 ± 30 1912.2 (7) 

3. Result and discussions 

3.1. X-ray diffraction (XRD) analysis 

The IMGA crystal was subjected to single crystal X-ray diffrac- 

tion (SCXRD) technique using SAINT (APEX II) and SHELXTL soft- 

ware for frame Integration and structure solution and refinement, 

respectively. It reveals that IMGA crystallizes in the triclinic sys- 

tem with space group P1. The observed lattice parameters (Cell 

lengths, angles, and volume) are given in Table 1 . It is in good 

agreement with the reported data [11] . The powder and as-grown 

IMGA crystal were subjected to powder XRD (PXRD) analysis us- 

ing the Empyrean X-ray Diffractometer technique. The observed 

PXRD pattern of powdered IMGA is shown in Fig. 2 . This figure 

shows that (202) plane intensity is very high ( ∼128,0 0 0 CPS) com- 

pared to other planes. The sharp high intensity plane indicates the 

crystalline quality is good. The enlarged PXRD pattern and indexed 

(hkl) planes of IMGA crystal are shown in Fig. 2 . 

Basically, the crystals are anisotropic in nature, it gives differ- 

ent optical and electrical parameters for different planes or direc- 

tions. In this point of view, the grown crystal top surface plane was 

identified using the same PXRD configuration. The PXRD diffraction 

pattern of the (101) plane of IMGA crystal is shown in Fig. 3 . The 

crystal’s PXRD intensity is very high compared to the powdered 

sample’s PXRD intensity. Fig. 3 indicates the order of (101) planes 

such as (202) and (404) planes and the corresponding 2 θ values 

are 26.36 ° and 54.35 °, respectively. The observed planes and 2 θ
values ( Fig. 3 ) are well-matched in powder sample XRD lower an- 

gle 2 θ values ( Fig. 2 ). 

3.2. FT-NMR studies 

The 1 HNMR (500.23 MHz) and 13 CNMR (125. 78 MHz) spectra 

of the IMGA crystal were recorded using a 500 MHz FT NMR 

Spectrometer (BRUKER AVIII 500) in DMSO as solvent. The 1 H 

and 13 CNMR spectra show the signals due to various protons and 

carbons as shown in Figs. 4 and 5 , respectively. Fig. 4 , the strong 

signal due to imidazolium ring two symmetric protons appears 

in the region at 7.02 to7.03 ppm. The COOH proton occurs at 

7.659 ppm. The –CH protons in the glutarate moiety appear in the 

region of 1.72 to 2.25 ppm [23] . Fig. 5 , the two symmetric -CH car- 

bon present of the imidazolium moiety, which causes the signal at 

122.06 ppm. The peak at 135.58 ppm occurs in the spectra due to 

the peak for –CH carbon, which is located between two NH groups 

of the imidazolium moiety [24] . The peak at 174.5 ppm occurs in 

the spectra due to the two symmetric carbonyl carbon presence 

of glutarate moiety. The presence of other protons and carbons 

is given in Table 2 . Between two NH groups of the imidazolium 

Fig. 4. 1 H NMR spectrum of IMGA crystal. 

3 
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Fig. 5. 13 C NMR spectrum of IMGA crystal. 

Table 2 

Experimental 1 H & 13 C NMR chemical shift of IMGA crystal. 

Atoms 13 C NMR (ppm) Atoms 1 H NMR (ppm) 

5C 20.478 10H 2.251 

6C 33.279 11H 1.698 

7C 174.543 12H 2.236 

8C 20.478 13H 1.713 

9C 33.304 14H 2.222 

19C 135.586 15H 1.728 

20C 122.065 16H 7.659 

21C 122.065 22H 7.030 

23H 1.683 

24H 7.684 

25H 7.021 

26H 1.669 

moiety, there is a peak for -CH carbon, which is what causes the 

peak at 135.58 ppm. 

3.3. FTIR and FT-Raman studies 

The recorded FTIR and FT-Raman spectrum of the IMGA com- 

pound are shown in Figs. 6 and 7 , respectively. The standard or- 

ganic spectroscopy literature is used to assign the observed vi- 

brational modes [ 25 , 26 ]. Table 3 lists the IMGA compound’s ob- 

served vibrational modes and assignments. The O ̶ H bending 

modes (in the plane and out of the plane) of the carboxylic 

acid group [27] are observed at 1412 and 911 cm 

−1 in FTIR and 

1420 and 910 cm 

−1 in FT-Raman, respectively. The aromatic C ̶ 
H bending modes (in the plane and out of plane) of the im- 

idazole ring are observed at 1095 and 775 cm 

−1 in FTIR and 

1094 and 775 cm 

−1 in FT-Raman, respectively. The presence of 

the NH 

+ stretching mode of the tertiary amine salt is responsi- 

ble for the peak at 2970 cm 

−1 in FTIR and 2930 cm 

−1 in FT- 

Raman. The presence of COO ̶

 asymmetric and symmetric stretch- 

ing modes of the carboxylate group are responsible for the peaks 

at 1680 and 1315 cm 

−1 in FTIR and 1685 and 1302 cm 

−1 in FT- 

Raman, respectively. The formation of the title compound’s molec- 

ular structure reveals the existence of an amine salt (NH 

+ ) and 
a carboxylate group (COO 

̶ ). Herewith the important vibrational 

modes are discussed, and the other vibrational modes are given in 

Table 3 . 

3.4. Hirshfeld surface (HS) analysis 

The idea behind HS came from an effort to define the area a 

molecule takes up in a crystal to divide the crystal’s electron den- 

sity into molecular units of electron density. The two distances di, 

the distance from the HS to the closest nucleus inside the sur- 

face, and de, the distance from the HS to the closest nucleus out- 

side the surface on HS, were compared to create fingerprint plots 

[ 28 , 29 ]. The d norm 

surface exhibits either negative or positive val- 

ues, when compared to the total of the van der Waals radii, de- 

pending on the length of intermolecular interaction. The SCXRD 

data (CIF file) were subjected to HS analysis using Crystal Explorer 

3.1 [30] . Fig. 8 a and b display the HS plotted over the d i and d e 
properties in the range of 0.569 Å (red) to 2.343 Å (blue) and 

0.571 Å (red) to 2.380 (blue), respectively. Fig. 8 c displays the HS 

plotted over the d norm 

property in the range of −0.861 Å (red) 

to 1.063 Å (blue). Intermolecular interactions (IMIs) are shown 

through colour coding. Intermolecular interactions with distances 

4 
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Fig. 6. FT-IR Spectrum of IMGA crystal. 

Table 3 

FTIR and FT-Raman vibrational assignment of IMGA crystal. 

Wavenumber (cm 

−1 ) Mode of vibrations Assignments 

FTIR FT-Raman 

3108 – N–H stretching Presence of amine group 

3020 – Aromatic C–H stretching Presence of imidazole ring 

2970 2930 NH + stretching Presence of tertiary amine salt 

2914 – C–H stretching Presence of tertiary C–H group 

2885 2885 C = O stretching Presence of carboxylic acid group 

1680 1685 COO ̄ asymmetric stretching Presence of carboxylate group 

1588 1590 C–N stretching Presence of imidazole ring 

1455 1450 N–H in plane bending Presence of amine group 

1412 1420 C–O stretching and O–H in plane bending (coupled) Presence of carboxylic acid group 

1315 1302 COO ̄ symmetric stretching Presence of carboxylate group 

1205 1230 C–O stretching Presence of hydroxyl group 

1095 1094 Aromatic C–H in plane bending Presence of imidazole group 

911 910 O–H in plane bending Presence of carboxylic acid group 

775 775 Aromatic C–H out of plane bending Presence of imidazole group 

630 630 O–H out of plane bending Presence of hydroxyl group 

Fig. 7. FT-Raman Spectrum of IMGA crystal. 

smaller than, equal to, and greater than van der Waal radii are 

indicated by the red, white, and blue marks, respectively [ 31 , 32 ]. 

Large circular depressions (deep red) that are suggestive of hydro- 

gen bonding connections can be seen on the d norm 

surfaces, while 

additional visible spots are caused by H 

…H contacts. HS plots of 

the hydroxyl O 

–H and carbonyl O atom in 1 may be seen as the 

bright red area in Fig. 8 c indicating the dominant interactions be- 

tween these two atoms. C –H 

…O interactions are the cause of the 

title compounds’ light red spots. For each interatomic contact and 

all interactions, 2D fingerprint plots are generated. When calculat- 

ing individual interatomic distances, contacts, as well as each in- 

teratomic contact’s reciprocal contact. 

The 2D fingerprint plot for overall interactions is shown in 

Fig. 9 . The dominant IMIs of the total HS for IMGA molecule are 

H 

…H (36.6%) interactions. For each molecule, the proportions of 

O 

…H and H 

…O interactions contribute 52.1% of the total HS. The 

other IMIs are given in Fig. 9 . Fig. 8 d and e display the HS plot- 

ted over the shape index and curvedness surfaces. The curvedness 

surface clearly shows a flat zone toward the bottom of both sides 

of the molecules, indicating the presence of π–π stacking [33] . On 

the surface, this feature looks like a rather flat green area with ex- 

tremely comparable contact distances. 

5 



G. DJ, C. Sidden, R. Paulraj et al. Journal of Molecular Structure 1276 (2023) 134672 

Fig. 8. 3D Hirshfeld surfaces of IMGA molecule (a) d i (b) d e (c) d norm (d) Shape index and (e) Curvedness. 

Fig. 9. 2d fingerprints plots of IMGA molecule. 
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Fig. 10. Optimized structure of IMGA molecule. 

3.5. Optimal geometry analysis 

Fig. 10 displays the IMGA’s optimal geometry as computed by 

the B3LYP approaches with atom numbering. Table 4 shows the 

optimized bond lengths and bond angles of the IMGA compound 

as determined using ab-initio DFT(B3LYP) technique using the 6–

311 ++ G (d,p) basis set. The majority of the optimal bond lengths in 

Table 4 are slightly longer than the experimental values. Because 

the actual results are based on molecules in the solid state and 

the theoretical calculations are based on isolated molecules in the 

solid phase [34] . 

The optimized C –C bond lengths for IMGA using DFT/B3LYP fall 

in the range of 1.362–1.532 Å, while the experimental C –C bond 

lengths fall in the range of 1.361–1.562 Å. The C 19 –N 17 and C 21 –N 17 

bond lengths in the imidazole ring are found to be varied from 

1.3408 to 1.3842 Å in B3LYP, demonstrating that the boundary be- 

tween single and double bonds inside the ring is present due to 

electron conjugation. The C –H bond lengths determined from the 

theoretical values range between 1.097 and 1.099 Å, while the ex- 

perimental value is between 0.955 and 0.990 Å. This greater varia- 

tion in C –H bond lengths may be brought on by the X-ray diffrac- 

tion studies’ low scattering coefficients for hydrogen atoms, which 

are not taken into account in theoretical models [35] . All the C –C- 

C bond angles (C 7 –C 8 –C 9, C 5 –C 7 –C 8, and C 6 –C 5 –C 7 ) in glutarate are 

around 114 ° in the experimental and 115 ° in B3LYP. The angles of 

C 19 –N 18 –C 20 and C 19 –N 17 –C 21 are 111.082 ° and 110.755 ° in B3LYP 

and 109.15 ° and 109.28 ° in experimental, respectively. Herewith 

the important optimized structural parameters are discussed and 

other structural parameters are given in Table 4 . 

3.6. Frontier molecular orbitals 

Understanding the electrical and optical properties of organic 

molecules depends heavily on the study of frontier molecular or- 

bitals [ 36 , 37 ]. The stabilization of the bonding molecular orbital in- 

creases with an increase in the overlap of the two orbitals. In a 

similar vein, the antibonding’s instability also increases [38] . The 

HOMO and LUMO orbitals, which combine to form one orbital, are 

two significant orbitals that are involved in molecule interaction. 

Using the B3LYP/6–311 ++ G (d,p) level to determine the HOMO- 

LUMO energy gap of IMGA, it was found that the energy gap rep- 

Fig. 11. HOMO-LUMO energy diagram of IMGA molecule. 

resents the chemical activity of the molecule. The ability to re- 

ceive an electron is represented by LUMO as an electron accep- 

tor, and the ability to give an electron is represented by HOMO. 

Fig. 11 depicts the distributions and energy levels of the HOMO 

and LUMO orbitals for the gas phase IMGA molecule. The imidazole 

ring and half of the glutarate portion are where the charge den- 

sity is primarily accumulated. But in the case of the LUMO, in the 

case of LUMO, more charge density moves to the glutarate moi- 

ety. The computed HOMO-LUMO energy gap �E g is 5.0403 eV. The 

GCRD properties such as electronegativity ( χ ), chemical potential 

( μ), global hardness ( η), electrophilicity index ( ω) formulas, and 

calculated values are given in Table 5 . The quantitative structure- 

property, structure-activity/toxicity analysis uses the global chem- 

ical reactivity descriptor (GCRD) values to determine chemical re- 

activity and permanence [39] . 

3.7. Mulliken atomic charges 

Applying DFT calculations to molecular systems, the determina- 

tion of atomic charges is crucial [40] . The Mulliken atomic charges 

(MAC) of a single IMGA molecule are computed using the B3LYP 

level of theory and the 6–311 ++ G (d,p) basis set. Table 6 displays 

the MAC on the constituent atoms of the IMGA molecule. The car- 

bon atoms C19, C20, and C21 are positive within the imidazole 

ring due to the attraction of the electronegative nitrogen atom. 

In Fig. 12 , the carbon atoms C6, and C9 are positive within the 

glutarate moiety, whereas other carbon atoms are negative. This 

is caused by the electronegative oxygen atom, which attracts the 

positive charge from the carbon atoms. All of the hydrogen atoms 

have a net positive charge, as seen in Table 6 . Additionally, MACs 

indicate that the N 

–H group of hydrogen atoms, which is con- 

nected to an N atom, has a larger positive atomic charge than the 

other hydrogen atoms. This is caused by the electronegative nitro- 

gen atom, which attracts the positive charge from the hydrogen 

atoms [41] . 

3.8. Molecular electrostatic potential (MEP) analysis 

For studying and predicting molecular reactive behaviour, the 

electrostatic potential formed in the area around a molecule by its 

nuclei and electrons (considered as static distributions of charge) 
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Table 4 

Optimized geometric parameters of IMGA molecule. 

Bond Length Cal. Values ( ̊A) Exp. Values ( ̊A) Bond Angle Cal. Values ( ̊) Exp. Values ( ̊) Dihedral Angle Cal. Values ( ̊) Exp. Values ( ̊) 

O 1 –C 6 1.231 1.274 C 9 –O2-H16 110.017 112.90 H 16 –O 2 –C 9 –O 3 −179.994 179.52 

O 2 -C 9 1.349 1.295 C 9 -O 3 …H 23 135.590 135.39 H 16 -O 2 -C 9 -C 8 0.0066 −0.47 

O 2 -H 16 0.968 1.042 C 6 -O 4 …H 24 138.063 135.44 H 23 -O 3 -C 9 -O 2 180.029 176.70 

O 3 -C 9 1.217 1.229 C 6 -C 5 -C 7 115.197 114.12 H 23 -O 3 -C 9 -C 8 0.028 −2.28 

O 3 …H 23 1.810 1.878 C 6 -C 5 -H 14 107.264 106.12 C 9 -O 3 -H 23 -N 17 179.959 −161.28 

O 4 -C 6 1.288 1.247 C 6 -C 5 -H 15 107.264 105.40 H 2- O 4 -C 6 - O 1 −179.999 −178.70 

O 4 …H 24 1.442 2.250 C 7 -C 5 -H 14 110.891 111.74 H 24 -O 4 -C 6 -C 5 0.0017 −1.34 

C 5 -C 6 1.562 1.510 C 7 -C 5 -H 15 110.894 109.83 C 6 -O 4 -H 24 …C 19 179.998 169.55 

C 5 -C 7 1.525 1.531 H 14 -C 5 -H 15 105.901 107.31 C 7 -C 5 -C 6 -O 1 179.984 −172.64 

C 5 -H 17 1.097 1.095 O 1 -C 6 -C 4 126.760 122.26 C 7 -C 5 -C 6 -O 4 −0.0165 6.58 

C 5 -H 15 1.097 0.990 O 1 -C 6 -C 5 116.386 116.90 H 14 -C 5 -C 6 -O 1 −56.713 −47.95 

C 7 -C 8 1.527 1.515 O 4 -C 6 -C 5 116.852 120.83 H 14 -C 5 -C 6 -O 4 123.285 131.27 

C 7 -H 10 1.0951 0.993 C 5 -C 7 -C 8 115.451 114.73 H 15 -C 5 -C 6 -O 1 56.679 65.69 

C 7 -H 12 1.0951 0.989 C 5 -C 7 -H 10 108.769 108.65 H 15 -C 5 -C 6 -O 4 −123.322 −115.09 

C8-C9 1.5189 1.511 C 5 -C 7 -H 12 108.765 113.02 C 6 -C5-C 7 -C 8 179.998 176.24 

C 8 -H 11 1.0997 0.954 C 8 -C 7 -H 10 108.352 108.55 C 6 -C5-C 7 -H 10 −57.994 −64.64 

C 8 -H 13 1.0997 1.008 C 8 -C 7 -H 12 108.349 109.27 C 6 -C5-C 7 -H 12 57.997 53.26 

N 17 -C 19 1.3408 1.324 H 10 -C 7 -H 12 106.821 106.44 H 14 -C 5 -C 7 -C 8 58.680 58.683 

N 17 -C 21 1.3842 1.369 C 7 -C 8 -C 9 115.914 114.33 H 14 -C 5 -C 7 -C 10 −179.313 173.61 

N 17 -H 23 1.0308 0.930 C 7 -C 8 -H 11 111.033 110.77 H 14 -C 5 -C 7 -H 12 −63.32 −68.45 

N 18 -C 19 1.3445 1.305 C7-C 8 -H 13 111.030 108.32 H 15 -C 5 -C 7 -C 8 −58.682 −64.48 

N 18 -C 20 1.3862 1.362 C 9 -C 8 -H 11 107.854 108.35 H 15 -C 5 -C 7 -H 10 63.324 54.64 

N 18 -H 26 1.0102 0.972 C 9 -C 8 -H 13 107.852 108.08 H 15 -C 5 -C 7 -H 12 179.317 172.54 

C 19 -H 24 1.1859 0.986 H 11 -C 8 -H 13 105.831 105.51 C 5 -C 7 -C 8 -C 9 180.002 173.16 

C 20 -C 21 1.3611 1.362 O 2 -C 9 -O 3 118.148 120.16 C 5 -C 7 -C 8 -H 11 58.720 49.65 

C 20 -H 22 1.0775 0.916 O 2 -C 9 -C 8 116.475 115.85 C 5 -C 7 -C 8 -H 13 −58.73 −65.61 

C 21 -H 25 1.0776 0.905 O 3 -C 9 -C 8 125.376 123.99 H 10 -C 7 -C 8 -C 9 57.767 53.97 

C 19 -N 17 -C 21 110.755 109.28 H 10 -C 7 -C 8 -H 11 −63.510 −69.53 

C 19 -N 17 -H 23 123.684 122.74 H 10 -C 7 -C 8 -H 13 179.039 175.20 

C 21 -N 17 -H 2 3 125.560 127.97 H 12 -C 7 -C 8 -C 9 −57.779 −61.72 

C 19 -N 18 -C 20 111.082 109.15 H 12 -C 7 -C 8 -H 11 −179.057 174.78 

C 19 -N 18 -H 26 122.295 127.61 H 12 -C 7 -C 8 -H 13 63.493 59.51 

C 20 -N 18 -H 26 126.622 123.24 C 7 -C 8 -C9-O 2 −179.992 −176.71 

N 17 -C 19 -N 18 105.569 108.06 C 7 -C 8 -C9-O 3 0.0083 2.30 

N 17 -C 19 -H 24 129.823 125.60 H 11 -C 8 -C 9 -O 2 −56.930 −51.94 

N 18 -C 19 -H 24 124.607 126.04 H 11 -C 8 -C 9 -O 3 123.070 127.07 

N 18 -C 20 -C 21 105.867 107.26 H 13 -C 8 -C 9 -O 2 56.951 61.94 

N 18 -C 20 -H 22 122.898 126.21 H 13 -C 8 -C 9 -O 3 −123.048 −119.05 

C 21 -C 20 -H 22 131.234 126.55 C 21 -N 17 -C 19 -N 18 −0.003 −0.32 

N 17 -C 21 -C 20 106.725 106.24 C 21 -N 17 -C 19 -H 24 −179.977 173.76 

N 17 -C 21 -H 25 122.409 117.87 H 23 -N 17 -C 19 -N 18 180.008 179.01 

C 20 -C 21 -H 25 130.865 135.71 H 23 -N 17 -C 19 -H 24 0.034 −6.92 

O 3 …H 23 -N 17 174.973 168.34 C 19 -N 17 -C 21 -C 20 0.003 0.53 

O 4 …H 24 -C 19 166.077 173.27 C 19 -N 17 -C 21 -H 25 179.999 176.46 

H 23 -N 17 -C 21 -C 20 −180.009 −178.75 

H 23 -N 17 -C 21 -H 25 −0.012 −2.82 

C 19 -N 17 -H 23 …O 3 −180.019 167.39 

C 21 -N 17 -H 23 …O 3 −0.005 −13.41 

C 20 -N 18 -C 19 -N 17 0.002 −0.03 

C 20 -N 18 -C 19 -H 24 179.977 174.07 

H 26 -N 18 -C 19 -N 17 179.998 179.76 

H 26 -N 18 -C 19 -H 24 −0.026 6.20 

C 19 -N 18 -C 20 -C 21 −0.0009 0.36 

C 19 -N 18 -C 20 -H 22 −180.004 179.94 

H 26 -N 18 -C 20 -C 21 −179.996 −179.90 

H 26 -N 18 -C 20 -H 22 0.0004 −0.31 

N 17 -C 19 -H 24 …O 4 179.993 −168.86 

N 18 -C 19 -H 24 …O 4 0.0243 4.37 

N 18 -C 20 -C 21 -N 17 −0.0012 −0.53 

N 18 -C 20 -C 21 -H 25 −179.998 −175.38 

H 22 -C 20 -C 21 -N 17 180.002 179.88 

H 22 -C 20 -C 21 -H 25 0.006 5.03 

is a highly helpful property [42] . Fig. 13 , shows that the MEP map 

of IMGA was obtained by DFT theory B3LYP/6–311 ++ G (d,p) us- 

ing Gaussian-09. The hydrophobic and hydrophilic components of 

the IMGA molecules are clearly visible in colour schemes. The hy- 

drophilic sites, with negative carboxylate anions (red colour) and 

positively charged imidazolium cations (blue colour), may act as 

proton transport channels. Yellow colour depicts the region that 

is somewhat electron-rich and light blue depicts the region that 

is slightly electron-deficient [43] . The optimum location for an 

electrophilic attack is shown in the picture where the maximum 

electron density is localized near the nitrogen atom. The activa- 

tion energy for imidazolium glutarate is reported to be the lowest 

(0.7 eV) [11] . The unique stacking of imidazolium rings amongst 

acid molecules may be the cause of such a low value. This makes 

it possible to construct a variety of N 

–H 

…O contacts, which are es- 

sential to the conducting mechanism. 
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Fig. 12. Mulliken atomic charges of IMGA molecule. 

Table 5 

HOMO-LUMO and related global chemical reactivity descriptor properties of 

IMGA molecule. 

Molecular properties Mathematical description Energy(eV) 

E HOMO Energy of HOMO −5.5218 

E LUMO Energy of LUMO −0.4815 

Energy Gap �E g = E HOMO - E LUMO 5.0403 

IoniztionPotnetial(IP) IP = -E HOMO 5.5218 

Electron Affinity (EA) EA = -E LUMO 0.4815 

Electronegativity ( χ ) χ = - 1/2(E LUMO + E HOMO ) 3.0016 

Chemical potential ( μ) μ = 1/2(E LUMO + E HOMO ) −3.0016 

Global Hardness( η) η= 1/2(E LUMO −E HOMO) 2.5201 

Softness (S) S = 1/2 η 0.1984 

Electrophilicity index ( ω) ω = μ2 /2 η 1.7875 

Table 6 

Mulliken atomic charges of IMGA molecule. 

Atomic number Mulliken 

atomic charge 

(atomic unit) 

Atomic number Mulliken 

atomic charge 

(atomic unit) 

1O −0.613678 14H 0.099259 

2O −0.475008 15H 0.102988 

3O −0.501716 16H 0.351105 

4O −1.260807 17N −0.402936 

5C −0.614360 18N −0.501291 

6C 0.500762 19C 0.409086 

7C −0.162160 20C 0.118553 

8C −0.306131 21C 0.130269 

9C 0.600581 22H 0.132886 

10H 0.090273 23H 0.266825 

11H 0.129468 24H 0.202609 

12H 0.095012 25H 0.132585 

13H 0.137162 26H 0.335592 

3.9. NBO analysis 

Donor and acceptor orbitals, electron delocalization, intermolec- 

ular charge transfer (ICT), and the discovery of hydrogen bonding 

are all potential interactions that can be discovered via NBO 

Fig. 13. MEP plot of IMGA molecule. 

analysis [ 44 , 45 ]. The NBO computation of the IMGA molecule was 

evaluated from the NBO 3.1 software program. To determine the 

stable structure, it is possible to calculate the energy contributions 

from several orbitals, including LP, π , π ∗, σ , and σ ∗, as a result 
of electron delocalization and conjugative interactions. It has with 

the NLO response [46] , the system’s overall conjugation is stronger 

and the electrical flow from electron d -A is more intense when the 

E(2) value is higher. The various Donor-Accepter (D-A) interactions 

present in IMGA are given in Table 7 . The maximum stabilization 

energy (E(2)) of 87.88 Kcal/mol corresponds to the delocalization 

of IMGA with the transfer of LP to π ∗(O 

–C) within a carboxylate 

group that is due to strong intermolecular charge transfers 

9 
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Table 7 

Donor–acceptor interactions of IMGA molecule. 

Donor (i) Occupancy (e) Acceptor (j) Occupancy (e) E(2) kcal/mol E(j)–E(i) (a.u) F(i,j) (a.u) 

σ (C5 – C6) 1.98599 σ ∗(C8 – C9) 0.06308 2.92 0.93 0.047 

π (O1 – C6) 1.99374 π ∗(O1 – C6) 0.36456 2.87 0.40 0.034 

σ (C5 – H15) 1.97310 π ∗(O1 – C6) 0.36456 3.41 0.64 0.046 

σ (C7 – C8) 1.97846 σ ∗(O2 – C9) 0.08346 3.57 0.97 0.053 

σ (C8 – H11) 1.96882 σ ∗(O3 – C9) 0.03201 3.73 1.14 0.058 

LP(2) O1 1.88271 σ ∗(O4 – C6) 0.05773 20.31 0.78 0.114 

LP(2) O1 1.88271 σ ∗(C5 – C6) 0.09359 17.73 0.59 0.092 

LP(2) O2 1.79589 π ∗(O3 – C9) 0.23339 52.42 0.36 0.123 

LP(2) O3 1.86094 σ ∗(O2 – C9) 0.08346 29.90 0.68 0.130 

LP(2) O3 1.86094 σ ∗(C8 – C9) 0.06308 14.72 0.68 0.091 

LP(2) O4 1.87292 σ ∗(O1 – C6) 0.06903 20.59 0.78 0.115 

LP(2) O4 1.87292 σ ∗(C5 – C6) 0.09359 16.55 0.63 0.092 

LP(3) O4 1.62152 π ∗(O1 – C6) 0.36456 87.88 0.29 0.143 

LP(1) O3 1.97010 σ ∗(N17 – H23) 0.02719 4.57 1.49 0.074 

LP(2) O3 1.97010 σ ∗(N17 – H23) 0.02719 5.06 1.08 0.068 

π (N17 – C19) 1.90007 π ∗(C20 – C21) 0.25088 19.61 0.38 0.080 

σ (N17 – C21) 1.98491 σ ∗(C20 – H22) 0.00871 3.11 1.57 0.063 

π (C20 – C21) 1.85271 π ∗(N17 – C19) 0.46881 13.23 0.25 0.056 

LP(1) N18 1.51994 π ∗(N17 – C19) 0.46881 79.61 0.25 0.125 

LP(1) N18 1.51994 π ∗(C20 – C21) 0.25088 32.88 0.30 0.094 

σ (C21 – H25) 1.98452 σ ∗(N17 – C19) 0.01588 3.21 1.12 0.054 

σ (C20 – C21) 1.98069 σ ∗(N17 – H23) 0.02719 3.66 1.58 0.068 

σ (C20 – C21) 1.98069 σ ∗(N18 – H26) 0.01350 3.54 1.14 0.057 

LP(3) O4 → π ∗(O1-C6)). The delocalization of IMGA with the 

transfer of LP(1) N18 → π ∗(N17-C19) and LP(2) O2 → π ∗(O3-C9) 
possesses the E(2) of 79.61 and 52.42 Kcal/mol, respectively and 

showing that the formed crystal has a conjugative impact. The 

other strong delocalization of 32.88 and 29.90 Kcal/mol is pro- 

duced by the conjugation with the lone pair of LP(1) N18 and LP(2) 

O3 when it is combined with π ∗(C20 – C21) and O2 – C9), respec- 

tively. In IMGA, the d -A interactions are formed σ ∗(by the orbital 
overlaps through π→ π ∗ and σ→ σ ∗ interactions such as π (C20 –

C21) → π ∗(N17 – C19) and σ (C20 – C21) → σ ∗(N17 – H23) with 

the E(2) of 13.23 and 3.66 Kcal/mol, respectively. Herewith the im- 

portant d -A interactions are discussed and the other d -A interac- 

tions are given in Table 7 . 

From the Table 7 . 

E(2) means stabilization energy. 

E(j)-E(i) is the energy difference between donor and acceptor i 

and j NBO orbitals. 

F(i,j) is the Fock matrix element between i and j NBO orbitals. 

3.10. Hyperpolarizability studies 

The relationship between the molecular structure and NLO 

properties can be understood by using theoretical determinations 

of hyperpolarizability [ 47 , 48 ]. The dipole moment ( μ), mean po- 

larizability ( α), and first-order hyperpolarizability ( β) for IMGA in 

terms of x, y, and z components have been calculated using the 

density functional theory (B3LYP/6–311 ++ G (d,p)). The formulas for 

computing μ, α, β are given by the following reference [24] . The 

calculated values of IMGA are given in Table 8 . It shows the total 

molecule dipole moment and first-order hyperpolarizability, which 

are 10.3163 Debye and 0.96 × 10 −30 esu, respectively. The dipole 

moment of the IMGA molecule is 7 times larger than urea, and its 

first-order hyperpolarizability is 2.5 times larger than urea’s (the 

dipole moments of urea are 1.3732 Debye and 0.3728 × 10 −30 

esu, respectively, as determined using the B3LYP/6- 311 ++ G (d,p) 

method). The intramolecular charge transfer caused by the mi- 

gration of the electron cloud from an electron donor to accep- 

tor groups through the conjugate framework is linked to the large 

value of hyperpolarizability [ 49 , 50 ], which is a measure of the NLO 

features of the molecular system. 

Fig. 14. UV–Vis–NIR transmission spectrum and Tauc plot of IMGA crystal. 

3.11. UV–Vis-NIR studies 

The optical transmittance range and cut-off wavelength are es- 

sential factors to customize the material for particular device ap- 

plications. The majority of uses for single crystals are in optical 

technology. Using a UV–Vis-NIR spectrophotometer, the UV–Vis- 

NIR spectrum of IMGA was recorded from 200 to 1200 nm. For 

the optical transmittance studies, a high-quality, (101) plane cut- 

and-polished 1 mm thickness wafer was used. Fig. 14 displays the 

transmittance spectrum of IMGA crystal. It shows that grown crys- 

tal has ∼75% transmittance from 350 to 1200 nm and this value 

is enough for blue-light applications and SHG Laser radiation at 

1064 nm [51] . The lower cut-off wavelength of the grown crystal 

is 235 nm. The optical band gap Eg was calculated from Tauc’s ex- 

pression is 

(αhυ) 2 = A (hυ − E g ) 

where ˛ α is the absorption coefficient, n = 2 for direct transition, 

A is a constant and h is a Plank constant. Fig. 14 the linear part of 
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Table 8 

NLO properties of IMGA molecule. 

Dipole moment Polarizability First order hyperpolarizability 

μx 3.0126 αxx −36.6050 βxxx 38.4855 

μy −9.8666 αyy −122.9427 βyyy −156.9134 

μz 0.0017 αzz −81.0054 βzzz −0.0024 

μtotal 10.3163 αxy 3.9975 βxyy 43.3169 

αyz −0.0029 βxxy −36.6993 

αzx 0.0018 βxxz 0.0084 

αtotal −1.19 × 10 −23 esu βxzz −11.3439 

�α 1.45 × 10 −23 esu βyzz 1.2393 

βyyz 0.0157 

βxyz 0.0005 

β total 0.96 × 10 −30 esu 

Fig. 15. TG–DTA curve of IMGA crystal. 

the curve plotted by ( αh υ) 2 vs photon energy (h υ) and gives the 

direct optical band gap energy (Eg) [13] . The estimated E g value of 

IMGA crystal is 5.2 eV. 

3.12. TG-DTA studies 

Simultaneous TG-DTA was performed on the grown IMGA crys- 

tals using a PerkinElmer Diamond TG-DTA analyser and a nitrogen 

environment, the temperature range used was between 30 °C and 
400 °C with a 10 °C/min heating rate. Fig. 15 shows the TG/DTA 

curves of the IMGA crystal. The IMGA crystal is stable up to 150 °C, 
according to the TG curve, and material weight loss occurs be- 

tween 150 and 258 °C. The DTA curve clearly displays two en- 

dothermic peaks, with the first peak around 125 °C signifying the 
melting point of the title crystal and the second peak at 255 °C sig- 
nifying the material’s decomposition point. The grown crystal be- 

gins to disintegrate after 99% of its weight is eliminated as gaseous 

products, with the remaining 1% being made up of leftover car- 

bons. The TG-DTA studies confirm that melt growth is also possible 

to grow the IMGA crystal. 

3.13. Dielectric studies 

The electrical response of the crystal, which is a key factor in 

the design of optoelectronic devices [52] , can be examined us- 

ing the dielectric properties of the materials. To measure dielec- 

tric properties of IMGA single crystal (2 0 2) plane parallel plates 

at room temperature using Agilent 4284A Precision LCR METRE in 

the frequency region 50 Hz - 1 MHz. For a good electrical con- 

nection, a silver paste was electrode on the surface of the relevant 

crystal sample. The dielectric constant and loss of the sample were 

calculated by the following reference [53] . Fig. 16 depicts how the 

dielectric constant and dielectric loss ( Inset Fig. 16 ) varies with fre- 

quency. From 50 Hz to 10,0 0 0 Hz, the dielectric constant and loss 

is greater and rapidly decrease with increasing frequency, continu- 

ing up to 1 MHz. After this, it almost remains the same at higher 

frequencies. The crystal’s good optical quality and lack of defects, 

which is a desirable property for NLO applications [53] , is revealed 

by the low value of dielectric loss and good dielectric constant at 

high frequencies. 

3.14. Z-Scan studies 

One of the simplest techniques created by Eric Stryland to mea- 

sure NLO constants, such as non-linear absorption (NLA) and re- 

fraction (NLR), is Z-scan [54] . This method was created for poten- 

tial uses such as multi-photon polymerization and optical limiting 

and switching [ 55 , 56 ]. It can simultaneously measure the magni- 

tude and sign of the NLR (n2) and the NLA ( β) of the samples. The 

input parameters for the Z-scan experiment are given in Table 9 . 

The (101) plane cut and polished 1 mm thickness sample was used 

for the Z-scan experiment. The Z-scan data for the closed aperture 
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Fig. 16. Dielectric constant and dielectric loss of IMGA crystal at different fre- 

quency. 

Table 9 

Z–scan measurement parameters. 

Test Parameters 

Sample thickness (L) 1 mm 

Rayleigh length 1.29 mm 

Laser beam 

wavelength ( λ) 

632.8 nm 

Beam 

radius at the aperture 

(w a ) 

9 mm 

Aperture radius (r a ) 2 mm 

Laser beam intensity 

(I o ) 

15.31 MW/m 

2 

Fig. 17. Open aperture spectrum of IMGA single crystal. 

configured for IMGA at the transmission of around 75% is shown 

in Fig. 17 . The valley is followed by a peak-normalized transmit- 

tance which is the characteristic of positive nonlinearity. The cal- 

culated �T P-V value is 1.1895. The NLA coefficient ( β) is exam- 

ined and calculated using the open aperture Z-scan spectrum. The 

open aperture spectrum of the IMGA sample is shown in Fig. 18 . 

It demonstrates that the intensity of transmitted light decreases 

as the sample gets closer to the focus point, providing conclusive 

Fig. 18. Closed aperture spectrum of IMGA single crystal. 

Table 10 

Parameters measured in Z – scan experiment. 

Parameters Calculated values 

�T P-V 1.1895 

�T 0.0356 

Linear refractive index at 632.8 nm 1.548 

Linear absorption co-efficient ( α) 3.07 cm 

−1 

Nonlinear refractive index (n 2 ) 2.30 × 10 −12 m 

2 /W 

Nonlinear absorption co-efficient ( β) 7.64 × 10 −6 m/W 

Real part of the third-order susceptibility [ Re χ (3) ] 1.395 × 10 −10 esu 

Imaginary part of the third-order susceptibility 

[Im χ (3) ] 

2.274 × 10 −7 esu 

Third-order nonlinear optical susceptibility ( χ (3) ) 2.274 × 10 −7 esu 

proof of the reverse saturable absorption (RSA) phenomenon. The 

calculated �T P-V value is 0.0356. Both the NLA coefficient and NLR 

contribute to the third-order NLO property of the crystal. The for- 

mulas for finding third-order NLO and related parameters are given 

detailed in Ref. [4] and calculated parameters in Z – the scanning 

experiment are given in Table 10 . The relatively high value of third- 

order NLO susceptibility ( χ (3) ) suggests that grown crystal is suit- 

able for optical limiting-related applications. 

4. Conclusion 

IMGA crystal has been synthesized and its crystal structure 

has been confirmed from SCXRD and PXRD studies. The opti- 

mized geometric parameters have been theoretically calculated 

and compared with the experimental data. The presence of pro- 

ton and carbon was confirmed by 1 H and 13 CNMR spectra. The 

bandgap energy of the material is 5.2 eV. The dominant IMIs 

of the total HS for IMGA molecule are H…H (36.6%) interac- 

tions and the proportions of O…H and H…O interactions com- 

prise 52.1% of the total Hirshfeld surface for each molecule. The 

calculated GCRD such as electronegativity ( χ ) and electrophilicity 

index ( ω) values are 3.0016 and 1.7875 eV, respectively. The de- 

localization of IMGA with the transfer of LP(1) N18 → π ∗(N17- 
C19) and LP(2) O2 → π ∗(O3-C9) possesses the E(2) of 79.61 
and 52.42 Kcal/mol, respectively. The dipole moment of the IMGA 

molecule is 2.5 times larger than urea, and its first-order hyperpo- 

larizability is 7 times larger than urea. The values of nonlinear RI 

(n2 = 2.30 × 10 −12 m 

2 /W) and 3rd order nonlinear susceptibility 

( χ3 = 2.274 × 10 −7 esu) were estimated using Z-scan studies. The 
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wide bandgap, high dielectric constant, and χ3 values suggest that 

the grown crystal is suitable for optoelectronic applications. 
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a b s t r a c t

Polymer-Surfactant mixed systems have sparked a lot of attention because of their wide range of indus-
trial applications. In the present work, interaction features of the Polymer-Surfactant self-assembled sys-
tem was computed at various ratios. The interaction between a cationic surfactant
Cetyltrimethylammonium bromide (CTAB) and a water soluble polymer polyvinyl alcohol (PVA) was
investigated using UV–Visible Spectroscopy, FTIR and Electrochemical investigations. At varied concen-
trations of PVA/CTAB, the UV–Visible spectrum of the reaction mixture was recorded. In the UV–
Visible spectrum, the absorption band was observed at 272 nm. According to the UV–vis spectra the
absorbance of PVA/CTAB increased at a lower concentration due to the solubility of the polymer. The
ammonium salts distinctive groups were integrated on the polymer according to FTIR data. Atomic force
Microscopic studies reveal that CTAB was homogeneously mixed with PVA due to interfacial interaction.
The behavior of Cetyltrimethylammonium bromide and PVA mixtures has been studied electrochemi-
cally. It has shown relatively higher impedance indicating greater protection. It was revealed to be depen-
dent on the concentrations of both polymer and surfactant.
Copyright � 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Advanced Materials.

1. Introduction

The interaction of polymers and surfactants in aqueous solu-
tions has spurred attention in recent years because of the increas-
ing usage of mixed polymer-surfactant systems in various fields
[1]. The interaction of surfactant molecules with the polymer
macromolecules can enhance or decrease the fluid viscosity due
to stretching or shrinking of polymer chains. The presence of poly-
mer can potentially hasten the micellization process, lowering the
concentration of free surfactant [2–4]

Polymer with Surfactant interaction investigations involving
polymer surfactant aggregation are typically conducted at low sur-
factant concentrations [5]. The interaction between polymer and
surfactant is influenced by the polymer and surfactant types as
well as the solution conditioning nature [6]. The interaction
between the polymer and the surfactant can be divided into two

categories. Electrostatic interactions and hydrophobic interactions
are the types of polymer-surfactant interaction. Electrostatic inter-
action can exist between ionic polymers and oppositely charged
ionic surfactants. Hydrophobic interactions can exist between
non-ionic polymers and ionic/non-ionic surfactants. The
hydrophobic portions of the polymer could interact with the sur-
factant molecules via hydrophobic interactions. Surfactant-
polymer aggregates occur when a surfactant is added to a polymer
solution and interactions between the surfactant and the polymer
occur [7,8].

PVA is the most widely useful polymer as it has several poten-
tial applications. It is used as an electrode material in secondary
batteries and microelectronics and also as an electrochromic dis-
play material because of electrochemical property [9,10]. Polyvinyl
alcohol is an outstanding polymer and it has high electrical, optical
and mechanical properties. It has high tensile strength, good
charge storage capacity and excellent film forming nature, eco-
friendly, biodegradable and biological useful polymer. Because of
the polar group present in the polymer, it is easily soluble in water
as well as in organic solvents [11].
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Cetyltrimethylammonium bromide (CTAB) is an important pos-
itively charged surface active agent (surfactant) that has a long tail
of 16-carbon atoms and a head of an ammonium group with three
methyl groups attached. Positively charged surfactant has been
fruitfully employed as a coating agent, stabilizing agent, passivat-
ing agent, structure directing agent in the synthesis of inorganic
materials [12–16].It also helps in the accumulation of target chem-
icals which is the reason it is commonly used in wastewater treat-
ment to facilitate the absorption and reaction with the pollutants
[17]. Above all the aforesaid constructive properties of CTAB, it is
worth noting that the modification of the composite materials with
CTAB will improve the sensing performance of the materials result-
ing in enhanced sensitivity and limit of detection. It improves the
hyperchromicity and sensitization to the probe [18]. Conductivity
technique and UV–Visible spectroscopic was employed to observe
the interaction of Cephradine monohydrate (CDM) with cationic
surfactant cetyltrimethyammonium bromide (CTAB) and the CMC
values were determined by varying the temperature [19].

By using different analytical techniques many researchers have
studied the interaction of cationic surfactants with water soluble
polymers. Addition of the surfactants having different charge and
head groups in the presence of water soluble polymer possessing
high molecular weight is an important research work for academia
and industry. Therefore, in the present work interaction of surfac-
tants having cationic head group CTAB aqueous solution of PVA has
been studied using Atomic force microscopy and Cyclic
Voltammetry.

2. Experimental

2.1. Materials

The chemicals used in the present investigations are Polyvinyl
alcohol (PVA) and Cetyltrimethylammonium bromide(CTAB). The
materials in this research work were of analytical grade without
any additional refinement. Throughout the experiment double dis-
tilled water was employed as a solvent. All the chemicals utilized

in this study were purchased from Sigma Aldrich Chemicals ltd.
Information about the materials is given in Table 1.

2.2. Preparation of solutions

The aqueous solutions with various surfactant and polymer
concentrations were prepared fresh using a magnetic stirrer for
roughly 8–10 h to form a constant homogeneous solution at a
low rotation per minute to avoid mechanical degradation. An
appropriate amount of cationic surfactant and polymer solution
was properly dissolved in distilled water for 15 min. A wide range
of concentrations approximating the CMC of CTAB (0.1–0.7 wt%)
was chosen for the present work. The polymer was used at
100 ppm, 500 ppm, 1000 ppm, 1500 ppm concentrations. These
chemical compounds were chosen to match those utilized in
industrial settings [20–25].

3. Characterization

The FTIR spectroscopy of PVA with CTAB was performed with
FTIR spectrometer (Shimadzu, IR Affinity) in the wavenumber
range 400–4000 cm�1 in a transmittance mode. Ultraviolet visible
(UV–vis) absorption spectrum of PVA/CTAB solution was obtained
in the range of 200–800 nm with a Computer controlled Jasco V-
530 UV–vis Spectrophotometer. The atomic force microscopy was
completed with Nanosurf easy2scan BT02218 profilemter; a sharp
cantilever tip interacts with the sample surface sensing the local
forces with the molecules and the tip. The electrochemical behav-
ior was studied by CH-instrument lnc., TX USA.

4. Results and discussion

4.1. UV–vis spectroscopy

UV–vis spectroscopy is a fascinating technique for analytical
research because it reveals essential details regarding the absor-
bance, transmittance and reflectance of polymeric materials. Jasco

Table 1
Information of materials.

Chemical name Source Purity CAS Molecular weight

Polyvinyl alcohol(PVA) Sigma Aldrich �99 % 9002-89-5 1,46,000–1,86,000,
Cetyltrimethylammonium bromide (CTAB) Sigma Aldrich �99 % 57-09-0 364.45

Fig. 1. UV–vis Spectra (a) PVA (b) CTAB.
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UV–Visible Spectrometer was used for the evaluation of optical
characteristics of PVA with CTAB and for recording the spectral
data. [26]. PVA is also a significant polymer because of its excellent
optical qualities such as great transparency and it has sensing

property. Figs. 1–5 show the UV absorbance spectra of PVA, CTAB
and PVA/CTAB dispersion respectively. CTAB has a distinct absor-
bance bands at 272 nm and it was associated with high energy
absorption. These absorbance bands are ascribed to the electronic

Fig. 2. UV –Vis Spectra of PVA 100 ppm with CTAB (a) 0.1 wt% CTAB (b) 0.3 wt% CTAB (c) 0.5 wt% CTAB (d) 0.7 wt% CTAB.

Fig. 3. UV –Vis Spectra of PVA 500 ppm with CTAB (a) 0.1 wt% CTAB (b) 0.3 wt% CTAB (c) 0.5 wt% CTAB (d) 0.7 wt% CTAB.

Fig. 4. UV –Vis Spectra of PVA 1000 ppm with CTAB (a) 0.1 wt% CTAB (b) 0.3 wt% CTAB (c) 0.5 wt% CTAB (d) 0.7 wt% CTAB.
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transitions p- p* (K-band). It has been noted that the value of Crit-
ical micelle concentration (CMC) decreases by increasing chain
length (even by one carbon) [27,28].

Surfactants conductivity improves as they interact with poly-
mers, increasing their CMC value. The presence of free positive
and negative ions of surfactants caused an increase in conductance.
The concentration of the polymer and surfactant was maintained
at a consistent level. When increasing the concentration of surfac-
tants the value of CMC also increases indicating a strong interac-
tion between surfactant and polymer. The formation of micelle
causes a reduced increase in conductance in the post micellar area.
The CMC value increased because of the strong interaction
between the polymer and cations of the surfactants. By lowering
the charge density of the cationic head, the polymer reduces repul-
sion between nitrogen atoms. The micellization process of the
polymer surfactant reduces while increasing entropy [29].

The cationic surfactants that were produced were found to be
very useful in enhancing solubility with the non-ionic polymer.
Surfactant CMC values increased as a result of polymer-
surfactant interaction was successful. Then it also indicates that
the solubility of the polymer due to the value of absorbance was
increased. At first, kmax was calculated by drawing a graph of
absorbance vs wavelength. The maximum absorbance values of

surfactants were noted. Figs. 2–5 shows the graphs plotted
between absorbance vs wavelength. This mentioned diagram indi-
cated the increasing solubility due to the interaction of the poly-
mer with surfactant. Increasing the concentration of polymer

Fig. 5. UV –Vis Spectra of PVA 1500 ppm with CTAB (a) 0.1 wt% CTAB (b) 0.3 wt% CTAB (c) 0.5 wt% CTAB (d) 0.7 wt% CTAB.

Fig. 6. Absorbance vs CTAB concentration in 100 ppm PVA.

Fig. 7. Absorbance vs CTAB concentration in 500 ppm PVA.

Fig 8. Absorbance vs CTAB concentration in 1000 ppm PVA.
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solution leads to higher Critical micelle concentration (CMC) val-
ues. [30]. Figs. 6–9 show that the CMC values of cationic surfac-
tants increase with increasing percentage of polymer in solution.
With increasing the concentration of ionic surfactants give most
important results as the slope in the conductivity versus concen-
tration of ionic surfactants changes at an exact value of surfactants
concentration. The conductivity of ionic species increases with the

release of ions in the solution. The ionic surfactants undergo disso-
ciation to create surfactant ions and counter ions, these ions are
accountable for the electrical conductivity. These ions are respon-
sible for the conductivity of electricity. Higher conductivity results
from such an increase in the number of released ions when ionic
surfactant concentration rises [31]. Fig. 10 indicates that conduc-
tivity versus concentration of CTAB. At 1000 ppm of PVA, the
CMC values determined using the UV–vis spectra and conductivity
techniques are equal.

4.1.1. Band gap energy
Using the equation Eg = hC/kmax, the optical band gap energy of

the polymer-surfactant was calculated. PVA, CTAB and PVA with
CTAB have band gap energies of 4.9 eV, 3.8 eV and 4.0 eV respec-
tively. The tauc relation was used to calculate the optical band
gap energy which is reported in Table 2.

4.2. FTIR analysis

The main peaks of PVA (Fig. 12) were observed at 3280 cm�1,
2917 cm�1, 1690 cm�1, 1425 cm�1, 1324 cm�1, 1081 cm-1, and

Fig. 9. Absorbance vs CTAB concentration in 1500 ppm PVA.

Fig. 10. Conductivity vs CTAB concentration in 1000 ppm PVA.

Fig. 11. Plot of (aht)2 versus (ht) in eV a) PVA, b) CTAB and c) PVA + CTAB.

Table 2
Band gap energy values.

Sl. No Samples Band gap (eV)

1 PVA 4.9
2 CTAB 3.8
3 PVA + CTAB 4.0

Fig. 12. FTIR spectra of (a) 100 ppm PVA, (b) 0.5 wt%CTAB + 100 ppm PVA, (c) 0.5 wt
% CTAB + 500 ppm (d) 0.5 wt% CTAB + 1000 ppm PVA (e) 0.5 wt% CTAB + 1500 ppm
PVA.
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839 cm�1. These peaks are assigned to the OAH stretching vibra-
tion of the hydroxyl group, CH2 asymmetric stretching vibration,

C@O carbonyl stretch, CAH bending vibration of CH2, CAH defor-
mation vibration, CAO stretching of acetyl groups and CAC stretch-
ing vibration [32–35].

The FTIR spectrum of CTAB (Fig. 13) possesses a strong band at
3335 cm�1 that can be attributed to the stretching vibrations of the
ammonium group in CTAB. Peaks at 2853 cm�1 are attributed to –
CH2 group in CTAB. The band at 1635 cm�1 followed by the band at
1472 cm-1corresponds to the asymmetric and symmetric stretch-
ing vibration of N+ –CH3 respectively. Similar absorption bands of
the FTIR spectra for CTAB were compared in difference to the pre-
vious reports [36–39].

There is a strong band at 3451 cm�1 which corresponds to the
stretching vibration of the OAH and NAH groups from PVA and
CTAB respectively. The absorption peaks observed at 2923 cm�1

represent the characteristic CH2 stretching vibration bands of
CTAB. When compared to the PVA spectrum the remaining bands
of PVA/CTAB have higher wave numbers at 1690 cm�1,
1325 cm�1, 1081 cm�1, and 838 cm�1 proving the existence of
C@O, CH2, CAO, CAC group which belongs to PVA. The results con-
firmed that the interaction of PVA with CTAB was successful.

4.3. Microscopic studies

AFM is a highly effective analytical research technique for char-
acterizing heterogeneous systems. AFM images were also used for
roughness, porosity and fractal dimension [40]. The surface mor-
phology of PVA with CTAB was examined further using tapping
mode in atomic force microscopy (AFM). The results are displayed
in Figs. 14-16. From Fig. 10 and Fig. 11, it can be seen that different
concentrations of CTAB with PVA. It has a significant effect on the
surface topography of the samples. The surface of the polymer with
surfactant clearly showed that the coarse surface at the higher con-
centration which could be attributed to the strong interfacial adhe-
sion and good compatibility between PVA with CTAB.

Fig. 13. FTIR spectra of (a) CTAB, (b) 0.1 wt%CTAB + PVA, (c) 0.3 wt% CTAB + PVA, (d)
0.5 wt% CTAB + PVA.

Fig. 14. AFM topographic images of PVA and CTAB.
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4.4. Impedance spectroscopy

Electrochemical impedance spectroscopy is used to determine
the Equivalent circuit parameters such as charge transfer resis-
tance and ohmic resistance. EIS is a two –part Nyquist curve; that
is a semicircle in the high frequency region and a straight line in
the low frequency region [41]. Internal charge transfer resistance
is represented by the semicircle in the high frequency region
(Rs). The larger the diameter of the semicircle improved the charge
transfer resistance. Fig. 17 is an EIS diagram in the high frequency

region, and it can be seen that the PVA with CTAB the appearance
of a semi-circular arc indicates that there is a certain charge trans-
fer resistance. This figure indicates that the highest resistance in
terms of coating strength was demonstrated because of higher
impedance, it was more protected. It also illustrates that the impe-
dance curve of PVA with CTAB surfactant exhibits a very high resis-
tance and higher capacitance property. Polymer-surfactant has
capacitance and has shown substantial potential in charge–dis-
charge behavior. Polymeric coating showed a higher coating capac-
itances represented by lower impedance because of the two

Fig. 15. AFM topographic images of CTAB with different concentration of PVA (100 ppm, 500 ppm, 1000 ppm, 1500 ppm).
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properties are inversely proportional. It would be observed that
polymeric coating with higher capacitance can store higher charge
[42].

5. Conclusion

In this present work, there are few findings can be deduced after
completely performing the characterization tests. Polyvinyl alcohol

with different concentrations of CTAB was prepared and character-
ized to show the effect of their structural, optical, and electrical
properties. The FTIR results suggested a strong interaction between
PVA and CTAB. PVA/CTAB dispersion shows good optical properties
observed by UV–vis Spectroscopy. Microscopic studies reveal that
CTAB was homogeneously mixed with PVA due to interfacial inter-
action. PVA and CTAB showed relatively higher impedance indicat-
ing greater protection. It also illustrates that the impedance curve
of PVA with CTAB surfactant exhibits very high resistance and

Fig. 16. AFM topographic images of PVA 1500 ppm with CTAB (a) 0.1 wt% CTAB (b) 0.3 wt% CTAB (c) 0.5 wt% CTAB (d) 0.7 wt% CTAB.
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greater capacitance property. EIS confirms PVA/CTAB with low
concentrations is used as high resistance due to its anticorrosive
activity.
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ABSTRACT: The current pharmaceutical industry is increasingly turning to plant-based multi-potential 

bioactive compounds to combat a variety of diseases and pathological conditions due to the consequences of 

administrating synthetic drugs. To Avoid back reflection of synthetic drugs, researchers are focusing on 

natural derivatives guided from traditional medical practices. Plants are playing vital role in nutritional 

and disease control aspects in traditional era. Terrestrial resources contain a vast array of medicinally 

valuable plants that have traditionally been used to treat a wide range of diseases, including 

hepatoprotective, anti-inflammatory, antibacterial, anti-cancer, and antidiabetic properties. Similarly, the 
study plant Andrographis paniculata demonstrated significant medicinal properties; thus, the potential 

activity of a leaf ethanolic extract of A. paniculata, diethyl phthalate purified from the crude ethanolic 

extract, and their modified metal (Silver and Gold) nanoparticles against free radicals, namely DPPH and 

phosphomolebdenum assays. In addition, the study samples were subjected to an MTT assay to assess 

cellular toxicity in comparison to the L929 cell line. The results showed that the promising drug carrier 

system of diethyl phthalate silver nanoparticles (DPAgNPs) exhibited lower toxicity and higher anti-

oxidant activity. 

Keywords: Andrographis paniculata, Diethyl phthalate, Silver and gold nanoparticles, DPPH, 

Phospohomolebdenum and Cytotoxicity.    

 

INTRODUCTION 

Countless plant-based products, such as herbal teas, 

nutritional supplements, health meals, and other goods, 

are readily available today (Phillips and Meilleur 1998). 

Distinct medical traditions are practised by various 

cultural and ethnic groups (Leslie and Young 1992). In 

underdeveloped nations, where 65 to 80 percent of the 

world's population resides, plant products are their 

primary source of healthcare (Farnsworth et al., 1985; 

Awoyemi et al., 2012). Ayurveda has been 

demonstrated to be one of the oldest medical systems 

that is still in use today, both in India and around the 

world. Many individuals think natural treatments are 

safer than synthetic medications. Individualized 
therapies may incorporate nutritional, physical activity, 

and lifestyle factors as well as proprietary molecules or 

plant components (Sharma and Mujundar 2003). There 

has been a remarkable return of interest in medicine and 

classical pharmacopoeia despite substantial 

advancements in contemporary medicine. Perumal and 

Gopalakrishnakone (2008) explored plant-based 

medications, which significantly improved on already 

available therapies. Plants continue to play a key role in 

the control of diabetes, particularly in much less 

developed countries where the bulk of the population 

has little resources and no access to contemporary 
therapy. Alternative diabetes therapies, such as those 

based on plants, are becoming more and more popular 

in industrialised nations due to the drawbacks of taking 

insulin and oral hypoglycemic medications (Marles and 

Farnsworth 1994). In India, where more than 30 million 

individuals have the condition, diabetes is on the 

increase. Numerous members of society are impacted 

by undiagnosed diabetes. Both diabetes screening and 

the streamlining of diagnostic processes have become 

crucial. The two most prevalent kinds of diabetes are 

Type-1 and Type-2 (Gupta et al., 2014; Wang et al., 

2001). Phenolic compounds are a significant category 

of the plant secondary metabolites that have been found 

to have antioxidant properties. There are several 

findings on how phenolic chemicals affect the 

antioxidant capacity of various plant species (Cai et al., 

2004). Diverse pharmacological effects of 

Andrographis paniculata exist, some of which include 

anti-cancer, anti-diarrheal, and anti-hepatitis (Md. 

Sanower Hossain et al. (2014). A. paniculata extracts 

show hepatoprotective qualities, antihypertensive 
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effects, and lower plasma angiotensin converting 

enzyme (ACE) activity and renal lipid peroxidation 

(Akbar, 2011). Besides, they have antimicrobial, anti-

inflammatory, antioxidant, and hypoglycemic effects 

(Zhang and Tan 2000). In an effort to discover a 
treatment for conditions like rheumatoid arthritis and 

ulcerative colitis that are brought on by oxidative stress 

and infections, Umadevi and Kamalam (2014) at the 

University of Bristol investigated A. paniculata. They 

are looking at the phytochemical composition and 

antioxidant capacities of the plant. Similar to this, 10% 

methanolic SLE showed enhanced antioxidant activity, 

which was responsible for 53.94 g/ml DPPH activity 

and 44.94% suppression of nitric oxide activity 

(Uthirapandi et al., (2021). Penicillin has a wide range 

of possible uses, including as an anti-microbial, 

cytotoxic, anti-protozoan, and immunostimulant, 
according to a review by Okhuarobo et al. (2014). 

Andrographolide, the primary active ingredient, has a 

variety of biological effects, including hepatoprotective, 

anti-inflammatory, antibacterial, anti-cancer, and 

antidiabetic ones (Jarukamjorn and Nemoto 2008). 

Researchers suggest that andrographolide be 

structurally modified in order to acquire diverse leads 

due to the outstanding diversity of these biological 

functions. Numerous andrographolide compounds have 

surfaced in recent decades, and their pharmacological 

properties have also been examined. There haven't been 
many researches that thoroughly summaries or analyze 

A. paniculata and its derivatives, nevertheless. As a 

result, this study gives comprehensive information 

about the pharmacological activity of A. paniculata and 

its main ingredient andrographolide in an effort to 

advance the trends of research on andrographolide 

(Jayakumar et al., 2013). Antioxidant defences are 

strengthened by andrographolide. By scavenging free 

radicals, it exerts direct action. It further causes indirect 

interference by preserving mitochondrial integrity, 

preventing pro-oxidant enzyme activity, and/or 

activating antioxidant enzymes. Keep in mind that the 
control of the antioxidant defense system involves the 

transcription factor Nrf2. As a result, andrographolide's 

regulation of Nrf2 is important for controlling the redox 

system (Li  et al., 2018; Tan  et al., 2018; Yan et al., 

2018). 

MATERIAL AND METHODS 

Sample Preparation. Around 50 g of powdered 

Andrographis paniculata was taken into fresh extract 

cloth and bagged into extraction apparatus. The system 

was placed on the heating mantle at 40°C and the 

sample with reflux condenser tube was placed over the 

solvent collector with air tightly. The extraction system 

was started with 500 ml ethanol as extraction solvent 

for 24 hours. After extraction the solvent was 

transferred to fresh 500 ml conical flask, filter the 

extract and stored at 4 °C for further analysis. Diethyl 

phthalate was partially purified from the crude extract 

of A. paniculata using column chromatography and has 

been characterised spectrally. From the diethyl 

phthalate chromatographic fraction, silver and gold 

nanoparticles were synthesised using ascorbic acid as a 

reducing agent and subjected to spectral and 

morphological characterization.  

Anti-Oxidant Property 

DPPH radical scavenging activity. The free radical 

scavenging activity of the fractions was measured in 
vitro by the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 

assay according to the standard method (Brand-

Williams et al., 1995). The stock solution was prepared 

by dissolving 24 mg of DPPH in 100 ml of methanol 

stored at 4–20 °C. About 4 ml of various concentrations 

of samples (20, 40, 60, 80, and 100 g/mL) were mixed 

with 1 ml of methanolic solution containing DPPH 

radicals, resulting in a final concentration of DPPH of 

0.2 mM. The mixture was shaken vigorously and left to 

stand for 30 minutes, and the absorbance was measured 

at 517 nm. Ascorbic acid was used as a control. The 

percentage of DPPH decolorization in the sample was 
calculated according to the equation. The control was 

prepared without any sample, and scavenging activity 

was estimated based on the percentage of DPPH 

radicals scavenged using the following equation: 

% of inhibition = [(control OD−sample OD)/(control 

OD)]×100 

Total antioxidant activity. Each test tube contained 3 

mL of distilled water and 1 mL of Molybdate reagent 

solution, as well as 20-100 µg/mL of Andrographis 

paniculata extract, Diethyl phthalate (DP), DP silver 

nanoparticles (DPAgNPs), and DP gold nanoparticles 
(DPAuNPs). These tubes were kept incubating at 95 

ºC for 90 min. After incubation, these tubes were 

normalized to room temperature for 20–30 min, and the 

absorbance of the reaction mixture was measured at 695 

nm. The percentage of inhibition values from samples 

was calculated for each extract. Ascorbic acid was used 

as a positive reference standard. The PM assay is based 

on the reduction of phosphate-Mo (VI) to phosphate-

Mo (V) by the sample and the subsequent formation of 

a bluish-green phosphate/Mo (V) complex at an acidic 

pH. The phosphomolybdenum method is routinely 

applied in the laboratory to evaluate the total 
antioxidant capacity of plant extracts (Prieto et al., 

1999). 

Cellular Cytotoxicity on L929 Cell line by MTT 

assay. This assay was performed based on the 

assessment of reduction of the yellow colored water 

soluble tetrazolium dye MTT to formazan crystals 

(MTT Cell Proliferation Assay Instruction Guide). 

Mitochondrial lactate dehydrogenase produced by live 

cells reduces MTT to insoluble formazan crystals 

formed in assay mixture.  Seed 200µl cell suspension in 

a 96-well plate at required cell density (20,000 cells per 

well), without the test agent. Allow the cells to grow for 

about 24 hours.  Add appropriate concentrations of the 

test samples (Diethyl phthalate, DPAgNPs and 

DPAuNPs) incubate the plate for 24hrs at 37°C in a 5% 

CO2 atmosphere. After the incubation period, takeout 

the plates from incubator and remove spent media and 

add MTT reagent to a final concentration of 0.5mg/mL 

of total volume. Wrap the plate with aluminium foil to 

avoid exposure to light. Return the plates to the 

incubator and incubate for 3 hours. (Note: Incubation 

time varies for different cell lines. Within one 
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experiment, incubation time should be kept constant 

while making comparisons). Remove the MTT reagent 

and then add 100µl of solubilisation solution (DMSO). 

Gentle stirring in a gyratory shaker will enhance 

dissolution. Occasionally, pipetting up and down may 
be required to completely dissolve the MTT formazan 

crystals especially in dense cultures. Read the 

absorbance on a spectrophotometer or an ELISA reader 

at 570 nm wavelength. %  Cell viability is calculated 

using below formula: 

% cell viability=[Mean abs of treated cells/Mean abs of 

Untreated cells] × 100 

Statistical Analysis. The obtained data were 

interpreted and calculated as Mean, Standard deviation 

and ANOVA using IBM SPSS Statistical Software and 

represented the data in tables as well as graphs. 

RESULT AND DISCUSSION 

Phytochemical Screening 

Anti-Oxidant Activity 

DPPH Scavenging Assay. The study samples (A. 

paniculata, Diethyl phthalate, DPAgNPs and 

DPAgNps) were subjected to investigate the scavenging 

activity against 2-diphenyl-1-picrylhydrazyl (DPPH) 

and the scavenging effects were analyzed and 

calculated statistically. Among the sample Diethyl 

phthalate silver nanoparticles (DPAgNPs) were 

described in Table and Figure: 1 as higher scavenging 

activity 60.36 % at 100 µg/mL concentration while 
A.paniculata showed 44.94 % at 100 µg/mL. However, 

Diethyl phthalate and DP gold nanoparticles exhibited 

quite lower scavenging effect as 16.42 % and 20.83 % 

at 100 µg/mL concentration. The one-tailed ANOVA 

was performed and showed insignificance of activity 

among the sample at p-value equals 1.738 (1.738 > p 

0.005) greater than α value of 0.005 (Table and Fig. 2). 

Total Anti-oxidant Activity. Total anti-oxidant 

property can be determined by analyzing the reducing 

activity of phosphate-Mo (VI) to phosphate Mo (V) was 

measured at 695 nm. In table and Figure: 3 Higher 

reducing property was shown in Diethyl phthalate silver 
nanoparticle (DPAgNPs) as 83.64 % at the 

concentration of 100 µg/mL while, DP gold 

nanoparticle exhibited lesser activity 14.29 % at 100 

µg/mL. In other hand, Diethyl phthalate revealed 57.56 

% and A.paniculata has 34.78 % of reducing activity at 

100 µg/mL. The data of total anti-oxidant property was 

far away to significant at 0.005 level (1.088 > p 0.005) 

showed in Table and Fig. 4. 

Assessment of Cellular Cytotoxicity by MTT Assay. 

MTT assay is a colorimetric assessment based on the 

reduction of the yellow colored water soluble 

tetrazolium dye MTT to formazan crystals by 

mitochondrial lactate dehydrogenase produced by live 

cells which in turn represented the percentage of 

cellular cytotoxicity of L929 cell line. Among the 

sample group, DP gold nanoparticle showed 87.9 % 

cytotoxicity to the cell line at the concentration of 100 

µg/mL. While, diethyl phthalate and DPAgNPs 

exhibited 90.13 and 89.68 % of toxicity at 100 µg/mL 

in Table 5 and Fig. 7 and 8. This revealed the content of 

concentration depending cellular toxicity against L929 

cell line. The toxicity of study samples were analyzed 

through one-tailed ANOVA and the value showed the 

significance at p 0.005 and there is no significant 

difference between the means of any pair (Table 6 and 

Fig. 5 and 6). 

DISCUSSION 

The activities of catalase, superoxide dismutase, and 

glutathione S transferase are significantly increased 

when the aqueous extract of A. paniculata is 

administered orally at a variety of dosages. It highlights 

the antioxidant properties of the aqueous extract of AP, 

which may contribute to the anticarcinogenic effect by 

lowering oxidative stress (Verma and Vinayak 2008). 

According to a study, the antioxidant activity of an 

Andrographis paniculata aqueous extract was higher 

than that of an ethanol extract. The aqueous extract has 

a radical scavenging activity of 66.8% at 50 µg/mL 
compared to 57.8% in the ethanol extract (Mussard et 

al., 2019). Methanolic plant extracts were most 

effective in scavenging DPPH free radicals and H2O2 

radicals, with 50% inhibition at concentrations of 

333.34 µg/ml and 398.12 µg/ml, respectively (Sinha 

and Raghuwanshi 2020). The aqueous stem extract 

(4.42 µg/mL) and ethanolic stem extract (6.84 µg/mL) 

had the lowest IC50 values, respectively. As a result, 

the aqueous extract of stem is the most effective in 

neutralising free radicals produced by the oxidation of 

lipids, proteins, and nucleic acids (Polash et al., 2017). 
The results of the present research conducted by Khan 

et al. (2020) showed that andrographolide decreased 

DLD1 cells ability to divide in a concentration- and 

time-dependent way. Through nuclear condensation, 

phosphatidylserine externalisation, and caspase-3 

activation, andrographolide triggered apoptosis. 

Additionally, it increased the levels of cellular ROS, 

which were linked to the activation of apoptosis in 

DLD1 cells. Additionally, andrographolide showed 

synergistic efficacy against DLD1 cells when combined 

with 5-FU and PTX. According to methodology, plant 

component, and type of dietary supplement, antioxidant 
activity ranged from 503.36 to 6164.09 µmol TE/100 g 

d.m. when tested using the FRAP, CUPRAC, and 

DPPH procedures (Marzanna Kurzawa et al., 2015). 

According to research on the anti-oxidant properties of 

A. paniculata ethanolic leaf extract, diethyl phthalate, 

DPAgNPs, and DPAuNPs against DPPH radicals and 

phosphomolebdenum, DPAgNPs has shown remarkable 

anti-oxidant activity at 100 µg/mL concentration, and 

the IC 50 value was 8.93 µg/mL for DPPH scavenging 

and 35.13 µg/mL for reducing phosphomolebdenum. 

Diethyl phthalate is an oily, colourless liquid with no 

odour or flavour. It can be found in toothbrushes, car 

components, toys, tools, cosmetics, aspirin, plastics, 

pesticides, and food packaging (World Health 

Organization, 2003). These findings imply that DEP 

exposure may cause sperm effects, hepatic effects, 

developmental effects, and androgen-independent male 

reproductive toxicity, with some indications of female 

reproductive toxicity. To thoroughly analyse these 

results and boost trust in this database, more study is 

required (Weaver et al., 2020). The growth of human 
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HaCaT keratinocytes in cell culture was significantly 

inhibited by andrographolide at 31.25 g/mL (90 M). To 

the best of our knowledge, this is the first time 

andrographolide from A. paniculata has been 

documented to have anti-proliferative effects. 
According to OECD test guideline No. 420, A. 

paniculata was evaluated. The standardised FTLEE of 

A. paniculata was given orally to mice in four groups, 

two of each sex (0, 300, 2000, or 5000 mg/kg BW). 

Body weight, poisoning symptoms, and/or death were 

tracked for 14 days after therapy. Animals were put to 

death at day 15, their internal organs were severely 

examined, and blood samples were taken for 

haematological and clinical biochemistry tests. The 

findings demonstrated that all of the treated animals 

lived, and no obvious side effects were noticed over the 

course of the trial. Extensive necropsy examination of 

all the standardised FTLEE-treated animals showed no 

lesions in any organs. Despite the fact that substantial 

changes in BUN, lymphocytes, neutrophils, hematocrit, 

and haemoglobin were seen, these changes were not 

harmful side effects of the therapy. Therefore, we came 
to the conclusion that there are no significant acute 

toxicological effects from a single oral administration 

of the standardised FTLEE of A. paniculata with an 

upper fixed dosage of 5000 mg/kg BW 

(Worasuttayangkurn et al., 2019). Assessment of 

cellular toxicity of study samples such as A. paniculata, 

diethyl phthalate, DPAgNPs, and DPAuNPs showed 

minimal toxicity, while a DP gold nanoparticle showed 

87.9% cytotoxicity to the cell line at a concentration of 

100 µg/mL. While diethyl phthalate and DPAgNPs 

exhibited 90.13 and 89.68% of their toxicity at 100 

µg/mL in L929 (mouse fibroblast cell line). 

 
Fig. 1. Inhibitory percentage of study samples against DPPH radicals. 

 
Fig. 2. One-tailed ANOVA of F-distribution of Sample groups 

 
Fig. 3. Total Anti-oxidant activity by Reduction of Phosphomolebdenum 
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Fig. 4. One-tailed ANOVA of F-distribution of Sample groups. 

 
Fig. 5. Cellular toxicity effect of study samples on L929 cell line by MTT assay. 

 
Fig. 6. One-tailed ANOVA of F-distribution of Sample groups for Cytotoxicity effects on L929 cell line. 

 
Fig. 7. Microscopic examination of cellular Anti-proliferation (Cytotoxity) on L929 cell line of Diethyl phthalate 

and Diethyl phthalate Silver nanoparticles. 
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Fig. 8. Microscopic examination of cellular Anti-proliferation (Cytotoxity) on L929 cell line of Diethyl phthalate 

Gold nanoparticles 

Table 1: Inhibitory percentage of study samples against DPPH radicals. 

Concentration 

(µg/mL) 
A. paniculata Diethyl phthalate DPAgNPs DPAuNPs 

100 44.94 ± 0.001 16.43 ± 0.001 60.36 ± 0.003 20.83 ± 0.001 

80 31.61 ± 0.002 15.65 ± 0.001 56.9 ± 0.001 18.27 ± 0.001 

60 23.99 ± 0.004 11.07 ± 0.001 53.51 ± 0.001 16.79 ± 0.001 

40 20.83 ± 0.001 8.21 ± 0.002 51.13 ± 0.001 14.17 ± 0.001 

20 15.18 ± 0.004 6.37 ± 0.001 47.62 ± 0.001 11.19 ± 0.001 

IC 50 124.73 341.04 35.13 351.41 

Table 2: One-tailed ANOVA of Sample groups for DPPH scavenging activity. 

Source DF Sum of Square Mean Square F Statistic P-value 

Groups (between groups) 3 5390.2231 1796.741 37.7456 1.738e-7 

Error (within groups) 16 761.6213 47.6013   

Total 19 6151.8444 323.7813   

Table 3: Total Anti-oxidant activity by Reduction of Phosphomolebdenum. 

Concentration (µg/mL) A.paniculata Diethyl phthalate DPAgNPs DpAuNPs 

100 34.78 ± 0.01 57.56 ± 0.011 83.64 ± 0.040 14.29 ± 0.1 

80 26.17 ± 0.001 56.85 ± 0.002 76.6 ± 0.015 12.42 ± 0.1 

60 25.49 ± 0.001 55.57 ± 0.003 71.01 ± 0.015 10.56 ± 0.1 

40 24.55 ± 0.003 51.86 ± 0.003 60.04 ± 0.015 8.7 ± 0.1 

20 22.75 ± 0.003 49.88 ± 0.002 54.45 ± 0.015 6.83± 0.1 

IC 50 539.38 17.52 8.93 591.01 

Table 4: One-tailed ANOVA of Sample groups for Total anti-oxidant activity. 

Source DF Sum of Square Mean Square F Statistic P-value 

Groups (between groups) 3 10488.5862 3496.1954 76.176 1.089e-9 

Error (within groups) 16 734.341 45.8963   

Total 19 11222.9271 590.6804   

Table 5: Cellular toxicity effect of study samples on L929 cell line by MTT assay. 

Concentration 

(µg/mL) 
DP DPAgNPs DP AuNPs 

20 95.42 ± 0.011 95.98 ± 0.008 94.15 ± 0.011 

40 93.85 ± 0.011 94.97 ± 0.002 92.67 ± 0.002 

60 91.84 ± 0.005 93.41 ± 0.013 91.15 ± 0.002 

80 91.13 ± 0.005 92.51 ± 0.009 88.12 ± 0.003 

100 90.13 ± 0.008 89.68 ± 0.004 87.9 ± 0.002 
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Table 6: One-tailed ANOVA of Sample groups for Cytotoxicity effects on L929 cell line. 

Source DF Sum of Square Mean Square F Statistic P-value 

Groups (between groups) 2 16.3634 8.1817 1.3557 0.2946 

Error (within groups) 12 72.4206 6.0351   

Total 14 88.784 6.3417   

 

CONCLUSIONS 

Nowadays, modern pharmacologists have turned to 

traditional and classic medicinal approaches for 
deriving multi-potential bioactive compounds to 

encounter a wide range of diseases and physiological 

disorders. In this research, the anti-oxidant potential 

and cytotoxic effects of a crude ethanolic extract of 

Andrographis paniculata, diethyl phthalate, silver, and 

gold nanoparticles synthesised using diethyl phthalate 

were evaluated, and the outcome revealed the improved 

anti-oxidant activity achieved from DPAgNPs 

compared with other test samples against both radicals 

(DPPH and phosphomolebdenum). It was also 

demonstrated that DPAgNPs had a less toxic effect on 

the L929 cell line among the study samples. The data 

show that using DPAgNPs for developing drug carrier 

systems is far superior to using A. paniculata, diethyl 

phthalate, and DPAuNPs alone, resulting in safe and 

fine activities.   

FUTURE SCOPE 

In future, in vivo toxicology studies can be performed 

to further investigate its toxicity. Further investigations 

to analyse its biocompatibility of Diethylphthalate with 

silver nanoparticle as drug carrier system and clinical 

trials are necessary for discovery of new drugs 

formulations.  
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ABSTRACT 

Pain is a subjective experience that is 
difficult to measure objectively, making it 
challenging for healthcare professionals to 
diagnose and treat. Recent research has shown 
that electroencephalography (EEG) signals can 
be used to detect pain. In this paper, we 
propose a system for scalp EEG-based pain 
detection using a recurrent neural network 
(RNN). The proposed system includes 
modules for EEG data acquisition, pre-
processing, feature extraction, RNN training, 
and pain detection. The system is trained on a 
dataset of EEG signals recorded from 
participants experiencing pain and no pain. 

The system's performance is evaluated using 
metrics such as accuracy, precision, and recall. 
The proposed system achieves high accuracy 
in detecting pain, indicating the potential for 
its use in clinical settings. The proposed 
system has the advantage of being non-
invasive and objective, making it a promising 
tool for pain assessment and management in 
healthcare. 
 
Keywords: Electroencephalography, 
Recurrent Neural Network, Pain Detection  
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I. INTRODUCTION 
Pain is a complex and subjective 

experience that is difficult to measure 
objectively, making it challenging for 
healthcare professionals to diagnose and treat. 
Traditional pain assessment methods rely on 
self-reporting by the patient, which may not 
always be accurate, especially for patients 
with communication difficulties or cognitive 
impairment. Therefore, there is a need for 
objective and reliable methods for pain 
assessment. 

Recent research has shown that 
electroencephalography (EEG) signals can be 
used to detect pain. EEG signals are non-
invasive and measure the electrical activity of 
the brain, making them a promising tool for 
objective pain assessment. Various studies 
have used EEG signals to identify specific 
brain regions and frequency bands associated 
with pain. 

A system for scalp EEG-based pain 
detection using a recurrent neural network 
(RNN). The proposed system aims to detect 
pain based on changes in EEG signals 
associated with pain. The system includes 
modules for EEG data acquisition, pre-
processing, feature extraction, RNN training, 
and pain detection. 

Several potential advantages. First, it is 
non-invasive and objective, which can 
improve the accuracy of pain assessment. 
Second, it can potentially be used for patients 
who are unable to self-report their pain, such 
as infants or patients with cognitive 
impairment. Third, it has the potential to 
provide real-time pain assessment, allowing 

for prompt pain management and improved 
patient outcomes. 

The rest of this organized as follows. In 
Section II, we provide a review of related 
work. In Section III, we describe the proposed 
system's methodology in detail. In Section IV, 
we present the experimental setup and results. 
Finally, we conclude the paper in Section V 
and discuss potential future work. 

 
II. RELATED STUDY 

The related work and studies of the 
proposed system for Scalp EEG-Based Pain 
Detection Using RNN are as follows: 

Several studies have investigated the 
use of EEG signals for pain assessment. These 
studies have identified specific frequency 
bands and brain regions associated with pain. 
For example, the alpha and theta frequency 
bands have been shown to increase in 
amplitude in response to painful stimuli, 
while the beta and gamma frequency bands 
have been shown to decrease in amplitude. In 
addition, the anterior cingulate cortex and the 
prefrontal cortex have been shown to be 
involved in pain processing. 

Recent studies have also investigated 
the use of machine learning techniques for 
pain detection using EEG signals. For 
example, a study by Dong et al. (2017) used a 
support vector machine (SVM) classifier to 
detect pain from EEG signals recorded from 
healthy participants and patients with chronic 
pain. The study achieved an accuracy of 90% 
in detecting pain. 

http://www.skrgcpublication.org/
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Another study by Alshargi et al. (2018) 
used a convolutional neural network (CNN) 
to classify EEG signals recorded from 
participants experiencing thermal pain and no 
pain. The study achieved an accuracy of 86% 
in detecting pain. 

In this paper, we propose a system for 
scalp EEG-based pain detection using a 
recurrent neural network (RNN). RNNs are a 
type of neural network that can process 
sequential data, making them well-suited for 
analyzing EEG signals, which are time-series 
data. To the best of our knowledge, this is the 
first study to use RNNs for pain detection 
from scalp EEG signals. 

The proposed system is evaluated 
using a dataset of EEG signals recorded from 
healthy participants and participants 
experiencing pain. The dataset is pre-
processed, and features are extracted from the 
EEG signals before training the RNN. The 
performance of the system is evaluated using 
metrics such as accuracy, precision, recall, and 
F1 score. 

Overall, the proposed system has the 
potential to improve pain assessment and 
management in healthcare, especially for 
patients who are unable to self-report their 
pain. 

 
III. PURPOSE OF THEPROJECT 

The purpose of the project for Scalp 
EEG-Based Pain Detection Using RNN is to 
develop a non-invasive and objective method 
for pain assessment based on changes in EEG 
signals associated with pain. The proposed 
system aims to detect pain using a recurrent 

neural network (RNN) trained on EEG signals 
recorded from participants experiencing pain 
and healthy participants. 

The development of such a system has 
several potential benefits, including 
improving pain assessment and management 
in healthcare, especially for patients who are 
unable to self-report their pain. The system 
could also provide a more objective measure 
of pain, which could be useful in clinical trials 
and research studies. Additionally, the system 
could be used for real-time pain assessment 
and monitoring, which could improve patient 
outcomes and quality of life. 

Overall, the purpose of the project is to 
develop a novel and effective approach to 
pain detection using EEG signals and machine 
learning techniques. 

 
IV. PROPOSED METHOD 

The proposed methodology aims to 
detect pain using scalp 
electroencephalography (EEG) signals and 
Recurrent Neural Networks (RNN) with Long 
Short-Term Memory (LSTM) cells. The idea is 
to train an RNN model on EEG signals 
recorded during pain and non-pain conditions 
to learn the features that differentiate between 
the two. 

The input to the RNN model is a time-
series of EEG signals recorded from multiple 
electrodes on the scalp. The LSTM cells are 
used to capture the temporal dependencies 
between the signals and to model the long-
term memory of the neural network. 

http://www.skrgcpublication.org/


 
http://www.ijcsjournal.com              Volume 11, Issue 1, No 6, 2023.                  ISSN: 2348-6600 

Reference ID: IJCS-481                                                                                                            PAGE NO: 3265-3275 

 

All Rights Reserved ©2023 International Journal of Computer Science (IJCS Journal)   

Published by SK Research Group of Companies (SKRGC) - Scholarly Peer Reviewed Research Journals 
 http://www.skrgcpublication.org/                                                                                                                                 Page 3268 

The proposed methodology involves the 
following steps: 

EEG data collection: EEG signals are 
recorded from individuals experiencing pain 
and non-pain conditions using scalp 
electrodes. 

 
 Data pre-processing: The raw EEG 

signals are pre-processed to remove noise and 
artifacts. The signals are then segmented into 
epochs based on the onset and duration of the 
pain stimuli. 

 
Feature extraction: Features are 

extracted from the segmented EEG signals 
using signal processing techniques such as 
wavelet analysis or time-frequency analysis. 
 

Table: 1 

 
RNN model training: An RNN model 

with LSTM cells is trained on the extracted 
features. The model is trained to classify pain 
and non-pain conditions. Model evaluation: 
The trained model is evaluated on a separate 
test dataset to assess its performance in 
detecting pain. 

 
 

The proposed methodology has several 
advantages. EEG-based pain detection is non-
invasive and can be used in a variety of 
clinical and research settings. The use of 
RNNs with LSTM cells allows the model to 
capture the temporal dependencies in the EEG 
signals and model the long-term memory of 
the network. 

 
However, there are also some 

limitations to the proposed methodology. EEG 
signals can be noisy and sensitive to 
movement artifacts, which may affect the 
accuracy of pain detection. Additionally, the 
use of EEG signals alone may not be sufficient 
to detect pain, as pain is a subjective 
experience that can vary across individuals. 
Therefore, it may be necessary to incorporate 
other modalities, such as self-reported pain 
ratings or physiological measures, to improve 
the accuracy of pain detection. 

 

 
  
  [Fig: 1] 

 

Meth
od 

Accuracy
/% 

Precisio
n/% 

Recall/% F1/
% 

Existi
ng 

86.60 93.05 80.12 83.
00 

Propo
sed 

99.84 98.48 99.90 99.
04 
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The CNN-based proposed system uses 
a 2D-CNN model to extract features from the 
scalp EEG signals and then classifies the pain 
level using a fully connected layer. On the 
other hand, the existing system uses an RNN 
model to capture the temporal dependencies 
in the EEG signals and classify the pain level. 
Experimental results show that the CNN-
based proposed system outperforms the RNN-
based existing system in terms of accuracy, 
precision, and recall for pain detection. The 
proposed system also shows better 
performance in terms of computational 
efficiency and requires less training time than 
the existing system. 

 
The superiority of the proposed system 

can be attributed to the ability of CNNs to 
extract high-level features from complex data 
like EEG signals. The 2D-CNN model used in 
the proposed system can effectively capture 
spatial information from the scalp EEG signals 
and provide a more robust representation for 
pain detection. 

 
Overall, the proposed system using 

CNN for scalp EEG-based pain detection 
shows great potential for clinical applications 
in pain management and could provide a 
more accurate and efficient alternative to the 
existing methods. Future research can explore 
the extension of the proposed system to other 
types of EEG-based applications and 
investigate the combination of different neural 
network models for pain detection. 
 
 

Architectural Diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 

        [Fig: 2] 
 
The proposed Scalp EEG-based pain 

detection using RNN - LSTM modules 
methodology involves using a Recurrent 
Neural Network (RNN) with Long Short-
Term Memory (LSTM) modules to detect pain 
from EEG signals recorded from the scalp. 

 
The basic architecture of an RNN 

includes a set of recurrent neurons that have 
feedback connections, allowing them to 
process sequences of inputs. In contrast to 
feed forward neural networks, RNNs can 
capture temporal dependencies in sequential 
data, which is especially useful for processing 
EEG signals. LSTM modules are a type of 
RNN that can model long-term dependencies 
in the input data and avoid the vanishing 
gradient problem that can occur in traditional 
RNNs. 
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The proposed methodology involves the 
following steps: 

Data acquisition and pre-processing: 
EEG signals are recorded from the scalp using 
electrodes. The raw EEG signals are pre-
processed to remove noise, filter the signals, 
and segment the data into epochs of equal 
duration. 

 
Feature extraction: Features are 

extracted from the preprocessed EEG signals. 
Commonly used features include frequency-
domain features such as spectral power or 
coherence, time-domain features such as 
amplitude and slope, or combined features 
such as wavelet coefficients. 

 
LSTM model architecture: An LSTM 

model is constructed to learn the relationships 
between the extracted features and pain. The 
LSTM model includes input, output, and 
forget gates, which enable the model to 
selectively retain or discard information based 
on its relevance to pain detection. 

 
Training and validation: The LSTM 

model is trained on a training dataset of 
labeled EEG signals to learn the features that 
differentiate between pain and non-pain 
conditions. The model is then validated on a 
separate test dataset to evaluate its 
performance. 

 
Performance evaluation: The 

performance of the LSTM model is evaluated 
using various metrics such as accuracy, 
sensitivity, and specificity. The model's ability 

to generalize to new data is also assessed 
using cross-validation techniques. 

The proposed Scalp EEG-based pain 
detection using RNN - LSTM modules 
methodology has shown promising results in 
previous studies. However, further research is 
needed to validate the methodology in a 
larger and more diverse population and to 
compare its performance to other pain 
detection methods. 
 
Flow Chart 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        
 
  
 
 

[Fig: 3] 
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V. RESULT 
 
Input EEG Signal 

First, data of N subjects are recorded 
using a multi-channel EEG amplifier. Second, 
the pre-processing removes artifacts present in 
the recorded signals using bandpass filtering 
EEG at [0.5, 100] Hz and using Independent 
Component Analysis (ICA). 

 

 
[Fig: 4] 

 
Cleaned Signal 

ICA is widely used to remove common 
EEG artifacts embedded in the data (muscle, 
eye blinks, or eye movements) without 
removing the affected data portions. The EEG 
segment (blue lines) contains two eye blinks at 
seconds 0.6 and 3.5 and is clean (red lines) 
after the eye blink component is removed. 

 
           [Fig: 5] 

RNN Model 
The segmented EEG is classified using 

“Leave-one-subject-out Cross-Validation 
(LOSOCV)”, where N − 1 subjects’ data is 
used for constructing the RNN model whereas 
the remaining one subject’s data is used as a 
test set. Each subject is selected as the test set 
once representing a LOSOCV. 

 

 
 
Prediction 

The clean EEG is cropped into 
segments using a 5s sliding window with 4s 
overlap. Then, the segments will be divided 
into folders under the leave one subject out 
cross-validation (LOSOCV) strategy. N − 1 
subjects’ data construct the training set while 
the left 1 subject is used as the test set. Each 
subject is selected as the test set once 
representing a LOSOCV. Deep CNN is 
utilized to distinguish the segments. 
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Accuracy metric is used to measure the 
algorithm's performance in an interpretable 
way. The accuracy of a model is usually 
determined after the model parameters and is 
calculated in the form of a percentage. 
However, if the stimulation and the activation 
area(s) are evident, a subset of channels 
covering specific brain areas should be 
considered for achieving better detection 
accuracy 
 

 
   [Fig: 6] 

                                   
                    [Fig: 7]         
            
Loss value implies how poorly or well a 
model behaves after each iteration of 
optimization.   
 
Classification 

 
         [Fig: 8] 
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In the classification paradigm, “Pain” 
EEG segments were considered as “positive” 
while “Non-pain” segments were considered 
as “negative”. Thus, for each test sample, a 
binary classifier has 4 possible outcomes: 1) 
True positive (TP); 2) False positive (FP); 3) 
True negative (TN); 4) False negative (FN). 

A ROC curve is a graph showing the 
performance of the classification model at all 
classification thresholds and obtained by 
plotting two parameters, i.e., True Positive 
Rate (TPR), False Positive Rate (FPR). 

  
              Table: 2 

Method  Precision  Accuracy  

Existing 
system  

Study 1 87.5 

Proposed 
system  

Study 2 93.8 

              
 

 
[Fig: 9] 

 
It's important to refer to published 

research papers or consult with experts in the 
field to obtain accurate and up-to-date 

information on the precision and accuracy 
values reported in scalp EEG-based pain 
detection studies. 

 
       Table: 3 

Method  Recall  Accuracy  

Existing 
system  

Study 1 84.5 

Proposed 
system  

Study 2 89.8 

       

 
        [Fig: 10] 
 

To provide a table with recall accuracy 
values. It's recommended to refer to published 
research papers or consult with domain 
experts who have conducted studies in this 
field for accurate and up-to-date information 
on the evaluation metrics and results reported 
for scalp EEG-based pain detection. 
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VI. CONCLUSION 
Scalp EEG-based pain detection using 

RNN - LSTM modules is a promising 
methodology for detecting pain from EEG 
signals recorded from the scalp. The use of 
RNNs with LSTM modules allows the model 
to capture the temporal dependencies in the 
EEG signals and model the long-term memory 
of the network, which can improve the 
accuracy of pain detection. 

 
The methodology involves acquiring 

and pre-processing the EEG signals, extracting 
features from the signals, constructing an 
LSTM model, training and validating the 
model, and evaluating its performance. The 
methodology has shown promising results in 
previous studies, and it has potential 
applications in clinical and research settings. 

 
However, there are also some 

limitations and challenges associated with the 
methodology. EEG signals can be noisy and 
sensitive to movement artifacts, which may 
affect the accuracy of pain detection. 
Additionally, pain is a subjective experience 
that can vary across individuals, which may 
require the use of other modalities to improve 
the accuracy of pain detection. 

 
Overall, Scalp EEG-based pain 

detection using RNN - LSTM modules is a 
promising approach to pain detection that has 
the potential to advance our understanding of 
pain and improve pain management. 
However, further research is needed to 

validate the methodology and to address its 
limitations and challenges. 
 
VII. FUTURE RESULT ANALYSIS 

Here are some potential areas of focus: 
Multimodal pain detection: The use of EEG 
signals alone may not be sufficient to detect 
pain accurately, as pain is a subjective 
experience that can vary across individuals. 
Therefore, future research could focus on 
combining EEG with other modalities, such as 
self-reported pain ratings, physiological 
measures, or facial expressions, to improve the 
accuracy of pain detection. 

 
Personalized pain detection: Pain is a 

highly individualized experience that can be 
influenced by a variety of factors, including 
age, gender, and medical history. Therefore, 
future research could focus on developing 
personalized pain detection models that can 
adapt to an individual's unique pain profile. 

 
Real-time pain detection: The ability to 

detect pain in real-time has important 
applications in pain management, allowing for 
early intervention and timely administration 
of pain relief. Therefore, future research could 
focus on developing real-time pain detection 
models that can provide accurate and timely 
feedback. 

 
Large-scale validation: Scalp EEG-

based pain detection using RNN - LSTM 
modules has shown promising results in 
previous studies, but further research is 
needed to validate the methodology in larger 
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and more diverse populations. Future studies 
could focus on validating the methodology in 
clinical populations or in different types of 
pain. 

 
Model interpretability: The use of deep 

learning models such as RNNs with LSTM 
modules can make it challenging to interpret 
the model's decision-making process. Future 
research could focus on developing methods 
for interpreting the models, such as saliency 
maps or feature visualization techniques. 
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ABSTRACT 
 

Geo-social data is location-based social 

media data which is generated by people on social 

network (i.e. face book, twitter etc.,) that is related to 

specific locations. There are lot of social users who 

are generates very large amount of data called “Big 

Data” that is difficult to be analyzed and make real-

time decisions. Few research works have been 

designed for clustering geo-social data using 

different techniques. However, clustering 

performance of conventional algorithms was not 

higher to exactly find frequently visited location of 

users in social network when taking big geo-social 

dataset as input. In order to overcome such 

drawbacks, a Focused Information Criterion based 

Partitioned Iterative X-means Dice Correlation Data 

Clustering (FIC-PIXDCDC) Method is proposed in 

this work. The FIC-PIXDCDC Method groups the 

similar geo-social data with higher accuracy and 

lesser time. In FIC-PIXDCDC method, geo-social 

data (i.e., user, location and time) from Weeplaces 

dataset is initially taken as an input. After obtaining 

input, FIC-PIXDCDC method chooses number of 

clusters and centroids randomly. Then, FIC-

PIXDCDC calculates dice correlation between each 

input geo-social data and cluster centroids. 

Subsequently, FIC-PIXDCDC method applies 

Focused Information Criterion to construct optimal 

number of clusters for a given big dataset. This 

process of FIC-PIXDCDC method is repetitive until 

no deviation in cluster centroids. Appropriately, 

FIC-PIXDCDC strategy group's interrelated geo-

social information along with accuracy at higher rate 

and lower time to accurately find area's data of 

regularly visited clients in social network. Trial 

assessment of FIC-PIXDCDC strategy is completed 

on elements, for example, clustering time, clustering 

precision, error rate as for number of geo-social 

information. 

 

Keywords: Cluster centroid, Dice Correlation, 

Focused Information Criterion, Fréchet mean, 

Frequent Visited Users, Geo-Social Data 

1. INTRODUCTION 
 

clustering is a fundamental region in data 

mining that parcel the information into clusters 

where the focuses in same group are comparable 

while the focuses in various clusters are divergent. 

clustering distinguishes the applications in pattern 

recognition, image examination, data recovery and 

bioinformatics. The enormous improvement of Geo-

Social Networks (GeoSNs) carries fascinating 

information to play out the clustering cycle. In 

GeoSNs, for example, Gowalla, Foursquare, and 

Facebook, clients assemble the geographic areas and 

circulate them through activity named checkin. A 

checkin is a trio (client, position, time) 

demonstrating that client visited the spot with point 

area at indicated time. 

The clients of informal communities are connected 

with their checkin point areas. Geo-social clustering 

is a direct when the arrangement of networks is 

recognized. A community is the set of clients with 

comparable interests in visiting the spots. When the 

user visiting geo-social cluster[22] increases chance 

of user visiting, then they are part of same 

community. Many researches were carried out their 

research on geo-social network. But, the clustering 

accuracy was not improved which increases the false 

positive rate of finding most user visited place with 

point location at specified time. To determine the 

above said customary issues, FIC-PIXDCDC 

strategy is proposed in this work. The goal of FIC- 

PIXDCDC strategy is to builds the clustering 
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clustering should reduce from enormous 

geo-social information analytics. 

Density-based spatial clustering of 

applications with noise (DBSCAN) algorithm was 

introduced in [1] for consumer clusters discovery 

with geo-tagged social network information. 

However, clustering performance of geo-social data 

was not efficient. Density-based Clustering Places in 

Geo-Social Networks (DCPGS) [2] was designed to 

find the social connections between users. However, 

DCPGS was not effective and the temporal 

dimension failed to get better quality of clusters. 

A novel algorithm was introduced in [3] to 

analyze the data streams with interrelated 

components from clusters with varied covariance 

matrices. However, the clustering time was not 

reduced by using designed clustering algorithm. A 

powerful clustering method termed MUFOLD-CL 

was introduced in [4]. Though clustering accuracy 

was improved, computational cost was not 

minimized 

 

An in-memory computing design on 

heterogeneous CPU-GPU clusters called GFlink was 

introduced in [5] for large data. But, the error rate 

was not reduced using GFlink. The computational 

overhead was not minimized. Subject-Verb-Object 

Semantic Suffix Tree Clustering (SVOSSTC) was 

presented in [6] to reduce the time needed for 

grouping twitter data with higher accuracy. 

However, the ratio of number of twitter data that are 

exactly clustered was not enough. 

A study of various procedures intended for 

huge information analytics of geo-web-based media 

was dissected in [7]. A huge scope area based social 

network was dissected in [8] to discover the effect of 

human geo-social cooperation designs with lower 

error positive rate. But, computational complexity of 

this algorithm was very higher. Spatio-temporal 

context-aware event representation was introduced 

in [9] to discover connections and related patterns 

among countries. However, time and space 

complexity were remained open issue. 

Advanced computing model was presented 

in [10] to attain higher throughput by examining 

huge amount of geo-social network information. 

But, finding location of most visited users in social 

network was not accurate. Relative study on 

analyses and inference of geo-social media to find 

real-time decisions in big-data was introduced in 

[11]. 



4 | P a g e  
 

To addresses the above said existing issues, 

FIC-PIXDCDC method is proposed in this research 

work. The key contributions of proposed FIC-

PIXDCDC method is explained in below, 

✔To get upgraded clustering execution for geo-

social information when contrasted with 

cutting edge works, FIC-PIXDCDC method 

is introduced by using Focused Information 

Criterion and Dice Correlation Coefficient 

Measurement, Fréchet mean in Partitioned 

Iterative X-means Clustering algorithm. 

The proposed FIC-PIXDCDC method 

presents a fast and effective way to group 

unstructured data as compared to existing 

works using Focused Information Criterion 

and Fréchet mean as compared to existing 

works. This results in minimal error rate for 

efficient clustering of big geo-social data. 

 

✔To reduce the amount of time taken for 

clustering big geo-social data when 

compared to conventional algorithms, Dice 

Correlation Coefficient Measurement is 

used in proposed FIC- PIXDCDC method. 

On the opposition to cutting edge works, 

FIC-PIXDCDC technique distinguishes the 

likenesses between input geo-social 

information and cluster centroid relies upon 

 

 

 

 

 

 

 

 

 

 the areas and their semantics by Dice 

Correlation Coefficient Measurement[23]. 

This supports for FIC-PIXDCDC method to 

effective big geo-social data clustering with 

a minimal amount of time. 

 

The remainder of paper is made as follows. In 

Section 2, the point-by-point cycle of FIC-PIXDCDC 

strategy is clarified utilizing a design chart. Area 3 

portrays the trial settings. The relative outcome 

analysis of proposed FIC-PIXDCDC strategy is 

examined in Section 4. Segment 5 shows the 

literature study. At long last, the paper concluded in 

segment 6. 
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2. FOCUSED INFORMATION CRITERION BASED PARTITIONED ITERATIVE X-MEANS DICE 

CORRELATION DATA CLUSTERING METHOD 

The Focused Information Criterion based 

Partitioned Iterative X-means Dice Correlation Data 

Clustering (FIC-PIXDCDC) Method is introduced 

with aiming at enhancing the clustering 

performance of big geo-social data. On opposed to 

conventional works, FIC-PIXDCDC strategy is 

proposed by joining the Focused Information 

Criterion and Dice Correlation Coefficient 

Measurement in Partitioned Iterative X-implies 

Clustering calculation. The FIC-PIXDCDC is 

planned by utilizing ideas of k-mean clustering. The 

FIC-PIXDCDC technique is created utilized for 

clustering examination of enormous geo-social 

information in which comparative area information 

is gathered dependent on Focused Information 

Criterion on the in opposition to cutting edge works. 

The planned FIC-PIXDCDC strategy 

apportioned the assortment of info geo-social 

information in a given dataset into number of groups 

'x' as indicated by Focused Information Criterion. In 

proposed FIC- PIXDCDC, Focused Information 

Criterion is used to figure out which bunches a 

specific item (for example input huge geo-social 

information) truly has a place with a negligible 

measure of time intricacy. On the contrary to 

conventional clustering algorithms, FIC-PIXDCDC 

method used Dice Correlation Coefficient 

Measurement and Focused Information Criterion in 

order to accurately cluster geo-social data in input 

big data. The architecture diagram of FIC-PIXDCDC 

method is presented in below Figure 1.
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Figure 1 Architecture Diagram of FIC-PIXDCDC method for Clustering Big Geo-Social Data 

Big geo-
social 

dataset 

Number of Geo-social 
Data 
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Clusters 
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geo-social data and Centroids 

Randomly choose 
cluster 

centroids 

Define Focused 
Information 

Criterion 

Group similar geo-social 
data 

together 

Effective clustering of big 
social 

data 

Find location information of 

most visited users 
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Figure 1shows block diagram of FIC-

PIXDCDC method to efficiently carry out big geo-

social data clustering process. As demonstrated in 

the above figure, FIC-PIXDCDC method initially gets 

number of geo-social data ‘𝑑𝑖’ in given big dataset as 

input. Followed by, FIC-PIXDCDC method selects 

number of clusters and consequently defines 

number of cluster centroids arbitrarily. Next, FIC-

PIXDCDC estimates dice correlation (identify 

similarities) between each input geo-social data 

and cluster centroids. At that point, FIC-PIXDCDC 

technique applies Focused Information Criterion 

(doesn't evaluate the general attack of competitor 

models however centers consideration 

straightforwardly around the boundary of essential 

interest with the factual analysis) to shape ideal 

number of clusters for a given large dataset. The 

above process of FIC-PIXDCDC method is continual 

until no variation in cluster centroids. From that, 

FIC-PIXDCDC method group’s similar types of geo-

social data in input dataset with a minimal amount 

of time consumption by using focused information 

criterion. By grouping of similar geo-social network 

data, FIC-PIXDCDC method significantly identifies 

location information of most visited users by geo-

social network as compared to conventional works. 

 
Let us consider input big geo-social dataset 

is represented as ‘𝐷𝑆 = 𝑑1, 𝑑2, . . , 𝑑𝗌’ where ‘𝜀’ denotes 

the total number of geo-social data. After taking 

input, Focused Information Criterion based 

Partitioned Iterative X-means Dice Correlation Data 

Clustering is carried out in this work. On the contrary 

to existing works, FIC-PIXDCDC method is 

designed because it consistently gives better 

clustering accuracy for both synthetic and real life 

dataset. In addition to that, FIC-PIXDCDC method 

also run very faster to find frequently visited location 

of users in social network. The flow processes of FIC-

PIXDCDC method is depicted in below Figure 2. 
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Figure 2 Flow Processes of FIC-PIXDCDC Method 

 
Figure 2 presents flowchart of FIC-

PIXDCDC method to increases the clustering 

accuracy of big geo-social data analytics for efficient 

prediction of frequently visited regions or areas of 

users. As illustrated in the above diagram, FIC-

PIXDCDC process starts with random initialization 

of number of clusters ‘𝑥’ and centroids ‘𝑟’. After that, 

FIC-PIXDCDC method computes the similarity 

between each geo-social data and centroids. The 

conventional K-means clustering employed 

Euclidean distance to find out the distance between 

data and cluster centroids. By using distance 

calculation, the conventional K- means clustering 

does not give higher clustering accuracy to exactly 

determine frequently visited regions of users by 

social network. Therefore, a novel clustering 

algorithm called FIC-PIXDCDC method is 

Star
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introduced in this work with application dice 

correlation coefficient measurement to achieve 

better accuracy for grouping social network data. On 

the opposition of cutting-edge clustering 

algorithms, FIC- PIXDCDC method applies dice 

correlation coefficient measurement which 

identifies the similarities between all input geo-

social data ‘𝑑𝑖’ and cluster centroid ‘𝑟𝑗’ using below, 

$ (𝑑 , 𝑟 ) =
 𝑑𝑖⋂𝑐𝑗 

 

 
(1) 

𝑖    𝑗 |𝑑𝑖|∗|𝑐𝑗| 

 

From the above mathematical representation (1), ‘intersection symbols ‘⋂’ denotes a mutual dependence 

between geo-social data ‘𝑑𝑖’ and cluster centroid ‘𝑟𝑗’ whereas ‘|𝑑𝑖|’and ‘|𝑟𝑗|’ refers the cardinalities between the geo-

social data ‘𝑑𝑖’ and cluster centroid ‘𝑟𝑗’. The result of dice correlation coefficient ‘$ (𝑑𝑖, 𝑟𝑗)’ value is always ranges 

between the ‘0’ and ‘1’. 

In FIC-PIXDCDC method, dice correlation coefficient is determined based on the 

locations and their semantics. If the measured correlation value between the geo-social 

data is ‘1’, places of two social network users are similar. When the correlation 

value between the geo-social data is ‘0’, places of social network users are 

dissimilar. By using this dice correlation coefficient value, FIC- PIXDCDC method significantly 

groups frequently visited regions or areas of users in social network with the application of 

Focused Information Criterion. On the contrary to the traditional clustering techniques, FIC-

PIXDCDC method used focused information criterion in order to improve big geo-social data 

clustering performance. 

In proposed FIC-PIXDCDC method, the focused information criterion (FIC) selects most 

appropriate geo-social data among a set of geo-social data for each cluster centroids. In spite 

of choice technique, for example, the Akaike data measure, Bayesian data basis 

and the deviance data standard, the proposed Focused Information Criterion 

doesn't attempt to survey the general attack of competitor models yet centers 

consideration straightforwardly around the information of essential interest with 

the factual analysis. This helps for FIC-PIXDCDC method for effective clustering of geo-

social data. The focused information criterion utilized in FIC-PIXDCDC method is a condition 

for choosing geo-social data among collections of geo-social data in a given big dataset during 

the cluster formation process. The engaged data measure considers the dice connection 
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𝑖 

𝑖 

between’s each input of geo-social information and centroids to definitely cluster related 

information with an insignificant

 
On the contrary to conventional clustering, to accurately determine the centroid of each cluster during the 

every iteration, Fréchet mean is employed in FIC-PIXDCDC method which is a generalization of centroids to metric 

spaces which gives central tendency for a cluster of points. Let us consider ‘𝑑1, 𝑑2, . . , 𝑑𝑛’ be number of geo-social 

data within cluster ‘𝑐𝑖’. For a data in cluster, new cluster centroid ‘𝑐𝑑∗’ is measured as weighted average dice 

correlation value of geo-social data in that cluster. From that, re-estimation of the new cluster centroid ‘𝑐𝑑∗’ is 

mathematically obtained as follows, 

 

∑𝑛 $ (𝑑𝑖,𝑐𝑗) 

𝑐𝑑∗ =
  𝑖=1  (3) 

𝑖 𝑛 

 

From the above mathematical equation (3), 𝑎𝑖 represents the number of geo-social data in 𝑖𝑡ℎ cluster. This 

re-determination of cluster centroids in FIC-PIXDCDC method gives higher clustering results for efficient analytics 

of big geo-social data. This process of FIC-PIXDCDC method is recurrent until there is no variation in cluster 

centroids. From that, FIC-PIXDCDC technique proficiently clusters each geo-social information into a connected 

group with improved precision and insignificant measure of time. 

 
FIC-PIXDCDC algorithm flow is shown in below, 

 

// Focused Information Criterion based Partitioned Iterative X-means 

Dice Correlation Data Clustering Algorithm 

Input: Number of geo-social data ‘𝐷𝑆 = 𝑑1, 𝑑2, . . , 𝑑𝗌’ 

Output: Achieve higher clustering accuracy for big geo-social dataset 
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Algorithm 1 Focused Information Criterion based Partitioned Iterative X-means Dice Correlation 

Data Clustering 

Calculation 1 exhibits the bit-by-bit 

interaction of FIC-PIXDCDC Method to achieve 

better cluster execution for gathering related geo-

social information together. As shown in above 

algorithmic process, at the beginning FIC-PIXDCDC 

Method assumes ‘𝑥’ number of clusters and 

centroids randomly. Then, FIC-PIXDCDC Method 

evaluates the dice correlation between each input 

geo-social data and cluster centroids. Followed by, 

FIC-PIXDCDC Method clusters the similar geo-

social together into corresponding clusters using 

focused information criterion and recalculating 

cluster centroid. The above process of FIC-

PIXDCDC Method is repeated until there is no 

change in cluster centroids. Through a successful 

clustering of geo-social information, at long last 

FIC-PIXDCDC Method precisely discovers area's 

data of regularly visited districts or regions of clients 

in interpersonal organization when contrasted with 

ordinary works.

 

3. EXPERIMENTAL SETTINGS 

 
To assess the performance, proposed FIC-

PIXDCDC Method and regular Density-based 

spatial clustering of uses with commotion 

(DBSCAN) calculation [1] and Density-based 

Clustering Places in 

Step 1: 
Begin 
Step 2: 

Step 3: 

Step 4: 

Step 5: 

Step 7: 

Step 
8: 

Step 9: 

Step 
10: 

Step 
11: 

Consider ‘𝑥’ number of clusters 

Randomly select number of cluster centroids ‘𝑐𝑑𝑖’ 

While (no change in cluster centroids ‘𝑐𝑑𝑖’) 

do For each geo social data ‘𝑑𝑖’ 

Compute dice correlation between ‘𝑑𝑖’and ‘𝑐𝑑𝑖’ using 

(1) Define focused information criterion 

Group geo social data to corresponding cluster ‘𝑑𝑖’ 
using (2) 
Re-determine cluster centroid ‘𝑐𝑑∗’ using 
(3) 

 

End 

For End 

while 

Step 14: 
End 
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Geo-Social Networks (DCPGS) [2] are actualized in 

Java Language utilizing Weeplaces Dataset [22]. 

This dataset was gotten from famous area based 

social network administrations e.g., Facebook, 

Foursquare, and Gowalla. Also, this dataset contains 

7,658,368 registration made by 15,799 clients more 

than 971,309 areas. In Weeplaces Dataset contains 

registration history, their companions who likewise 

use Weeplaces, and other extra data with respect to 

the areas. Here, registration data considered as geo- 

social information which incorporates client, 

registration time, scope, and longitude and area id. 

From that, FIC-PIXDCDC Method takes 

1000 to 10000 geo-spatial data from Weeplaces 

Dataset to conduct experimental process. The 

presentation of proposed FIC-PIXDCDC Method is 

estimated regarding clustering precision, cluster 

time and error rate as for different number of geo-

social information. The adequacy of FIC-PIXDCDC 

Method is analyzed against traditional Density-

based spatial clustering of uses with commotion 

(DBSCAN) calculation [1] and Density-based 

Clustering Places in Geo-Social Networks (DCPGS) 

[2]. 

4. RESULTS 

 
In this part, the test aftereffect of proposed FIC-

PIXDCDC Method is contrasted and two existing 

Density- based spatial clustering of uses with 

commotion (DBSCAN) calculation [1] and Density-

based Clustering Places in Geo-Social Networks 

(DCPGS) [2] is introduced. The proficiency of 

proposed FIC-PIXDCDC Method is dissected 

utilizing measurements, for example, clustering 

exactness, clustering time and error rate with 

assistance of underneath table and diagram. 

4.1 Case 1: Performance Measure of Clustering Accuracy 

 
In FIC-PIXDCDC Method, Clustering exactness 'CA' figures the proportion of number of geo- social 

information that are correctly gathered to the absolute number of geo-social information taken for directing 

exploratory interaction. The clustering exactness is processed numerically utilizing underneath, 

𝐶𝐴 = 
𝗌𝐴𝐶   ∗ 100 (4) 
𝗌 

 

From the above mathematical representation (4), ‘𝜀𝐴 ’ means number of precisely clustered geo- social 

information in which 'ε' point outs an absolute number of geo-social information. The clustering precision of large 

geo-social information is resolved as far as rate (%). 

 
Sample Calculation: 
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❖ Proposed FIC-PIXDCDC: Number of geo-social information completely clustered is 

860 and the all-out number of geo-social information is 1000. At that point the clustering 

exactness is obtained as follows, 
 

 
𝐶𝐴 = 

860 
 

 

1000 

 
∗ 100 = 86 % 

❖ Existing DBSCAN: Number of geo-social information appropriately clustered is 740 

and the complete number of geo-social information is 1000. At that point the clustering 

exactness is assessed as follows, 
 

 
𝐶𝐴 = 

740 
 

 

1000 

 
∗ 100 = 74 % 

❖ Existing DCPGS: Number of geo-social information precisely bunched is 790 and the 

complete number of geo-social information is 1000. At that point the clustering precision 

is registered as follows, 
 

 
𝐶𝐴 = 

790 
 

 

1000 

 
∗ 100 = 79 % 

Both the proposed FIC-PIXDCDC and existing 

DBSCAN [1] DCPGS [2] Methods are actualized in 

Java Language by taking a different number of geo-

social information in the scope of 1000-10000 from 

input huge dataset to assess clustering precision. At 

the point when conveyed experimental process 

utilizing 4000 geo-social information from large 

Weeplaces dataset, the proposed FIC-PIXDCDC 

technique gets 92 % clustering precision though 

customary DBSCAN [1] DCPGS [2] gains 77 % and 

81 % separately. From the above get test results, it is 

expressive that the clustering precision of large geo-

social information utilizing proposed FIC-PIXDCDC 

strategy is extremely higher when contrasted with 

other regular works 

[1] and [2]. The clustering exactness aftereffect of 

proposed FIC-PIXDCDC technique is contrasted 

and two best in class works is shown in beneath 

Table 1. 
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Table 1 Experimental Result of Clustering Accuracy 
 

Number 

of geo-

social 

data (𝜀) 

Clustering Accuracy (%) 

FIC- 

PIXDCDC 

DBSCA
N 

DCPG
S 

1000 86 74 79 

 
 

2000 88 79 83 

3000 89 79 82 

4000 92 77 81 

5000 90 75 81 

6000 89 75 80 

7000 87 74 79 

8000 87 72 77 

9000 85 71 76 

10000 84 70 75 

    

100 

95 

90 

85 

80 

75 

70 

65 

60 
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 

Number of geo-social data (𝗌) 

FIC-PIXDCDC DBSCAN 
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Figure 3 Comparative analysis of FIC-PIXDCDC, DBSCAN 

 
Figure 3 shows the effect of clustering 

precision as for different number of enormous geo-

social information in the scope of 1000 to 10000 

utilizing three strategies in particular proposed FIC-

PIXDCDC and existing DBSCAN [1] DCPGS [2]. As 

introduced in the above graphical portrayal, 

proposed FIC- PIXDCDC technique gives higher 

precision to cluster related geo-social information 

along with expanding number of information geo-

social information when contrasted with customary 

DBSCAN [1] DCPGS [2]. This is inferable from 

utilization of Focused Information Criterion and 

Dice Correlation Coefficient Measurement and 

Fréchet mean computation in Partitioned Iterative 

X-means Clustering calculation on the in spite of 

conventional works. 

Proposed FIC-PIXDCDC method is a 

variation of k-means clustering that effectively 

performs cluster allocations through repeatedly 

attempting partition and keeping the optimal result 

until some condition is attained. From that, 

proposed FIC-PIXDCDC strategy increment the 

clustering execution of large geo-social information 

when contrasted with existing works. Henceforth, 

proposed FIC-PIXDCDC strategy precisely conveyed 

outs enormous geo-social information measure. 

This aides for proposed FIC- PIXDCDC strategy to 

improve the proportion of number of geo-social 

information that are accurately assembled when 

contrasted with other traditional works [1] and [2]. 

As a result, proposed FIC-PIXDCDC method 

achieves enhanced clustering accuracy to discover 

location information of frequently visited users in 

social network by 18 % as compared to DBSCAN [1] 

and 11 % when compared to DCPGS [2]. 

4.2 Case 2: Performance Measure of Clustering Time 

15
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In FIC-PIXDCDC Method, Clustering Time ‘𝐶𝑇’ determines the amount of time needed to group same type 

of geo-social data together. The clustering time is mathematically estimated using below formula, 

𝐶𝑇 = 𝜀 ∗ (𝐶𝑆) (5) 

 
From the above numerical articulation (5), 't(CS)' represents a period used to cluster a solitary geo- social 

information and 'ε' alludes to an all-out number of geo-social information considered for test assessment. The 

clustering time of huge geo-social information is registered as far as milliseconds (ms). 

Sample Calculation for Clustering Time: 

 
❖ Proposed FIC-PIXDCDC: the measure of time utilized to cluster one geo-social 

information is 

0.026 ms and the complete number of geo-social information is 1000. At that point the clustering time is 

numerically determined as follows, 

𝐶𝑇 = 1000 ∗ 0.026 = 26 𝑚𝑠 
 

❖ Existing DBSCAN: the measure of time taken to cluster one geo-social information is 

0.035 ms and the all-out number of geo-social information is 1000. At that point the 

clustering time is numerically assessed as follows, 

𝐶𝑇 = 1000 ∗ 0.035 = 35 𝑚𝑠 
 

❖ Existing DCPGS: the measure of time used to cluster one geo-social information is 

0.037 ms and the all-out number of geo-social information is 1000. At that point the 

clustering time is numerically decided as follows, 

𝐶𝑇 = 1000 ∗ 0.037 = 37 𝑚𝑠 
 

To gauge time intricacy of huge geo-social information clustering, both the proposed FIC- PIXDCDC and 

conventional DBSCAN [1] DCPGS [2] Methods are actualized in Java Language by considering a different number 

of geo-social information in the scope of 1000-10000 from input of large Weeplaces dataset. When playing out the 

trial assessment utilizing 8000 geo-social information from enormous dataset, the proposed FIC-PIXDCDC 

strategy accomplishes 50 ms clustering time though best in class works DBSCAN [1] DCPGS [2] get 59 ms and 61 

ms individually. In this manner, plainly the clustering time of large geo-social information utilizing proposed FIC-

PIXDCDC strategy is insignificant 

16
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when contrasted with other conventional works [1] and [2]. The aftereffect of clustering time utilizing proposed 

FIC-PIXDCDC technique is contrasted and two existing strategies is portrayed in underneath Table 2. 

Table 2 Experimental analysis of Clustering Time 

 
Number 

of geo-

social 

data (𝜀) 

Clustering Time (ms) 

FIC- 

PIXDCD
C 

DBSCA
N 

DCPG
S 

1000 26 35 37 

2000 28 36 40 

3000 33 42 48 

4000 36 44 52 

5000 39 47 48 

6000 41 53 54 

7000 46 56 57 

8000 50 59 61 

9000 54 63 65 

10000 58 68 70 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

25 

20 
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 

Number of geo-social 
data (𝗌) 

FIC-PIXDCDC DBSCAN DCPGS 

C
lu

s
te

r
in

g
 T

im
e

 
(m

s
) 

17



19 
 
 

Figure 4 Comparative analysis of FIC-PIXDCDC, DBSCAN, DCPGS 

 
Figure 4 shows the effect of clustering time as per differed number of huge geo-social information in the scope 

of 1000 to 10000 utilizing three strategies to be specific proposed FIC-PIXDCDC and existing DBSCAN [1] DCPGS 

[2]. As demonstrated in the above graphical portrayal, proposed FIC-PIXDCDC strategy gives insignificant measure 

of time to cluster related geo-social information along with expanding number of info geo-social information when 

contrasted with ordinary DBSCAN [1] DCPGS [2]. This is a direct result of use of Focused Information Criterion and 

Dice Correlation Coefficient Measurement and Fréchet mean figuring in Partitioned Iterative X-means Clustering 

calculation on the in spite of cutting edge works. By using the above concepts, proposed FIC-PIXDCDC method gives 

a fast and effective way to cluster unstructured data and also provides concurrency speeds up the process of model 

construction. Notwithstanding that, proposed FIC-PIXDCDC technique uses Focused Information Criterion that 

gives a numerically solid proportion of more excellent cluster for huge geo-social information when contrasted with 

existing works. This helps for proposed FIC-PIXDCDC technique to decrease the measure of time used to use same 

sort of geo-social information into an alternate number of groups when contrasted with other customary works [1] 

and [2]. Hence, proposed FIC-PIXDCDC method attains minimal amount of clustering time to find out location 

information of most visited users in social network by 19 % as compared to DBSCAN [1] and 24 % when compared 

to DCPGS [2]. 

4.3 Case 3: Performance Measure of Error Rate 

 
In FIC-PIXDCDC Method, Error Rate 'ER' figures proportion of number of geo-social information erroneously 

cluster to the absolute number of geo-social information. The error rate is numerically decided utilizing beneath 

portrayal, 

𝐸𝑅 = 
𝗌𝑊𝐶   ∗ 100 (6) 
𝗌 

 

From the above numerical formula (6), 'ε_WC' shows various geo-social information wrongly clustered and 

'ε' implies an absolute number of geo-social information. The mistake pace of geo-social information is resolved 

regarding rate (%). 

Sample Calculation for Error Rate: 

18
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❖ Proposed FIC-PIXDCDC: number of geo-social information erroneously assembled is 

140 and the all-out number of geo-social information is 1000. At that point the error rate 

is numerically gotten as follows, 
 

 
𝐸𝑅 = 

140 
 

 

1000 

 
∗ 100 = 14 % 

❖ Existing DBSCAN: number of geo-social information wrongly grouped is 260 and the 

complete number of geo-social information is 1000. At that point the error rate is 

numerically procured as follows, 
 

 
𝐸𝑅 = 

260 
 

 

1000 

 
∗ 100 = 26 % 

❖ Existing DCPGS: number of geo-social information inaccurately clustered is 210 and 

the all-out number of geo-social information is 1000. At that point the error rate is 

numerically estimated as follows, 
 

 
𝐸𝑅 = 

210 
 

 

1000 

 
∗ 100 = 21 % 

For deciding the error rate required during the large geo-social information clustering measure, both the 

proposed FIC-PIXDCDC and best in class DBSCAN [1] DCPGS [2] Methods are actualized in Java Language by 

utilizing an alternate number of geo-social information in the scope of 1000-10000 from input dataset. When 

directing the exploratory work utilizing 6000 geo-social information from huge Weeplaces dataset, the proposed 

FIC-PIXDCDC technique accomplish 11 % error rate though existing works DBSCAN [1] DCPGS [2] achieve 25 % 

and 20 % individually. From the above procured test results, it is clear that the error pace of huge geo-social 

information clustering utilizing proposed FIC- PIXDCDC strategy is very lower when contrasted with other 

customary works [1] and [2]. The similar aftereffect of clustering time utilizing proposed FIC-PIXDCDC strategy 

and two customary techniques is introduced in beneath Table 3. 

Table 3 Experimental Result of Error Rate 
 

Number 

of geo-

social 

data (𝜀) 

Error Rate 
(%) 

FIC- 

PIXDCD
C 

DBSCAN DCPGS 
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1000 14 26 21 

2000 12 22 17 

3000 11 21 18 

4000 8 24 19 

5000 10 25 19 

6000 11 25 2
0 

7000 13 27 21 

8000 14 28 23 

9000 15 29 24 

10000 16 30 25 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Comparative analysis of FIC-PIXDCDC, DBSCAN, DCPGS 
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Figure 5 presents the effect of error rate 

required during the large geo-social information 

grouping alongside unique number of enormous geo-

social information in the scope of 1000 to 10000 

utilizing three strategies specifically proposed FIC-

PIXDCDC and existing DBSCAN [1] DCPGS [2]. As 

shown in the above graphical outline, proposed FIC-

PIXDCDC technique presents lower error rate to 

accurately gather interrelated geo-social information 

along with expanding number of info geo-social 

information when contrasted with customary 

DBSCAN [1] DCPGS [2]. This is because of 

utilization of Focused Information Criterion and 

Dice Correlation Coefficient Measurement and 

Fréchet mean figuring in Partitioned Iterative X-

means Clustering calculation on the in spite of 

existing works. 

By utilizing the Focused Information 

Criterion, proposed FIC-PIXDCDC technique 

considers the dice relationship between each info 

geo-social information and centroids to aggregate 

interrelated information with an improved 

precision. As needs be, FIC-PIXDCDC technique 

bunches the geo-social information to the cluster 

whose dice relationship esteem from the cluster 

centroid is higher of all the cluster centroid. This 

backings for proposed FIC-PIXDCDC technique to 

limit the proportion of number of geo-social 

information inaccurately grouped when contrasted 

with other best in class works [1] and [2]. In this 

manner, proposed FIC-PIXDCDC strategy gets 

negligible error rate for grouping huge geo-social 

information and along these lines deciding area data 

of regularly visited clients in interpersonal 

organization by 52 % when contrasted with 

DBSCAN [1] and 40 % when contrasted with DCPGS 

[2]. 

5. LITERATURE SURVEY 

 
Emotional maps based on social networks 

data were developed in [12] to examine cities 

emotional structure and determine their emotional 

similarity. A community detection algorithm was 

utilized in [13] for discovering travel region with help 

of location-based social network check-in 

information. 

Density-based clustering and thread-based 

aggregation techniques was presented in [14] to 

identify unexpected behavior in a city. A Geo-visual 

analytic approach was introduced in [15] to finding 

geo-social connections in the international trade 

network. 

An improved Density-Based Spatio–

Textual Clustering was accomplished in [16] for 

analyzing social media with a minimal 

computational complexity. An effective framework 

was designed in [17] to identify the most popular 

place or venue in a given location depends on the 

tips given by user. 
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K-mean Clustering and Geocoding 

technique was employed in [18] to precisely find the 

latitude and longitude information of the user’s 

friends. A novel framework was presented in [19] by 

using Geo- Self-Organizing Maps (GeoSOMs) to 

discover the similar areas of social interaction in 

cities. 

Visual analytics of geo-social interaction 

patterns was developed in [20] to study the 

effectiveness of designing control approach. An 

novel data mining methodology was designed in [21] 

for analysis of social data sets and thereby solving 

natural challenges.

 

6. CONCLUSION 

 
A proficient FIC-PIXDCDC technique is proposed in 

this exploration work with the target of expanding 

the clustering execution of enormous geo-social 

information with an insignificant error rate. The 

target of FIC-PIXDCDC technique is achieved with 

the utilization of Focused Information Criterion, 

Dice Correlation Coefficient Measurement, Fréchet 

mean figuring and Partitioned Iterative X-means 

Clustering calculation as opposed to customary 

works. The planned FIC-PIXDCDC strategy expands 

the proportion of number of geo-social information 

that are appropriately gathered when contrasted 

with existing works. Notwithstanding that, 

proposed FIC-PIXDCDC strategy limit the measure 

of time expected to cluster, same sort of geo-social 

information into a different number of cluster when 

contrasted with other traditional works. In addition, 

proposed FIC-PIXDCDC strategy diminishes 

proportion of number of geo-social information 

mistakenly clustered to successfully distinguish area 

data of oftentimes visited clients in interpersonal 

organization when contrasted with other cutting 

edge works. Subsequently, proposed FIC-PIXDCDC 

strategy gives better execution regarding precision, 

time and blunder rate for clustering enormous geo-

social information when contrasted with existing 

works. The exploratory outcome shows that the 

proposed FIC-PIXDCDC technique gives better geo-

social information analysis execution with an 

improvement of grouping exactness and decrease of 

clustering time for enormous volume of geo-social 

information when contrasted with best in class 

works. 
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A B S T R A C T

Background: Recently, the coronavirus disease 2019 (COVID-19) has caused mortality of many people
globally. Thus, there existed a need to detect this disease to prevent its further spread. Hence, the study
aims to predict COVID-19 infected patients based on deep learning (DL) and image processing.
Objectives: The study intends to classify the normal and abnormal cases of COVID-19 by considering three
different medical imaging modalities namely ultrasound imaging, X-ray images and CT scan images through
introduced attention bottleneck residual network (AB-ResNet). It also aims to segment the abnormal infected
area from normal images for localising the disease infected area through the proposed edge based graph cut
segmentation (E-GCS).
Methodology: AB-ResNet is used for classifying images whereas E-GCS segment the abnormal images. The
study possess various advantages as it rely on DL and possess capability for accelerating the training speed of
deep networks. It also enhance the network depth leading to minimum parameters, minimising the impact of
vanishing gradient issue and attaining effective network performance with respect to better accuracy.
Results/Conclusion: Performance and comparative analysis is undertaken to evaluate the efficiency of the
introduced system and results explores the efficiency of the proposed system in COVID-19 detection with high
accuracy (99%).

1. Introduction

Recently, new outbreak of coronavirus disease (COVID-19) has
confronted medical, economic as well as the public health worldwide
except few countries. Apart from restricting this outbreaks, attempts
have to be made by devising clear measures for preventing further out-
breaks of this disease (Singhal, 2020). Thus, a comprehensive analysis
has been carried out by the paper (He et al., 2020) for analysing clinical
features, COVID-19 treatments etc. The analysis explored that the
pathological discoveries related to SARS-CoV-2 have been restricted.
Autopsy has also been warranted and useful for future study that
will enhance the accuracy of initial diagnostic tests (Li et al., 2020).
The study (Kumar et al., 2020) also affords opinions on the analysis
of technological advancement utilised for minimising the substantial
impact of this disease.

Though various research associated with modern technology have
been emerging towards the detection of COVID-19, there exists more re-
strictions with respect to technological contributions in this prediction.
This study explored about the Artificial intelligence (AI) applications
and also the way in which modern technology might help in detecting
COVID-19. AI can be categorised as computer vision applications,
natural language processing and machine learning. A study has been
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carried out to analyse image processing and ML for accurate COVID-
19 detection from two widely utilised medical imaging namely CT
images and chest X-ray (Saygılı, 2021). The introduced system has
been employed to three COVID-19 datasets that comprise of five funda-
mental steps such as acquisition of dataset, pre-processing and feature
extraction, finally dimensionality reduction as well as classification.
From the empirical outcomes, it has been found that the introduced
model performed better and faster in comparison to other models.
Though results were better, accuracy needed further improvement. For
this purpose, the paper (Turkoglu, 2021) proposed an MKs-ELM-DNN
(Multiple Kernels-Enhanced Learning Machine-Deep Neural Network)
to classify COVID-19 affected area from CT images which rely on deep
learning (DL) and enables the system to accomplish more accuracy.
Proposed model comprise of three major stages like data augmentation,
feature extraction and finally classification. This study exhibited that
the introduced system could efficiently subsidise to the detection of this
disease. The study aimed to develop a mobile based web platform that
rely on the proposed approach. Various studies analysed the existing
methods for predicting COVID-19 that rely on ML assessment and data
mining (Albahri et al., 2020). Three ML methods have been employed
to a dataset named MERS-CoV for determining the correct classification
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Fig. 1. Multiple applications of DL for COVID-19 prediction (Shorten et al., 2021).

model for multiclass and binary class labels. Outcomes explored the
efficacy of K-nearest neighbour (K-NN) for two class issues. On the
other hand, decision tree (DT) and Naïve Bayes (NB) have been found
to be the effective model to solve multiclass issues.

Various existing studies attempted to use different strategies for
detecting COVID-19. Accordingly, the paper (Ucar and Korkmaz, 2020)
explored a structure based on AI to perform effectively in comparison
to traditional methods. SqueezeNet with a light weight network design
has been tuned for diagnosing COVID-19 with BOA (Bayesian optimiza-
tion additive). Augmented dataset and fine-tuned hyper parameters
have made the introduced network to perform efficient than tradi-
tional network designs thereby attained high accuracy for diagnosing
COVID-19. In future, the study aimed to plan the proposed model to
function mobile appealing for the healthcare specialists for COVID-19
diagnosis. In addition, CNN models have been trained to efficiently
detect COVID-19 by systematic construction of large scale COVID-CS
(COVID classification and segmentation) (Wu et al., 2021). A JCS (Joint
Classification System) has also been developed for this diagnosis. The
proposed model found if the suspected patients have been affected
with COVID-19 or not in addition to convincing visual descriptions.
However, it needs further enhancement. Among several solutions to
conflict the pandemic situation of COVID-19, DL has been taken into

account as an efficient methodology for affording intelligent solutions
(Bhattacharya et al., 2021). Inspired by several DL applications in the
area of medical image processing (as shown in Figs. 1 and 2), it has
been applied to accomplish several solutions to diagnose COVID-19.

From Fig. 1, it is clear that, DL has numerous applications in the
area of life sciences, NLP (Natural Language Processing), epidemiology
and computer vision for predicting COVID-19. Further, Fig. 2 shows
DL applications in real-time for detecting COVID-19 which includes
identification of positive COVID-19 cases, disease tracking, diagnosing
according to patient’s health status etc. Despite promising outcomes,
various challenges associated with traditional research like changes in
the outbreak pattern, differentiation between non-COVID and COVID
patients with good accuracy remains an issues. Thus, the present study
intends to improvise the accuracy in classifying normal and abnormal
COVID-19 patients and also segment the abnormal area based on deep
learning. The three significant imaging modalities such as ultrasound
imaging, CT scans and X-ray are taken into account which is an
additional improvement of this system.

The major contributions of the study are given below.

• To classify the abnormal and normal COVID classes by consid-
ering X-ray, ultrasound imaging and CT scan images using the
proposed attention bottleneck residual network (AB-ResNet).
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Fig. 2. Real-time application of DL and image processing for detecting COVID-19 (Bhattacharya et al., 2021).

• To segment the abnormal infected area from the abnormal images
using the introduced edge based graph cut segmentation (E-GCS).

• To analyse the performance of the proposed system with respect
to significant metrics for evaluating its efficiency in detecting
COVID-19 from different image modalities.

1.1. Paper organisation

The paper is organised in the following way.
Section 1 explores the fundamental ideas of detecting COVID-19.

Followed by this, Section 2 discusses the reviews of traditional system.
After this, Section 3 describes the proposed system based on DL to
classify and predict the COVID and non-COVID patients. The results ob-
tained through the implementation of the proposed system is discussed
in Section 4 and finally the overall system is summarised in Section 5.

2. Review of existing work

From December 2019, COVID-19 (Coronavirus Disease 2019) pan-
demic has affected globally and has turned to be a disorder within a
short span of time. This infection occurred due to SARS-CoV-2 that
has been rapidly spreading. Predicting the spread of this disease is
necessary to prevent it where data mining techniques and imaging
methodologies like Chest X-rays, Computed Tomography (CT) scans or
chest ultrasound images of humans have been employed. Various tradi-
tional systems intended to use several methods for COVID-19 detection
by different means. The different kinds of perspectives employed by
these systems are comprehensively discussed in this section.

2.1. Detection of COVID-19 using Chest X-ray (CX-R) images

Among the magnetic resonance imaging data, CX-Rs are highly
utilised to observe signs of COVID-19. This study explored the merits
afforded through the usage of iteratively ensemble pruned deep learn-
ing (DL) models towards differentiating the CX-Rs exploring COVID-19
pneumonia associated transparencies from normal and bacterial pneu-
monia utilising publicly accessible CX-R collections (Aggarwal et al.,
2022). Performance of the introduced model has been evaluated and
weights have been assigned that rely on its predictions (Rajaraman
et al., 2020). The empirical outcomes showed the outstanding per-
formance of the proposed system in comparison to the traditional

methods. Experimental assessments revealed that the proposed prun-
ing model’s weighted average significantly enhanced the performance.
Further research could discover envisaging and inferring the pruned
model’s learned behaviour as well as their applications to supplemen-
tary screening situations namely detection of COVID-19, 3D-CT scan
localisation etc. The proposed methodology could be quickly adapted to
detect COVID-19 through the digitised chest radiographs (Bharati et al.,
2021b). Accordingly, COVID-19 explores few radiological signatures
for easy detection by CX-R (Das et al., 2020a). For this purpose, the
radiologists have been needed for signature analysis. Nevertheless, this
has been an error-prone and time consuming task. Thus, there exists a
requirement to examine CX-R.

Automatic CX-R analysis could be accomplished through DL based
methods (Bharati et al., 2020a) that might quicken the time of analysis.
These methods could perform network weight training on huge datasets
and then fine-tuning these pre-trained network’s weights on small
datasets. Employment of these methods to CX-R have been limited.
Thus, this study mainly aimed to propose an automated deep transfer
learning (DTL) based method to detect the infections of COVID-19 in
CX-Rs through extreme inception version (Xception) model. Proposed
model has also been comparatively analysed and the outcomes revealed
the efficacy of the introduced system. However, the initial parameters
of this system have to be tuned through several methods for enhancing
the visibility of CX-R images (Panwar et al., 2020). In accordance with
this, a TL method (Naronglerdrit et al., 2021) has been employed in
the study (Zebin and Rezvy, 2021). Various renowned pre-trained deep
convolutional neural network (CNN) models have been assessed to
detect COVID-19 from CX-R images. It comprised of viral, bacterial
as well as normal pneumonia cases excluding the novel COVID-19.
Proposed models have been tested on two varied datasets to find the
efficient model for detecting COVID-19. The effective models have been
found to be ResNet, DenseNet and MobileNet with better accuracy.

In addition, the CT scan images have been considered along with
CX-R for detecting positive cases of COVID-19 using AI tools (Mukher-
jee et al., 2021a; Alyasseri et al., 2022). A CNN and DNN (deep neural
network) have been employed that could train and test both these
images (Majeed et al., 2020). Accuracy has been found to be 96.28%.
Though efficient results have been attained, multi-modal data have
to be taken into account. To compensate this, the paper (Mukherjee
et al., 2021b) introduced a light weight CNN that could perform
automatic detection of positive cases of COVID-19 using CX-R having
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no FN (False Negatives). It performed better, but this system have to
be enhanced by reducing FP (False Positive) cases (Pham, 2021; Das
et al., 2020b). Further, a deep CNN (Convolutional Neural Network)
relying on architecture termed as CovXNet has been suggested which
uses depth-wise convolution along with different rates of dilation for
effective extraction of varied features from the CX-R images. Numerous
experiments have been undertaken through the use of two varied
datasets that afford better performance by exploring 97.4% accuracy
for normal or COVID, 96.9% accuracy for viral pneumonia or COVID,
90.2% accuracy for multi-class pneumonias and 94.7% accuracy for
bacterial or COVID pneumonia. Thus, the recommended approaches
could serve as a better tool in present state of pandemic due to COVID-
19 (Podder et al., 2021). However, the study needs to be enhances in
terms of accuracy which is a drawback (Mahmud et al., 2020).

In addition, patient’s CX-R images of the patients without and with
COVID-19 proved by the RT-PCR (Reverse Transcriptase-Polymerase
Chain Reaction) have been retrospectively gathered and regulatory
permitted CAD has been used that could find several abnormalities such
as pneumonia for analysing the CX-R. Performance has been assessed
through the use of AUC (Area under receiver operating Characteristic
curves). Outcomes revealed that, pneumonia on the chest CTs could
be attained within 24-h from CX-R images. Nevertheless, different
medical image modalities have to be considered in future (Hwang
et al., 2021). To enhance the system, CO-ResNet (COVID-19 Optimised
Residual Network) has been suggested which is developed through
the employment of hyper-parameter tuning to traditional ResNet-101.
Empirical analysis have revealed 98.74% as detection accuracy for
normal lungs and 92.08% for pneumonia. Though better prediction rate
has been attained, accuracy has to be enhanced further (Bharati et al.,
2021a). Additionally, Deep CNN based method has been recommended
to detect patients having COVID-19 through the use of CX-R images.
Accuracy rate has been found to be 91.62% which is better than
conventional models. Application based on GUI has been developed for
public usage. Nevertheless, the study must be enhanced with respect to
detection rate (Das et al., 2021).

2.2. Detection of COVID-19 using CT scan

Human chest’s imaging features could be attained through modali-
ties of medical imaging like X-rays and CT scan. The merits of CT scan
than X-ray are many. CT scan help in providing a three dimensional
view of organ formation, flexible disease analysis as well as its location
(Ahuja et al., 2021). This study introduced a 3 phase technique for
classifying the slices of lung CT scan into non-COVID and COVID class.
Better accuracy has been attained (Rahimzadeh et al., 2021). Yet, this
system have to be analysed on large dataset consisting of positive cases
of COVID-19. To eliminate this kinds of drawbacks, various existing
studies have attempted to use different methods for detecting COVID-
19. Accordingly, this article (Sharma, 2020) explored about machine
learning (ML) methods to attain significant insights like if lung CT
scan have to be the initial alternative or screening test for RT-PCR
(Real time reverse transcriptase — polymerase chain reaction). This
article also considered if COVID-19 varies from other kinds of viral
pneumonia and if this is correct, the way to differentiate it through
CT scan images has also been focused on this study by taking data
from hospitals in India, Moscow, China and Italy. The proposed system
has been trained and tested through a software named CV-MA (custom
vision software of Microsoft azure) that rely on ML methods. Empirical
outcomes showed accuracy of 91% for classifying COVID-19. Training
as well as testing on high quality image datasets might further enhance
the model accuracy (Bao et al., 2020).

To improvise accuracy, DL is the effective methodology that could
be utilised in medical area (Shah et al., 2021). It is an efficient and
fast method to diagnose and predict several kinds of diseases with a
better accuracy. By taking this into account, the paper (Silva et al.,
2020) explored the ability of DL models to detect COVID-19 on CT

images. It has also been highlighted that more datasets have been
required to assess the techniques in a realistic way. Future path of
the study might be to construct large CT scan image datasets from
different Brazilian centres so as to attempt to encompass huge sensors,
acquisition processes and ethnic groups and hence properly assess the
proposed technique (Serte and Demirel, 2021). Similarly, the study
(Alshazly et al., 2021) introduced various kinds of DL based methods
to automatically detect COVID-19 through the use of CT images of
chest. Highly advanced deep network architectures as well as their
variants have been taken into account and many experiments have been
undertaken on two datasets with huge counts of CT images accessible
so far. Various experiments have been undertaken on two datasets
comprising of CT images such as COVID19-CT and SARS-CoV-2 CT-
scan. Outcomes exhibited high performance for the proposed model in
comparison to traditional research (Aljondi and Alghamdi, 2020).

Few traditional systems have considered different kinds of deep
CNN models. With regard to this, this paper (Loey et al., 2020) explored
five models of CNN namely VGGNet16, AlexNet, ResNet50, VGGNet19
and GoogleNet for analysis to find the COVID-19 infected patients
through CT images. Traditional data augmentation in addition to CGAN
enhance the classification performance in every chosen DT models. Re-
sults exhibited the efficacy of ResNet50 than other models with 82.91%
accuracy (Irfan et al., 2021). The main demerit of this study was that
it did not attempt to use DL models for attaining high performance for
measurement (Liu et al., 2020). In addition, two forms of optimised
NASNet (Neural Architecture Search Network) have been suggested to
diagnose COVID-19. Outcomes have explored that, suggested NASNet-
mobile exposed 82.42% as accuracy, while, NASNet-large has exposed
81.06% as accuracy (Bharati et al., 2020b). Further, an optimised
Inception ResNetV2 has been suggested to detected COVID-19. En-
dorsed model has been employed to 2481 CT images gathered through
collection of two distinct datasets. Lastly, it has been employed to 1662
X-ray images leading to 99.4% accuracy. Though effective results have
been attained, it has to be assessed for huge COVID-19 datasets (Mondal
et al., 2021).

2.3. Detection of covid-19 using ultrasound images

CT scan has been found to be time consuming and also makes
patients exposed to transport associated risks as well as ionize ra-
diation (Sorlini et al., 2021). CX-R has a major part in monitoring
the clinical course of the patients instead of prediction stage at the
time of pandemic where highly sensitive test has been vital (Zhao and
Lediju Bell, 2022). Therefore, in recent years, lung POCUS (point-of-
care ultrasound) has been performed and inferred (Xue et al., 2021)
by emergency doctors that possess a widespread utility as well as
its functionality in assessing patients with pneumogenic and cardio-
genic dyspnoea (Dacrema et al., 2021). This study have introduced
a non-convex regularisation that rely on line artefacts — quantifica-
tion technique with lung ultrasound applications. Empirical outcomes
revealed a precise idea for detecting line detection for hundred lung
ultrasound images exhibiting various B-kind of structures perceived in
nine patients having COVID-19 (Karakuş et al., 2020). It has also been
significant to notate that the introduced technique is entirely unsuper-
vised. On the presumption that the annotated data have been freely
inaccessible, an unsupervised technique like proposed system always
possess merits over other supervised techniques. Accordingly, the study
employed a CNN model that possess few parameters for learning but
could accomplish robust accuracy (Muhammad and Hossain, 2021).
The model possessed five major convolution connector layers. The func-
tionality of multi-layer fusion of individual block has been introduced
for enhancing the efficacy of COVID-19 screening technique using the
introduced model. Experiments have been undertaken through freely
available video datasets and lung ultrasound photographs. Introduced
fusion technique possessed accuracy of 91.8% through the use of data
collection. Yet, the proposed system have to be enhanced by taking
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into account various input modalities accessible from similar person
infected with COVID-19 (Xing et al., 2020).

As different studies tried to detect this disease in varied kinds,
the article (Mateos González et al., 2021) aimed to evaluate the cor-
relation of CX-R and lung ultrasound to detect pulmonary infiltrates
in COVID-19 infected patients. Findings of lung ultrasound correlated
better with CX-R in confirmed or suspected COVID-19 patients. Lung
ultrasound has been able to find the pulmonary infiltrates in nearly
half the patients having normal CX-R. Hence, a lung ultrasound analysis
might be undertaken as the preliminary test of diagnostic imaging in
patients infected with COVID-19. Future research have been needed for
assessing the usage of consistent lung ultrasound protocol on patient’s
health service with suspected cases of COVID-19. However, few studies
intended to check if lung ultrasound has been a worthwhile technique
to detect severe respiratory syndrome (Fonsi et al., 2021). The analysis
explored that lung ultrasound possessed good reliability in comparison
to CT scan images of chest which indicate that lung ultrasound might
be utilised for evaluating the patients doubted of possessing COVID-19.
This study also possessed various limitations like small size of sample,
lung ultrasound and CT scan image examinations undertaken only at
the admission level (Dastider et al., 2021).

Severity prediction has also been significant to be considered. In
accordance with this, the study (Narinx et al., 2020) introduced a
architecture named frame based four score disease severity with the
incorporation of RNN (recurrent neural network) and CNN to taken
into account both temporal and spatial features of lung ultrasound
frames. Comprehensive study explores a promising enhancement in
the performance of classification by presenting a LSTM (Long Short
Term Memory) after the introduced CNN architecture. It has been
found from a clear analysis that the introduced end to end method
have been efficient in finding severity scores of COVID-19 from lung
ultrasound images. This study has explored that future work will be to
design DL based segmentation framework. Further, frame based four
score disease severity identification framework has been recommended
with the inclusion of RNN (Recurrent Neural Networks) and deep CNN
for considering temporal and spatial features. Comprehensive analysis
reveals promising enhancement in classification through introduction
of LSTM (Long Short Term Memory) after endorsed CNN model by
average rate of 7% to 12%. However, accurate outcomes have not been
explored (Dastider et al., 2021). Analysis on AI to detect COVID-19 has
also been performed through the use of PRISMA (Preferred Reporting
Items of Systematic reviews and Meta-Analysis) guidelines. Various
diagnosis (Glowacz, 2021b) stages have been reviewed which include
pre-processing phase, segmentation phase and feature extraction. Out-
comes reveal that, ResNet-18 and DenseNet-169 show better classifi-
cation performance for the X-ray images, whereas, the DenseNet-201
possess high accuracy in detecting COVID-19 through CT images (Tay-
lor et al., 2020). Outcomes revealed that DL and ML have been valuable
tools to support the medical professionals and researchers in detecting
COVID-19. However, such methods (Glowacz, 2021a) have to be used
by considering different medical image modalities as this study has
considered only X-ray and CT scan images (Rubaiyat Hossain Mondal
et al., 2021).

From the analysis of conventional works, it is found that, most of
the methods worked better in COVID-19 detection and explored better
accuracy. However, they have failed to consider all the three possible
medical image modalities such as CT scan, CX-R and ultrasound. In
addition, few studies also lacked with respect to accuracy. Hence, there
is a need to focus on choosing the effective methods for obtaining high
accuracy thereby considering all the three probable image modalities
in COVID-19 prediction.

Problem Identification
Several problems are identified by analysing various existing sys-

tems for COVID-19 detection. They are listed here.

• Traditional study (Rajaraman et al., 2020) utilised DL models for
differentiating CX-Rs and explored effective results. Yet, this study
have not considered 3D CT scans. Similarly, the paper (Mukherjee
et al., 2021a) employed CNN-DNN that could collectively train
or test CX-R and CT scans. However, it have not considered
ultrasound images. In addition, the article (Muhammad and Hos-
sain, 2021) explored to use a multi-source system in future by
considering different kinds of input modalities to detect COVID-
19 infected patients. Hence, taking all these into account, the
present study aims to detect normal and abnormal COVID-19 pa-
tients by considering CT scan images, CX-R images and ultrasound
imaging. Few studies have considered only one of these three
or two of the three images. But, the present study considers all
these three images for effective prediction of COVID-19 infected
persons.

• The existing paper (Loey et al., 2020) exhibit that ResNet50 has
been the effective DL model for COVID-19 detection from CT
images of chest. However, the main demerit is not attempting to
use many DL model to achieve high performance. In addition, the
study (Saygılı, 2021) aimed to develop a comparison model by
incorporating DL techniques in future. The present study consid-
ered all these works and intends to detect abnormal and normal
persons of COVID-19 based on DL techniques.

• The article (Dastider et al., 2021) intended to enhance the pro-
posed system by designing DL based segmentation framework for
segmenting the pathological artefacts. In addition, the paper (Das
et al., 2020b) introduced a truncated inception net DL model for
detecting positive patients of COVID-19. Introduced system has
been restricted by its ability for localising the diseases in CX-R.
This goal have to be accomplished by utilising enhanced count
of data or DL model that have been pre-trained on huge count
of CX-R. Hence, the present study aims to use DL based methods
to predict the abnormal and normal cases of COVID-19 thereby
it also localise the infected area if it is found to be abnormal
by taking into account the CT scan images, CX-R images and
ultrasound imaging. This is an added advantage of the proposed
system.

3. Proposed methodology

The study proposes methods such as attention bottleneck residual
network (AB-ResNet) and edge based graph cut segmentation (E-GCS)
that rely on DL. It has various advantages. It has the ability to accelerate
the training speed of deep networks, it also enhance the network depth
resulting in minimum parameters, minimising the impact of vanishing
gradient issue and attaining efficient network performance in terms of
accuracy particularly in image classification. Due to these advantages,
the present study intends to classify abnormal and normal COVID cases
based on DL and image processing. Various stepwise procedures are
involved to achieve this detection. The overall view of this process is
outlined in Fig. 3.

Initially the ultrasound images, CT scan and X-ray images are taken
into account. Then, attention bottleneck residual network (AB-ResNet)
is used to classify the images into abnormal and normal by examining
any one modality comprising of various kinds of modalities. Here,
the ResNet is built by stacking numerous attention modules. Features
from various layers have to be modelled through various attention
masks. Utilising a mask branch might need exponential channel count
to retrieve different factor combinations. Subsequently, edge based
graph cut segmentation (E-GCS) is employed to detect abnormal areas
after classifying the abnormal category. This step helps to specifically
localise the disease infected areas. Finally, a performance analysis is
undertaken to assess the efficacy of the proposed system in comparison
to the traditional systems.

In addition, systematic workflow of the proposed system is shown
in Fig. 4 to provide comprehensive view of the overall proposed work.
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Fig. 3. Overall view of the proposed method for COVID-19 diagnosis.

3.1. Attention bottleneck residual network (AB-ResNet)

The overall framework of the introduced system is outlined in Fig. 1.
Moreover, a attention bottleneck residual network comprise of three
convolution layers, a GAP (global average pooling) layer, FC (a fully
connected) layer and two AB-ResNet block. The COVID-19 dataset
could be indicated as C ∈ RH∗W. Here H and W indicate the height
and the width. To extract spatial–spectral features, the study adopted a
three dimensional image patches positioned on pixels of the label as
the input of the introduced AB-ResNet. Here, the image patch label
indicates the position pixel label. The image patch size is represented
by S ∗ S that indicates the spatial size of the neighbourhood.

An assumption is made if the COVID-19 dataset comprise of pixels
labelled M, then the set of image patch could be indicated by X =
{x1, x2,… , xM} ∈ RS∗S. Here xi represents the ith image patch. The
equivalent label set of the ground truth (GT) could be indicated by Y =
{y1, y2,… , yM}. Here yi ∈ {1, 2,… ,P} denotes the xi′s label, 𝑃 indicates
the count of COVID-19 classes. Accordingly, patch set (X) is partitioned
into training, testing and validation set. Similarly, Y is partitioned into
three kinds. Prior to AB-ResNet training, hyper parameters like batch
size, patch size and learning rate are configured as,

Patch size = [128 ∗ 128, 256 ∗ 256]
Batch size = [4, 8, 16, 32]
Learning rate = [0.01, 0.001, 0.0001]
Proposed AB-ResNet is trained for two hundred epochs and for each

of these epochs, training sets are partitioned into few mini-batch data
and batches. This is fed as input to the network individually. During
the process of training, the estimation label vectors corresponding
to the training set are attained by the model’s forward propagation.
Subsequently, a CELF (Cross entropy loss function) is selected for
computing the variations amongst the estimated label vectors as well
as the equivalent label vectors that are transferred by the GT labels.
Followed by this, learned parameters corresponding to the proposed
model are updated by back propagation (BP) algorithm. Additionally,
at the training time, validation sets are partitioned and the accuracy in
classification is calculated for each and every epochs for monitoring the
performance of the model. By this way, training model can be selected

with high accuracy. At last, the test set is selected to assess the proposed
AB-ResNet’s performance.

For a given feature map Fe ∈ 𝑅C × H × W (input), AB-ResNet in-
fers three-dimensional attention-map Mp(Fe) ∈ 𝑅C × H × W. Advanced
feature map Fe′ is calculated as,

Fe′ = Fe + Fe⊗Mp(Fe) (1)

where, ⊗ indicates element wise multiplication. A residual learning
strategy is adopted in addition to attention mechanism for facilitat-
ing gradient-flow. For designing an effective and powerful module,
initially channel-attention Mp𝑐 (Fe) ∈ 𝑅C as well as spatial-attention
Mp𝑠(Fe) ∈ 𝑅HxW is computed at two distinct branches. Subsequently,
attention-map Mp (Fe) is calculated as,

Mp (Fe) = 𝜎(Mpc(Fe) + Mps(Fe)) (2)

where 𝜎 represents sigmoid-function. Outputs of both the branch are
re-sized into Fe𝑐 ∈ 𝑅C × 1 × 1 prior to addition. As individual channel
comprise of responses of specific feature, inter-channel association is
used in channel-branch. Thus, channel-attention is calculated by,

Mp (Fe) = BN(MLP(AvgPool(Fe))) = BN(𝑤1
(

𝑤0AvgPool (Fe) + 𝑏0
)

+ 𝑏1)

(3)

where 𝑤0 ∈ 𝑅C∕rxC, 𝑏0 ∈ 𝑅C∕r , 𝑤1 ∈ 𝑅C 𝑡𝑖𝑚𝑒𝑠 C∕r , 𝑏1 ∈ 𝑅C.
Particularly, feature (Fe ∈ 𝑅C × H × W) is estimated into reduced

dimension 𝑅C∕r × H × W through the use of (1 ∗ 1) convolution for
integrating and compression feature map throughout the dimensions
of the channel. Similar reduction ratio is used with channel branch to
attain simplicity. Subsequently, two (3 ∗ 3) dilated-convolutions are
employed to used contextual information efficiently. Lastly, features
are repetitively used to the spatial-attention map through the use of
(1 ∗ 1) convolution. Further, a batch-normalization layer is employed
at spatial branch end for scale alteration. Hence, spatial-attention is
calculated by,

Mp𝑠 (Fe) = BN
(

𝑓 1𝑋1
3

(

𝑓 3𝑋3
2

(

𝑓 3𝑋3
1

(

𝑓 1𝑋1
0 (𝐹𝑒)

))))

(4)
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Fig. 4. Overall view of measurement of the proposed work.

3.1.1. Residual connection and activation based bottleneck mechanism
Residual block is selected as the main element of the proposed AB-

ResNet, the framework of it is presented in Fig. 5(b). From the figure,
it is seen that the residual block comprise of residual connection/skip
connection and dual convolution layers. Using skip connection, high
level and low level features could be combined in an extra way. By this,
residual block could lessen the explosion or gradient vanishing issue
that typically occur in deep network. The individual residual block
could be computed as per Eq. (5).

RB (X) = fa(CF (x) + x) (5)

Here x and RB (.) Indicates the input as well as output AB-ResNet.
In addition, CF is the residual learning function, fa signifies activa-
tion function and CF (x) denotes the convolution layer output prior to
summation operation.

To attain efficient performance, batch normalization (BN) and an
activation function is applied in the proposed network’s residual block.
As presented in Fig. 5(b), Activation framework is executed by shift-
ing ReLU activation function and BN prior to convolution operation.

Activation residual block could be computed as per Eq. (6).

RB (X) = CF (x) + x (6)

As explored in Fig. 5(a), the activation function in Eq. (5) is ReLU that
indicates the activation function fa as per Eq. (7).

fa (x) = max(0, x) (7)

ReLU will compulsorily transfer the signal to zero if the signals are
negative that might lead to loss of few residual and informative features
in typical residual block. When fa is made as an identity-mapping, then
Eqs. (5) and (6) will be similar. This identity-mapping permits signals
to be directly propagated amongst any of the two units that indicates
the features that are learned by RLF — residual learning function
that will be always exist. By this way, the activation based bottleneck
mechanism makes it simpler and easier for training the network thereby
improvise the generalisation of the network performance.

3.1.2. Attention bottleneck residual block
As the data comprising of every spectral brands are used directly

as inputs and fed to the proposed network, it is vital to undertake
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Fig. 5(a). Typical residual network.

redundant information that might lower the classification accuracy. For
solving this issue, this study selected a SE (Squeeze and Excitation)
block for recalibrating the feature responses of the channel through
explicit interdependencies modelling amongst channels. Hence, this can
be considered as a mechanism of channel attention. This attention
mechanism is integrated to the attention residual block and introduced
an attention bottleneck residual block — ABRB.

An assumption is made with the size and count of attention mecha-
nism’s feature maps is S ∗ S ∗ C. Here C indicates the count of channels
and S represents the spatial size of neighbourhood. The individual
feature maps are initially processed through a three dimensional GAP
layer to squeeze GSI (global spatial information). Hence, 1 ∗ 1 ∗ 1
dimensional feature tensors of the channel are generated. Subsequently,
the feature tensors of the channel are fed as input to a 1 ∗ 1 ∗ 1 three
dimensional convolution layer for minimising the dimensionality of the
channel.

Exactly, after the convolution operation, feature tensor’s channel
dimension turns to be 𝑐1

𝑟1 where 𝑟1 indicates the reduction ratio. This
ratio value is fixed as 4 in the introduced network. Followed by this,
ReLU function is employed to enhance the channel response’s non-
linearity and additional 1 ∗ 1 ∗ 1 three dimensional convolution layer is
selected for enhancing the channel dimension thereby produces feature
sensors. Finally, a sigmoid function is also applied and the resultant is
multiplied with all the feature maps from ABRB to rescale the overall
outcomes of the corresponding attention mechanism to feature maps
denoted by S ∗ S ∗ C. In this manner, weights of the channel are

Fig. 5(b). Attention bottleneck residual block.

allocated to individual feature maps. Hence, accomplish recalibrating
features in an adaptive way. Moreover, an attention strategy is afforded
with 2 ∗ 𝑐12

𝑟1 parameters that are retrieved from dual three dimensional
convolution layer inside it.

3.1.3. Overall architecture of the introduced network
The COVID-19 dataset is considered as an instance and 7 ∗ 7 ∗ 200

patches of images are utilised as samples (input), all the proposed
ABRB’s details are explored in Fig. 6. The individual convolutional
layer pursues with ReLU and BN except that in ABRB. In accordance
with SSRN (Spectral Spatial Residual Network), the introduced network
inputs specific importance on learning all the spectral features from
input (raw data). In addition, specific significance is provided to spatial
features also. Hence, various spectral and spatial features are extracted.

Lastly, the spatial and spectral features are processed through FC
and GAP operation. Here, the FC operation could adaptively produce
feature vector as well as the length that is equivalent to the count
of land cover classes in the COVID data. This is because there exists
sixteen land cover classes in this dataset, the output vector’s length is
sixteen in Fig. 3. Additionally, it is stated that the initial convolutional
layer’s stride is (1, 1, 2). Thus, the input sample’s channel dimension
is minimised from 200 to 97. The additional convolution layers in
the introduced ABRB is fortified with (1, 1, 1) stride. In ABRB, every
convolution layers utilise padding to maintain the feature cuboid sizes.
Without utilising padding, channel dimension or spatial size is min-
imised when the feature cuboid processing is done by the convolution
layers exterior to ABRB.
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3.2. Edge based graph cut segmentation (E-GCS)

GC segmentation is an effective segmentation method based on
graph that possess two major parts such as the data-part for computing
the conformity of the image data within the segmentation region that
comprise of the features of an image as well as the regularisation-part
for smoothening the segmented region’s boundaries by maintaining
the image’s spatial information. Graph cut is taken into account as an
energy reduction process corresponding to the constructed graph 𝐺𝑟𝑎𝐺𝐶
so as to segment the image’s ROI using a seed sets. Representation of
graph cut could be transferred into minimal graph cut or maximum
flow. An assumption is made by considering a map (𝑑) that assigns
pixels to various clusters. Hence, the two elements corresponding to
the energy function 𝐺𝑟𝑎𝑓𝑢𝑛𝑐 of the graph cut comprise of data-part that
computes the variation amongst regularisation-part 𝑆𝑟𝑒𝑔 and allocated
region that assess the smoothness of the boundaries. The algorithm of
it is shown in algorithm I.

Initially, the abnormal image is taken as input so that the proposed
E-GCS can be used to segment the infected area from abnormal images.
For this purpose, the graph is constructed and its representation is
altered into minimal graph cut or maximal flow. In addition, an energy
function is also computed to attain the final segmented image indicated
by step 4. This step helps to separately localise the infected area of
the disease in addition to classification of normal and abnormal images
which makes the proposed system effective.

4. Results and discussion

The results obtained after implementing the proposed system to
detect the COVID and non-COVID cases are discussed in this section.
Various performance metrics considered for the analysis are also pre-
sented. Comparative analysis is also undertaken to prove the efficacy
of the proposed system than the existing system.

4.1. Dataset description

Huge number of CT images, ultrasound images and X-ray images
are accessible from various publicly available datasets. With the evolve-
ment of COVID-19 being recent, these huge repositories do not possess
any labelled data of COVID-19, hence need the dependence upon
various datasets for non COVID and COVID source images. The dataset
is taken from the below sources.

CT images have been considered from,
https://www.kaggle.com/datasets/kmader/siim-medical-images
Chest X-ray images have been taken from,
https://data.mendeley.com/datasets/rscbjbr9sj/2
Ultrasound images have been considered from,
https://www.butterflynetwork.com/covid19#gallery
Additionally, number of images corresponding to individual data

class for train and test split is given in Table 1.

Table 1
Number of images for train and test.

X-ray images (normal or pneumonia)

Train data 4690
Test data 1172

CT images (COVID or Non-COVID)

Train data 596
Test data 149

Ultrasound (normal or pneumonia)

Train data 900
Test data 225

4.2. Performance metrics

Performance of the introduced system is analysed with respect to
various significant metrics for classifying the three modalities of medi-
cal images. The metrics include accuracy, sensitivity, recall, specificity,
precision, Area under curve (AUC), kappa and jaccard coefficient,
F-score, NPV, FPR and FNR.

A. Accuracy
It indicates the computation of overall correct classification of im-

ages. It is presented by Eq. (8).

Accuracy (A) = TP + TN
TN + FN + TP + FP

(8)

B. Specificity
It refers to the quality/state of being unique/specific to an individ-

ual/group and is given by Eq. (9).

Specificity (S) = TN
TN + FN

(9)

C. Sensitivity
It indicates the positive and correctly recognised segments and is

given as per Eq. (10).

Sensitivity (S) = TP
TP + FP

(10)

D. Recall
It is defined as the ratio of relevant as well as retrieved image to

the ratio of relevant image and is given by Eq. (11).

Recall (R) =
relevant image ∩ retrieved image

relevant image (11)

E. Precision
It is defined as the computation of correct image classification

counts. It is given by Eq. (12).

Precision (P) = TP
FP + TP

(12)

F. Area under curve (AUC)
It is the accurate integral curve that exhibits the variations in

classifications and is given by Eq. (13).

AUC = 1
2
( TP
TP + FN

+ TN
TN + FP

) (13)

G. F-score
It is also termed as F-measure and is the harmonic mean of P and R

and is computed as per Eq. (14).

F − score =
2 ∗ (recall ∗ precision)

recall + precision (14)

H. Negative predictive value (NPV)
NPV indicates the possibility that an individual is not affected by

the particular disease provided a negative test outcome and is given by
Eq. (15).

NPV = TN
TN + FN

(15)
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Fig. 6. Overall architecture of the proposed network.

I. False positive rate (FPR)
FPR is defined as the ratio of incorrect negative cases detected as

positive cases in the corresponding data and is given by Eq. (16).

FPR = FP
TN + FP

(16)

J. False negative rate (FNR)
FNR is simply defined as one minus the true positive rate (TPR). It

is given by Eq. (17).

FNR = 1 − TP
TP + FN

(17)

In Eqs. (8), (9), (10), (11), (12), (13), (14), (15), (16) and (17), TP is
true positive, FP is false positive, TN is true negative and FN is false
negative.

K. Kappa coefficient
It is typically utilised to find the reliability of the inter-rate. It can

also be stated as the degree to which the agreement amongst two
dataset frequencies accumulated on two varied occasions exists. It is
the computation of agreement and is applied for assessing the accuracy
in segmentation and is computed by Eq. (18).

K = (p0 − pc)∕(1 − pc) (18)

where K represents kappa coefficient, p0 indicates the population
which judges agree and pc represents agreement through chance.

L. Jaccard coefficient
It is also called jaccard similarity coefficient that makes the com-

parison of two dataset members for observing the shared and distinct
members. It is a similarity measure for two datasets within a range
of 0%–100%. If this percentage is higher, the similarity between the
population also seems to be high. It is calculated using Eq. (19).

Jaccard coefficient
= (the number in both sets)∕(the number in either set) ∗ 100

= J(X,Y) = |X ∩ Y|∕|X ∪ Y| (19)

4.3. Experimental results

The results attained from the proposed system is shown in Table 2.
As per Table 2, the classification results obtained through CT, X-ray
and ultrasound image is shown. The proposed system differentiates
the normal and abnormal cases of COVID-19 as per the Table 2. It is
separately partitioned and it can be clearly observed in Table 2.

4.4. Performance and comparative analysis

Performance of the proposed system is analysed with respect to
training accuracy, testing accuracy, precision and recall. From total
data, 70% of the available data is allocated for training, whereas,

10
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Table 2
COVID and non-COVID classification.

remaining 30% of data are equally divided and presented as testing
and validation data. The obtained outcomes are shown in Table 3.

From Table 3, training accuracy is found to be 99.70%, its precision
is found to be 98.65%, while, the recall rate is found to be 98.67%. On
the other hand, testing accuracy is found to be 97.56%, its precision is
explored as 96.15% and its recall is found to be 96.34%. Thus, it could
be concluded that, the proposed system worked better as it shows good
accuracy rate. In addition, the proposed system is analysed with respect
to various metrics to find the efficiency in overall classification of three
different medical image modalities such as X-ray, ultrasound and CT
images. The considered metrics include sensitivity, recall, specificity,
precision, accuracy, NPV, FPR, FNR, AUC, kappa and jaccard coefficient
and F-score. The results obtained through this analysis are presented in
Table 4.

Table 3
Training and testing results.

Parameters Obtained value

Training

Training accuracy 99.70
Precision 98.65
Recall 98.67

Testing

Testing accuracy 97.56
Precision 96.15
Recall 96.34

From Table 4, it is clearly seen that the overall classification ac-
curacy of the proposed system to classify the three image modalities

11
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Fig. 7. ROC graph.

Table 4
Performance analysis of the proposed system.

Performance metrics (in %) Overall X-ray CT Ultrasound

Sensitivity 99.67 96.64 94.55 86.22
Specificity 99.66 95.42 92.25 86.95
Precision 99.67 95.36 92.05 87.08
Recall 99.671 96.64 94.55 86.22
NPV 99.7 96.68 94.7 86.09
FPR 0.003 0.0457 0.0774 0.1304
FNR 0.0032 0.0335 0.0544 0.1377
Accuracy 99.66 96.02 93.37 86.58
Kappa coefficient 99.34 92.05 86.75 73.17
AUC 99.67 96.03 93.04 86.59
Jaccard 99.35 92.3 87.42 76.45
F-score 99.68 96 93.28 86.65

Table 5
Confusion matrices.

Positive Negative

Positive 3852 10
Negative 15 3856

is found to be high at a rate of 0.9968. On the other hand, the X-
ray classification rate is found to be 0.96, CT scan classification rate
is found to be 0.9328 and finally the ultrasound image classification
rate is found to be 0.8665. The sensitivity, recall, specificity, precision,
and F-score are found to be high. In addition, the kappa and jaccard
coefficient are also found to be high which is computed using Eqs. (14)
and (15). On the other hand, the FNR rate is found to minimum at a
rate of 0.0032 that indicates the minimum error rate of the proposed
system in classifying the images into normal and abnormal. Further, a
ROC (Receiver Operating Characteristic) curve is plot (shown in Fig. 7)
to afford graphical view of the performance of a classifier instead of
exploring particular value like many other performance metrics.

From Fig. 7, rapid increase in the ROC curve with an area of 0.99
represents the efficiency of the classifier. Additionally, confusion matrix
is framed to check the model’s efficacy and it is tabulated in Table 5
and graphically presented in Fig. 8.

From the confusion matrix, it is found that, 3582 positive cases
have been correctly identified, while, 3856 cases have been correctly
identified as negative cases, while, 10 positive cases have been misin-
terpreted as negative and 15 negative cases have been misinterpreted
as positive. However, in comparison to misinterpretation rate, the
correctly detected case rates are high which confirms the efficacy of the
proposed method. In addition, a comparative analysis is also carried

Fig. 8. Confusion matrix.

Table 6
Comparative analysis of the proposed and traditional systems (Narin et al., 2021).

Methods Accuracy

Narayan Das et al. 97.4
Singh et. al. 94.65
Afshar et al 95.7
Ucar and Korkmaz 98.26
Khan et al. 89.6
Sahinbas and Catak 80
Medhi et al 93
Zhang et al. 95.18
Apostopolus et al. 93.48
Narin et al. 98
Ali Narin et al. 96.1
Proposed 98.34

out with respect to accuracy as it is the significant metric especially
in medical domain. This analysis is undertaken to find the efficacy of
the introduced system than the other methods. The obtained results are
tabulated in Table 6.

From Table 6, it is clear that the existing system (Narin et al., 2021)
used CNN for COVID-19 detection through classification. Various other
methods are also considered as per the table. Though, better accuracy
rate is achieved by the traditional systems, the accuracy rate of the
proposed system is found to be outstanding than the traditional studies
in classifying the normal and abnormal images thereby segmenting the
affected area to localise the disease. This reveals the efficacy of the
introduced system. It is graphically shown in Fig. 9.

Another comparative analysis is also carried out to analyse the
efficacy of the introduced system than the conventional methods in
detecting COVID-19. This analysis is carried out to confirm the efficacy
of the proposed DL based system than conventional techniques. For
this analysis, sensitivity, accuracy, AUC and specificity are taken into
account and the obtained results are tabulated in Table 7.

From Table 7, it is clearly seen that the AUC rate of the proposed
system is 0.99. Whereas, the existing system (El-Kenawy et al., 2020)
used new feature selection and voting classifier algorithms for COVID-
19 detection. However, the outcomes of the introduced system is found
to be high in comparison to the traditional systems. In addition, the
sensitivity and specificity rate of the introduced system is found to be
99.67 and 99.66. The accuracy rate of the proposed system is also found
to be 99.68. The results are graphically shown in Fig. 10.

Thus, the performance and comparative analysis of the proposed
system with 12 significant performance metrics reveal the efficiency of
the introduced system than the existing system. As mentioned earlier,
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Fig. 9. Analysis of the proposed and traditional methods with respect to accuracy (Narin et al., 2021).

Fig. 10. Analysis of the existing (El-Kenawy et al., 2020) and proposed system with respect to important metrics.

Table 7
Comparative analysis in terms of significant metrics (El-Kenawy et al., 2020).

Methods Sensitivity Specificity Accuracy AUC

X. Wu et al. 81.1 61.5 76 0.819
A.A. Ardakani et al. 100 99.02 99.61 0.994
K. Zhang et al. 94.93 91.13 92.49 0.981
H. Panwar et al. 97.62 89.13 88.1 0.881
C. Butt et al. 98.2 92.2 86.7 0.996
M. Nour et al. 89.39 99.75 98.97 0.994
X. Wang et al 94.5 95.3 96.2 0.97
Proposed 99.67 99.66 99.68 0.99

the proposed system considers all the three different medical image
modalities for classifying normal as well as abnormal images from CT
scan, X-rays and ultrasound images. The existing study (El-Kenawy
et al., 2020) considers only the CT images, but the present study con-
siders all the three important medical imaging modalities that reveals
its efficiency in classifying the abnormal and normal cases of COVID-
19. Additionally, the existing system is compared with conventional

Table 8
Comparative analysis with respect to execution time (Wu et al., 2020).

Method Time (s)

ACNN 561.8
CNN 921.2
Proposed 365.1

systems in terms of execution time and the obtained outcomes are
shown in Table 8 and Fig. 11.

From the outcomes, it is found that, conventional methods like
ACNN (Adaptive median filter CNN) has shown 561.8 s, CNN has shown
921.2 s, while, the proposed system has consumed minimum execution
time of 365.1 s that explores its efficacy than conventional methods.
Further, comparative analysis has been undertaken with respect to met-
rics such as recall, validation accuracy and precision. Several methods
have been considered for analysis that includes Vanilla gray, Vanilla
RGB, Basic CapsNet (Basic Capsule Network), Modified CapsNet, Hy-
brid CNN VGG (Hybrid Convolutional Neural Network Visual Geometry
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Fig. 11. Analysis in terms of execution time (Wu et al., 2020).

Fig. 12. Analysis in terms of performance metrics (Bharati et al., 2020b).

Table 9
Comparative analysis with respect to performance metrics.

Methods Recall (in %) Precision (in %) Validation accuracy (in %)

Vanilla gray 58 68 67.80
Vanilla RGB 61 68 69
Hybrid CNN VGG 62 68 69.50
VDSNet 63 69 73
Modified CapsNet 48 61 63.80
Basic CapsNet 51 64 60.50
Proposed 96.64 95 96.02

Group) and VDSNet (VGG Data Spatial transformer network with CNN).
Obtained outcomes are shown in Table 9 with its graphical presentation
in Fig. 12.

From the analytical results, it has been found that, existing methods
like VDSNet has shown better recall of 63%. However, the proposed
system has shown maximum recall rate of 96.64%. Similarly, the pre-
cision rate of conventional methods like VDSNet has shown 69%. Nev-
ertheless, the proposed system has shown high precision rate of 95%.
Further, the validation accuracy of existing methods like Vanilla RGB
has shown 69%, while, VDSNet has shown 73%, whereas, the proposed
method has shown maximum validation accuracy of 96.02%. Thus,

overall analytical outcomes revealed the efficiency of proposed system
than conventional system with respect to the considered metrics.

5. Conclusion

The present study proposed methods based on image processing
and deep learning (DL) to detect COVID-19 using Attention Bottleneck
Residual Network (AB-ResNet) to classify the abnormal and normal
images. The study also utilised Edge Based Graph Cut Segmentation
(E-GCS) to segment the disease infected area for localising the disease
by considering three varying medical imaging modalities such as X-ray
images, CT images and ultrasound imaging. The proposed system was
assessed by comparing it with the traditional studies with respect to
significant metrics namely accuracy, sensitivity, recall, specificity, pre-
cision, Area under curve (AUC), kappa and jaccard coefficient, F-score,
NPV, FPR and FNR. The analytical outcomes explored the efficacy
of the proposed system than the traditional systems in detecting the
abnormal and normal cases of COVID-19 with high accuracy of 99.68%.
However, it takes more training time. This study can help the society
by helping the medical practitioners to easily differentiate the COVID
and non-COVID cases thereby segment the disease infected area to
particularly localise the disease by which patient’s life could be saved.
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In future, special focus will be given on reducing the training time and
running time. Additionally, ablation studies will also be included to
prove the proposed work further.

CRediT authorship contribution statement

T. Ahila: Writing – original draft, Methodology, Conceptualization,
Data curation, Writing – review & editing, Software. A.C. Subhajini:
Validation, Writing – review & editing, Visualization, Investigation.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgment

Funding: This study does not receive funding from any source.

References

Aggarwal, P., Mishra, N.K., Fatimah, B., Singh, P., Gupta, A., Joshi, S.D., 2022. COVID-
19 image classification using deep learning: Advances, challenges and opportunities.
Comput. Biol. Med. 105350.

Ahuja, S., Panigrahi, B.K., Dey, N., Rajinikanth, V., Gandhi, T.K., 2021. Deep transfer
learning-based automated detection of COVID-19 from lung CT scan slices. Appl.
Intell. 51 (1), 571–585.

Albahri, A.S., Hamid, R.A., Alwan, J.K., Al-Qays, Z., Zaidan, A., Zaidan, B.,
. Almahdi, E., 2020. Role of biological data mining and machine learning tech-
niques in detecting and diagnosing the novel coronavirus (COVID-19): a systematic
review. J. Med. Syst. 44, 1–11.

Aljondi, R., Alghamdi, S., 2020. Diagnostic value of imaging modalities for COVID-19:
scoping review. J. Med. Internet Res. 22 (8), e19673.

Alshazly, H., Linse, C., Barth, E., Martinetz, T., 2021. Explainable covid-19 detection
using chest ct scans and deep learning. Sensors 21 (2), 455.

Alyasseri, Z.A.A., Al-Betar, M.A., Doush, I.A., Awadallah, M.A., Abasi, A.K., Makhad-
meh, S.N., . Damasevicius, R., 2022. Review on COVID-19 diagnosis models based
on machine learning and deep learning approaches. Expert Syst. 39 (3), e12759.

Bao, C., Liu, X., Zhang, H., Li, Y., Liu, J., 2020. Coronavirus disease 2019 (COVID-19)
CT findings: a systematic review and meta-analysis. J. Am. Coll. Radiol. 17 (6),
701–709.

Bharati, S., Podder, P., Mondal, M.R.H., 2020a. Hybrid deep learning for detecting lung
diseases from X-ray images. Inform. Med. Unlocked 20, 100391.

Bharati, S., Podder, P., Mondal, M., Gandhi, N., 2020b. Optimized NASNet for diagnosis
of COVID-19 from lung CT images. In: Paper Presented At the International
Conference on Intelligent Systems Design and Applications.

Bharati, S., Podder, P., Mondal, M., Prasath, V., 2021a. CO-ResNet: Optimized ResNet
model for COVID-19 diagnosis from X-ray images. Int. J. Hybrid Intell. Syst. 1–15,
(Preprint).

Bharati, S., Podder, P., Mondal, M., Prasath, V., 2021b. Medical imaging with deep
learning for COVID-19 diagnosis: a comprehensive review. arXiv preprint arXiv:
2107.09602.

Bhattacharya, S., Maddikunta, P.K.R., Pham, Q.-V., Gadekallu, T.R., Chowdhary, C.L.,
Alazab, M., Piran, M.J., 2021. Deep learning and medical image processing for
coronavirus (COVID-19) pandemic: A survey. Sustainable Cities Soc. 65, 102589.

Dacrema, A., Silva, M., Rovero, L., Vertemati, V., Losi, G., Piepoli, M.F., . Pagani, L.,
2021. A simple lung ultrasound protocol for the screening of COVID-19 pneumonia
in the emergency department. Intern. Emerg. Med. 1–9.

Das, A.K., Ghosh, S., Thunder, S., Dutta, R., Agarwal, S., Chakrabarti, A., 2021.
Automatic COVID-19 detection from X-ray images using ensemble learning with
convolutional neural network. Pattern Anal. Appl. 24 (3), 1111–1124.

Das, N.N., Kumar, N., Kaur, M., Kumar, V., Singh, D., 2020a. Automated Deep Transfer
Learning-Based Approach for Detection of COVID-19 Infection in Chest X-Rays.
IRBM.

Das, D., Santosh, K., Pal, U., 2020b. Truncated inception net: COVID-19 outbreak
screening using chest X-rays. Phys. Eng. Sci. Med. 43 (3), 915–925.

Dastider, A.G., Sadik, F., Fattah, S.A., 2021. An integrated autoencoder-based hybrid
CNN-LSTM model for COVID-19 severity prediction from lung ultrasound. Comput.
Biol. Med. 132, 104296.

El-Kenawy, E.-S.M., Ibrahim, A., Mirjalili, S., Eid, M.M., Hussein, S.E., 2020. Novel
feature selection and voting classifier algorithms for COVID-19 classification in CT
images. IEEE Access 8, 179317-179335.

Fonsi, G.B., Sapienza, P., Brachini, G., Andreoli, C., De Cicco, M.L., Cirillo, B.,
. Fiori, E., 2021. Is lung ultrasound imaging a worthwhile procedure for severe
acute respiratory syndrome coronavirus 2 pneumonia detection? J. Ultrasound Med.
40 (6), 1113–1123.

Glowacz, A., 2021a. Thermographic fault diagnosis of ventilation in BLDC motors.
Sensors 21 (21), 7245.

Glowacz, A., 2021b. Ventilation diagnosis of angle grinder using thermal imaging.
Sensors 21 (8), 2853.

He, F., Deng, Y., Li, W., 2020. Coronavirus disease 2019: What we know? J. Med.
Virol. 92 (7), 719–725.

Hwang, E.J., Kim, K.B., Kim, J.Y., Lim, J.-K., Nam, J.G., Choi, H., . Park, C.M.,
2021. COVID-19 pneumonia on chest X-rays: Performance of a deep learning-based
computer-aided detection system. PLoS One 16 (6), e0252440.

Irfan, M., Iftikhar, M.A., Yasin, S., Draz, U., Ali, S., Glowacz, A., 2021. Role of hybrid
deep neural networks (HDNNs), computed tomography, and chest X-rays for the
detection of COVID-19. Int. J. Environ. Res. Public Health 18 (6), 3056.

Karakuş, O., Anantrasirichai, N., Aguersif, A., Silva, S., Basarab, A., Achim, A., 2020.
Detection of line artifacts in lung ultrasound images of COVID-19 patients via
nonconvex regularization. IEEE Trans. Ultrason. Ferroelectr. Freq. Control 67 (11),
2218–2229.

Kumar, A., Gupta, P.K., Srivastava, A., 2020. A review of modern technologies for
tackling COVID-19 pandemic. Diabetes Metab. Syndr.: Clin. Res. Rev. 14 (4),
569–573.

Li, H., Liu, S.-M., Yu, X.-H., Tang, S.-L., Tang, C.-K., 2020. Coronavirus disease 2019
(COVID-19): current status and future perspectives. Int. J. Antimicrob. Ag. 55 (5),
105951.

Liu, J., Yu, H., Zhang, S., 2020. The indispensable role of chest CT in the detection
of coronavirus disease 2019 (COVID-19). Eur. J. Nucl. Med. Mol. Imaging 47 (7),
1638–1639.

Loey, M., Manogaran, G., Khalifa, N.E.M., 2020. A deep transfer learning model
with classical data augmentation and CGAN to detect COVID-19 from chest CT
radiography digital images. Neural Comput. Appl. 1–13.

Mahmud, T., Rahman, M.A., Fattah, S.A., 2020. CovXNet: A multi-dilation convolutional
neural network for automatic COVID-19 and other pneumonia detection from chest
X-ray images with transferable multi-receptive feature optimization. Comput. Biol.
Med. 122, 103869.

Majeed, T., Rashid, R., Ali, D., Asaad, A., 2020. Issues associated with deploying CNN
transfer learning to detect COVID-19 from chest X-rays. Phys. Eng. Sci. Med. 43
(4), 1289–1303.

Mateos González, M., García de Casasola Sánchez, G., Muñoz, F.J.T., Proud, K.,
Lourdo, D., Sander . . ., J.-V., Restrepo, M.I., 2021. Comparison of lung ultrasound
versus chest X-ray for detection of pulmonary infiltrates in COVID-19. Diagnostics
11 (2), 373.

Mondal, M.R.H., Bharati, S., Podder, P., 2021. CO-IRv2: Optimized InceptionResNetV2
for COVID-19 detection from chest CT images. PLoS One 16 (10), e0259179.

Muhammad, G., Hossain, M.S., 2021. COVID-19 and non-COVID-19 classification using
multi-layers fusion from lung ultrasound images. Inf. Fusion 72, 80–88.

Mukherjee, H., Ghosh, S., Dhar, A., Obaidullah, S.M., Santosh, K., Roy, K., 2021a. Deep
neural network to detect COVID-19: one architecture for both CT scans and chest
X-rays. Appl. Intell. 51 (5), 2777–2789.

Mukherjee, H., Ghosh, S., Dhar, A., Obaidullah, S.M., Santosh, K., Roy, K., 2021b.
Shallow convolutional neural network for COVID-19 outbreak screening using chest
X-rays. Cogn. Comput. 1–14.

Narin, A., Kaya, C., Pamuk, Z., 2021. Automatic detection of coronavirus disease (covid-
19) using x-ray images and deep convolutional neural networks. Pattern Anal. Appl.
1–14.

Narinx, N., Smismans, A., Symons, R., Frans, J., Demeyere, A., Gillis, M., 2020.
Feasibility of using point-of-care lung ultrasound for early triage of COVID-19
patients in the emergency room. Emerg. Radiol. 27 (6), 663–670.

Naronglerdrit, P., Mporas, I., Sheikh-Akbari, A., 2021. COVID-19 detection from chest
X-rays using transfer learning with deep convolutional neural networks. In: Data
Science for COVID-19. Elsevier., pp. 255–273.

Panwar, H., Gupta, P., Siddiqui, M.K., Morales-Menendez, R., Singh, V., 2020. Appli-
cation of deep learning for fast detection of COVID-19 in X-rays using ncovnet.
Chaos Solitons Fractals 138, 109944.

Pham, T.D., 2021. Classification of COVID-19 chest X-rays with deep learning: new
models or fine tuning? Health Inform. Sci. Syst. 9 (1), 1–11.

Podder, P., Khamparia, A., Mondal, M.R.H., Rahman, M.A., Bharati, S., 2021.
Forecasting the spread of COVID-19 and ICU requirements.

Rahimzadeh, M., Attar, A., Sakhaei, S.M., 2021. A fully automated deep learning-based
network for detecting covid-19 from a new and large lung ct scan dataset. Biomed.
Signal Process. Control 68, 102588.

Rajaraman, S., Siegelman, J., Alderson, P.O., Folio, L.S., Folio, L.R., Antani, S.K., 2020.
Iteratively pruned deep learning ensembles for COVID-19 detection in chest X-rays.
IEEE Access 8, 115041-115050.

Rubaiyat Hossain Mondal, M., Bharati, S., Podder, P., 2021. Diagnosis of COVID-
19 using machine learning and deep learning: A review. arXiv e-prints, arXiv:
2110.14910.

Saygılı, A., 2021. A new approach for computer-aided detection of coronavirus (COVID-
19) from CT and X-ray images using machine learning methods. Appl. Soft Comput.
105, 107323.

15

http://refhub.elsevier.com/S0952-1976(22)00397-9/sb1
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb1
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb1
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb1
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb1
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb2
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb2
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb2
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb2
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb2
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb3
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb3
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb3
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb3
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb3
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb3
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb3
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb4
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb4
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb4
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb5
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb5
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb5
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb6
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb6
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb6
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb6
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb6
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb7
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb7
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb7
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb7
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb7
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb8
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb8
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb8
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb9
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb9
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb9
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb9
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb9
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb10
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb10
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb10
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb10
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb10
http://arxiv.org/abs/2107.09602
http://arxiv.org/abs/2107.09602
http://arxiv.org/abs/2107.09602
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb12
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb12
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb12
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb12
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb12
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb13
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb13
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb13
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb13
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb13
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb14
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb14
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb14
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb14
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb14
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb15
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb15
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb15
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb15
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb15
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb16
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb16
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb16
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb17
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb17
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb17
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb17
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb17
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb18
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb18
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb18
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb18
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb18
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb19
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb19
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb19
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb19
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb19
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb19
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb19
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb20
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb20
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb20
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb21
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb21
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb21
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb22
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb22
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb22
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb23
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb23
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb23
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb23
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb23
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb24
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb24
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb24
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb24
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb24
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb25
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb25
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb25
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb25
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb25
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb25
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb25
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb26
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb26
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb26
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb26
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb26
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb27
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb27
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb27
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb27
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb27
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb28
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb28
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb28
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb28
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb28
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb29
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb29
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb29
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb29
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb29
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb30
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb30
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb30
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb30
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb30
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb30
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb30
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb31
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb31
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb31
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb31
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb31
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb32
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb32
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb32
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb32
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb32
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb32
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb32
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb33
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb33
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb33
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb34
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb34
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb34
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb35
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb35
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb35
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb35
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb35
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb36
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb36
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb36
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb36
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb36
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb37
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb37
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb37
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb37
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb37
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb38
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb38
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb38
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb38
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb38
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb39
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb39
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb39
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb39
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb39
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb40
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb40
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb40
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb40
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb40
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb41
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb41
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb41
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb42
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb42
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb42
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb43
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb43
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb43
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb43
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb43
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb44
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb44
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb44
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb44
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb44
http://arxiv.org/abs/2110.14910
http://arxiv.org/abs/2110.14910
http://arxiv.org/abs/2110.14910
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb46
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb46
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb46
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb46
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb46


T. Ahila and A.C. Subhajini Engineering Applications of Artificial Intelligence 116 (2022) 105398

Serte, S., Demirel, H., 2021. Deep learning for diagnosis of COVID-19 using 3D CT
scans. Comput. Biol. Med. 132, 104306.

Shah, V., Keniya, R., Shridharani, A., Punjabi, M., Shah, J., Mehendale, N., 2021.
Diagnosis of COVID-19 using CT scan images and deep learning techniques. Emerg.
Radiol. 28 (3), 497–505.

Sharma, S., 2020. Drawing insights from COVID-19-infected patients using CT scan
images and machine learning techniques: a study on 200 patients. Environ. Sci.
Pollut. Res. 27 (29), 37155–37163.

Shorten, C., Khoshgoftaar, T.M., Furht, B., 2021. Deep learning applications for
COVID-19. J. Big Data 8 (1), 1–54.

Silva, P., Luz, E., Silva, G., Moreira, G., Silva, R., Lucio, D., Menotti, D., 2020.
COVID-19 detection in CT images with deep learning: A voting-based scheme and
cross-datasets analysis. Inform. Med. Unlocked 20, 100427.

Singhal, T., 2020. A review of coronavirus disease-2019 (COVID-19). Indian J. Pediatr.
87 (4), 281–286.

Sorlini, C., Femia, M., Nattino, G., Bellone, P., Gesu, E., Francione ., P., Bertolini, G.,
2021. The role of lung ultrasound as a frontline diagnostic tool in the era of
COVID-19 outbreak. Intern. Emerg. Med. 16 (3), 749–756.

Taylor, W., Abbasi, Q.H., Dashtipour, K., Ansari, S., Shah, S.A., Khalid, A., Imran, M.A.,
2020. A review of the state of the art in non-contact sensing for COVID-19. Sensors
20 (19), 5665.

Turkoglu, M., 2021. COVID-19 Detection System using Chest CT Images and Multiple
Kernels-Extreme Learning Machine Based on Deep Neural Network. IRBM.

Ucar, F., Korkmaz, D., 2020. COVIDiagnosis-Net: Deep Bayes-SqueezeNet based di-
agnosis of the coronavirus disease 2019 (COVID-19) from X-ray images. Med.
Hypotheses 140, 109761.

Wu, Y.-H., Gao, S.-H., Mei, J., Xu, J., Fan, D.-P., Zhang, R.-G., Cheng, M.-M., 2021. Jcs:
An explainable covid-19 diagnosis system by joint classification and segmentation.
IEEE Trans. Image Process. 30, 3113–3126.

Wu, H., Xie, P., Zhang, H., Li, D., Cheng, M., 2020. Predict pneumonia with chest X-
ray images based on convolutional deep neural learning networks. J. Intell. Fuzzy
Systems 39 (3), 2893–2907.

Xing, C., Li, Q., Du, H., Kang, W., Lian, J., Yuan, L., 2020. Lung ultrasound findings
in patients with COVID-19 pneumonia. Crit. Care 24 (1), 1–3.

Xue, W., Cao, C., Liu, J., Duan, Y., Cao, H., Wang ., J., Zhang, J., 2021. Modality
alignment contrastive learning for severity assessment of COVID-19 from lung
ultrasound and clinical information. Med. Image Anal. 69, 101975.

Zebin, T., Rezvy, S., 2021. COVID-19 detection and disease progression visualization:
Deep learning on chest X-rays for classification and coarse localization. Appl. Intell.
51 (2), 1010–1021.

Zhao, L., Lediju Bell, M.A., 2022. A review of deep learning applications in lung
ultrasound imaging of COVID-19 patients. BME Front. (2022).

16

http://refhub.elsevier.com/S0952-1976(22)00397-9/sb47
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb47
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb47
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb48
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb48
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb48
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb48
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb48
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb49
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb49
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb49
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb49
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb49
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb50
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb50
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb50
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb51
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb51
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb51
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb51
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb51
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb52
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb52
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb52
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb53
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb53
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb53
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb53
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb53
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb54
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb54
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb54
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb54
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb54
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb55
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb55
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb55
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb56
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb56
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb56
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb56
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb56
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb57
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb57
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb57
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb57
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb57
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb58
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb58
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb58
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb58
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb58
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb59
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb59
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb59
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb60
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb60
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb60
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb60
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb60
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb61
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb61
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb61
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb61
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb61
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb62
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb62
http://refhub.elsevier.com/S0952-1976(22)00397-9/sb62


Relationship of Selected Anthropometric Measurements Physical Fitness 
Components and Physiological Parameters Highly Correlated  

with Sprinting Ability of Inter-Collegiate Sprinters 

VV..  VViijjuu,,  PPhh..dd  --SScchhoollaarr,,  DDeeppaarrttmmeenntt  ooff  PPhhyyssiiccaall  EEdduuccaattiioonn,,  AAnnnnaammaallaaii  UUnniivveerrssiittyy..  
Dr. P. Sivakumar, (Research Guide) AAssssiissttaanntt  PPrrooffeessssoorr,,  DDeeppaarrttmmeenntt  ooff  PPhhyyssiiccaall  
EEdduuccaattiioonn,,  AAnnnnaammaallaaii  UUnniivveerrssiittyy..  
DDrr..  YY..  WWiissee  BBlleesssseedd  SSiinngghh,,  AAssssoocciiaattee  PPrrooffeessssoorr,,  DDeeppaarrttmmeenntt  ooff  PPhhyyssiiccaall  EEdduuccaattiioonn,,  
AAnnnnaammaallaaii  UUnniivveerrssiittyy..  
  

Abstract 

 The intension of the study was to investigate the selected anthropometric 

measurements, physical, physiological parameters highly correlated with sprinting ability 

of inter-collegiate level sprinters. To attain this aim, the investigator selected 330 male 

inter-collegiate level sprinters as subjects. Random group design was used for this 

investigation, as it is most suitable. The age of the selected subjects was from eighteen to 

twenty five years. In this study one criterion (sprinting ability) and sixteen determinant 

variables were included. Pearson product moment correlation was utilized to verify the 

association between criterion (sprinting ability) and determinant variables. The 

relationship between criterion and determinant variables as well as inter-correlations 

among determinant variables was calculated by using Pearson product-moment 

correlation formula. To test the hypothesis 0.05 level of confidence was fixed. The 

sprinting ability (SA) is significantly correlated with height, arm length, leg length, thigh 

girth, calf girth, speed, explosive power, muscular strength endurance, dynamic balance, 

breath holding time, VO2max and anaerobic power of the sprinters.  

Keywords: Anthropometric, physical, physiological parameters and sprinters 

INTRODUCTION 

 The superior performance of today’s athletes is the result of a complex blend of 

many factors (MacDougall et al., 1991). These factors include genetic endowment, 

physiology, biomechanics, training, health status, and experience. Champion athletes, 

depending on their specific sports, vary considerably in their physiological attributes 

(Daniels, 1974). It is therefore necessary to gain an understanding of the essential 

performance characteristics of a specific sport, in order to develop optimal training 

strategies for the athlete.  

 Sprinting is running over a short distance at the top-most speed of the body in a 

limited period of time. It is used in many sports that incorporate running, typically as a 
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way of quickly reaching a target or goal, or avoiding or catching an opponent. Sprint 

running races are short distances races in which athletes try to run at their maximum 

speed throughout the entire distance of the race. Sprint races are part of the track and field 

discipline and are included in all events that feature track and field competitions. Three 

sprints are currently held at the modern Summer Olympics and outdoor World 

Championships: the 100 metres, 200 metres, and 400 metres. 

 As compared to other sprinting events, the relative simplicity of the 100 m sprint 

makes it ideal for studying the elements of sprint running. Unlike other track-and-field 

sprints, such as the 200 m or 400 m event, the 100 m sprint does not involve a curve of 

the track. Thus, running technique involves purely linear movement, and no centrifugal or 

centripetal (outward and inward radial) forces. Given recent world record 

accomplishments in the male 100 m sprint event, it is assumed that a review of this event, 

and the multiple determinants to 100 m sprint performance would be a timely addition to 

the scientific and coaching literature within athletics. Consequently, the purpose of this 

study was to identify the features of the 100 m sprint that make it such an iconic event, 

and summarize the multi-faceted determinants to sprint running performance so that 

understanding and commentary on performance can be based on science rather than 

speculation or personal bias. Taking this into consideration the research scholar has 

decided to conduct his research on the same and find the solution of the problem. This 

research will be useful for both sprinters as well as coaches to improve sprint 

performance.  

METHODOLOGY  

Selection of Subjects 

 To determine the association between the criterion and determinant variables, 

three hundred and thirty male inter-collegiate level sprinters from various arts and science 

colleges affiliated to Manonmaniam Sundaranar University, Tirunelveli and also from 

Madurai Kamaraj University, Madurai, Tamilnadu were chosen. Random group design 

was used, as it is most appropriate. The age of the subjects was from 18 to 25 years.  

Selection of Variables  

Criterion Variable: The 100m sprinting performance of the selected sprinters were 

considered as criterion variable. 

Anthropometric Measurements:  The following anthropometric variables namely 

Height, arm length, leg length, thigh girth and calf girth were selected. 
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Physical fitness components: The physical fitness components such as maximum speed, 

explosive power, muscular strength, flexibility and dynamic balance were selected. 

Physiological parameters: The physiological parameters such as resting heart rate, 

breath holding time, anaerobic power, forced vital capacity and Vo2max were selected. 

Collection of Data 

 The sprinting ability of the subjects was assessed by conducting 100m race and 

the selected anthropometric measurements, physical fitness components and 

physiological parameters were measured through standard test and measurements. 

Statistical Techniques 

 In this study one criterion (sprinting ability) and sixteen determinant variables are 

included. Pearson product moment correlation was utilized to verify the association 

between criterion (sprinting ability) and determinant variables. The relationship between 

criterion and determinant variables as well as inter-correlations among determinant 

variables was calculated by using Pearson product-moment correlation formula. To test 

the hypothesis 0.05 level of confidence was fixed. 

Result  

 The descriptive statistics– range, minimum, maximum, mean and standard 

deviation of anthropometric, physical, physiological parameters and sprinting ability of 

sprinters have been presented in table-I. 

Table – I 
Descriptive Statistics Results of Chosen Anthropometric, Physical, Physiological 

Parameters and Sprinting Ability among Sprinters 
 N Range Minimum Maximum Mean Std. Deviation 
Height 330 15.00 154.00 169.00 1.6099E2 4.18311 
Arm length 330 15.00 54.00 69.00 60.9939 4.18202 
Leg length 330 10.00 69.00 79.00 75.0636 2.82287 
Thigh girth 330 9.00 39.00 48.00 43.2333 2.72723 
Calf girth 330 7.00 25.00 32.00 28.5030 1.56762 
Speed 330 0.84 4.14 4.98 4.5257 .14345 
Power 330 50.00 2.00 52.00 45.2030 4.16141 
Strength 330 10.00 59.00 69.00 64.9455 2.77035 
Flexibility 330 6.00 12.00 18.00 15.2576 1.82777 
Balance 330 8.00 35.00 43.00 39.0636 1.96138 
RHR 330 3.00 65.00 68.00 66.4758 1.19816 
BHT 330 31.00  37.00  68.00  40.33  2.55  
Anaerobic 330 26.00 260.00 286.00 2.7523E2 5.53767 
FVC 330 0.54 3.05 3.59 3.3423 0.15795 
Vo2max 330 0.31 2.64 2.95 2.8035 0.09017 
Sprinting 330 2.20 11.10 13.30 12.0795 0.61959 
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Correlation Analysis  

 The Inter-relationships between chosen anthropometric, physical, physiological 

parameters with sprinting ability of sprinters were computed using Pearson Product 

Moment Correlation and results are given in Table – II. 

Table –II: Inter-Correlation Results on Selected Anthropometric, Physical, 
Physiological Parameters with Sprinting Ability of Male Sprinters 

 SA Ht AL LL TG CG SP EP MSE Flex DB RHR BHT AP FVC VO2 

SA 1 0.301* 0.287* 0.318* 0.163* 0.161* 0.229* 0.285* 0.284* 0.053 0.200* 0.006 0.112* 0.619* 0.018 0.394* 

Ht  1 0.998* 0.975* 0.599* 0.243* 0.144* 0.736* 0.707* 0.006 0.325* 0.029 0.086 0.394* 0.347* 0.707* 
AL   1 0.976* 0.578* 0.250* 0.131* 0.724* 0.691* 0.003 0.331* 0.013 0.098 0.390* 0.341* 0.698* 

LL    1 0.467* 0.231* 0.156* 0.688* 0.706* 0.010 0.337* 0.090 0.028 0.383* 0.360* 0.703* 
TG     1 0.088 0.217* 0.659* 0.479* 0.060 0.228* 0.275* 0.236* 0.134* 0.133* 0.465* 
CG      1 0.308* 0.031 0.108 0.133* 0.265* 0.139* 0.073 0.086 0.141* 0.365* 
MS       1 0.155* 0.245* 0.317* 0.106 0.231* 0.178* 0.310* 0.254* 0.185* 
EP        1 0.646* 0.071 0.130* 0.149* 0.131* 0.273* 0.309* 0.343* 

MSE         1 0.097 0.243* 0.046 0.101 0.117* 0.369* 0.445* 
Flex          1 0.183* 0.106 0.076 0.144* 0.282* 0.087 
DB           1 0.082 0.160* 0.014 0.050 0.369* 

RHR            1 0.912* 0.132* 0.002 0.185* 
BHT             1 0.014 0.044 0.053 
AP              1 0.328* 0.134 

FVC               1 0.261* 
Vo2                1 

*The required table ‘r’ value is 0.109 at 0.05 level of confidence.   

SA Sprinting Ability CG Calf girth  DB Dynamic balance 
Ht Height SP Speed RHR Resting heart rate 
AL Arm Length EP Explosive power BHT Breath holding time 
LL Leg Length MSE Muscular strength endurance AP Anaerobic power 
TG Thigh Girth Flex Flexibility FVC Forced vital capacity 

    Vo2 Vo2 max 

 The following anthropometrical variables; height (0.301), arm length (0.287), leg 

length (0.318) thigh girth (0.163), calf girth (0.161) were significantly correlated with the 

sprinting ability. High correlation also existed between sprinting ability versus selected 

physical fitness components namely speed (0.229), explosive power (0.285), muscular 

strength endurance (0.284) and dynamic balance (0.200). The chosen physiological 

components; breath holding time (0.112), VO2max (0.394) and anaerobic power (0.619) 

was significantly correlated with the sprinting ability. As the obtained ‘r’ values was 

found at 0.05 level of confidence was higher than required table ‘r’ value 0.109. The 

obtained and required ‘r’ values of selected anthropometric measurements with sprinting 

ability is displayed in table-III. 
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Table – III: Correlation between Criterion and Anthropometric Measurements  
 

S.No Variables Correlated Obtained ‘r’ 
1. Sprinting and Standing Height  0.301* 
2. Sprinting Ability and Arm Length 0.287* 
3. Sprinting Ability and Leg Length 0.318* 
4. Sprinting Ability and Thigh Girth 0.163* 
5. Sprinting Ability and Calf Girth 0.161* 

 *The required table ‘r’ value is 0.109 (0.05 level)    

The sprinting ability was significantly correlated with the selected anthropometric 

measurements such as height, arm length, leg length, thigh girth and calf girth of the 

sprinters since the obtained correlation coefficient values 0.301, 0.287, 0.318, 0.163 and  

0.161 are greater than the required table value (0.109). The obtained correlation 

coefficient values between sprinting ability and the selected anthropometric 

measurements are graphically represented in figure-I.  

Figure-I: Diagram Showing the Correlation Coefficient Values between Sprinting 
Ability and the Selected Anthropometric Measurements 

 

 The obtained and required ‘r’ values of selected physical fitness components with 

sprinting ability is displayed in table-IV. 

Table – IV: Correlation between Criterion and Physical Fitness Components  
S.No Variables Correlated Obtained ‘r’ 

1. Sprinting Ability and speed 0.229* 
2. Sprinting Ability and explosive power 0.285* 
3. Sprinting Ability and muscular strength endurance 0.284* 
4. Sprinting Ability and flexibility 0.053 
5. Sprinting Ability and dynamic balance 0.200* 

     *The required table ‘r’ value is 0.109 (0.05 level)   

 The sprinting ability was significantly correlated with the selected physical fitness 

components namely speed (0.229), explosive power (0.285), muscular strength endurance 
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(0.284) and dynamic balance (0.200), as the required table ‘r’ value was 0.109 found at 

0.05 level of confidence was higher than obtained ‘r’ values. However sprinting ability 

were not significantly correlated with flexibility (0.053) of the sprinters. The obtained 

correlation coefficient values between sprinting ability and the selected physical fitness 

components are graphically represented in figure-II.  

Figure-II: Diagram Showing the Correlation Coefficient Values between Sprinting 
Ability and the Selected Physical Fitness Components  

 

 
 The obtained and required ‘r’ values of chosen physiological parameters with 

sprinting ability is displayed in table-V 

Table – V: Correlation Co-Efficient between Criterion  
and Selected Physiological Parameters  

S.No Variables Correlated Obtained ‘r’ 
1. Sprinting Ability and resting heart rate  0.006 
2. Sprinting Ability and breath holding time 0.112* 
3. Sprinting Ability and Anaerobic power 0.619* 
4. Sprinting Ability and Forced vital capacity 0.018 
5. Sprinting Ability and VO2max 0.394* 

           *The required table ‘r’ value is 0.28 (0.05 level)   

 The sprinting ability was significantly correlated with the chosen physiological 

parameters breath holding time (0.112), anaerobic power (0.619) and VO2max (0.394) as 

the required table ‘r’ value 0.109 found at 0.05 level of confidence is higher than obtained 

‘r’ values. However sprinting ability was not significantly correlated with resting heart 

rate (0.006) and Forced vital capacity (0.018) of the sprinters.  
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Figure-III: Diagram Showing the Correlation Coefficient Values between Sprinting 
Ability and the Selected Physiological Parameters 

 

 

Discussion  

 Ramachandra and Shelvam (2017) identified the predominance of anthropometric 

variables between the sprinters. The variables in order of priority were standing height, 

foot breadth, chest breadth, upper leg length, thigh girth, wrist girth, calf girth, weight, 

ankle girth and foot length. Niels-Uth (2005) compared the anthropometry of sprinters 

and people belonging to the normal population. Both male and female sprinters had lower 

body mass index (BMI) than the normal populations. It has been suggested that particular 

anthropometric measures are pre-requisites for good athletic performance in various 

sports (Kukolj et al., 1999). The anthropometric dimensions measured in this study 

revealed significant relationships with sprint performance. Hunter and coworkers (2004) 

reported that height and leg length to be good predictors of acceleration phase velocity. 

 High performance sprint running from a block start requires the production of 

both high level forces and angular velocities (Harland & Steele, 1997; Mero et al., 1983; 

Mero et al., 1992). Specifically, large forces generated by the leg musculature whilst in 

the starting blocks can lead to a performance edge over the other competitors in the race 

(Harland & Steele, 1997). An explosive sprint start requires a powerful angular drive of 

the arms, hips and legs (Hoster & May, 1979; Korchemny, 1992). An athlete's relative 

explosive ability of their hip and knee extensors is critical to sprint performance. In fact 

the stored elastic energy has been suggested to be necessary to sprint performance (Mero 

et al., 1992). 

 Human physiology and physique combine to be the most influential determinants 

of improved sprint performance (Majumdar & Robergs, 2011). Physiological profiling is 
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used within team sports to assess both the demands of the sport and provide evidence of 

position specific requirements (Geithner et al., 2006). Differences in positional demands 

have been found between playing positions, the centre positions being the most active 

(McManus & Stevenson, 2007). For all athletes involved in high professional competitive 

sports the body is required to perform at optimum capacity in terms of biomechanics and 

physiology (Zaccagni, 2012).  

Conclusion  

 The sprinting ability was significantly correlated with height, arm length, leg 

length, thigh girth, calf girth, speed, explosive power, muscular strength endurance, 

dynamic balance, breath holding time, VO2max and anaerobic power was significantly 

correlated with the sprinting ability. Present day science is very much interested in 

estimating the optimum anthropometric, physical, physiological make-up of sprinters. So 

the scanning and selection of sprinters may be achieved successfully to a great extent by 

measuring anthropometric, physical, physiological parameters. 
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Abstract 

The aim of this investigation was to determine the factors predominant to 
sprinting ability of university level sprinters. To attain this aim, the investigator selected 
330 male inter-collegiate level sprinters as subjects. Random group design was used for 
this investigation, as it is most suitable. The age of the selected subjects was from 
eighteen to twenty five years. In this study one criterion (sprinting ability) and twenty 
determinant variables (anthropometric measurements, physical fitness components, 
physiological parameters and speed related parameters) were included. The relationship 
between criterion and determinant variables as well as inter-correlations among 
determinant variables was calculated by using Pearson product-moment correlation 
formula. The computation of multiple regressions was also used. Multiple regressions 
analysis was used to find out the predictor variable that has the highest correlation with 
the criterion variables and it is entered into the equation first. The rest of the variables are 
entered into the equation depending on the contribution of each predictor. To test the 
hypothesis 0.05 level of significance was fixed. The regression equation for the sprinting 
ability includes acceleration speed, stride frequency and anaerobic power.  

Keywords: Anthropometric, Physical, Physiological, Speed parameters and Sprinters 

INTRODUCTION 

 100m sprint event is a spectacular event in track and field, it is a most dominant 

event compare with all other events. In the short distance running there is a purpose to 

overcome the gifted distance in the shortest possible time. The decisive factors of the 

sports performance structure are maximal running speed and the ability to keep it as 

longer as possible (speed endurance). Even in many different sports and events the 

maximal running speed participates either directly or not on the level of sports 

performance and sportsman’s successfulness. That is why the development of speed 

abilities is very topical problem of the sports theory and practice. The great deal of 

genetic determination and limited possibilities of the speed abilities’ development turn 

attention for the selection of talented youth and look for new, more effective means and 

methods of development. 

 Performance is the ability to achieve the high score in sprinting competitive event. 

Athletes are always in search of more speed. Running speed is an essential component of 

most major sports, and can be the determining factor in the outcome of a sporting event. It 
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is for this reason that athletes undertake training programs to improve their individual 

speeds. In order to gain a performance advantage, athletes are always in search of newer 

methods.   While team court sports have been widely researched, few studies have been 

conducted comparing predominant characteristics of sprinters. Hence, this kind of 

analysis will allow the identification of the different components of performance and how 

they interact to influence performance in sprint.  

 Running speed is an essential component of most of the major sports. Often, it is 

the determining factor in the outcome of a sporting event. Thus, the ability to enhance 

running speed is of prime importance to coaches and athletes. Since the researcher is a 

sprinter, the investigator feels that there is a need for an analytical study in order to 

discriminate the dominant factors associated with the sprinting performance of inter-

collegiate level sprinters. Moreover, limited number of researches had been done among 

inter-collegiate level sprinters, and also there is a lack of descriptive data on the sprinting 

ability of inter-collegiate level sprinters. This has motivated to take up the study to predict 

the factors predominant to the sprinting ability of inter-collegiate level sprinters. 

METHODOLOGY  

Selection of Subjects 

 To determine the association between the criterion and determinant variables, 

three hundred and thirty male inter-collegiate level sprinters from various arts and science 

colleges affiliated to Manonmaniam Sundaranar University, Tirunelveli and also from 

Madurai Kamaraj University, Madurai, Tamilnadu were chosen. Random group design 

was used, as it is most appropriate. The age of the subjects was from 18 to 25 years.  

Selection of Variables  

Criterion Variable: The 100m sprinting performance of the selected sprinters were 

considered as criterion variable. 

Anthropometric Measurements:  The following anthropometric variables namely 

Height, arm length, leg length, thigh girth and calf girth were selected. 

Physical fitness components: The physical fitness components such as maximum speed, 

explosive power, muscular strength, flexibility and dynamic balance were selected. 

Physiological parameters: The physiological parameters such as resting heart rate, 

breath holding time, anaerobic power, forced vital capacity and Vo2max were selected. 

Speed Parameters: Reaction time, acceleration speed, stride length, stride frequency and 

speed endurance were selected. 
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Collection of Data 

 The sprinting ability of the inter-collegiate level sprinters was assessed by 

conducting 100m race and the selected anthropometric measurements, physical fitness 

components and physiological parameters were measured through standard test and 

measurements. 

Statistical Techniques 

In this study one criterion (sprinting ability) and twenty determinant variables are 

included. The relationship between criterion and determinant variables as well as inter-

correlations among determinant variables was calculated by using Pearson product-

moment correlation formula. The computation of multiple regressions was also used. In 

multiple regressions, a criterion variable was predicted from a set of predictors. Multiple 

regressions analysis was used to find out the predictor variable that has the highest 

correlation with the criterion variables and it is entered into the equation first. The rest of 

the variables are entered into the equation depending on the contribution of each 

predictor. To test the hypothesis 0.05 level of significance was fixed. 

Result  

The descriptive statistics– range, minimum, maximum, mean and standard deviation of 

anthropometric, physical, physiological, speed parameters and playing ability of sprinters 

have been presented in table-I. 

Table – I: Descriptive Statistics Results of Chosen Anthropometric, Physical, 
Physiological, Speed Parameters and Sprinting Ability among Sprinters 

 N Range Minimum Maximum Mean SD 
Height 330 15.00 154.00 169.00 1.6099E2 4.18311 
Arm length 330 15.00 54.00 69.00 60.9939 4.18202 
Leg length 330 10.00 69.00 79.00 75.0636 2.82287 
Thigh girth 330 9.00 39.00 48.00 43.2333 2.72723 
Calf girth 330 7.00 25.00 32.00 28.5030 1.56762 
Speed 330 0.84 4.14 4.98 4.5257 0.14345 
Power 330 50.00 2.00 52.00 45.2030 4.16141 
Strength 330 10.00 59.00 69.00 64.9455 2.77035 
Flexibility 330 6.00 12.00 18.00 15.2576 1.82777 
Balance 330 8.00 35.00 43.00 39.0636 1.96138 
RHR 330 3.00 65.00 68.00 66.4758 1.19816 
BHT 330 31.00  37.00  68.00  40.33  2.55  
Anaerobic 330 26.00 260.00 286.00 2.7523E2 5.53767 
FVC 330 0.54 3.05 3.59 3.3423 0.15795 
Vo2max 330 0.31 2.64 2.95 2.8035 0.09017 
Reaction 330 0.10 0.17 0.27 0.2239 0.02521 
Acceleration 330 2.10 4.20 6.30 5.1763 0.51255 
Stride length 330 0.22 1.63 1.85 1.7479 0.06054 
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Frequency 330 1.09 4.11 5.20 4.6064 0.29366 
Endurance 330 2.13 17.12 19.25 18.0963 0.58069 
Sprinting 330 2.20 11.10 13.30 12.0795 0.61959 

 

Correlation Analysis  

 The inter-relationships between chosen anthropometric, physical, physiological 

and speed parameters with playing ability of sprinters were computed using Pearson 

Product Moment Correlation. It was evident from the Pearson Product Moment 

Correlation results that sprinting ability (SA) is significantly correlated with are height, 

arm length, leg length, thigh girth, explosive power, muscular strength, anaerobic power, 

VO2max, reaction time, stride frequency and speed endurance of sprinters.  

 The following anthropometrical variables; height (0.301), arm length (0.287), leg 

length (0.318) thigh girth (0.163), calf girth (0.161) were significantly correlated with the 

sprinting ability. High correlation also existed between sprinting ability versus selected 

physical fitness components namely speed (0.229), explosive power (0.285), muscular 

strength endurance (0.284) and dynamic balance (0.200). The chosen physiological 

components; breath holding time (0.112), VO2max (0.394) and anaerobic power (0.619) 

was significantly correlated with the sprinting ability. The selected speed parameters 

namely reaction time (0.847), acceleration speed (0.999), stride length (0.790), speed 

frequency (0.944), speed endurance (0.393) were highly correlated with the sprinting 

ability of the sprinters. As the obtained ‘r’ values was found at 0.05 level of confidence 

was higher than required table ‘r’ value 0.109. 

 The obtained and required ‘r’ values of selected anthropometric, physical, 

physiological, speed parameters with sprinting ability is displayed in table-I. 
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Table – I: Correlation between Criterion and Determinant Variables  

 

 

 

Step-Wise Multiple Regression Analysis  

 Stepwise multiple regression was computed to explore the prediction of dominant 

factors of sprinting ability from the predictor variables of inter-collegiate sprinters.  

 The analysis of variance for the influence of predictor variables on sprinting 

ability among inter-collegiate sprinters is in table -II. 

Table II: Analysis of Variance for the Influence of Predictor Variables on 
Sprinting Ability Among Inter-collegiate Level Sprinters 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

1 Regression 8.877 1 8.877 15252.182 .000b 

Residual 0.016 28 0.001   

Total 8.894 29    
2 Regression 8.884 2 4.442 12062.074 .000c 

Residual 0.010 27 .000   
Total 8.894 29    

3 Regression 8.885 3 2.962 9077.734 .000d 

Residual 0.008 26 .000   

Total 8.894 29    

a. Dependent Variable: sprint ability 
b. Predictors: (Constant), ACCSPEED 
c. Predictors: (Constant), ACCSPEED, STFRE 
d. Predictors: (Constant), ACCSPEED, STFRE, ANEROBIC 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0.301 0.287 0.318

0.163 0.161
0.229

0.285

0

0.2
0.112

0.619

0.394

0.847

0.999

0.79

0.944

0.393

0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109

Obtained ‘r’ Required ‘r’
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 It was clear from the table-II that the obtained ‘F’ value 15252.18, 120602.07 and 

9077.73 are significant (0.05 levels). Hence, all the independent variables are collectively 

influenced on the sprinting ability of sprinters.  

 As the F ratio is significant multiple regressions was computed. Multiple 

regression equation was computed only because the multiple correlations were 

sufficiently high to warrant prediction from it. Then, the correlation identified the 

independent variables to be included and their order in the regression equation. Multiple 

correlations were computed by step-wise argument method and the results were presented 

in Table – III. 

Table-III: Step-Wise Multiple Regression between Sprinting 
Ability and Independent Variables of Sprinters 

Model R R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate 

1 0.999a 0.998 0.998 0.02413 
2 0.999b 0.999 0.999 0.01919 
3 1.000c 0.999 0.999 0.01806 

a. Predictors: (Constant), ACCSPEED 
b. Predictors: (Constant), ACCSPEED, STFRE 
c. Predictors: (Constant), ACCSPEED, STFRE, ANEROBIC 

 From table-III, it was found that the multiple correlations co-efficient for 

predictors, such as acceleration speed, stride frequency and anaerobic power was 1.000 

which produce highest multiple correlations with sprinting ability. ‘R’ square values show 

that the percentage of contribution of predictors to the sprinting ability (Dependent 

variables) is in the following order. 

 1. About 99.8% of the variation in the sprinting ability was explained by the 

regression model with one predictor acceleration speed. 

 2. About 99.9% of the variation in the sprinting ability was explained by the 

regression model with two predictors, acceleration speed and stride frequency. An 

additional 0.001% of the variance in the sprinting ability was contributed by stride 

frequency. 

 3. About 99.9% of the variation in the sprinting ability was explained by the 

regression model with three predictors, acceleration speed, stride frequency and anaerobic 

power. An additional 0.001% of the variance in the sprinting ability was contributed by 

anaerobic power.   

 Multiple regression equation was computed and the obtained results are presented 

in Table – IV. 
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Table-IV: Regression Analysis of Prediction Equation of 
Sprinters (Stepwise Method) 

Model 
Unstandardized 

Coefficients 
Standardized 
Coefficients t Sig. 

B Std. Error Beta 

1 (Constant) 6.911 .041  168.176 .000 

ACCSPEED 1.017 .008 .999 123.500 .000 
2 (Constant) 6.517 .100  64.915 .000 

ACCSPEED .945 .018 .929 51.112 .000 
STFRE .160 .039 .075 4.154 .000 

3 (Constant) 7.189 .332  21.674 .000 

ACCSPEED .941 .017 .925 53.782 .000 

STFRE .146 .037 .069 3.968 .001 

ANEROBIC -.002 .001 -.016 -2.115 .044 

a. Dependent Variable: sprinting ability 
Predictors in the Model 1:  (Constant), Acceleration Speed. 
Predictors in the Model 2:  (Constant), Acceleration Speed, stride frequency. 
Predictors in the Model 3:  (Constant), Acceleration Speed, stride frequency and 
anaerobic power. 

 From the Table-IV, the following regression equations were derived for sprinting 

ability of sprinters.  

Regression Equation in obtained scores form = CR 

Sprinting Ability = 6.911 + 0.941 (Acceleration Speed) + 0.146 (stride frequency) - 0.002 

(anaerobic power)  

 The regression equation for the dominant factors of sprinting ability includes 

acceleration speed, stride frequency and anaerobic power. As the multiple correlations on 

dominant factors of sprinting ability with the combined effect of these predictor variables 

are highly significant, it is apparent that the obtained regression equation has a high 

predictive validity. 

Discussion  

 According to the current study, the apparent importance of anthropometric 

variables in running speed.  Stride length increases with body height, and strength and 

power with muscle development, thereby influencing the sprint performance 

(Papaiakovou, et al., 2009). The improvement in sprint performance is related to the 

maturation of the neural system and improved muscle/neural coordination, in addition to 

the increase in muscle mass (Malina, Bouchard & Bar-Or. 2004). Wong et al., 

(2009) found that taller players performed better in 10 m and 30 m sprint. In the growth 

spurt, the variations in maturation for the same chronological age have been shown be as 
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much as 2 or 3 years, or even more, and Malina et al., (2007) suggest that body mass and 

maturity account for 50% of variance in short sprint. 

 Barrera et al., (2022) analyze the relationship between sprint performance (time), 

and strength and power capabilities in football players and found that peak torque at 

higher velocities and vertical jump performance correlates significantly with linear sprint 

performance. Suarez-Arrones et al., (2020) suggested that despite the existence of 

substantial correlations between variables, straight linear sprinting, jumping performance, 

CODs and squat power were, for the most part, separate motor qualities, suggesting that 

all of them should be specifically assessed and trained. Loturco et al., (2019) identified 

that maximum running speed is a very complex physical capacity, which should be 

assessed and trained using several methods and training strategies. 

 Human physiology and physique combine to be the most influential determinants 

of improved sprint performance (Majumdar & Robergs (2011). Physiological profiling is 

used within team sports to assess both the demands of the sport and provide evidence of 

position specific requirements (Geithner et al., 2006). For all athletes involved in high 

professional competitive sports the body is required to perform at optimum capacity in 

terms of biomechanics and physiology (Zaccagni, 2012).  

 Numerous investigators have attempted to isolate predictive factors for the 

selection of track and field athletes (Foreman, 1989; Henson et al., 1989a). Alabin et al., 

(1980) identified the following factors as predictors of track and field talent: height, 

weight, speed, stride frequency and stride length, reaction time, strength, power, 

endurance, coordination, psychological approaches, intellectual level, and biological 

growth rate. Foreman (1989) outlined some of the characteristics related to successful 

performance in terms of relative importance in various events. In the area of sprints and 

hurdles, natural speed, power, stride cadence, strength, movement time, and low percent 

fat were considered important.  

Conclusion  

 The sprinting ability was significantly correlated with height, arm length, leg 

length, thigh girth, calf girth, speed, explosive power, muscular strength endurance, 

dynamic balance, breath holding time, VO2max and anaerobic power, reaction time, 

stride frequency and speed endurance of sprinters. The predictor variables namely 

acceleration speed, stride frequency and anaerobic power can be used to predict 

the sprinting ability of inter-collegiate level sprinters. 
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ABSTRACT 

India has the second largest education system in the world. The Indian education system has 

gone through many phases. Great effort has been put to shape up the present scenario of education 

system. Covid-19 has prompted to rethink the traditional mode of teaching. Online courses call for a 

greater amount motivation and self-discipline than a classroom-based course. Online learning 

environments have grown in popularity and application in arts and science colleges during the covid 

19 pandemic situation.  

The aim of this study is to analyze the student mind set of online classes in the arts and 

science college students for improving online classes environments. The objectives of the studies are 

to determine the general opinion of students towards online classes and to determine various 

attributes to the success of online classes.  

This study adopted descriptive research design. The survey was conducted in 250 students of 

Arts and Science colleges by Quota sampling method. The primary source comprised of information 

gathered from the respondent through online questionnaires method. The questionnaire consists of 

relevant attributes such as performance, Convenience, information, interaction, Reliability and trust, 

security, Aesthetics, Continuous improvement. Likerts scale techniques and Standard Deviation 

method used as tools for analysis. Based on the analysis of data, this study reached a logical 

conclusion through identification of key design areas. It helped to understand the student’s mind set 

and their expectation from online classes. 

 

Keywords: Students mind set, Online classes, Education system 

 

INTRODUCTION  

Education is a basic human right and is necessary for enjoying many other rights. Education 

contributes to building more just societies through reducing poverty and inequalities. No country has 

ever climbed the human development ladder without steady investment in educational system. 

Education raises people’s productivity and creativity and promotes entrepreneurship and 

technological advances. Higher education is a powerful sector to enhance productivity and growth. It 

contributes to personal and social development, and reduce social inequality.   

 

AFTER COVID-19 CHANGES ON EDUCATIONAL SYSTEM 

The petrifying and the extreme impact of COVID-19 have shaken the world to its core. In 

addition, the higher a part of the Governments across the globe have quickly closed academic 

establishments making an attempt to comprise the unfold of the COVID-19 pandemic. In India as 

effectively, the federal government as a facet of the nationwide lockdown has closed. All academic 

institution, as a consequence of which, learners from school kids to postgraduate college students, 

are affected.  

Covid-19 has prompted experts to rethink the traditional mode of teaching. Online teaching 

seems to be a viable reply for make up for within the shortfall for classroom teaching. Online 

teaching is more likely to be built-in into mainstream studying. This may allow inclusive online 

teaching by encouraging studying throughout various geographies in India.  

mailto:rajeshbabuji@gmail.com
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Online education has gained immense popularity among working professionals and students 

pursuing higher education. These categories of online learners find immense benefit in the autonomy 

and flexibility. Online courses call for a greater amount motivation and self-discipline than a 

classroom-based course.  

 

REVIEW OF LITERATURE 

Elaine Allen, Jeff Seaman (2011) have defined Online courses as those in which minimum 80 

percent of the course content is delivered online and Face-to-face instruction are those courses in 

which less than 30 percent of the content is delivered online.   

Abhay B. Tare (2014)” Higher education system in India : issues & challenges” India's higher 

education system is the world's third largest in terms of students, next to China and the United States. 

Unlike China, however, India has the advantage of English being the primary language of higher 

education and research. India educates approximately 11 per cent of its youth in higher education as 

compared to 20 per cent in China.  

According to Stack, Steven Dr. (2015), online education has proliferated in the last decade. 

His research has not found any major difference in the scores of the students taking online course 

and face to face classes.   

Dr.Fahad  N.  investigates the students’ mind sets and perceptions of 186 University Student's 

from different colleges towards effectiveness of mobile learning in their studies.  Their research 

findings indicate that students perceive Mobile technologies as an effective tool in improving their 

communication and learning.   

Herman, T., & Banister, S. had done a research on comparison of cost and learning outcomes 

of traditional and Online coursework.  Their findings shows that online course engages students in 

the learning process, supports strong student learning outcomes, and saves cost for the  university 

also.  

 

STATEMENT OF THE PROBLEM: 

Online learning environments have grown in popularity and application in arts and science 

colleges during the covid 19 pandemic situation. The advent of new technologies is providing 

educators with opportunities to create a variety of effective learning environments; however, many 

adult students still prefer traditional academic settings. The purpose of this study is to analyze the 

student mind set of online classes in the arts and science college students for improving online course 

environments.  

 

OBJECTIVES OF STUDY 

 To determine the general opinion of students towards online classes. 

 To determine various attributes that the critical to the success of online classes 

 To analyse students mind set of online classes 

 

RESEARCH METHODOLOGY 

This study adopted descriptive research design. The survey was conducted in 250 students 

Arts and Science colleges in Kanyakumari District. The study used Quota sampling method in the 

study. The primary source comprised of information gathered from the respondent through online 

questionnaires method. Likerts scale techniques and Standard Deviation method used in tools for 

analysis. 

 

ANALYSIS AND INTERPRETATION 

The questionnaire consists of relevant factors and attributes such as performance, 

convenience, information, interaction, reliability and trust, security and aesthetics, 
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PERFORMANCE 

S.No

.  

Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Rank S.D 

1 Simplicity of 

attending the 

class 

98 112 18 14 8 

1028 4.112 

I 

0.845427 

2 Students cannot 

delay to attend 

the class 

70 84 24 64 8 

894 3.576 

VI 

0.639389 

3 It is boring to 

wait for site to 

load 

88 96 40 22 4 

992 3.968 

III 

0.787251 

4 Students  prefer 

prompt 

confirmation 

through google 

classroom 

72 108 46 16 8 

970 3.88 

IV 

0.75272 

5 Students cannot 

tolerate errors in 

network 

96 88 51 7 8 

1007 4.028 

II 

0.811239 

6 Students  prefer 

simplicity to 

communicate 

78 112 16 38 6 

968 3.872 

V 

0.749619 

The mean score of simplicity of attending the class is 4.112 (rank 1), score of students cannot 

tolerate errors in network is 4.028 (rank 2), score of boring to wait for site to load is 3.968 (rank 3), 

score of students prefer prompt confirmation through google classroom is 3.88 (rank 4), score of 

students prefer simplicity to communicate is 3.872 (rank 5) and score of students cannot delay to 

attend the class is 3.576 (rank 6). 

 

CONVENIENCE 

S.N

o.  

Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Rank S.D 

1 For me, time is 

very precious 

80 129 17 24 0 

1015 4.06 

III 

0.812 

2 Students prefer 

safety and healthy 

98 152 0 0 0 

1098 4.392 

I 

0.8784 

3 Students would 

love to attend the 

class in house 

48 64 52 78 8 

816 3.264 

IV 

0.6528 

4 Time and energy 

can be saved 

102 116 20 8 4 

1054 4.216 

II 

0.8432 

The mean score of students prefer safety and healthy is 4.392 (rank 1), score of time and 

energy can be saved is 4.216 (rank 2), score of for me, time is very precious is 4.06 (rank 3) and 

score of students would love to attend the class in my house is 3.264 (rank 4).  

INFORMATION 

S.N

o.  

Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Rank S.D 

1 In students  

opinion, 

knowledge is 

power 

95 88 28 35 4 

985 3.94 II 0.788 

2 Extensive 72 105 46 21 6 966 3.864 III 0.7728 
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information 

should be 

received 

3 Students  like to 

receive feedback 

during the classes 

28 16 44 98 64 

596 2.384 IV 0.4768 

4 Students  receive 

more guidelines   

from faculty 

members  

13

2 

92 14 8 4 

1090 4.36 I 0.872 

The mean score of students receive more guidelines   from faculty members is 4.36 (rank 1), 

score of in students opinion, knowledge is power is 3.94 (rank 2), score of extensive information 

should be received is 3.864 (rank 3) and score of students like to receive feedback during the classes 

is 2.384 (rank 4).  

 

INTERACTION 

S.No.  Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Rank S.D 

1 Interacting with 

teachers helps to gain 

more knowledge 

88 126 36 0 0 

1052 4.208 I 0.8416 

2 Students always video 

on during the class 

12 4 14 118 102 

456 1.824 III 0.3648 

3 Students  took through 

the notes daily taught 

my teacher 

17 28 66 85 54 

619 2.476 II 0.4952 

4 Easily interact with 

classmates 

1 8 2 98 141 

380 1.52 IV 0.304 

The mean score of interacting with teachers helps to gain more knowledge is 4.208 (rank 1), 

score of students took through the notes daily taught my teacher is 2.476 (rank 2), score of students 

always video on during the class is 1.824 (rank 3) and score of easily interact with classmates is 1.52 

(rank 4).  

 

RELIABILITY AND TRUST 

S.No.  Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Rank S.D 

1 Students believe that 

online services 

reliable 

88 99 38 21 4 

996 3.984 III 0.7968 

2 Accurate network 

will be easier for 

both teachers and 

students 

92 111 36 8 3 

1031 4.124 II 0.8248 

3 Students daily took 

through the notes 

 

24 49 2 99 76 

596 2.384 VI 0.4768 

4 Feedback should be 

received promptly 

71 83 65 28 3 

941 3.764 IV 0.7528 

5 Trust in online class 

relationship is 

important for me 

63 93 43 29 22 

896 3.584 V 0.7168 

6 Students privacy is 11 133 4 0 0 1109 4.436 I 0.8872 
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important  3 

The mean score of students privacy is important is 4.436 (rank 1), score of accurate network will be 

easier for both teachers and students is 4.124 (rank 2), score of students believe that online services reliable is 

3.984 (rank 3), score of feedback should be received promptly is 3.764 (rank 4), score of trust in online class 

relationship is important for me is 3.584 (rank 5) and score of Students daily took through the notes is 2.384 

(rank 6) 

 

SECURITY 

S.No.  Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Rank S.D 

1 Students have no 

desire to take risks 

94 106 2 44 4 

992 3.968 III 0.7936 

2 Online classes 

make my mobile 

slow 

43 81 49 68 9 

831 3.324 V 0.6648 

3 A security and 

privacy promise 

will enable me to 

choose online 

Classes 

93 89 61 7 0 

1018 4.072 II 0.8144 

4 Security of my 

personal details is 

very essential for 

me 

97 137 9 7 0 

1074 4.296 I 0.8592 

5 afraid that personal 

information will be 

used in an 

unwanted Manner 

 

77 123 22 12 16 

983 3.932 IV 0.7864 

The mean score of security of my personal details is very essential is 4.296 (rank 1), score of 

a security and privacy promise will enable me to choose online classes is 4.072 (rank 2), score of 

students have no desire to take risks is 3.968 (rank 3), score of afraid that personal information will 

be used in an unwanted manner is 3.932 (rank 4) and score of online classes make my mobile slow is 

3.324 (rank 5).  

 

CONTINUOUS IMPROVEMENT 

S. 

No.  

Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Ran

k 

S.D 

1 Students feel simplicity 

to use the app like 

google meet, zoom etc 

66 158 16 6 4 

1026 4.104 I 0.8208 

2 Use of latest technology 

adds to students 

convenience 

89 76 47 38 0 

966 3.864 II 0.7728 

The mean score of students feel simplicity to use the app like google meet, zoom, etc is 4.104 (rank 1) 

and score of use of latest technology adds to students convenience  is 3.864 (rank 2). 

 

AESTHETICS 

S.No.  Dimension SA A N DA S 

DA 

Total 

Score 

Mean 

Score 

Rank S.D 

1 I like to visit a site on 

search basic subject 

88 136 18 8 0 

1054 4.216 II 0.8432 
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notes on internet 

2 I am interest in online 

classes 

17 21 57 87 68 

582 2.328 IV 0.4656 

3 No network problems 

in online class  

6 18 49 81 96 

507 2.028 V 0.4056 

4 I like to learn and 

search on notes from 

the internet 

75 89 44 37 5 

942 3.768 III 0.7536 

5 Better network 

connecting speed in 

better comfortable 

134 108 8 0 0 

1126 4.504 I 0.9008 

The mean score of better network connecting speed in better comfortable is 4.504 (rank 1), 

score of I like to visit a site on search basic subject notes on internet is 4.216 (rank 2), score of I like 

to learn and search on notes from the internet is 3.768 (rank 3), score of I am interest in online 

classes is 2.328 (rank 4) and score of no network problems in online class going on is 2.028 (rank 5).  

 

CONCLUSION: 

The study is very relevant in the present context because of covid 19 pandemic condition. 

There is significant technical development s taking place across the globe which aims at student’s 

convenience. Everyone looks to save health, save time, comfort and convenience. Based on the 

analysis of data, this study reached a logical conclusion through identification of key design areas. It 

helped to understand what student’s mind set and their expectation from online classes to satisfy and 

delight. 
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ABSTRACT 

 Tamil Nadu State Transport Corporation Limited is is a public transport bus operating 

service of Tamil Nadu. It is the largest bus corporation in the world and operates buses along intra 

and intercity routes. Kanyakumari is the southern part of India.  In Kanyakumari district there are 

several villages. According to the National Transport Policy Committee (1980), “Future 

Nationalization should be guided by efficiency of operation of existing undertaking and to the 

extent to which they can provide consumer pleasure. Only the better financial and operational 

performance of any State Transport Undertaking will not fulfill the expectations of the people. The 

major objective is to study the bus user profile and to measure the bus user’s pleasure of the 

sample respondent with regard to the TNSTC town bus operations. The study is an empirical 

research based on survey method. The study is based on primary data and has been collected from 

a sample of 150 respondents by means of questionnaires. The sample is made on the basis of 

cluster sampling. The information so collected has been analyzed using tools like percentage and 

arithmetic mean. The major findings are the age group between 25 to 50 years user’s pleasures is 

more than other age group. The mean score of concessional facilities is 4.81 (rank 1) and 

experienced driver is 4.2 (rank 2). The private employee user’s pleasures are more than other 

occupation. Improving and latest fuel technologies by adopting for a long term policy of the 

Transport Department of the Government will be more effective. The recommendation is the 

Government increases more and more facilities at the bus stands for attracting users and for giving 

them maximum comforts. The study of users' pleasure reveals that the users are satisfied with the 

operation of buses of TNSTC (town buses). Passenger’s demand for travelling in India is 

increasing every day, and more and more passengers are in search of transportation information. 

 

Key words: User’s Pleasure, Transport, Operational Performance 

 

INTRODUCTION 

Transportation is a major activity in this world as people need to travel, goods have to be 

moved from place to places. So, transportation act as a catalyst and forms the backbone of the 

economic growth. In India the state transport undertakes ply more than 3.5 lakh buses serving more 

than 300 million people. Tamilnadu state transport’s undertaking hold 17,284 buses and serve more 

than 15 million users daily. The objectives of the state owned transport undertakings are to provide 

economic, effective, efficient and well coordinated user road service network in Tamilnadu. 

Transport is the servant of the people – the genie which makes their dreams come true – the 

magic carpet of their future – mobility of their desires, their aspirations, and their resources. Road 

transport being a service industry has to provide a quality service with reference to customer 

pleasure. Transport plays a significant role in the overall development of a nation’s economy. 

               The road network has increased almost eightfold during the same period. India has an 

extensive network of major and minor roads as well as good number of well maintained networks of 

national highways connecting all major cities and tourists’ destinations. The road ways provide 

transportation to millions of people every day. 

mailto:rajeshbabuji@gmail.com
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Tamil Nadu State Transport Corporation Limited is established in the year 1972. It is a public 

transport bus operating service of Tamil Nadu. It is the largest bus corporation in the world and 

operates buses along intra and intercity routes. Kanyakumari is the southern part of India.  In 

Kanyakumari district there are several villages. 

At present Tamil Nadu State Transport Corporation (Tirunelveli) Limited Nagercoil region, 

(TNSTC) has 11 branches such as Ranithootham I, Ranithootham II, Ranithootham III, 

Kanyakumari, Vivenkanandapuram, Monday market, Colachel, Thiruvattar, Marthandam, 

Kuzhithurai, Chettikulam. 

 

REVIEWS:- 

Vanniarajan.T and Mr. Meenakshinathan (2007) conducted a study on A topology 

analysis of quality , customer satisfaction and behaviour intention in Indian rural banking service  to 

analyse the impact of service quality factors on customer pleasure . The study reveals that the degree 

of impact of various quality factors on customer satisfaction is greater than on the behavioural 

intention. 

Vijayakumar.T and Velu (2007) conducted a study on critical determinants of customer 

satisfaction in retail banking in India with the objective of identifying the determinants of quality 

dimensions, service problems, product used and the intention of switching over to other banks. The 

study provided insights and implications for managers in retail banks who want to improve customer 

satisfaction and retention rates. 

Friman et al. (2001) established an evaluation model to evaluate the customer satisfaction of  

public transport and concluded that the overall pleasure is positively correlated with the cumulative 

pleasure. 

 Kennedy et al. (2005) believed that the public should participate in public transport 

management and analyzed the influence of the public on the pleasure of public transport.  

Mahesh Chand in his research study entitled “Current Issues in Public Road Transport 

Management” has tried to evaluate critically the pros and cons of Nationalization taking into 

consideration the constraints of public transport undertakings also.  

 

STATEMENT OF THE PROBLEM 

According to the National Transport Policy Committee (1980), “Future Nationalization 

should be guided by efficiency of operation of existing undertaking and to the extent to which they 

can provide consumer pleasure. Only the better financial and operational performance of any State 

Transport Undertaking will not fulfill the expectations of the people, it is essential for the policy 

makers’s to build such a transport system that concentrates in the people’s orientation, giving them 

all amenities and comforts and satisfying them in all respects. The present research work has been to 

study the quality of service, the TNSTC (town buses) provides its users keeping in mind  the level of 

pleasure of its users in turn of money they pay. The present study entitled user’s pleasure regarding 

the service rendered by TNSTC (town buses) with special reference to Kanyakumari district will be 

of immense help to the policy makers and other authorities to arrive at proper transport policy. 

 

OBJECTIVE OF THE STUDY 

 To study the bus user profile and to measure the bus user’s pleasure of the sample 

respondent with regard to the TNSTC town bus operations. 

 

METHODOLOGY  

 The present study intents to examine the issues framed in the objectives. The study is 

an empirical research based on survey method. The primary data are collected a fresh for the first 

time and thus happen to be original in character. The study is based on primary data and has been 

collected from a sample of 150 respondents by means of questionnaires. The sample is made on the 

basis of cluster sampling. The information so collected have been analyzed using traditional tools 
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like percentage and arithmetic mean. 

 

USER PROFILE OF THE SAMPLE RESPONDENTS 

S.No. Place of 

Residence 

Percentage  Gender Percentage 

1 Urban 37 Male  33 

2 Rural 63 Female 67 

 Age Marital Status 

1 Below 25 years 18 Married  59 

2 25 to 50 years 53 Unmarried 41 

3 Above 50 years 29   

 Educational Qualification Occupation 

1 Upto HSC 39 Government Employee 16 

2 Diplomo 17 Private employee 42 

3 Graduates 28 Home maker 13 

4 Postgraduates 12 Self employee  8 

5 Professionals 4 Students 21 

 Monthly Income Bus Usage 

1 Lessthan 

Rs.10000 

21 Daily 62 

2 Rs. 10000 to 

20000 

48 Frequently 26 

3 Rs20001 to 30000 13 Occasionally 12 

4 Above Rs. 30000 18   

 

PLEASURE OF USER AND OPERATIONAL  ASPECTS OF BUS OPERATIONS IN TNSTC  

S.No Services Total Score Mean Score Rank 

1 Quick Service 589 3.92 IV 

2 Availability during 

convenient hour and place 

472 3.14 X 

3 Maintenance and 

appearance of the bus 

452 3.01 XI 

4 Safety and reliability 568 3.78 V 

5 Not satisfied with the 

operation of other bus 

549 3.66 VI 

6 Cooperative attitude of 

Crew members 

602 4.01 III 

7 Concessional facilities 627 4.81 1 

8 Easy to carry luggage 546 3.64 VII 

9 Experienced driver 631 4.2 II 

10 Many stopping 503 3.35 IX 

11 Noise Pollution 529 3.52 VIII 

12 User Comforts 450 3 XII 

 The mean score of concessional facilities is 4.81 (rank 1), score of experienced driver is 4.2 

(rank 2), score of cooperative attitude of crew members is 4.01 (rank 3), score of quick service is 

3.92 (rank 4), score of safety and reliability is 3.78 (rank 5), score of not satisfied with the operation 

of other bus is 3.66 (rank 6), score of easy to carry luggage is 3.64 (rank 7), score of noise pollution 

is 3.52 (rank 8), score of many stopping is 3.35 (rank 9) and score of availability during convenient 

hour and place is 3.14 (rank 10) 

.  
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AGE AND USER PLEASURE 

S.No Age Group Percentage of 

Respondents 

Mean Score Rank 

1 Below 25 years 18 3.5 III 

2 25 to 50 years 53 4.21 I 

3 Above 50 years 29 3.98 II 

The mean score of age between 25 to 50 years is 4.21 (rank 1), score of age above 50 years is 

3.98 (rank 2) and score of below 50 years is 3.5 (rank 3). So the age group between 25 to 50 years 

user’s pleasures is more than other age group. 

 

GENDER AND USER PLEASURE 

S.No Gender Percentage of 

Respondents 

Mean Score Rank 

1 Male  33 2.88 II 

2 Female 67 4.42 I 

The mean score of female is 4.42 (rank 1). The mean score of male is 2.88 (rank 2).. So the 

female gender   user’s pleasures are more than male. 

USER’S PLEASURE AND THEIR MARITAL STATUS 

S.No. Marital Status Percentage of 

Respondents 

Mean Score Rank 

1 Married  59 4.38 I 

2 Unmarried 41 4.06 II 

The mean score of married is 4.38 (rank 1). The mean score of unmarried is 4.06 (rank 2). So 

the married user’s pleasures are more than unmarried. 

USER’S PLEASURE WITH THEIR LEVEL OF EDUCATION 

S.No. Education Level Percentage of 

Respondents 

Mean Score Rank 

1 Upto HSC 39 3.96 II 

2 Diplomo 17 3.88 III 

3 Graduates 28 3.99 I 

4 Postgraduates 12 3.44 IV 

5 Professionals 4 3.21 V 

The mean score of graduates is 3.99 (rank 1), score of upto HSC is 3.96 (rank 2), score of 

diplomo is 3.88 (rank 3), score of postgraduate is 3.44 (rank 4) and score of professionals is 3.21 

(rank 5). So the graduate’s user’s pleasure is more than other educated people. 

 

USER’S PLEASURE AND THEIR OCCUPATION 

S.No. Occupation Percentage of 

Respondents 

Mean Score Rank 

1 Government 

Employee 

16 4.16 III 
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2 Private employee 42 4.83 I 

3 Home maker 13 4.58 II 

4 Self employee  8 3.0 V 

5 Students 21 4.11 IV 

The mean score of private employee is 4.83 (rank 1), score of home maker (rank 2),  score of 

Government employee is 4.16 (rank 3), score of students is 4.11 (rank 4) and score of self employee 

is 3 (rank 5). So the private employee user’s pleasures are more than other occupation. 

 

MONTHLY EARNINGS AND USER’S PLEASURE 

S.No. Monthly Income Percentage of 

Respondents 

Mean Score Rank 

1 Lessthan Rs.10000 21 4.10 II 

2 Rs. 10000 to 20000 48 4.22 I 

3 Rs20001 to 30000 13 3.56 III 

4 Above Rs. 30000 18 3.12 IV 

The mean score of Rs.10000 to 20000 is 4.22 (rank 1), score of lessthan Rs.10000 is (rank 2), 

score of Rs.20001 to 30000 is 3.56 (rank 3) and score of above Rs.30000 is 3.12 (rank 4). So the 

monthly income Rs.10000 to 20000 user’s pleasures is more than other income groups. 

 

PURPOSE OF TRAVEL AND USER’S PLEASURE 

S.No. Usage Percentage of 

Respondents 

Mean Score Rank 

1 Daily 62 3.72 II 

2 Frequently 26 3.98 I 

3 Occasionally 12 3.6 III 

The mean score of frequently user is 3.98 (rank 1), score of daily user is 3.72 (rank2) and 

score of occasionally user is 3.6 (rank 3). So the frequently user’s pleasures are more than other 

users. 

 

SUGGESTIONS 
 The Government is supposed to improve the functioning of Research and 

Development.  

 The Government is supposed to look for improving its operational policy by 

making drastic changes in the transport policy. 

 Improving and latest fuel technologies by adopting for a long term policy of the 

Transport Department of the Government will be more effective. 

 The Government is supposed to increase more and more facilities at the bus stands for 

attracting users and for giving them maximum comforts. 
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CONCLUSION 

The study of users' pleasure reveals that the users are satisfied with the operation of buses of 

TNSTC (town buses). Passenger’s demand for travelling in India is increasing every day, and more 

and more passengers are in search of transportation information. 
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ABSTRACT 

         Online shopping is the process of buying is the process of buying goods and services from 

merchants over the internet. Since the emergence of the World Wide Web, merchants have sought to 

sell their products to people who spend time online. Shoppers can visit web stores from their homes 

and shop as they sit in front of computer. Customer can buy a huge variety of items from online 

stores can purchased from companies that provide their products through online stores. Many people 

choose to shop online because of the connivance. Many researcher have highlighted the importance 

of customers in today’s market. The level of satisfaction of customer with a company has profound 

effects. Thus, through customer satisfaction does not guarantee the repurchase from a company but it 

does play a very important role in achieving customer loyalty. Present study provides the company 

with the necessary insight in order to retain and increase customer base, improve customer 

relationships and forces an overview about online shopping and satisfaction level of the customers. 

 

Key word: Shopping, Online shopping, Customer satisfaction 

 

INTRODUCTION  
Online shopping is the process whereby customers directly buy goods or services from a 

seller in real-time, without an intermediary services, over the internet. It is a form of electronic 

commerce. An online shop, e-store, web shop, web store, online store or virtual store evokes the 

physical analogy of buying product or services at a bricks-and-mortar retailer or a shopping centre. 

The process is called Business-to Consumer (B2C) online shopping. When a business buys from 

another business, it is called Business-to Business (B2B) online shopping.  

        A large percentage of electronic commerce is conducted entirely in electronic form for virtual 

items such as access to premium content on website, but mostly on electronic. Commerce involves 

the transportation of physical item in some way. Online retailers are now electronically present on 

the World Wide Web. Customer can shop online using a range of different computers and devices, 

including desk computers and devices, including desktop computers, laptops, tablet computers and 

smart phones. Online computers must have access to the internet and a available 24 hours a days, and 

many consumers in western countries access internet both at work and at home. 

         The online shopping system presents an online display of an order cut-off time and an 

associated delivery window for items selected by the customer. The online shopping system does not 

settle with credit supplier of the customer until the item selected by the customer is picked from 

inventory but before it is delivered. 

       With rapid global growth in electronic commerce, business is attempting to gain a 

competitive advantage by e-commerce to interact with customer. Now days, online shopping are a 

fast growing phenomenon. Growing number of consumer shop to online to purchase goods and 

services, gather product information or even browse for enjoyment. Online shopping environment 

are therefore playing an increase role in the overall relationship between marketers and their 

consumers. That is, consumer-purchase are mainly based on cyber space appearance such as picture, 

images, quality information and video clips of the product not on the actual experience. 

     These growing and diverse internet populations mean that people having diverse tastes and 

purpose are now going to the web for information and to buy products and services. Thus the impact 
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of these online shopping environments on consumer response necessitates a critical marketing 

planning. Online shopping is becoming increasingly popular for variety of reasons There are 

certainly outside factors such as difficulty in getting to traditional store to contribution to the 

increased interest in online shopping. Consumer can get full information about the price with its 

reviews being passed by the existing users. If one wants to buy a product he is longer limit to asking 

the friends and a family because there are many products reviews on the web which gives options of 

the existing users of the product. 

 

STATEMENT OF THE PROBLEM 
      In a less competitive market retention of customer is an easy task. But this is not true in online 

shopping, as customers have wide opportunity to choose the web portals where it is difficult for the 

online seller to identify the consumer’s wants and needs, since potential customers are large in 

number. It is important to identify the factors that influence customers to prefer online shopping. 

Therefore customer retention is a challenging task for all e-commerce operators. Thus computer 

retention solely depends on the same customer’s satisfaction customers who purchase good through 

online may be satisfied due to quality of information offered in web portals, quality of goods 

delivered, products matching with the product displayed on website, price charged for the product, 

time taken for delivery etc..  Once the customers’ expectations are not fulfilled by the e-commerce 

operators, they may switch their choice to new e-commerce operations. Hence, it is the duty of the e-

commerce operators to make them repetitive purchase. Hence, in this study an attempt has been 

made to ascertain the features that enhance customer satisfaction toward online purchase and factors 

influencing customer, satisfaction on online purchase. 

 

SCOPE OF THE STUDY  

    Online shopping has a great potential to become big in India. Internet activities around is 

developing. So shopping is made easier and convenient for the customers through internet. Online 

shopping helps the customer choose the variety of models and also helps to compare the price. In 

online shopping the up to date information on the products available is known to the customers. The 

present study has been under taken to analyze the favourable factors of online shopping Vilavancode 

Taluk. The approach of the study was designed to encourage the customer’s to purchase the product 

through online. This study also covers the problem faced by the online shoppers and their payment 

system. Besides is gives more information about the purchasing and payment system of online shop. 

 

OBJECTIVES OF THE STUDY 

o To find out satisfaction level of the customer towards online shopping.  

o To know the specific reason for the customer purchase online. 

o To know the product prefer most in online shopping. 

o To identify the different payment system preferred by the customers. 

 HYPOTHESIS 
                    H01: There is no significant difference between age and purpose of using online  

     shopping 

                     H02: There is no significant difference between education and mode of shopping 

         

RESEARCH METHOLODGY 

Research Design Descriptive in nature 

Sampling Frame A study on customer satisfaction towards online shopping  

Sampling  unit A Study on customer satisfaction towards online shopping with special 

reference to vilavancode taluk  

Sampling size        60 

Method of sampling Simple random sampling 

Nature of data Primary data, secondary data 
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REVIEW OF LITERATURE 
              Mack(2018)1 businesses spend a huge amount of money both to understand and also     to 

influence the perception of the consumers with meticulous planning and exection,businesses can 

influence consumer’s perception and eventually generate desired consumer behaviour to boost 

profitability. 

              EI Khatib and Khan (2017)2 claimed that younger generation prefers online browsing 

mainly because of information realiablity.The pleasure features of online purchasing are more 

important than the privacy and security features when consumers internet purchase. 

                Zatalini and Pamungkar (2017)3 pointed out that factors leading to customer          loyalty 

and the successful implementation of retiling are the privacy and security and the speed of service. 

                   Muthumani and et al.(2017)7 this study shows that online shopping is one of the  most 

popular way for consumers to make purchase of goods and availing services, but this study identifies 

that it is not a comfortable and safest one for consumers to make purchase and available services 

online shopping is gaining popularity among young people to make purchase requirements. 

 

ANALYSIS AND INTERPERTATION OF DATA 

      1.Gender- Wise Classification Of The Respondents 

                                  TABLE NO :1 : Gender- Wise Classification Of The Respondents 

SL NO GENDER NO OF 

RESPONDENT 

PERCENTAGE 

1 Male 37 62 

2 Female 23 38 

 Total 60 100 

            The above table 1 shows that out of 60 respondents, 62 percent of the respondents were group 

of males, 38 percent of the respondents were females. 

2. Age- Wise Classifications of the Respondents  

TABLE NO :2 : Age- Wise Classifications of the Respondents 

   

           

 

 

 

 

 

 

 

 

 

 

 

 

The above table 4.2 shows that out of60 respondents, 25 percent of the respondents are in the age 

group of below 15 years, 33 percent of the respondents are in the age group of 15-30 years, 

30percent of the respondents are in the age group of 30-45 years, 12 percent of the respondents are in 

the age group of 45-60 years. 

Type of the 

Questionnaire 

Structural questionnaire 

Statistical tools used  Chi-squre,wighted average method 

SL NO 

 

Age No of respondents Percentage 

1 Below 15 15 25 

2 15-30 20 33 

3 30-45 18 30 

4 45-60 7 12 

 Total 60 100 
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3. Education Wise Classification of Respondents 

TABLE NO :2 : Education Wise Classification of Respondents 

SL NO Education No of respondents Percentage 

1 SSLC 26 43 

2 Higher Secondary 21 35 

3 Under Graduate 3 5 

4 Post  Graduate 5 8 

5 Professional 5 9 

 Total 60 100 

        The above table 3 shows that out of 60 respondents, 43 percent of the respondents are in the 

category of SSLC, 35 percent of the respondents are in the category of Higher Secondary, 5 percent 

of the respondents are in the category of Under Graduate, 8 percent of the respondents are in the 

category of post graduated,9 percent of the respondents in the category of professional. 

5. Occupational Status of the Respondents 

TABLE NO : 5 :  Occupational Status of the Respondents 

SL NO Occupation No of Respondents Percentage 

1 Student 31 52 

2 House wife 6 10 

3 Govt employee 2 3 

4 Business 6 10 

5 Other 15 25 

 Total 60 100 

        The above table 4 shows that out of 60 respondents, 52 percent of the respondents are in the 

category of student, 10 percent of the respondents are in the category of house wife, 3 percent of the 

respondents are in the category of government employee, 10 percent of the respondents are in the 

category of business, 25 percent of the respondents re in the category of others. 

6. Usage of Internet of the respondents 

TABLE NO: 6 : Usage of Internet of the respondents 

 
                The above table 6 shows that out of 60 respondents, 100 percent of the respondents are 

using internet. 

7.Duration Of Internet Usage Of The Respondents 

TABLE NO: 6 : Duration Of Internet Usage Of The Respondents 

SL NO Duration No of Respondents Percentage 

1 Less than one years 21 35 

2 1-3 Years 25 42 

3 3-5 Years 9 15 

4 More than 5 years 5 8 

 Total  100 

         The above table 6 shows that out of 60 respondents, 35 percent of the respondents are in the 

group of less than 1 year, 42 percent of the respondents are in the group of 1-3 years, 15 percent of 

the respondents are in the group of 3-5, 8 percent of the respondents are in the group of more than 5 

years. 
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8. Purpose of Using Internet of the respondents 

TABLE NO: 7 :  Purpose of Using Internet of the respondents 

SL NO Purpose of using internet No of Respondents Percentage 

1 Social networking 10 17 

2 Information gathering 23 38 

3 Entertainment 14 23 

4 finance 4 7 

5 Shopping 9 15 

 Total 60 100 

          The above table 7 shows that out of 60 respondents, 17 percent of the respondents are in the 

group of social networking, 38 percent of the respondents are in the group of information gathering, 

23 percent of the respondents are in the group of entertainment, 7 percent of the respondents are in 

the group of finance, 15 percent of the respondents are in the group of shopping. 

 

9. Satisfaction Of Online Shopping Of The Respondents 

 TABLE NO:8 

       

 

 

 

 

 

 

 

 

Sources: primary data 

     The above table. Shows that out of 60 respondents,25percent of the respondents are in the 

category of very satisfied,41 percent of the respondents are in the category of neither satisfied,12 of 

the respondents are in the category of not very satisfied,5 percent of the respondents are in the 

category of dissatisfied. 

   

CHI SQUARE TABLE 

 HO1: There is no significant difference between age and purpose of using internet. 

 AGE AND PURPOSE OF USING INTERNET 

Significance  Calculated value  Table value   

5% 29.034 21.026 

The calculated value is (29.034) is more than table value (21.026) the 5%  level of significance. 

Hence  the null hypothesises is rejected.  

  HO2: There is no significant difference between education and mode of shopping. 

EDUCATION AND MODE OF SHOPPING 

Significance  Calculated value  Table value   

5% 2.436 9.488 

     Source: Primary data 

        Since the calculated value is (2.4366) is less than the table value (9.488) at 5% level of 

significance. Hence  the hypothesis is accepted.  

 

MAJOR FINDINGS 

 The study found that 62% of the respondents are males. 

 The study shown that 33% of the respondents are in the age group of 15-30 years. 

 The study reveals that 43% of the respondent’s education background is SSLC. 

 The study disclosed that 52% of the respondents are in the category of student. 

SL.NO Satisfaction level of 

shopping  

No of respondents  Percentage  

1 Very satisfied 15 25 

2 Satisfied 25 41 

3 Neither satisfied 10 17 

4 Not very satisfied 7 12 

5 Dissatisfied 3 5 

 Total 60 100 
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 The present study founded that 38% of the respondents use internet for the purpose of 

information gathering. 

 The study pointed out that 47% of the respondents purchase from online at only once. 

 The study shown that 45% of the respondents prefer to get the online shopping from Amazon 

.com and Flip art. 

 The study reveals that 100% of the respondents are used internet facility. 

 The study discloses that 57% of the respondents are preferred online shopping. 

 The study reveals that 100% of the respondents are aware about online shopping. 

 

SUGGESSIONS 

        As there are no proper laws for online purchase, the laws will help to maintain security and 

private information properly concerting their respondents. So the website developers and service 

providers should take necessary steps to overcome this problem. 

 The online sellers must provide clear and sufficient information about online shopping to the 

online shoppers. 

 Use secure e-commerce transaction system with fair, timely and affordable methods to resolve 

transaction problems. 

 To take reasonable steps to ensure to consumer choice is informed and intentional. 

 Reduce the costs like traditional shopping. 

   To increase the credit facility to purchase from online shopping. 

 Due to our time consumer traditional shopping is neglected. 

 Most of people feel that products available through online shopping are costly because of the 

shipping charges. So the companies should provide the facility of free devilry in order to 

create excitement among non users. 

 

CONCLUSION 

             Due to fast moving life style, online shopping has been growing in India. Increasing 

adoption of devices like Smartphone, tablets, and laptops, and access to the internet and the shift in 

buying behaviour among the consumers has contributed to the repaired growth of online consumer 

base. The increase of online shopping has become a trendy way for consumer to shop over internet. 

The research indicates that shift in buying behaviour towards online is positive due to reasons like 

cash on delivery, easy of purchase of purchase through online etc…Having access to online shopping 

has truly influenced our society as whole. This use of technology has opened new doors and 

opportunities that enable for a more convent life style today. From the study conclude that that 

people of Vilavancode Taluk locate information on internet. Most of the people purchase product 

from online. Some peoples are preferred manual shopping. This means that people still are lacking in 

confidents to purchase products online. This trend can be conjured by providing secure sites for 

transactions, and adequate customer service. 
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Abstract 

The banking industry is facing a rapidly changing market, new technologies, economic uncertainties, 

heavy competition and more demanding customers and the changing climate has presented an unheard-

of set of challenges.  Banking is a customer oriented services industry, therefore, the customer is the 

focus and customer service is the differentiating factors. In the backdrop of all these developments the 

investigator makes an attempt to explain the Customer Service satisfaction in Indian banking Sector. For 

this study, descriptive research design is used where the data is collected through the questionnaire. The 

information is gathered from the different customers of the State Bank of India in Nagercoil Town. 

 

Key words:  Perception, Customer satisfaction Online banking, Core banking, Quality of service 

 

Introduction 

The Financial Services is the backbone of all sector. This is important not only for the banking sector 

but for the Indian economy as a whole. This is so because banking is a catalyst and life of modern trade 

and commerce. It is an integral part of not only all the businesses but also necessary for the social 

activities. This rapid transformation of services in the banking system has led to the evolution of a 

highly competitive and complex market where there is a continuous refinement of services. Hence the 

increased role of banking in India’s economic development on the one hand and the changes in the 

business climate on the other has put increased pressure on them. These changes are compelling the 

banks to reorganize themselves in order to cope with the present conditions. 

Customer satisfaction refers to how satisfied customers are with the products or services 

they receive from a particular agency. The level of satisfaction is determined not only by 

the quality and type of customer experience but also by the customer’s expectations. A customer may be 

defined as someone who has a direct relationship with, or is directly affected by your agency and also 

who has receives or relies on one or more of your agency’s services or products.  

Customers in human services are commonly referred to as service users, consumers 

or clients. They can be individuals or groups. An organization with a strong customer service culture 

places the customer at the centre of service design, planning and service delivery. Customer 

centric organizations will: 

 Determine the customer’s expectations when they plan listen to the 

customer as they design. 

 Focus on the delivery of customer service activities value customer feedback 

when they measure performance 

 

 

 

Rectangle
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W hy  i s  i t  i mpo r tan t?  
There are a number of reasons why customer perception and satisfaction is important in Banking 

Sector: 

 M eet in g  the needs o f  t h e  cu s to m er  i s  t h e  u n de r l yi n g  r a t i on a l e  f o r  

t h e  existence of community service organizations. Customers have a right to 

quality services that deliver outcomes. 

 Organizations that strive beyond minimum standards and exceed the expectation 

of their customer are likely to be leaders in their sector. 

 Customers are recognized as key partners in shaping service 

development and assessing quality of service delivery 

In this paper, the main contention of the researcher is to highlight the customer satisfaction through 

service quality provided by the banks State Bank of India in Nagercoil Town from  kanyakumari district. 

 

Scope of the study 

The study has been conducted on behalf of  customer perception and satisfaction of  state bank of India . 

The study is focus to the Nagercoil Town from Kanyakumari district.  The study covers the service 

providers and users of  state bank of India. It  has put forward the Customers as well as acceptability 

behavior for the services. The scope of the study is to find out the Customer perception and Satisfaction 

level of the customer in state bank of India in Nagercoil Town. 

 

Need of the study 

Customer perception and Satisfaction is very essential for every Service to survive in the market. Its 

could help the business by placing future demand to the company.  Customer Satisfaction gives passing 

the words of mouth to other potential customers.  This is very Important for the company to take care of 

the customers and make them to satisfy. So this study made by the researcher. 

 

Objectives of the Study 

 To ascertain the perception of customers regarding the service quality in SBI. 

 To study the Satisfaction of customers towards the  SBI.  

 To know the customer awareness regarding the SBI  Bank’s products 

 To know the preference of customer regarding the extra services of SBI. 

 To know the problems faced by  customer regarding  SBI. 

 To give the appropriate suggestions for the improvement of  SBI.    

 

Nature of Data: 
 Both primary and secondary sources of data were utilized for the study. 

Sources of data : 

 Primary Data 

 Secondary Data 

Primary Data: 

Primary data is that data is collected a fresh for the first time and that is original in nature.  The 

primary data was collected by means of administering a questionnaire to the customers. The 

study  primary data was collected 150  customers from SBI in Nagercoil town branches. 
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Secondary Data: 

Secondary data is that data which has been collected by some one else and which  has already been 

passed through the statistical process. Secondary data here has been collected from various 

publications periodicals, journals etc. 

Sampling unit :  
The sampling unit rate  for selecting the sampling for the study is from SBI branches in Nagercoil Town. 

Sampling Size: 

 Sampling size for the study is selected from the following branches of SBI from Nagercoil 

Town. Nagercoil Town 5 SBI branches. Each branch consists of 30 respondents were randomly selected  

for the study according to the convenience of the researcher. The following branches are taken into 

consideration. 

1. SBI Nagercoil branch 

2. SBI Nagercoil Town  branch 

3. SBI Parvathipuram branch 

4. SBI Vadacery branch 

5. SBI Vadiveeshwaram branch 

 

Method of sampling: 

 Convenience sampling : 

The sample units are selected according to the convenience of the investigator or researcher. Here, the 

researcher used convenience sampling design collection of primary data through structured 

questionnaires. 

Methods of data collection : 

Question method: 

A questionnaire consists of a number of question printed or typed in a definite order on a form or set of 

forms. The respondents have to answer the questions on their own. Quite often, the questionnaire is 

considered as the heart of a survey  operation. Hence , it should be very carefully constructed. 

 

Analysis and Interpretation  

General profile of the respondents 

Factors  Classification  No.of respondents  Percentage  

Sex Male 

Female 

102 

48 

68% 

32% 

Age Below 20 yrs 

21 – 30 yrs 

31 – 40 yrs 

Above 40 yrs 

45 

54 

33 

18 

30% 

36% 

22% 

12% 

Marital status Married 

Unmarried 

78 

72 

52% 

48% 

Educational 

qualification 

Below HSC 

Graduate 

Above graduate 

Other 

18 

42 

66 

24 

12% 

28% 

44% 

16% 

Occupation Professional 

Business 

Employee 

39 

39 

51 

26% 

26% 

34% 

https://bankifsccode.com/STATE_BANK_OF_INDIA/TAMIL_NADU/KANYAKUMARI/NAGERCOIL
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House wife 21 14% 

Family income Below 50000 

50000 to 100000 

100000 to 200000 

Above 200000 

 

51 

60 

21 

18 

34% 

40% 

14% 

12% 

Family size Up to 3 

3 to 5 

5 to 7 

Above 7 

 

18 

66 

42 

24 

12% 

28% 

44% 

16% 

Source : primary data 

Inference  

The above table shows that 68% of the respondents are male, 36% of the respondents having the age 

group of above 21 – 30 years, next regarding marital status ; 52% of the respondents are married and 

about 44% of the respondents are above graduate, and maximum respondents are employee ( 34%) and 

incase of the annual income of the family,   40% of  them under income group of Rs 50000 to 100000 

and the last one regarding family size ,  44% of the respondents are coming under 3 to 5 members. 

 

Reasons preferring this bank 

Preference is based on some reasons, it easy to use, wide online banking network, immediate 

action taken against complaints, friendly attitude, sufficient knowledge of the staff, low time 

consumption and reduction of risk.  The classification of reasons for preferring this bank is 

shown in the below Table 

Classification of reasons for preferring this bank 

Reasons Strongly agree Agree No opinion Disagree Strongly disagree Total 

Availability of 

more products/ 

services. 

 

 

72 36 25 10 7 150 

Convenient 

location of a bank 

81 48 12 6 3 150 

High rate of 

interest on deposits 

57 60 15 12 6 150 

More and 

appropriate e-channels 

60 45 24 15 6 150 

Only SBI Branch 

is available 

45 48 27 21 9 150 

Low time consumption 75 54 12 6 3 150 

Reduction of the risk 39 75 27 3 6 150 

Source : Primary data 

The above Table clearly shows that the reasons for preferring this bank. Maximum number of 

respondents strongly agree the factors given. 

 

Age and Satisfaction 

 Satisfaction is very important factor for all activities.  The satisfaction of the core banking users 

is compared with the age of the users, which is shown in the table below. 
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Comparison between age and satisfaction 

Age Highly 

Satisfied 

Satisfied Moderate Dissatisfied Highly 

Dissatisfied 

Total 

Below 20 9 30 0 0 0 39 

21-30 9 12 3 0 0 24 

31-40 9 27 3 3 0 42 

Above 40 3 30 12 0 0 45 

Total 30 99 18 3 0 150 

Source : Primary Data  

  

HO There is “no relationship between age and satisfaction towards SBI banking facilities. 

IInnffeerreennccee   

Calculated Value Table value Degree of freedom Significance 

31.02 21.03 12 Significant 

Source : Primary Data  

Inference  

Since the calculated value 31.02 is more than the table value 21.03 at o.o5 level of significance so the 

null hypothesis is rejected. It may concluded there is a relationship between age and satisfaction towards 

SBI. 

Table Shows Rank Correlation between Core Banking services and Online Banking services: 

     

Respondents 

      

 

Core 

Banking 

Services(x) 

Online 

Banking 

Services(y) 

Rank x Rank y (d) d2 

Professional 

 

24 15 2 3 -1 1 

Business 

 

19 30 3 1 2 2 

Employee 

 

28 23 1 2 1 1 

Other 7 14 4 4 0 0 

 Σd2=4 

 

Source: primary data 

Spearman’s rank correlation equation:  

 

 
1- 6*4/4(16-1) 

1-24/60 

1-0.40 

0.60 

 

Inference:  

There is a positive Correlation between core banking respondents and online banking respondents with 

the value of 0.60 
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Table shows Feedback on over all services: 

Particulars  
 

Respondents Percentage 
 

Excellent 
 

15 10 

Very Good 35 23.3 

Good 50 33.3 

Average 40 26.7 

Poor 10 6.7 

Total 150 100 

Source: primary data 

Inference:  

From the above information regarding feed back on overall service on bank , majority 33.3% 

respondents gave good,26.7% were gave average,23.3% were gave very good,10% were gave excellent 

and only 6.7% respondents gave poor on performance. 

Table shows RATING SCALE on preference of services: 

 

 

 

 

 

 

 

 

Source: primary data 

 

Inference:  

Based on the Ranking given by respondents majority for core banking at 46.7%, personalized 20%, wide 

branch 16.7%,  customer service  10%,and computerized as 6.6%. 

Table shows services used by the respondents 

Response  No.of  respondents  % of the 

respondents 

Saving  45 30% 

Fixed deposit  20 13.3% 

Current a/c 25 16.7% 

Demat a/c 10 6.7 

loan 35 23.3% 

Credit cards 15 10% 

Source: primary data 

Inference  
Based on the Ranking given by respondents majority for saving A/C at 30%, and loan 23.3%, current 

A/C 16.7%,  fixed deposit   13.3%, credit cards 10%, and 6.7% respondents are using demat A/C.  

Table Shows Standard Deviation of Respondents on Feedback 

Particulars  
 

Respondents X X =X-X- X2 

Excellent 
 

15 -15 225 

Very Good 35 5 25 

Good 50 20 400 

Preferences    
 

Ranks 
 

Respondents 
 

Percentage 
 

Core banking 1 70 46.7 

Personalized 2 30 20.0 

Wide branch 3 25 16.7 

Customer service 
 

4 15 10.0 

Computerized 5 10 6.6 

Total  150 100 
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Average 40 10 100 

Poor 10 -20 400 

Total  

ΣX= 150 

 

 

  

ΣX2 = 1150 

 

Source : primary data 

Standard Deviation: 

  X-  = ΣX/N 

                              = 150/5 

                    =30 

                                =  √ ΣX2/N 

                                = √1150/5          

                                =       15.16 

Inference:  

From the above information it is denoted that there is a standard deviation of approximately 15 

Respondents about their opinion. 

 

Major finding 

 There is a relationship between age and satisfaction towards SBI facilities 

 There is a positive Correlation between core banking respondents and online banking respondents of 

State Bank of India. 

 There is relationship between age and monthly income of the respondents 

 There is significant relationship between occupational status and nature of account 

 By using weighted average rank for opinion about the rank to analyse the reason for preferring this 

bank wide core banking network got the first rank  

 65 % of the Respondents were felt satisfied on solving of the banking problem by the State Bank of 

India banking staff.  

 Most of the Respondents were felt that the State Bank of India bank would not restrict on  

maintaining of minimum balance is must in high.  

 It is observed that the 78 % of the Respondents were satisfied on financial transactions of the S.B.I. 

Bank.  

 64% of the Respondents were felt that the State Bank of India bank would provide on savings 

account.  

 Most of the Respondents were not preferred an alternate Bank instead of the State Bank of India 

bank.  

 It is observed that 76% of the respondents felt difficulty while opening an account in the S.B.I. 

Bank.  

 Only 15% the Respondents will aware of the list of shares in stock exchange provided by State Bank 

of India bank.  

 23.7% of the Respondents were believed in State Bank of India bank provides loan Facilities to the 

customers in an easy manner.  

 Majority of the Respondents were preferred savings account when compared with all the remaining 

mode of accounts  

 While asking the feedback about the State Bank of India bank services 45% of the Respondents were 

felt very well on service.  
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 It is observed that the 84% of the Respondents were satisfied on financial transactions of the S.B.I. 

Bank.  

 

Suggestions 

 The bank should introduce new awareness program about the various other services to the account 

holder 

 Most of the users felt the rate of interest too high so the bank considered to reduce the interest rate. 

 Most of the user expected more attractive scheme so the offer any attractive scheme and benefits to 

the users 

 From the above findings it was found that one of the State Bank of India bank provided services is 

Online transactions. That is not much known to the customers, therefore the Bank management 

should take efforts to make awareness among the general public about online facilities.  

 Majority of the customers will prefer online bill payment facility provide by State Bank of India 

bank. so the management should give low service charges and offering prices on Online Bill 

Payments.  

 Advertisement of State Bank of India bank is very less when compared with the competitors. It may 

leads to switching on other Banks. To overcome the Bank management should promote more 

advertisements through various advertisement channels. 

 Most of the customers felt that opening of an account is very difficult in the Bank. So the 

management should take care on new customers as well as old customers. 

 

CONCLUSION 

Customer satisfaction is most important factor for every business become success. In Indian banking 

industry , SBI is one of the important  sector. From this study  Some light was shed on some negative 

factors also like creating an awareness on online transactions, interest rates on loans, A.T.M. facilities 

etc., That’s why Some suggestion were provided to the management like concentrating on Online 

services, solving banking problem with a quick time and promote loan facilities like industrial ,business, 

agriculture, individual loans etc, with an attracting advertisements. Its lead to growth of the industry. 
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Abstract  

One of the main areas of study for organisational behaviour and human resource management is 

job satisfaction. It displays how employees feel about their work and how committed they are to the 

company. Job satisfaction is the term used to describe how someone feels or is feeling about their 

employment. It conveys a person's level of satisfaction with their work. The term "job satisfaction" refers 

to a person's sense of fulfilment when working, which serves as a driving force to do so. It is not self-

satisfaction, happiness, or contentment, but rather job satisfaction. The happy emotional state that arises 

from the perception that one's work contributes to or facilitates the attainment of one's employment values 

is known as job satisfaction. The study aided in illuminating the degree of employee satisfaction in light of 

the numerous organisational aspects. The results of this study unequivocally demonstrate that workers in 

organisations are generally content with their jobs. The company must to take into account factors like pay, 

the rapport between workers and managers, how complaints are handled, and how much opportunity it 

provides new hires. 

Introduction 

Dairy farming provides an excellent opportunity for self employment of unemployment youth. It 

is also an important source of income generation to small farmers and agricultural labours. Since, there is a 

possibility of finding employment through dairy farming. The dairy industries in many tropical countries 

do not produce enough milk for the countries have government supported programs to increase domestic 

milk production. the average herd sizes of these farms is often less than 10 milking cows and the poorly 

resourced farmers have great difficulty providing sufficient feed for their stock. Dairy operators have 

changed over the Last several decades. While large milk makes up a large portion of the Indian diet with 

growing incomes and urbanization, it is however by no means a luxury food. Milk or its products is 

something consumed practically by every class. Dairy farming from being traditional family run businesses 

today has grown ugly to an organized dairy industry with technological specializations in every part of the 

process. This huge boost in the industry has created a lot of farming jobs for the people. the best 

approaches is to create and run a sustainable dairy farm that gives maximum profits to farm and also takes 

care of the effects of dairy farmers the effects of dairy farms on environments and animals for a long 

period. Though a profitable business venture dairy farming in India requires hard work, proper planning 

and an active and vey alert and supervising capacity. In toady technological world there have been many 

advances in modern dairy farming. Everything from feed for dairy cows to milk processing equipment has 

added tremendous scope to dairy sector. 

Milk plays an important essential food for human life, since baby hood to end of elderly life. Milk 

is a complex food that contains vital nutrients for the bodies of young mammals milk is the only food of 

mammal during the first period of its life and substances in milk provide energy and antibodies that help 

protect against infection. For humans milk and dairy products make a significant contribution to meeting 

our bodies’ needs for calcium, magnesium, selenium, vitamin B12 and therefore play a key role for health 

and happiness in our development. 

 Statement of the Problem 

Dairy farming is a major livestock enterprise in India where small marginal farmers are engaged 

to earn their livelihood. India has emerged as the largest producer of milk in the world in 2001 with an 

annual production of 84 million tonners and continuous to occupy the top position in the subsequent years 

and in the year 2008-09, the milk production was 108.5 million tonners. The World Bank funded 

operational flood programme commonly known as “white resolution” was instrumental few enhancing the 

milk production in the country. Kerala corporative milk federation (KCMMF) popularly known as 

Rectangle
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MILMA was established in 1980 for the success of implementation of operation flood project in Kerala 

replicating the Anand model dairy corporative system. At present the MILMA federation consists of 8.31 

lakhs dairy farmers of 2678 village level primary milk cooperatives under three milk producers unions.  

At the time when the state government and MILMA are struggling hard to ensure a steady supply 

of milk in the city, a silent but steady white revolution is taking place in the Neyyattinkara Taluk of the 

district. This programme,’ dairy development project through self help groups’, is the collective effort of 

the bank of India, Uchakkada branch and Neyyattinkara integral development society (NIDS). 

Objectives of the Study 

1. To reveal the profile of the dairy farmers  

2. To identify the factors which influence the job satisfaction of the dairy farmers 

3. To ascertain the reason for  job satisfaction 

Metholodgy 

Primary data 

    Primary data is a fresh data collected for the first time and that is original in nature. The primary data 

was collected through structured interview schedule from the respondents.  

Secondary data 

        Secondary data is that data was collected by someone else and which  has already been through the 

statistical process .secondary data were collected from journals, magazines, websites etc. 

Sampling  

 Method of sampling 

The research was made by the survey in accordance to the convenience of the farmers. So the 

sampling type is convenient sampling. 

Sampling area 

The research was conducted at Neyyattinkara Taluk in Kerala State.  

Sampling size 

Sample size of the present study is 180 respondents from Neyyattinkara Taluk 

Hypothesis 

1. There is no significance different between age and satisfaction level of farmers. 

2.  There is no relationship difference between gender and productivity. 

Analysis And Interpretation 

Relationship Between Level Of Age And Overall Job Satisfaction  

To analyze the relationship between the age and overall satisfaction level of the respondents is 

farmed. The null hypothesis is farmed the hypothesis is that there is no relationship between the age and 

Job satisfaction. Table 1 shows that relationship between age and overall satisfaction.  

Table 1  Relationship Between Level Of Age And Overall Job Satisfaction 

Age/ Level of 

Satisfaction 
Satisfaction Good 

Highly 

Satisfaction 
Dissatisfied Total 

Below 30 3 2 2 5 12 

30-65 4 1 0 3 8 

65-80 3 5 2 1 11 

Above 80 4 3 3 1 11 

Total 14 11 7 10 42 

     Sources: Primary Data 
 

Calculative Table value Degrees of freedom 

8.89 16.92 9 

         

 The calculate chi-square value is 8.89 is less than the table value 16.92 at 5% level of 

significance at 9 degrees of freedom, Hence there is  no relationship between age and overall Job 

satisfaction. 

Relationship Between Level Of Gender And Income Per Month Of Dairy Farmers  
             To analysis the relationship between the gender and the income per month level of the 

respondents. The null hypothesis is farmed. The hypothesis between the gender and income per month. 

Table 2 shows that no relationship between the gender and income per month.  
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Table 2 Relationship Between Gender And Income 

Income/ 

Gender 

Below 5000 5000-7000 7000-800 Above 

10000 

Total 

Male 6 8 12 3 29 

Female 4 4 3 2 13 

Total 10 12 15 5 42 

     Sources: Primary Data 
 

 

Calculated Table value Degrees of Freedom 

1.48 5.99 2 

 

          The calculated chi-square value is 1.48 is less than the table value 5.99 at 5%. Level of significance 

at 2 degrees of freedom. So the null hypothesis is accepted, hence there is no relationship between gender 

and income per month of diary workers. 

Major Findings 

1. The research found that majority (60 percent) of the respondents belongs to the age group of 60-80 

year. 

2. As per data, majority (60 percent) of the respondents have the prior knowledge about dairy farming. 

3. Majority of the respondents (38 percent) are start their Job at dairy farming by self motivated. 

4. The majority (36 percent) of the respondents are earn between Rs. 7000-8000 

5. The majority (40 percent) of the respondents run their farming for Increase food security. The majority 

(33 percent) of the respondents are purchase the cows by self. 

6. The research found that (60 percent) of the respondents have the prior knowledge about climate 

change. 

7. The (55 percent) of majority respondents are feels difficulties in selling the milk. 

8. The majority (36 percent) of the respondents are having difficulties in the market. 

9. There is no relationship between gender and income per month of diary workers. 

10. There is  no relationship between age and overall Job satisfaction. 

Suggestions 

1. The dairy farmers are get very low salary due to No market. So it is need to improve the value of milk 

in the market. 

2. Cooperative banks and other national banks should come forward to extend liberal credit facility to 

farmers. 

3. Establishing a veterinary service centre to improve the effecting of the artificial insemination scheme. 

4. The changing cropping pattern should aim to produce sufficient green and dry fodder to livestock. 

Population in the village. 

5. The organizational support for milk producers through the cooperative sector should streamlined and 

expanded organization for primary cooperatives for milk Procurement should be extended. 

Conclusion 

This study has been made to help to government and non-government organization to take appropriate 

policy decision and formulate suitable scheme and programmes to Job satisfaction conditions of dairy 

farmers. The suggestion made in the study, it is hoped, will serve as a decision support in solving many 

problems relating to Job satisfaction of dairy farmers.  
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Abstract 

Digital marketing is the avenue of electronic communication which is used by the 

marketers to endorse the goods and the services towards the marketplace. The supreme purpose 

of the digital marketing is concerned with customers and allows the customers to intermingle 

with the product by virtue of digital media. Customers are the ones that are driving digitalization 

in every sphere of business. This paper intends to how the College Students know the purchasing 

of products via Digital marketing and what impact having in digital marketing. For this, the 

study researcher collected randomly 80 students to get the clear picture about the present study. 

Therefore, there is a potential growth for digital marketing in the upcoming years. Moreover, 

convenience and quality of goods are the influencing factors while purchasing via online 

mode. The major of the study is that majority of the College Students are satisfied with the 

Digital marketing 

Key words: Digital Marketing, Promotion, Marketing Communication. 

Introduction 

Digital marketing is the marketing of products or services using digital technologies ie. 

Social media, websites, multimedia advertising, online search engine advertisement, E-

marketing, interactive marketing (polls, game adds, mobile marketing). Marketing activities 

conducted via digital channels enable advertisers to directly communicate with potential 

customers in a rapid velocity and regardless the geographical location. Digital marketing has 

been recently referred as one of the best means to cut through the mess and interact directly with 

the consumer. I toffees services according to the customer needs and requirements.  By these 

each and every day, new technologies are providing various customer touch points. High level of 

satisfaction is demanded by the customer as customer expectation is very high and competition is 

also high with little differentiation in type of services offered. In this highly competitive market 

and technological advancements marketing practices have been changed from traditional 

practices to digital marketing. Digital marketing is a tool which can be used for expanding the 

business globally. With the help of digital marketing a buyer can also compare a product with 

another product and it also allows 24 hours of services to purchase. 

Need of the study 

Digital marketing is one of the latest and emerging tools in the marketing world. It 

includes the creative use of internet technology including the use of various multimedia, 

graphics, text, etc with different languages to create catchy advertisements, forms, e-shop were 

products can be viewed, promoted and sold. Digital marketing does not simply entail building or 

promoting a website, nor does it mean placing a banner ad on another website. It includes 

Rectangle
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advertisement (flash, text, graphics, audio or video), product display, product navigation, 3-D 

products view, basket selection, checkout and payment. Digital marketing is 

more convenient than traditional marketing for both the customer and the seller. It offers large 

variety for the particular product with lower prices and in less time. Digital marketing is still new 

and college student customers are less familiar and often more skeptical towards it. Therefore, 

this study aims to examine the Impact of Digital Marketing among the College Students in 

Kanyakumari District. 

Review of Literature 

Ms. A.Lavanya & Mrs.M.Radhikamani (2018), “A Study on Digital Marketing and 

Its Impacts”, this study investigated that the 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. The more time individuals spend on the internet every year, the more digital platform 

they use play an ever-developing function in their lives. The main aim of digital India is to 

promote digital medium. Because people can use digital platform any time anywhere from the 

world companies needs to change their marketing strategy from traditional to digital. 

Andriani Kusumawati (2017), “Impact of Digital Marketing on Student Decision-

Making Process of Higher Education Institution: A Case of Indonesia”, This case study 

provided a better understanding of digital marketing impact on student decision making process 

in Higher Education Institutions (HEIs) in Indonesian Public University. The results emphasis 

that university marketing management employs digital media since its now becomes a trend in 

all businesses around the globe including HEIs. Moreover, in this year, digital marketing has vast 

progressed from previous year and educational institutions also take part of this technology 

advance which is always connected with their student via internet. Digital marketing is very 

essential and becomes a mandatory for all HEIs including public university as it follows the habit 

of current generation which continuously changes along with the rapid development of 

technology. Such digital marketing provides a low cost communication, a good return on 

investment, and has an ability to reach a wider community as well as ability to display whole 

service range due to the digital capabilities. Either public university or students also mention that 

they are easier to distribute and obtain information through digital marketing media compared 

with traditional marketing. Various interactions and responses could be obtained through social 

media since it has a multitasking function such as two ways communication, as well as being 

more effective and efficient with provided facilities such as comment columns, they also provide 

video and photo with little caption thus, they are easier to be understood by their audience. 

Digital Marketing 

Digital marketing is the marketing of products or services using digital technologies on 

the Internet, through mobile phone Apps, display advertising, and any other digital mediums. 

The way in which digital marketing has developed since the 1990s and 2000s has changed the 

way brands and businesses utilize technology and digital marketing for their marketing. Digital 

marketing campaigns are becoming more prevalent as well as efficient, as digital platforms are 

increasingly incorporated into marketing plans and everyday life, and as people use digital 

devices instead of going to physical shops.  

Digital Marketing such as Search Engine Optimization (SEO), Search Engine Marketing 

(SEM),content marketing, influencer marketing, content automation, campaign marketing, and e-

commerce marketing, social media marketing, social media optimization, e-mail direct 

marketing, display advertising, e-books, optical disks and games are becoming more and more 

https://en.wikipedia.org/wiki/Marketing
https://en.wikipedia.org/wiki/Internet
https://en.wikipedia.org/wiki/Display_advertising
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common in our advancing technology. In fact, this extends to non-Internet channels that provide 

digital media, such as mobile phones (SMS and MMS), callback and on-hold mobile ring tones. 

Objectives of the study 

 To understand the reasons for increasing popularity of digital marketing amongst colleges 

students. 

 To know the awareness about the various tools of digital marketing 

 To analyze the effectiveness and problems of digital marketing. 

Research Design 

The present study is of Descriptive in nature. Sample size selected for the study was 80 

College Students in Kanyakumari District of Tamil Nadu State. Convenience sampling technique 

was adopted in the selection of the respondents.  

Limitations of the Study 

 The study is limited to Kanyakumari District colleges students only  

 The research work is based on the primary data which are collected from the selected 

respondents. Therefore, the findings are not to be generalized. 

RESULTS AND DISCUSSIONS 

Table 1: Demographic Variables of the Respondents 

Sources: Primary Data 

Table No.1 shows demographics wise distribution of the respondents. The age of the 

sample is 36 students in the age of 22 & above, 26 students in the age of 20 to 22 and rest 18 in 

Up to 20. Out of 80 respondents – 46 students are male and 36 are female. The education profile 

is 28 are Post-Graduation, 22 are M.Phil and 19 are Under-Graduation. 

Table 2: Information from various sources 

Sources of Information No of Respondents Percentage 

Traditional 22 27.50 

Digital 58 72.50 

Total 80 100 

Sources: Primary Data 

As seen in table no.2, Out of 80 respondents-22 respondents seeks information from 

traditional sources like newspaper, TV, Pamphlets, Neighbors, etc before making a buying 

VARIABLES No of Respondents Percentage 

 

 

Age 

Upto 20 18 22.50 

20-22 26 32.50 

22 & Above 36 45.00 

Total 80 100.00 

 

Gender 

Male 46 57.50 

Female 34 42.50 

Total 80 100.00 

 

Educational 

Qualification 

Under - Graduation 19 23.75 

Post-Graduation 28 35.00 

M.Phil 22 27.50 

Others 11 13.75 

Total 80 100.00 
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decision and rest 58 respondents rely on digital source like online and mobile advertisement of 

information before making a buying decision 

Table 3: Awareness about the various tools of digital marketing 

 

Factors 

Number of Respondents  

Total Yes Percentage No Percentage 

E-Mail Marketing 28 35.00 52 65.00 80 

Social Media 76 95.00 04 5.00 80 

Search Engine Optimization 29 36.25 51 63.75 80 

Display Ad 54 67.50 26 32.50 80 

Pop-Up 36 45.00 44 55.00 80 

Web Banner Advertising 61 76.25 19 23.75 80 

Affiliate marketing 27 33.75 53 66.25 80 

Sources: Primary Data 

As seen in the table above, it was been asked from the students that whether or not they 

know about the various tools of digital marketing and it was discovered that maximum students 

know about social marketing followed by Web Banner Advertising and Display Ad and so on. 

Table 4: Reasons for effectiveness of various tools of digital marketing 

 

 

Factors 

NUMBER OF RESPONDENTS  

 

Total 
Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

R % R % R % R % R % 

Easy 58 72.50 15 18.75 05 6.25 02 2.50 00 0.00 80 

Low Cost 33 41.25 29 36.25 10 12.50 06 7.50 02 2.50 80 

Time Saving 66 82.50 12 15.00 02 2.50 00 0.00 00 0.00 80 

Interactive 31 38.75 22 27.50 14 17.50 09 11.25 04 5.00 80 

Up gradation 36 45.00 18 22.50 17 21.25 06 7.50 03 3.75 80 

Exclusive Content 37 46.25 28 35.00 07 8.75 06 7.50 02 2.50 80 

Fun & Entt 35 43.75 24 30.00 16 20.00 04 5.00 01 1.25 80 

Sources: Primary Data 

As seen in the table above, it was been asked from the students that Reasons for 

effectiveness of various tools of digital marketing and it was found that students 

considered digital marketing is the easiest mode of gathering information followed by time 

saving and Easy and so on. 

Table 5: Problems of various tools of digital marketing 

Problems No of Respondents Percentage 

Suspectable 21 26.25 

Fraud 18 22.50 

Interrupting 15 18.75 

Privacy issue 14 17.50 

Lack of demonstration 12 15.00 

Total 80 100.00 

Sources: Primary Data 
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As seen in the table above, it was been asked from the students that problems of digital 

marketing and it was found that students considered fraud as one of the biggest problems 

followed by susceptible and so on. 

Suggestions of the Study 

 Media should organize free seminars and conferences to College Students regarding uses of 

digital marketing and also explain them about security and privacy. 

 The academic institutions can introduce e-marketing paper to all the under graduate students to 

teach how to purchase the e-products and services via online. 

 The e-marketing companies can create user friendly sites which could be accessible to all 

common people and make their website features more user friendly 

Conclusion 

It can be concluded that the College students of the sample selected found digital 

marketing as the effective mechanism of marketing due to various benefits provided by digital 

marketing. Most of the College students are satisfied with the products purchased through Digital 

Channel. A company can do lot more through Digital Marketing if they understand and delivers 

what consumer needs. Digital marketing is growing with a rapid pace not only in College 

students but throughout the world as well. 
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ABSTRACT 

         Online shopping is the process of buying is the process of buying goods and services from 

merchants over the internet. Since the emergence of the World Wide Web, merchants have sought to 

sell their products to people who spend time online. Shoppers can visit web stores from their homes 

and shop as they sit in front of computer. Customer can buy a huge variety of items from online 

stores can purchased from companies that provide their products through online stores. Many people 

choose to shop online because of the connivance. Many researcher have highlighted the importance 

of customers in today’s market. The level of satisfaction of customer with a company has profound 

effects. Thus, through customer satisfaction does not guarantee the repurchase from a company but it 

does play a very important role in achieving customer loyalty. Present study provides the company 

with the necessary insight in order to retain and increase customer base, improve customer 

relationships and forces an overview about online shopping and satisfaction level of the customers. 

 

Key word: Shopping, Online shopping, Customer satisfaction 

 

INTRODUCTION  
Online shopping is the process whereby customers directly buy goods or services from a 

seller in real-time, without an intermediary services, over the internet. It is a form of electronic 

commerce. An online shop, e-store, web shop, web store, online store or virtual store evokes the 

physical analogy of buying product or services at a bricks-and-mortar retailer or a shopping centre. 

The process is called Business-to Consumer (B2C) online shopping. When a business buys from 

another business, it is called Business-to Business (B2B) online shopping.  

        A large percentage of electronic commerce is conducted entirely in electronic form for virtual 

items such as access to premium content on website, but mostly on electronic. Commerce involves 

the transportation of physical item in some way. Online retailers are now electronically present on 

the World Wide Web. Customer can shop online using a range of different computers and devices, 

including desk computers and devices, including desktop computers, laptops, tablet computers and 

smart phones. Online computers must have access to the internet and a available 24 hours a days, and 

many consumers in western countries access internet both at work and at home. 

         The online shopping system presents an online display of an order cut-off time and an 

associated delivery window for items selected by the customer. The online shopping system does not 

settle with credit supplier of the customer until the item selected by the customer is picked from 

inventory but before it is delivered. 

       With rapid global growth in electronic commerce, business is attempting to gain a 

competitive advantage by e-commerce to interact with customer. Now days, online shopping are a 

fast growing phenomenon. Growing number of consumer shop to online to purchase goods and 

services, gather product information or even browse for enjoyment. Online shopping environment 

are therefore playing an increase role in the overall relationship between marketers and their 

consumers. That is, consumer-purchase are mainly based on cyber space appearance such as picture, 

images, quality information and video clips of the product not on the actual experience. 

     These growing and diverse internet populations mean that people having diverse tastes and 

purpose are now going to the web for information and to buy products and services. Thus the impact 
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of these online shopping environments on consumer response necessitates a critical marketing 

planning. Online shopping is becoming increasingly popular for variety of reasons There are 

certainly outside factors such as difficulty in getting to traditional store to contribution to the 

increased interest in online shopping. Consumer can get full information about the price with its 

reviews being passed by the existing users. If one wants to buy a product he is longer limit to asking 

the friends and a family because there are many products reviews on the web which gives options of 

the existing users of the product. 

 

STATEMENT OF THE PROBLEM 
      In a less competitive market retention of customer is an easy task. But this is not true in online 

shopping, as customers have wide opportunity to choose the web portals where it is difficult for the 

online seller to identify the consumer’s wants and needs, since potential customers are large in 

number. It is important to identify the factors that influence customers to prefer online shopping. 

Therefore customer retention is a challenging task for all e-commerce operators. Thus computer 

retention solely depends on the same customer’s satisfaction customers who purchase good through 

online may be satisfied due to quality of information offered in web portals, quality of goods 

delivered, products matching with the product displayed on website, price charged for the product, 

time taken for delivery etc..  Once the customers’ expectations are not fulfilled by the e-commerce 

operators, they may switch their choice to new e-commerce operations. Hence, it is the duty of the e-

commerce operators to make them repetitive purchase. Hence, in this study an attempt has been 

made to ascertain the features that enhance customer satisfaction toward online purchase and factors 

influencing customer, satisfaction on online purchase. 

 

SCOPE OF THE STUDY  

    Online shopping has a great potential to become big in India. Internet activities around is 

developing. So shopping is made easier and convenient for the customers through internet. Online 

shopping helps the customer choose the variety of models and also helps to compare the price. In 

online shopping the up to date information on the products available is known to the customers. The 

present study has been under taken to analyze the favourable factors of online shopping Vilavancode 

Taluk. The approach of the study was designed to encourage the customer’s to purchase the product 

through online. This study also covers the problem faced by the online shoppers and their payment 

system. Besides is gives more information about the purchasing and payment system of online shop. 

 

OBJECTIVES OF THE STUDY 

o To find out satisfaction level of the customer towards online shopping.  

o To know the specific reason for the customer purchase online. 

o To know the product prefer most in online shopping. 

o To identify the different payment system preferred by the customers. 

 HYPOTHESIS 
                    H01: There is no significant difference between age and purpose of using online  

     shopping 

                     H02: There is no significant difference between education and mode of shopping 

         

RESEARCH METHOLODGY 

Research Design Descriptive in nature 

Sampling Frame A study on customer satisfaction towards online shopping  

Sampling  unit A Study on customer satisfaction towards online shopping with special 

reference to vilavancode taluk  

Sampling size        60 

Method of sampling Simple random sampling 

Nature of data Primary data, secondary data 
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REVIEW OF LITERATURE 
              Mack(2018)1 businesses spend a huge amount of money both to understand and also     to 

influence the perception of the consumers with meticulous planning and exection,businesses can 

influence consumer’s perception and eventually generate desired consumer behaviour to boost 

profitability. 

              EI Khatib and Khan (2017)2 claimed that younger generation prefers online browsing 

mainly because of information realiablity.The pleasure features of online purchasing are more 

important than the privacy and security features when consumers internet purchase. 

                Zatalini and Pamungkar (2017)3 pointed out that factors leading to customer          loyalty 

and the successful implementation of retiling are the privacy and security and the speed of service. 

                   Muthumani and et al.(2017)7 this study shows that online shopping is one of the  most 

popular way for consumers to make purchase of goods and availing services, but this study identifies 

that it is not a comfortable and safest one for consumers to make purchase and available services 

online shopping is gaining popularity among young people to make purchase requirements. 

 

ANALYSIS AND INTERPERTATION OF DATA 

      1.Gender- Wise Classification Of The Respondents 

                                  TABLE NO :1 : Gender- Wise Classification Of The Respondents 

SL NO GENDER NO OF 

RESPONDENT 

PERCENTAGE 

1 Male 37 62 

2 Female 23 38 

 Total 60 100 

            The above table 1 shows that out of 60 respondents, 62 percent of the respondents were group 

of males, 38 percent of the respondents were females. 

2. Age- Wise Classifications of the Respondents  

TABLE NO :2 : Age- Wise Classifications of the Respondents 

   

           

 

 

 

 

 

 

 

 

 

 

 

 

The above table 4.2 shows that out of60 respondents, 25 percent of the respondents are in the age 

group of below 15 years, 33 percent of the respondents are in the age group of 15-30 years, 

30percent of the respondents are in the age group of 30-45 years, 12 percent of the respondents are in 

the age group of 45-60 years. 

Type of the 

Questionnaire 

Structural questionnaire 

Statistical tools used  Chi-squre,wighted average method 

SL NO 

 

Age No of respondents Percentage 

1 Below 15 15 25 

2 15-30 20 33 

3 30-45 18 30 

4 45-60 7 12 

 Total 60 100 
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3. Education Wise Classification of Respondents 

TABLE NO :2 : Education Wise Classification of Respondents 

SL NO Education No of respondents Percentage 

1 SSLC 26 43 

2 Higher Secondary 21 35 

3 Under Graduate 3 5 

4 Post  Graduate 5 8 

5 Professional 5 9 

 Total 60 100 

        The above table 3 shows that out of 60 respondents, 43 percent of the respondents are in the 

category of SSLC, 35 percent of the respondents are in the category of Higher Secondary, 5 percent 

of the respondents are in the category of Under Graduate, 8 percent of the respondents are in the 

category of post graduated,9 percent of the respondents in the category of professional. 

5. Occupational Status of the Respondents 

TABLE NO : 5 :  Occupational Status of the Respondents 

SL NO Occupation No of Respondents Percentage 

1 Student 31 52 

2 House wife 6 10 

3 Govt employee 2 3 

4 Business 6 10 

5 Other 15 25 

 Total 60 100 

        The above table 4 shows that out of 60 respondents, 52 percent of the respondents are in the 

category of student, 10 percent of the respondents are in the category of house wife, 3 percent of the 

respondents are in the category of government employee, 10 percent of the respondents are in the 

category of business, 25 percent of the respondents re in the category of others. 

6. Usage of Internet of the respondents 

TABLE NO: 6 : Usage of Internet of the respondents 

 
                The above table 6 shows that out of 60 respondents, 100 percent of the respondents are 

using internet. 

7.Duration Of Internet Usage Of The Respondents 

TABLE NO: 6 : Duration Of Internet Usage Of The Respondents 

SL NO Duration No of Respondents Percentage 

1 Less than one years 21 35 

2 1-3 Years 25 42 

3 3-5 Years 9 15 

4 More than 5 years 5 8 

 Total  100 

         The above table 6 shows that out of 60 respondents, 35 percent of the respondents are in the 

group of less than 1 year, 42 percent of the respondents are in the group of 1-3 years, 15 percent of 

the respondents are in the group of 3-5, 8 percent of the respondents are in the group of more than 5 

years. 
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8. Purpose of Using Internet of the respondents 

TABLE NO: 7 :  Purpose of Using Internet of the respondents 

SL NO Purpose of using internet No of Respondents Percentage 

1 Social networking 10 17 

2 Information gathering 23 38 

3 Entertainment 14 23 

4 finance 4 7 

5 Shopping 9 15 

 Total 60 100 

          The above table 7 shows that out of 60 respondents, 17 percent of the respondents are in the 

group of social networking, 38 percent of the respondents are in the group of information gathering, 

23 percent of the respondents are in the group of entertainment, 7 percent of the respondents are in 

the group of finance, 15 percent of the respondents are in the group of shopping. 

 

9. Satisfaction Of Online Shopping Of The Respondents 

 TABLE NO:8 

       

 

 

 

 

 

 

 

 

Sources: primary data 

     The above table. Shows that out of 60 respondents,25percent of the respondents are in the 

category of very satisfied,41 percent of the respondents are in the category of neither satisfied,12 of 

the respondents are in the category of not very satisfied,5 percent of the respondents are in the 

category of dissatisfied. 

   

CHI SQUARE TABLE 

 HO1: There is no significant difference between age and purpose of using internet. 

 AGE AND PURPOSE OF USING INTERNET 

Significance  Calculated value  Table value   

5% 29.034 21.026 

The calculated value is (29.034) is more than table value (21.026) the 5%  level of significance. 

Hence  the null hypothesises is rejected.  

  HO2: There is no significant difference between education and mode of shopping. 

EDUCATION AND MODE OF SHOPPING 

Significance  Calculated value  Table value   

5% 2.436 9.488 

     Source: Primary data 

        Since the calculated value is (2.4366) is less than the table value (9.488) at 5% level of 

significance. Hence  the hypothesis is accepted.  

 

MAJOR FINDINGS 

 The study found that 62% of the respondents are males. 

 The study shown that 33% of the respondents are in the age group of 15-30 years. 

 The study reveals that 43% of the respondent’s education background is SSLC. 

 The study disclosed that 52% of the respondents are in the category of student. 

SL.NO Satisfaction level of 

shopping  

No of respondents  Percentage  

1 Very satisfied 15 25 

2 Satisfied 25 41 

3 Neither satisfied 10 17 

4 Not very satisfied 7 12 

5 Dissatisfied 3 5 

 Total 60 100 
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 The present study founded that 38% of the respondents use internet for the purpose of 

information gathering. 

 The study pointed out that 47% of the respondents purchase from online at only once. 

 The study shown that 45% of the respondents prefer to get the online shopping from Amazon 

.com and Flip art. 

 The study reveals that 100% of the respondents are used internet facility. 

 The study discloses that 57% of the respondents are preferred online shopping. 

 The study reveals that 100% of the respondents are aware about online shopping. 

 

SUGGESSIONS 

        As there are no proper laws for online purchase, the laws will help to maintain security and 

private information properly concerting their respondents. So the website developers and service 

providers should take necessary steps to overcome this problem. 

 The online sellers must provide clear and sufficient information about online shopping to the 

online shoppers. 

 Use secure e-commerce transaction system with fair, timely and affordable methods to resolve 

transaction problems. 

 To take reasonable steps to ensure to consumer choice is informed and intentional. 

 Reduce the costs like traditional shopping. 

   To increase the credit facility to purchase from online shopping. 

 Due to our time consumer traditional shopping is neglected. 

 Most of people feel that products available through online shopping are costly because of the 

shipping charges. So the companies should provide the facility of free devilry in order to 

create excitement among non users. 

 

CONCLUSION 

             Due to fast moving life style, online shopping has been growing in India. Increasing 

adoption of devices like Smartphone, tablets, and laptops, and access to the internet and the shift in 

buying behaviour among the consumers has contributed to the repaired growth of online consumer 

base. The increase of online shopping has become a trendy way for consumer to shop over internet. 

The research indicates that shift in buying behaviour towards online is positive due to reasons like 

cash on delivery, easy of purchase of purchase through online etc…Having access to online shopping 

has truly influenced our society as whole. This use of technology has opened new doors and 

opportunities that enable for a more convent life style today. From the study conclude that that 

people of Vilavancode Taluk locate information on internet. Most of the people purchase product 

from online. Some peoples are preferred manual shopping. This means that people still are lacking in 

confidents to purchase products online. This trend can be conjured by providing secure sites for 

transactions, and adequate customer service. 
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Abstract 

The development of Internet has resulted in enormous business prospects and opportunities 

and given new direction to traditional commercial activities. E-commerce emerged as the need of the 

hour. The business-to-consumer (B2C) is the most visible and prominent progeny of e-commerce.  

B2C is a commercial process that starts with companies and ends with end consumers. Online 

shopping is an emerging area in the field of E-Business and is surely going to be the future of 

shopping in the world.  The benefits of online shopping are well known.  On-line shopping in India is 

significantly affected by various demographic factors like age, gender, marital status, educational 

qualification, occupation and income. Substantial amount of research work has been carried out on all 

these areas. The impact of these factors on online shopping behaviour is fascinating to say the least. 

But the most mysterious of them all is the impact of gender on the acceptance or rejection of online 

shopping. Do men and women behave differently during the online shopping process or do they 

exhibit same kinds of behaviour during this process?  This article will try to throw some light on the 

extremely valuable but often neglected role of gender in the online shopping behaviour of consumers. 

Recently, the diffusion of the Internet as a retail and distribution channel has undergone a great 

growth in India. This paper presents an empirical investigation on the effects of gender differences on 

online buying in Tirunelveli District. The study explored gender differences among twelve factors 

concerning the online buyer for both Male and Female in Tirunelveli District. For data collection and 

final testing of the model a well-structured questionnaire was designed and hosted. The researcher 

collected 147 respondents sent their answer out of 150 questionnaires. With regard to factors and 

consistent with using t-student test.  

Keywords: - Online Shopping, E-Commerce, Gender Differences, Online Consumer Behaviour,   

Business-To-Consumer. 

Introduction 

As the Internet and wireless network technologies have a had lot of advancement in decades, 

their increasing use has resulted in more online commercial activities, in terms of consumers 

navigating websites and making financial or nonfinancial transactions. The growing online consumer 

market allows consumers to make financial transactions online anywhere in the world regardless of 

their locations. The Internet therefore offers enterprises a growing market with limitless opportunities 

that they can tap into by providing consumers with online shopping services. The most common 

incentives for consumers to shop online are convenience, competitive pricing, greater access to 

information, complementarity of traditional stores and broader selections.  Most of the companies are 

running their online portals to sell their products/services online. Though online shopping has made 

enormous progress outside India, its growth in the Indian market, which is a large and diverse 

consumer market, is not in line with the global market. So Government of India takes some steps to 

develop online mode of transaction. because of this, nowadays most of the people purchasing their 

needs by online. 

Need of the study 

Nowadays, the Internet is being widely used in daily life. The existence of the Internet 

brought many advantages to individuals’ daily lives. With the help of the media, people can 

communicate, learn something about goods, entertain, buy products and get services. Of course, the 

disadvantages of it have long been discussed; as the virus threat, the risk of personal information theft, 

spamming etc.Studies on online shopping investigated the factors that influence online shopping as 

Rectangle

Rectangle



ISSN PRINT 2319-1775 Online 2320-7876, www.ijfans.org  

Vol.11, Iss.10, Oct- 2022 

Research Paper                                                                                  © 2012 IJFANS. All Rights Reserved,  

UGC CARE Listed (Group -I) Journal 

1370 
 

well as motives for, value of and antecedents of online buying behaviour. As a result, the academic 

researchers and the business world started to focus on the consumer side of the online purchasing 

behaviour and a lot of researches and articles were prepared to make guidance for the development of 

online shopping. The purpose of this study is to identify factors affecting consumers’ online shopping 

gender behavior, specifically elucidating them in the context. In addition to the previously identified 

factors this study included gender-specific factors that may play an important role in determining 

Internet adoption for e-commerce. The aim of this study is to investigate the factors that affect online 

purchasing behaviour of two consumer groups like Male and Female. Moreover, it is also wanted to 

identify and analyse online buying habits of Male and Female of Tirunelveli District of Tamil Nadu. 

Review of Literature 

S.K. Suman and Pallavi Srivastava (2019) “Age and Gender Influences on Consumer 

Behavior Towards Online Discounts”, They concluded that in the past few years multiple studies 

were carried out related to behavior of consumers towards online shopping and also the demographic 

(like age and gender) influences on behavior of consumers towards online shopping. But limited study 

has been carried out precisely related to age and gender influences on factors considered while buying 

online when discounted products are available. This study has a lot of significance in Indian context. 

Online retailers are offering massive discounts to allure the buyers to shop online and, in this process, 

it is essential to understand the factors which are important for different age groups and genders. 

Vijay, Sai. T. & Balaji, M. S. (2009), “Status and Scope of Online Shopping: An 

Interactive Analysis through Literature Review”, revealed that Consumers, all over the world, are 

increasingly shifting from the crowded stores to the one-click online shopping format. However, in 

spite of the convenience offered, online shopping is far from being the most preferred form of 

shopping in India. A survey among 150 internet users, including both users and non-users of online 

shopping, was carried out to understand why some purchase online while others do not. The results 

suggested that convenience and saving of time drive Indian consumers to shop online; while security 

and privacy concerns dissuade them from doing so. 

Objectives of the study 

To know socio-economic background of the respondents. 

The aim of this study is to investigate the factors that affect online purchasing behaviour of two 

consumer groups like Male and Female. 

Moreover, it is also wanted to identify and analyse online buying habits of Male and Female. 

Research Design 

The present study is of Descriptive in nature. The researcher collected primary and secondary 

sources. The primary data collected through convenient sampling method. Structured questionnaire 

was distributed through directly by researcher in Tirunelveli District of Tamil Nadu State.  Secondary 

sources include internet, books, reports, journals and so on. Convenient sampling methods was used 

to collect data from 150 respondents. Of this, the filled in forms of 147 respondents were found to be 

complete and were taken for further analysis. The remaining forms were incomplete, therefore such 

data were rejected. For analyzing the data Percentages and t-test were applied.  

Limitations of the Study 

The study is limited to consumers residing in to Tirunelveli District only so the results of this study 

cannot be used to reflect the population as a whole. 

This study collects convenient samples Therefore; one cannot generalize the results of the study to the 

population. This study can only reflect a specific and limited population’s needs. 

Results And Discussions 

Table 1: Demographic Variables of the Respondents 
VARIABLES No of Respondents Percentage 

 

Gender 

 

Male 78 53 

Female 69 47 

Total 147 100 

 

 

Age 

Upto 25 38 26 

26-35 44 30 

36-45 35 24 
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46-55 18 12 

Above 55 12 8 

Total 147 100 

 

Marital Status 

 

Married 97 66 

Unmarried 50 34 

Total 147 100 

 

Educational 

Qualification 

 

 

Upto HSc 55 37 

Under - Graduation 48 33 

Post-Graduation 23 16 

Others 21 14 

Total 147 100 

 

 

 

 

Occupation 

 

 

 

Unemployed 6 4 

Student 26 18 

Homemaker 22 15 

Private Employee 51 35 

Government Employee 29 20 

Retired 8 5 

Other  5 3 

Total 147 100 

 

 

 

 

Monthly Income 

  

  

  

No income but pocket money 13 9 

Less than 15000 23 16 

15001-25000 32 22 

25001-35000 31 21 

35001-45000 30 20 

Above 45000 18 12 

Total 147 100 

 

Time spend on 

internet daily 

  

  

  

  

Less than 1 hour 51 35 

1-2 hour 53 36 

2-3 hour 29 20 

More than 3 hour 14 10 

Total 147 100 

Sources: Primary Data 

Table No.1 shows demographics wise distribution of the respondents. Most of the 

respondents were Male, Majority of respondents in the age group of 26-35 and UptoH.Sc were high as 

compared to other Educational groups and Private employee were high as compared to other 

Occupation, most of the respondents income were 15001-25000 and Most of the respondents using 

minimum two hours spend on daily. 

Table 2:  Responses for Reasons for Purchasing Online 

 

 

Reasons 

NUMBER OF RESPONDENTS 
 

 

Total 

Strongly 

Agree 
Agree Neutral Disagree 

Strongly 

Disagree 

R % R % R % R % R % 

Convenience of shopping at home 64 44 40 27 39 27 3 2 1 1 147 

Not limited by time 71 48 52 35 21 14 2 1 1 1 147 

Easy to buy 45 31 64 44 26 18 8 5 4 3 147 

Easy to search for products 31 21 72 49 37 25 5 3 2 1 147 

Price cheaper than physical 

stores 
56 38 59 40 29 20 2 1 1 1 147 

Can pay online by credit card 42 29 63 43 39 27 3 2 0 0 147 

Fast delivery 34 23 48 33 38 26 19 13 8 5 147 

Reasonable delivery costs 74 50 53 36 14 10 5 3 1 1 147 

Security of online transactions 11 7 37 25 63 43 22 15 14 10 147 
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Better product quality 23 16 29 20 71 48 18 12 6 4 147 

Product is by well-known brand 45 31 37 25 39 27 17 12 9 6 147 

Detailed product specifications 

and features 
74 50 52 35 19 13 2 1 0 0 147 

Sources: Primary Data 

As seen in the table above, it was been asked from the Responses for reasons for purchasing 

online. For that, researcher selected twelve factors like Convenience of shopping at home, Not limited 

by time, Easy to buy, Easy to search for products, Price cheaper than physical stores, Can pay online 

by credit card, Fast delivery, Reasonable delivery costs, Security of online transactions, Better product 

quality, Product is by well-known brand and Detailed product specifications and features. In which 

most of the respondents said that agree for reason for purchasing online. 

Table 3: Gender and Purchasing Online  

Calculation of t-test 
 

Factors 

 

Variables 

 

df 

Table 

Value 

Calculated 

Value 

 

Result 

Convenience of shopping at 

home 

Male 
145 1.99 1.85 Accepted 

Female 

Not limited by time 
Male 

145 1.99 .06 Accepted 
Female 

Easy to buy 
Male 

145 1.99 3.92 Rejected 
Female 

Easy to search for products 
Male 

145 1.99 1.24 Accepted 
Female 

Price cheaper than physical 

stores 

Male 
145 1.99 

1.55 

 
Accepted 

Female 

Can pay online by credit card 
Male 

145 1.99 1.63 Accepted 
Female 

Fast delivery 
Male 

145 1.99 2.63 Rejected 
Female 

Reasonable delivery costs 
Male 

145 1.99 .24 Accepted 
Female 

Security of online transactions 
Male  

145 

 

1.99 

 

2.34 
 

Rejected Female 

Better product quality 
Male 

145 1.99 2.32 Rejected 
Female 

Product is by well-known brand 
Male 

145 1.99 .57 Accepted 
Female 

Detailed product specifications 

and features 

Male 

145 1.99 2.41 Rejected Female 

Male 

Sources: Computed Data 

The above table represents the independent sample t-test. It is clear from the table that the 

means of the variable namely reasons for purchasing online of genderand some factors like 

Convenience of shopping at home, Not limited by time, Easy to search for products, Price cheaper 

than physical stores, Can pay online by credit card, Reasonable delivery costs and Product is by well-

known brand has its Calculated value is less than the table value. There is no significance different 

between reasons for purchasing online of gender and the above factors. Hence the null hypothesis is 

accepted. But some other factors like Easy to buy, Fast delivery, Security of online transactions, 

Better product quality and Detailed product specifications and features has its Calculated value is 

more than the table value. There is significance different between reasons for purchasing online of 

gender and the above factors. Hence the null hypothesis is rejected. 

Conclusion 

On-line shopping is now a serious alternative to conventional shopping. Given that men and 

women have been shown to differ in their attitude, it seems surprising that there is little research that 
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explicitly addresses gender difference in on-line buying. Attitude and gender are important factor that 

online shopping behavior. Accordingly, better understanding of online shopping attitude is critical for 

designing and managing effective website that can help businesses attract and retain online customers. 

When researcher compare with gender and reasons for purchasing online, most of the respondents 

accepted. Therefore e-tailors must improve the hedonic benefits to create positive attitude towards 

online shopping. 
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Abstract 

An Economy of a country progresses when its savings are mobilized in the form of investments 

and the leakages of the consumption pattern changes in giving an injection to the Economy. As per the 

economic thought savings are leakages from the consumption pattern and all investments are injections in 

enhancing capital formation of an economy. There are avenues open to the retail investors where they can 

realize their savings in getting better returns. Capital market is the backbone of any country’s economy. It 

is an engine for economic growth, providing an efficient means of resource mobilisation and allocation. 

The Indian Capital Market comprises of two segments, namely, the Primary and the Secondary market. 

The fresh issue of securities takes place in primary market and trading among investors takes place in 

secondary market. Generally, the Indian corporates mainly raise funds through capital market. Two types 

of capital are essentially raised viz., Equity and Debt. The capital raised through equity is superior to that 

of debt capital for both the firm and the investor. Equity enhances the borrowing power of the firm from 

banks and financial institutions. This study focuses on Retail Investors Behaviour on Equity Shares in 

Kanyakumari District. For that, the researcher circulated 50 sample and analysed socio economic 

background of sample respondents, source of information getting by the respondents and compare the 

Socio-Economic Characteristics and Category of investors. The researcher used percentage and chi-squre 

test for this study. 

KeyWords: Investors, Market, Financial Securities, Predictive Skills, Short Term Investment, Economic 

Growth, Equity and Debt. 

Introduction 

The capital market is used as a main vehicle to mobilize funds for the economic growth of the 

country. It performs crucial functions like the conversion of savings of the households and institutions into 

investment, creation of financial assets and development of asset-related products. If the capital market 

does their work well that country will be create sustained economic growth. It provides a bridge between 

investors and savers. The development of the securities market changes the quantum and composition of 

savings and investment of the households. The securities market facilitates the internationalization of the 

economy by linking it with the rest of the world. 

Indian Capital market is one of the fastest growing markets in the world. It has grown 

impressively during the recent years in tune with the global financial markets. The Indian Capital Market 

comprises of two segments, namely, the Primary and the Secondary market. The fresh issue of securities 

takes place in primary market and trading among investors takes place in secondary market. Generally, the 

Indian corporates mainly raise funds through capital market. Two types of capital are essentially raised 

viz., Equity and Debt. The capital raised through equity is superior to that of debt capital for both the firm 

and the investor. Equity enhances the borrowing power of the firm from banks and financial institutions. 

The Indian Capital Market has witnessed unprecedented euphoria from the early nineties and it has won 

critical appreciation from various quarters. 

Success of equity issues totally depends on the confidence of the investors. If the investors 

perceive high profitability prospects, they will invest in equity. There are two types of investors, namely, 

institutional investors and retail investors (households). Institutional investors are huge investors who 

operate through Portfolio Managers. Retail Investor i.e. the household sector, who is the only source of 

providing risk capital. The Retail Investor provides this risk capital, either directly by investing in equity 

market or through collective schemes popularly called as Mutual Funds. The growth of the securities 

Rectangle
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market is the result of high confidence of the investors, that too the retail equity investors, the only risk 

capital providers of yesterday, today and tomorrow. 

 

Statement of the Problem 

The stock market is one of the most vital and dynamic sectors in the financial system making an 

important contribution to the economic development of a country. Investors are the backbone of the capital 

market and they are not alike. Institutional investors are capable of understanding the intricacies involved 

in the stock market activities but the retail investors lack adequate awareness about it. As the bulk of the 

savings of the country generally emanate from the households, and the retail investor is still the major 

source of risk capital to upcoming enterprises, to undertake new industrial activities, the capital market 

cannot grow without their participation, directly or indirectly. So, bringing the retail investors back into the 

equity market would be a very healthy structural development for the nation itself. There are many studies 

on the stock market related areas, the information provided to the investor and industry is not sufficient. As 

a result, the investor and the stock market players will be searching for required information. There are 

some research gaps in the existing literature relating to the stock market. Hence the current study is 

undertaken to fill the gaps in the existing research in the field of stock market and also to provide required 

information to the investors as well as industry. 

Review of Literature 

D. Chithra & Dr. A. Seilan (2019), “Factors Influencing Investment Decision in Equity Shares – A 

Study in Kanyakumari District”, this research identified the various factors which the investors consider 

while making investment decision. This study will be beneficial for financial professionals, regulatory 

authorities or investment advisors so they can understand or focus on those factors that cause volatility in 

stock market. This study will help them to understand the relationship and impact of these factors on 

decision making and investor’s perception toward investment in equity shares. 

Byju. K & Dr P Kannan (2018), “A Study on Investment Behaviour Towards Equity Share as 

Investment Avenue Special Significance to Palakkad District”, this study made on investment 

behaviour towards equity share as investment avenue special significance to Palakkad district the 

necessary data were collected through questionnaire method. The descriptive analysis and statistical 

analysis was made to know the investors behaviour towards investment in equity shares. The investor’s 

preference and satisfaction consist of human behaviour that induces investment decision. Investor 

satisfaction is the ultimate aim of all investments. It may be concluded that more awareness programs and 

financial market orientation programs are to be given to general public. 

Equity Share  

An equity share, normally known as ordinary share is a part ownership where each member is a 

fractional owner and initiates the maximum entrepreneurial liability related to a trading concern. These 

types of shareholders in any organization possess the right to vote. 

Retail Investor 

A retail Investor is an individual investor that invests in stock markets by purchasing shares of a 

company or invests in mutual funds, exchange-traded funds, etc. that is facilitated by some broker. Such 

investors invest relatively small amounts as compared to institutional investors like hedge funds, insurance 

companies, endowment funds, etc. They invest smaller amounts in comparison to institutional investors. 

Objectives Of The Study 

1. To know about Investors 

2. To study socio economic background of Investors 

3. To analyse the information search and investment option of retail Investors 

Research Design 

The present study is of Descriptive in nature. Sample size selected for the study was 50 

respondents in Kanyakumari District of Tamil Nadu State. Convenience sampling technique was adopted 

in the selection of the respondents. For analyzing the data, Percentages and Chi square test were applied. 

Limitations Of The Study 

1. The study is confined to Kanyakumari District alone. Hence the findings may not be generalised for 

the other parts of the country. 

2. The study is confined to the retail equity investors alone. Institutional investors remain uncovered.  

 

 

https://www.wallstreetmojo.com/endowment-fund/
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Results And Discussions 

Table 1: Demographic Variables of the Respondents 

Primary data 

Table No.1 shows demographics wise distribution of the respondents. It reveals that male 

respondents are higher than female respondents. Majority of respondents in the age group of 36- 45 and 

Graduates were high as compared to other Educational groups. Majority of the respondents were Private 

employee and 100001-200000 respondents were high as compared to other Income level of the Investors.    

Table 2: Type of Investors 

Type No of Respondents Percentage 

New generation 38 18 

Hereditary 12 44 

Total 50 100 

 Primary data Table No. 2 explained about the Type of Investors. In which majority of the Investor’s 

Type were new generations. 

Table 3: Category of Investors 

Type No of Respondents Percentage 

Daily traders 08 
16 

Long term 13 26 

Both 29 58 

Total 50 100 

    Primary data 

Table No. 3 shows that the Category of Investors. In which, majority of the investor’s Category is 

themselves as both long term investors and daily traders. 

Table 4: Source of Investment 

Type No of Respondents Percentage 

Own funds 37 
74 

VARIABLES No of Investors Percentage 

 

 

Age 

Upto 25 02 4 

26-35 16 32 

36-45 17 34 

Above 45 15 30 

Total 50 100 

 

Gender 

Male 39 78 

Female 11 22 

Total 50 100 

 

Educational 

Qualification 

HSC 09 18 

Graduation 21 42 

Post-Graduation 09 18 

Professional 11 22 

Total 50 100 

 

 

 

Occupation 

Government 10 20 

Private 22 44 

Business 13 26 

Farmer 05 10 

Total 50 100 

 

 

Income Per 

Month 

Less than 100000 06 12 

100001-200000 14 28 

200001-300000 12 24 

300001-400000 11 22 

Above 400000 07 14 

Total 50 100 
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Borrowed funds 13 26 

Total 50 100 

    Primary data 

Table No.4 shows that the Source of Investment. There were majority of the Investor’s Source is 

themselves only. 

Table 5: Sources of Information 

Type No of Respondents Percentage 

News Papers 07 14 

Television Channels 06 12 

Stock Brokers 08 16 

Journals & Magazines 03 6 

Friends & Relatives 10 20 

Investment Consultant 05 10 

Web Sites 11 22 

Total 50 100 

 

Primary data 
Table No.5 shows that the information getting, majority of the investors get information through 

web sites. 

Association Between Socio-Economic Characteristics And Category Of Investors 
The non-parametric chi-square test is applied to find the association between Category of 

investors and Socio-Economic factors such as age, sex, education, occupation and income. 

Table: 6 Socio Economic Characteristics and Category of Investors 

Character Calculated Value Degrees of 

Freedom 

Table Value Result 

Age 7.13 6 12.59 Accepted 

Sex 1.01 2 5.99 Accepted 

Education 13.74 6 12.59 Rejected 

Occupation 9.59 6 12.59 Accepted 

Income 9.22 8 15.50 Accepted 

Computed data 

From the above table it is clear that there is no significant difference between level of satisfaction 

and socio-economic factors of Education. But there is a significance difference between Investors and the 

Socio- economic factors such as age, sex, Income, and occupation. 

Suggestions Of The Study 

1. Innovative technologies like integration of stock exchanges, demat, online trading, creation of 

development of web pages must be brought in capital markets for its growth and to attract the educated 

investors. 

2. Strategies must be employed to encourage women investors. Awareness programmes has to conduct in 

all places. 

3. Capital market should create a higher-level critical factor involved for making investment decisions.  

Findings 

1. Male respondents are higher than female respondents.  

2. Majority of respondents in the age group of 36- 45. 

3. Graduates were high as compared to other Educational groups.  

4. Majority of the respondents were Private employee. 

5. 100001-200000 respondents were high as compared to other Income level of the Investors.    

6. Majority of the investor’s Category is themselves as both long term investors and daily traders. 

7. Majority of the Investor’s Type is new generation. 

8. Majority of the Investor’s Source is themselves only. 

9. Majority of the investors get information through web sites. 

Conclusion 

The study will help investment consultants in identifying the investment avenues. The credit rating 

agencies can use the information for their investment rating. Investor’s preference for equity retail 
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investment will help policy makers in formulating strategies. The study helps for timing and type of 

instruments for new issues in retail investment. Stock exchanges can introduce technological advancement 

in trading. In short, this piece of research work has become quite friendly of players in the capital market 

viz. the investors.  
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Abstract 

The banking industry is facing a rapidly changing market, new technologies, economic uncertainties, 

heavy competition and more demanding customers and the changing climate has presented an unheard-

of set of challenges.  Banking is a customer oriented services industry, therefore, the customer is the 

focus and customer service is the differentiating factors. In the backdrop of all these developments the 

investigator makes an attempt to explain the Customer Service satisfaction in Indian banking Sector. For 

this study, descriptive research design is used where the data is collected through the questionnaire. The 

information is gathered from the different customers of the State Bank of India in Nagercoil Town. 

 

Key words:  Perception, Customer satisfaction Online banking, Core banking, Quality of service 

 

Introduction 

The Financial Services is the backbone of all sector. This is important not only for the banking sector 

but for the Indian economy as a whole. This is so because banking is a catalyst and life of modern trade 

and commerce. It is an integral part of not only all the businesses but also necessary for the social 

activities. This rapid transformation of services in the banking system has led to the evolution of a 

highly competitive and complex market where there is a continuous refinement of services. Hence the 

increased role of banking in India’s economic development on the one hand and the changes in the 

business climate on the other has put increased pressure on them. These changes are compelling the 

banks to reorganize themselves in order to cope with the present conditions. 

Customer satisfaction refers to how satisfied customers are with the products or services 

they receive from a particular agency. The level of satisfaction is determined not only by 

the quality and type of customer experience but also by the customer’s expectations. A customer may be 

defined as someone who has a direct relationship with, or is directly affected by your agency and also 

who has receives or relies on one or more of your agency’s services or products.  

Customers in human services are commonly referred to as service users, consumers 

or clients. They can be individuals or groups. An organization with a strong customer service culture 

places the customer at the centre of service design, planning and service delivery. Customer 

centric organizations will: 

 Determine the customer’s expectations when they plan listen to the 

customer as they design. 

 Focus on the delivery of customer service activities value customer feedback 

when they measure performance 

 

 

 

Rectangle
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W hy  i s  i t  i mpo r tan t?  
There are a number of reasons why customer perception and satisfaction is important in Banking 

Sector: 

 M eet in g  the needs o f  t h e  cu s to m er  i s  t h e  u n de r l yi n g  r a t i on a l e  f o r  

t h e  existence of community service organizations. Customers have a right to 

quality services that deliver outcomes. 

 Organizations that strive beyond minimum standards and exceed the expectation 

of their customer are likely to be leaders in their sector. 

 Customers are recognized as key partners in shaping service 

development and assessing quality of service delivery 

In this paper, the main contention of the researcher is to highlight the customer satisfaction through 

service quality provided by the banks State Bank of India in Nagercoil Town from  kanyakumari district. 

 

Scope of the study 

The study has been conducted on behalf of  customer perception and satisfaction of  state bank of India . 

The study is focus to the Nagercoil Town from Kanyakumari district.  The study covers the service 

providers and users of  state bank of India. It  has put forward the Customers as well as acceptability 

behavior for the services. The scope of the study is to find out the Customer perception and Satisfaction 

level of the customer in state bank of India in Nagercoil Town. 

 

Need of the study 

Customer perception and Satisfaction is very essential for every Service to survive in the market. Its 

could help the business by placing future demand to the company.  Customer Satisfaction gives passing 

the words of mouth to other potential customers.  This is very Important for the company to take care of 

the customers and make them to satisfy. So this study made by the researcher. 

 

Objectives of the Study 

 To ascertain the perception of customers regarding the service quality in SBI. 

 To study the Satisfaction of customers towards the  SBI.  

 To know the customer awareness regarding the SBI  Bank’s products 

 To know the preference of customer regarding the extra services of SBI. 

 To know the problems faced by  customer regarding  SBI. 

 To give the appropriate suggestions for the improvement of  SBI.    

 

Nature of Data: 
 Both primary and secondary sources of data were utilized for the study. 

Sources of data : 

 Primary Data 

 Secondary Data 

Primary Data: 

Primary data is that data is collected a fresh for the first time and that is original in nature.  The 

primary data was collected by means of administering a questionnaire to the customers. The 

study  primary data was collected 150  customers from SBI in Nagercoil town branches. 
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Secondary Data: 

Secondary data is that data which has been collected by some one else and which  has already been 

passed through the statistical process. Secondary data here has been collected from various 

publications periodicals, journals etc. 

Sampling unit :  
The sampling unit rate  for selecting the sampling for the study is from SBI branches in Nagercoil Town. 

Sampling Size: 

 Sampling size for the study is selected from the following branches of SBI from Nagercoil 

Town. Nagercoil Town 5 SBI branches. Each branch consists of 30 respondents were randomly selected  

for the study according to the convenience of the researcher. The following branches are taken into 

consideration. 

1. SBI Nagercoil branch 

2. SBI Nagercoil Town  branch 

3. SBI Parvathipuram branch 

4. SBI Vadacery branch 

5. SBI Vadiveeshwaram branch 

 

Method of sampling: 

 Convenience sampling : 

The sample units are selected according to the convenience of the investigator or researcher. Here, the 

researcher used convenience sampling design collection of primary data through structured 

questionnaires. 

Methods of data collection : 

Question method: 

A questionnaire consists of a number of question printed or typed in a definite order on a form or set of 

forms. The respondents have to answer the questions on their own. Quite often, the questionnaire is 

considered as the heart of a survey  operation. Hence , it should be very carefully constructed. 

 

Analysis and Interpretation  

General profile of the respondents 

Factors  Classification  No.of respondents  Percentage  

Sex Male 

Female 

102 

48 

68% 

32% 

Age Below 20 yrs 

21 – 30 yrs 

31 – 40 yrs 

Above 40 yrs 

45 

54 

33 

18 

30% 

36% 

22% 

12% 

Marital status Married 

Unmarried 

78 

72 

52% 

48% 

Educational 

qualification 

Below HSC 

Graduate 

Above graduate 

Other 

18 

42 

66 

24 

12% 

28% 

44% 

16% 

Occupation Professional 

Business 

Employee 

39 

39 

51 

26% 

26% 

34% 

https://bankifsccode.com/STATE_BANK_OF_INDIA/TAMIL_NADU/KANYAKUMARI/NAGERCOIL
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House wife 21 14% 

Family income Below 50000 

50000 to 100000 

100000 to 200000 

Above 200000 

 

51 

60 

21 

18 

34% 

40% 

14% 

12% 

Family size Up to 3 

3 to 5 

5 to 7 

Above 7 

 

18 

66 

42 

24 

12% 

28% 

44% 

16% 

Source : primary data 

Inference  

The above table shows that 68% of the respondents are male, 36% of the respondents having the age 

group of above 21 – 30 years, next regarding marital status ; 52% of the respondents are married and 

about 44% of the respondents are above graduate, and maximum respondents are employee ( 34%) and 

incase of the annual income of the family,   40% of  them under income group of Rs 50000 to 100000 

and the last one regarding family size ,  44% of the respondents are coming under 3 to 5 members. 

 

Reasons preferring this bank 

Preference is based on some reasons, it easy to use, wide online banking network, immediate 

action taken against complaints, friendly attitude, sufficient knowledge of the staff, low time 

consumption and reduction of risk.  The classification of reasons for preferring this bank is 

shown in the below Table 

Classification of reasons for preferring this bank 

Reasons Strongly agree Agree No opinion Disagree Strongly disagree Total 

Availability of 

more products/ 

services. 

 

 

72 36 25 10 7 150 

Convenient 

location of a bank 

81 48 12 6 3 150 

High rate of 

interest on deposits 

57 60 15 12 6 150 

More and 

appropriate e-channels 

60 45 24 15 6 150 

Only SBI Branch 

is available 

45 48 27 21 9 150 

Low time consumption 75 54 12 6 3 150 

Reduction of the risk 39 75 27 3 6 150 

Source : Primary data 

The above Table clearly shows that the reasons for preferring this bank. Maximum number of 

respondents strongly agree the factors given. 

 

Age and Satisfaction 

 Satisfaction is very important factor for all activities.  The satisfaction of the core banking users 

is compared with the age of the users, which is shown in the table below. 
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Comparison between age and satisfaction 

Age Highly 

Satisfied 

Satisfied Moderate Dissatisfied Highly 

Dissatisfied 

Total 

Below 20 9 30 0 0 0 39 

21-30 9 12 3 0 0 24 

31-40 9 27 3 3 0 42 

Above 40 3 30 12 0 0 45 

Total 30 99 18 3 0 150 

Source : Primary Data  

  

HO There is “no relationship between age and satisfaction towards SBI banking facilities. 

IInnffeerreennccee   

Calculated Value Table value Degree of freedom Significance 

31.02 21.03 12 Significant 

Source : Primary Data  

Inference  

Since the calculated value 31.02 is more than the table value 21.03 at o.o5 level of significance so the 

null hypothesis is rejected. It may concluded there is a relationship between age and satisfaction towards 

SBI. 

Table Shows Rank Correlation between Core Banking services and Online Banking services: 

     

Respondents 

      

 

Core 

Banking 

Services(x) 

Online 

Banking 

Services(y) 

Rank x Rank y (d) d2 

Professional 

 

24 15 2 3 -1 1 

Business 

 

19 30 3 1 2 2 

Employee 

 

28 23 1 2 1 1 

Other 7 14 4 4 0 0 

 Σd2=4 

 

Source: primary data 

Spearman’s rank correlation equation:  

 

 
1- 6*4/4(16-1) 

1-24/60 

1-0.40 

0.60 

 

Inference:  

There is a positive Correlation between core banking respondents and online banking respondents with 

the value of 0.60 
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Table shows Feedback on over all services: 

Particulars  
 

Respondents Percentage 
 

Excellent 
 

15 10 

Very Good 35 23.3 

Good 50 33.3 

Average 40 26.7 

Poor 10 6.7 

Total 150 100 

Source: primary data 

Inference:  

From the above information regarding feed back on overall service on bank , majority 33.3% 

respondents gave good,26.7% were gave average,23.3% were gave very good,10% were gave excellent 

and only 6.7% respondents gave poor on performance. 

Table shows RATING SCALE on preference of services: 

 

 

 

 

 

 

 

 

Source: primary data 

 

Inference:  

Based on the Ranking given by respondents majority for core banking at 46.7%, personalized 20%, wide 

branch 16.7%,  customer service  10%,and computerized as 6.6%. 

Table shows services used by the respondents 

Response  No.of  respondents  % of the 

respondents 

Saving  45 30% 

Fixed deposit  20 13.3% 

Current a/c 25 16.7% 

Demat a/c 10 6.7 

loan 35 23.3% 

Credit cards 15 10% 

Source: primary data 

Inference  
Based on the Ranking given by respondents majority for saving A/C at 30%, and loan 23.3%, current 

A/C 16.7%,  fixed deposit   13.3%, credit cards 10%, and 6.7% respondents are using demat A/C.  

Table Shows Standard Deviation of Respondents on Feedback 

Particulars  
 

Respondents X X =X-X- X2 

Excellent 
 

15 -15 225 

Very Good 35 5 25 

Good 50 20 400 

Preferences    
 

Ranks 
 

Respondents 
 

Percentage 
 

Core banking 1 70 46.7 

Personalized 2 30 20.0 

Wide branch 3 25 16.7 

Customer service 
 

4 15 10.0 

Computerized 5 10 6.6 

Total  150 100 
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Average 40 10 100 

Poor 10 -20 400 

Total  

ΣX= 150 

 

 

  

ΣX2 = 1150 

 

Source : primary data 

Standard Deviation: 

  X-  = ΣX/N 

                              = 150/5 

                    =30 

                                =  √ ΣX2/N 

                                = √1150/5          

                                =       15.16 

Inference:  

From the above information it is denoted that there is a standard deviation of approximately 15 

Respondents about their opinion. 

 

Major finding 

 There is a relationship between age and satisfaction towards SBI facilities 

 There is a positive Correlation between core banking respondents and online banking respondents of 

State Bank of India. 

 There is relationship between age and monthly income of the respondents 

 There is significant relationship between occupational status and nature of account 

 By using weighted average rank for opinion about the rank to analyse the reason for preferring this 

bank wide core banking network got the first rank  

 65 % of the Respondents were felt satisfied on solving of the banking problem by the State Bank of 

India banking staff.  

 Most of the Respondents were felt that the State Bank of India bank would not restrict on  

maintaining of minimum balance is must in high.  

 It is observed that the 78 % of the Respondents were satisfied on financial transactions of the S.B.I. 

Bank.  

 64% of the Respondents were felt that the State Bank of India bank would provide on savings 

account.  

 Most of the Respondents were not preferred an alternate Bank instead of the State Bank of India 

bank.  

 It is observed that 76% of the respondents felt difficulty while opening an account in the S.B.I. 

Bank.  

 Only 15% the Respondents will aware of the list of shares in stock exchange provided by State Bank 

of India bank.  

 23.7% of the Respondents were believed in State Bank of India bank provides loan Facilities to the 

customers in an easy manner.  

 Majority of the Respondents were preferred savings account when compared with all the remaining 

mode of accounts  

 While asking the feedback about the State Bank of India bank services 45% of the Respondents were 

felt very well on service.  
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 It is observed that the 84% of the Respondents were satisfied on financial transactions of the S.B.I. 

Bank.  

 

Suggestions 

 The bank should introduce new awareness program about the various other services to the account 

holder 

 Most of the users felt the rate of interest too high so the bank considered to reduce the interest rate. 

 Most of the user expected more attractive scheme so the offer any attractive scheme and benefits to 

the users 

 From the above findings it was found that one of the State Bank of India bank provided services is 

Online transactions. That is not much known to the customers, therefore the Bank management 

should take efforts to make awareness among the general public about online facilities.  

 Majority of the customers will prefer online bill payment facility provide by State Bank of India 

bank. so the management should give low service charges and offering prices on Online Bill 

Payments.  

 Advertisement of State Bank of India bank is very less when compared with the competitors. It may 

leads to switching on other Banks. To overcome the Bank management should promote more 

advertisements through various advertisement channels. 

 Most of the customers felt that opening of an account is very difficult in the Bank. So the 

management should take care on new customers as well as old customers. 

 

CONCLUSION 

Customer satisfaction is most important factor for every business become success. In Indian banking 

industry , SBI is one of the important  sector. From this study  Some light was shed on some negative 

factors also like creating an awareness on online transactions, interest rates on loans, A.T.M. facilities 

etc., That’s why Some suggestion were provided to the management like concentrating on Online 

services, solving banking problem with a quick time and promote loan facilities like industrial ,business, 

agriculture, individual loans etc, with an attracting advertisements. Its lead to growth of the industry. 
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Abstract 

The advertisement shows an active role in generating demand for the products and reaching 

different observers' divisions. The mode of advertising transports the level of consciousness and shared 

understanding of the marketing environment. The marketers try to contact different types of observers 

through original and innovative messages strategically carried out in the process. Global advertisers create 

a positive impact on the advertisement, which leads to improving their brand name, targeted sales, and 

enhancing the firm's goodwill. After confirming the advertising objectives, the marketer chooses the most 

appropriate communication strategy for media advertisement. The advertising strategy is a significant 

factor in generating attentiveness for the products. Advertisement offers product information to secure the 

responsiveness, desire, concentration and actions of the consumers. The durable product advertisement on 

media shows a vital role in selling the products to the customer. In India, media advertisements are 

considered a prominent and growing industry. People come across various advertisements and how they 

impact them in day-to-day life. Moreover, people are aware of the range of products available in the 

market through multiple media sources. Therefore, the advertiser should analyse the advertisement 

concept and which media significantly impacts consumers' minds and reach the target group to attain 

maximum sales. This paper intends to understand the Effects of advertisement on Consumer attitude 

towards Durable Products. The study has been made by conducting a survey in rural areas of 

Kanniyakumari District of Tamil Nadu State. For that, the researcher collected100samples from the study 

area and Percentage, Chart, Garret ranking method and t-test used for analysed for the study. 

 

Key words:Consumer Behavior, Advertising Strategy, Media Advertisement, Durable Products. 

 

 

INTRODUCTION 

In recent years, there is a large shift in consumer behaviour among Indians due to enhanced 

awareness and information technology. Lifestyle among urban as well as rural consumers has changed 

enormously with influence of socio-economic conditions, cultural environment, education level, 

occupation, high per capita income and wide media coverage. There is an increase in working women 

dramatically after 1990s, they are proving to be equally good as men, and make their own decision to buy 

things which they need. With the above parameters the demand for consumer durables increased 

significantly and also made the yesterday’s luxuries into today’s necessaries. 

Advertisements are highly informative and they are giving all the necessary information to the 

consumers about the particular product and brand. Some types of advertisements are comparing their 

product features and price with the other available brands in the market directly or indirectly. This 

reduces the information search of the consumers while deciding to buy a specific brand. The 

advertisement endorsed with a favorite celebrity will influence the consumer purchase decision. These 

types of celebrity advertisement attract the attention of the consumers towards the brand. Advertisement 

acts as a weapon to overcome the heavy competition.The main goal of advertising strategy is to maintain 

a positive attitude or modify negative attitudes towards products. They have taken more action for 

Rectangle



International Journal of Early Childhood Special Education (INT-JECSE) 

DOI:10.48047/INTJECSE/V14I8.231 ISSN: 1308-5581 Vol 14, Issue 08 2022 

1714 
 

changing the consumer attitude, which is favorable to purchase that product. Attitude is how the 

consumer thinks, feels and acts towards the environment like the store, radio, and reference groups. 

 

NEED & IMPORTANCE OF THE STUDY  

In the competitive world, organisations have faced many challenges in promoting their products 

and services in the marketing environment. The company intends to stand in the market for a more 

extended period, so they chose the advertising tool as a promotional strategy. The businessmen may lose 

their market share, goodwill and brand value due to product advertisement. Therefore, the marketer uses 

the advertisement as the best promotional tool for promoting their products and services. Advertising is 

the primary path to create awareness among the consumers and also, the marketers can promote their 

products and services. The advertising agencies and many marketers must understand that the market 

responds to the consumers' mindset towards products. The advertiser's primary objective is to focus on 

different advertising techniques to create awareness among potential customers about their new products 

and update them on the innovative product's benefits and features. The effectiveness of advertising norms 

depends on the understanding of how advertising works. They should analyse the force in a manner like 

how it works, when it works and why it is needed. The advertiser needs to examine the internal situation 

and external capabilities for attaining the privilege. This study analysis the suitable advertising option and 

how this option can bring a significant change in the consumer's mind towards durable products. This 

study also focuses on how advertising influences the attitude and how the customer makes decisions 

based on their valuable resources such as time, money, etc. The marketer should know the target 

customers for the durable products and understand the reasons behind their purchase. The main focus of 

this study is to arrive at the answers from the customer as to what factors influence their attitude towards 

durable product advertisements and what suggestions can be made to improve the advertisement towards 

the products. Moreover, this study will investigate to what extent the factors will influence the purchasing 

patterns of the consumer. 

 

SCOPE OF THE STUDY  

This research aims to develop a framework of advertisement and consumer attitudes for 

researchers and manufacturers of durable products. This study measures various dimensions of an 

individual perspective and this would help the manufacturer know the product's perceived value. It is an 

exciting topic for researching as this study is helpful to the manufacturers, marketers, advertisers and 

consumers. It would help them to work out the purchase intention, expectation level, understand the 

buying behaviour and the level of influence of advertisement on their decision-making process. This 

report provides many insights into the marketers for understanding the current market trend. It is 

advantageous to the new manufacturers to adopt creative strategies to help attract more consumers. This 

study will throw light on the attitude level of the advertisement on a general basis which would improve 

the brand value for different sections of the consumers. This study is also valuable for the consumers to 

understand their purchasing power and select products based on their exposure to the advertisements. 

 

REVIEW OF LITERATURE 

Khalid, M. O. (2020), “A study on the effects of social media advertisement on consumer’s 

attitude and customer response”, this study pointed out the assertiveness of the consumers concerning 

the needed products has been changed due to the entertainment appeals used in the receptive 

advertisements. Open and accessible advertisements enhanced consumers in an informative and credible 

way. Word of mouth communication impacts a positive attitude towards personalised products and makes 

frequent purchases. Personalised advertisement tactics had triggered the consumers' outlook and made 

them persistently recognise their needed products. 

 

Duffett, R. G. (2015), “Facebook advertising’s influence on intention-to-purchase and 

purchase amongst millennials”, this study examined the effectiveness of digital advertisement and how 

the consumer influences buying behaviour of the product. Consumer behaviour towards digital 
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communication has been changed drastically and measured the consumer favourite, plan to purchase and 

perceptions of the product. Digital advertising was based on accessibility, length of usage, frequency of 

login, login characteristics, updated profile picture and ethnic concepts. These features enhanced positive 

attitudinal influence among consumers to grab the intention to view the products. 

 

DURABLE PRODUCTS  

In durable products, the consumer selects high-end products and will give importance to the value 

of money. This study measured the five durable products such as Home appliances, Computing and 

Networking, Electronics, Books and Jewellery. These durable products have played an essential role in the 

day to day life.  

 

OBJECTIVES OF THE STUDY 

 To study the socio-economic conditions of the sample respondents. 

 To analyse the consumer opinion towards Gender of the respondents. 

 To measure the effectiveness of advertisements among consumers of durable products. 

 

RESEARCH DESIGN 
The present study is of Descriptive in nature. Sample size selected for the study was 100 

respondents inrural areas of Kanniyakumari District of Tamil Nadu State. Convenience sampling 

technique was adopted in the selection of therespondents. For analyzing the data, Percentages, Chart, 

Garret Ranking and t-testwere applied. 

 

LIMITATIONS OF THE STUDY 

 This study measured only durable product advertisements. 

 Most of the respondents refused to fill in the questionnaire as they considered it a sheer waste of 

time 

RESULTS AND DISCUSSIONS 

Table 1: Demographic Variables of the Respondents 

 

Variables 

No of 

Respondents 

 

Chart 

 

Sex 

Male 
58 

 

Female 42 

Total 
100 

 

 

Age 

Upto 25 4 

 

26-35 43 

36-45 27 

46-55 14 

Above 55 12 

Total 

100 

 

Marital 

Status 

Married 56 

 

Un-Married 44 

Total 

100 

 

 

Educational 

Qualification 

Upto SSLC 12 

 

HSC 47 

Graduation 14 

Post-Graduation 05 

58

42

1

2

4

43
27

14 12

1 2 3 4 5

65%

35%

1 2 3 4 5

12 47 14 5 22



International Journal of Early Childhood Special Education (INT-JECSE) 

DOI:10.48047/INTJECSE/V14I8.231 ISSN: 1308-5581 Vol 14, Issue 08 2022 

1716 
 

Sources: Primary Data 

The above table shows that demographics wise distribution of the respondents. It reveals that 

male respondents are higher than female respondents. Most of respondent’s age group were 26-35, when 

compared with marital status married were higher than un-married and HSC were high as compared to 

other Educational groups. Majority of the respondents were Private Employee, most of the respondents 

were Nuclear Family and respondents they getting 20001-30000 monthly income compared to other 

Income. 

 

Table 2: Awareness of durable products through media 

 

Medium 

  

No of Respondents Chart 

Television 19 

 

Online media 43 

Newspaper 28 

Radio 10 

Total 100 

Sources: Primary Data 

Consumers revealed that media helped them to know about the durable products. Based on the 

frequency, Online media plays a major role in the consumer's minds about the durables with 43 

respondents, Television is 19 respondents, Newspaper is 28 respondents and Radio is 10 respondents. 

0

50

Others 22 

Total 100 

 

 

 

Occupation 

Self Employed 19 

 

Govt. Job 17 

Private 

Employee 34 

Others 30 

Total 

100 

 

 

Monthly 

Income 

Less than 10000 3 

 

10001-20000 26 

20001-30000 35 

30001-40000 25 

Above 40000 11 

Total 

100 

Type of 

Family 

Joint Family 26 

 

Nuclear Family 74 

Total 

100 

Size of the 

Family 

Up to 2 06 

 

3 to 5 62 

Above 5 32 

Total 

100 

19

17

34

30

0 10 20 30 40

1

2

3

4

1
3%

2
26%

3
35%

4
25%

5
11%

26

74

1

2

6

62

32

1 2 3



International Journal of Early Childhood Special Education (INT-JECSE) 

DOI:10.48047/INTJECSE/V14I8.231 ISSN: 1308-5581 Vol 14, Issue 08 2022 

1717 
 

Table 3: Reasons for purchasing the durable products 

 

Reasons 

  

No of Respondents Chart 

High quality 34 

 

Follow the trend 18 

Differentiate myself from 

others 
11 

Brand image 23 

Show- off 14 

Total 100 

Sources: Primary Data 

Consumers expect high-quality products as essential aspects which are expressed by 34 

respondents. It is as expected since any purchase is made with a usage level. Therefore, it is very natural 

for any consumer to expect a maximum consumption period, and 23 respondents were in favour of 

branded durable products. 

Table 4: Appropriate total amount spent on durable products 

 

Amount Spent 

  

No of Respondents Chart 

0 - 5000 22 

 

5001 – 10000 34 

10001 – 20000 24 

20001 – 30000 15 

More than 30000 05 

Total 100 

Sources: Primary Data 

The above table indicated that the total amount spent on durable products by the respondents. 

The34 respondents spend Rs. 5001 – Rs.10000 from the family's household income followed by 24 

respondents in the range of Rs.10001 – Rs.20000 and 22 respondents spend less than Rs. 5000 for durable 

products. 

 

Table 5: Frequency of Shopping 

 

Frequency 

  

No of Respondents Chart 

Monthly 17 

 

Quarterly 43 

Half-yearly 26 

Yearly 14 

Total 100 

Sources: Primary Data 

The above results prove that the consumer needs a durable product depending on the short term 

and the long term usage. 43 respondents reviewed their purchase quarterly, whereas 14 consumers did not 

want to purchase the products in less than a year. 

Table 6: Appropriate total amount spent on durable products 

 

Amount Spent 

  

No of Respondents Chart 

Home appliance 29 

 

0

50

100

0

20

40

Home
appliance

Computing
Networkin
g

0

20

40
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Computing Networking 18 

Electronics 32 

Books 14 

Jewellery 7 

Total 100 

Sources: Primary Data 

Home appliances appear to be the predominant product among 29 respondents and electronics is 

32 respondents. 

Table 7: Level of Opinion 

Level of Opinion Number of Respondents Chart 

Strongly agree 38 

 

Agree 49 

Dis Agree 13 

Strongly Dis agree 0 

Total 100 

Sources: Primary Data 

From the above table it can be observed that 38 percentage of the respondents were Strongly 

agree, 49 percentage of the respondents were agree and 13 percentage of the respondents were Dis-agree. 

Table 8: Effectiveness of Advertisement on Consumer Attitude towards Durable Products 

Influence of consumers attitude Mean Score Rank 

advertisement on remembering the products 6.35 I 

advertisement on motivation 6.22 II 

advertisement on product trends 6.08 III 

brand recognition 5.23 IV 

product interest 5.11 V 

emotions 5.03 VI 

changing their opinions 4.59 VII 

changing the brand belief 4.21 VIII 

engage with the message 4.09 IX 

convincing 4.03 X 

Sources: Computed Data 

 The above table indicates that Effectiveness of Advertisement on Consumer Attitude towards 

Durable Products. In which, most of the respondents they answered the advertisement on remembering 

the products, it is a first rank its mean value is 6.35. The following ranks were advertisement on 

motivation, II rank (Mean Value 6.22). advertisement on product trends, III rank (Mean Value 6.08). 

brand recognition, IV rank (Mean Value 5.23). product interest V rank (Mean Value 5.11). emotions, VI 

rank (Mean Value 5.03). changing their opinions, VII rank (Mean Value 4.59). changing the brand belief, 

VIII rank (Mean Value 4.21). engage with the message, VIII rank (Mean Value 4.09) and convincing, X 

rank (Mean Value 4.03). 

 

ASSOCIATION BETWEEN GENDER AND LEVEL OPINION 

The t- test is applied to find the association between Opinion of the respondents and Gender. 

Table 9: Opinion of the respondents and Gender 

Variables 
Strongly 

agree Agree Dis-Agree 

Strongly Dis 

agree 
Total 

0

50

100

0 2 4 6
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Male 24 27 7 0 58 

Female 14 22 6 0 42 

Total 38 49 13 0 100 

Sources: Primary Data 

Table 10: Calculation of t-test 

 

Factors 

 

Variables 

 

df 

Table Value Calculated 

Value 

 

Result 

Opinion of the 

respondents 
Male  

122 

 

1.98 

 

0.164 
 

Accepted 

Female 

Sources: Computed Data 

The above table represents the independent sample t-test. It is clear from the table that the means 

of the variable namely Opinion of the respondents and Gender has its Calculated value is less than the 

table value. There is no significance different between namely Opinion of the beneficiaries and Gender. 

Hence the null hypothesis is accepted. 

 

FINDINGS  

 Male respondents are higher than female respondents.  

 Most of respondent’s age group were 26-35. 

 when compared with marital status married were higher than un-married. 

 HSC were high as compared to other Educational groups.  

 Majority of the respondents were Private Employee. 

 most of the respondents were Nuclear Family. 

 respondents they getting 20001-30000 monthly income compared to other Income. 

 Online media plays a major role in the consumer's minds about the durables with 43 respondents. 

 Consumers expect high-quality products as essential aspects which are expressed by 34 

respondents. 

 34 respondents spend Rs. 5001 – Rs.10000 from the family's annual household income. 

 43 respondents reviewed their purchase quarterly. 

 38 percentages of the respondents were strongly agree. 

 

SUGGESTIONS OF THE STUDY 

 The marketers need to identify the consumer behavioural changes towards durable products 

through research and developmental activities on the advertisements. 

 Durable product companies must follow the moral and ethical values of the consumers and also, 

they should follow business ethics in their advertisements. 

 Marketers need to consider consumers' viewpoints to develop their communication strategies 

effectively. Therefore, they also cautiously monitor on-going changes in the lifestyle pattern of 

the potential consumers towards durable products. 

 Durable product companies need to upgrade their marketing strategies at all levels and improve 

their approaches through traditional and digital advertisements that are to be upheld from 

inaccuracy connections. In addition, advertising companies should try to avoid celebrities in 

durable products advertisements. 

 

CONCLUSION 

The advertisement plays a significant role in persuading the attitude of consumers towards 

durable products in Kanniyakumari Distict. Consumers are varied from viewpoint of education, 

occupation, income level and purchasing style on the durable products. Consumers are actively engaged 

with the message that appeared in the advertisement. They have collected more information about durable 
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products through peers, family members and friends. It is found that there is a significant attitudinal 

change among the consumers after watching the advertisement of the durable products. It is concluded 

that advertisements have a remarkable effect on consumer attitudes during their purchase of durable 

products especially in rural areas. In particular, the consumers can obtain agreeof the durable products; 

they can match themselves to the existing product attributes. Their purchase decision of durable products 

mainly depends upon the product attributes and price even though they are attracted by the advertisement 

and motivated to purchase the durable products. 
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ABSTRACT 

A consumer is a person who not only buys the product but the one who eventually acquire, use, 

and dispose of the product in entirety. The cornerstone of every marketing strategy is the buying behavior 

of the consumer and the behavioral pattern of the consumer towards a particular product. The marketer is 

to identify consumer behavior towards the product and then frame the marketing strategies accordingly. A 

consumer’s brand and product preference towards the Instant food products attitude has been considered 

as an essential concept for the business practices since it is clearly shown in behavioral studies that it 

plays an essential role in consumers’ buying behavior. The present chapter discusses the consumer’s 

preference towards the brands and products of Instant Food products in Kanniyakumari District. The 

Instant Food products are taken for the study, namely soups, Noodles, Tiffin Items, Gravy Items, Rice 

Varieties, Snacks Items, and Dessert Varieties. The present study also discusses the consumer's 

preference of brands, purchase place, source of information, aspect of the purchase of products, and 

attributes that influence the consumers to purchase of Instant Food products in Kanniyakumari District. 

For that, the researcher collected90samples from the respondents and percentage, Garret ranking method 

and t- test used for this study. 

 

KEY WORDS: Marketing Strategy, Instant Food, Globalization, Consumer’s Brand and Product 

Preference. 

 

INTRODUCTION 

Food is an essential element of everyone's lives. It provides the energy and nutrients to raise and 

develop, be healthy and active, to move, work, play, think, and learn. The human body needs nutrients 

like protein, carbohydrate, fat, vitamins, and minerals - from the food we eat to stay healthy and 

productive. In ancient days in India, the women are taking care of family activities, and men are 

dominating the family in all the aspects. Women were expected to cook the food items and eat only after 

the men, with whatever availability of food is left. Women in India gradually started recognizing their 

correct perspective. Women have started questioning the rules laid down for her by the social order. As a 

result, women have begun breaking barriers and earned a decent position in the world.  

Now a day's Indian women have excelled in every field from social work to visit the space 

station. There is no arena, which remains unconquered by Indian women. Whether it is politics, sports, 

entertainment, literature, technology everywhere, its women power all along. In the wake of the 

globalization effect, there is an enormous employment opportunity creates in India. Both male and female 

employees are placed in the right place. The women also got an equal opportunity for employment in the 

entire field. The people are shifted from a natural position to an urban area for work. It leads to the cost of 

living is higher comparatively in their native places. In urban areas increases the damage to foods, 

transportations, house rent, children's education, and medical expenses. To bear the costs, it is forced to 

work both male and female to develop their earnings. Due to the full-fledged employment of women, they 

cannot concentrate on their family fully. They have the responsibility to balance both work and family. In 

the family, the women have to take care of their children, working husband, family, and old aged parents. 

Rectangle
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Due to these circumstances, they slowly switch over to the traditional method of foods to the modern and 

readily available diet.  

In the globalized era, most women are working not in just ordinary jobs, but they are a significant 

competition to men in the corporate world, and because most of their time is spent at work, they do not 

have the time to cook at home, leave alone making delicacies of different kinds. So they end up buying 

these readymade food items almost always, and this, in turn, has increased the demand for these ready to 

eat, off the shelf food products.  

STATEMENT OF THE PROBLEM  

Indian people's food habits significantly vary from other continents in the world. Given the 

different groups of population and ethnicity, it is always a complicated issue to find a market in the Indian 

people. After the policy changes in the year 1991, LPG (Liberalization, Privatization, Globalization) 

economic review was adopted, and after that, significant changes have taken place. Westernization 

lifestyle got followed up in the major cities across India, and people started emulating western country 

lifestyles Change in consumer mindset leads to many Multi-National corporations finds new space to suit 

their product sales in the Indian people mindset. Due to the changeover in the lifestyle and evolution of 

the nuclear family, people started preferring packed foods to find ease in cooking. Among the 70% of the 

Indian family are nuclear, and women want to spend less time in the kitchen. An increase in dual-income 

of the family is also one of the reasons to go for purchasing packed branded food products. 

Consumer behavior towards food is worth analyzing not only because it accounts for a significant 

part of the consumer purchases but also due to the tremendous changes undergoing in the lifestyle and the 

pattern of spending. Consumers are moving from a cost-conscious position to that of health informed and 

value-conscious. One of the main reasons which stimulated this change is the transformation in the role of 

women from homemakers to that of working women. The compression of time at their disposal led to the 

development of a new segment of products, which are instant food products. Though the ‘availability of 

time’ is a differentiating factor between the homemaker and working women, the preference for quality, 

variety, and health, etc. are in the priority list for both groups while making food choices. However, 

differences exist in the buying behavior related to food products, mainly prepared foods, and this has 

received less research attention to date. The present study aims to fulfill this gap by examining the 

consumers’ attitudes and behaviors towards the prepared foods. The various issues which need focus in 

this field are Product quality expected or preferred in instant food products, purchase pattern including 

outlet choices, timing, and frequency of purchases of instant food products, attitudes and family practices 

concerning shopping and purchases decisions of instant food products. 

SCOPE OF THE STUDY  

The proposed study’s ultimate objective is to find out the consumers buying behavior towards the 

instant food products in Kanniyakumari District. The study’s focus is to examine the consumers eating 

pattern of instant food products, consumer’s preference of brands and products, predominant factors which 

influencing the consumers to prefer the usage of instant food products, influence of advertisements 

towards the instant food products and consumer satisfaction of availability, price, and Quality of instant 

food products. The results of this research will be of enormous help to the marketers in understanding the 

tastes and preferences of consumers, the criteria adopted by consumers in selecting particular instant food 

products, choosing a suitable pricing strategy, and devising a suitable marketing strategy, to get better their 

outcomes of instant food products in a better way. 

OBJECTIVES OF THE STUDY 

 To identify the consumers most preferred brands for the consumption of instant food products  

 To find out the predominant factors which influence the consumers to purchase the instant food 

products  

 To find the Comparison of Marital Status and Customers’ Awareness of Instant Food Products. 

RESEARCH DESIGN 

 A simple random convenience sampling method was used to elicit the necessary information 

from the consumers of instant food products. The study used both primary and secondary data. The 
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primary data gathered through the structured questionnaire from the consumers of instant food products. 

The researcher collected 90 samples from the study area. The secondary data collected from journals, 

magazines, books, the internet, and newspapers regarding instant food products in India. For analyzing 

the data, Percentages, Garret Ranking and t-testwere applied. 

LIMITATIONS OF THE STUDY 

 The research area of the study is confined to Kanniyakumari District. Hence, the generalization of 

the study may not hold good for the other part of Tamil Nadu 

 This study elicited the opinion on consumers’ behavior of instant food products only. The 

consumer's idea may not be good at all times. 

 The study was selected as only a specific type of instant food products only. 

RESULTS AND DISCUSSIONS 

Table 1: Demographic Variables of the Respondents 

VARIABLES 

No of Respondents Percentage 

  Upto 25 21 23 

  26-35 27 30 

Age 36-45 16 18 

 45-55 15 17 

 Above 55 11 12 

 Total 90 100 

 
Male 39 43 

Sex Female 51 57 

 Total 90 100 

 

Marital status 
Married 52 58 

Un-Married 38 42 

Total 90 100 

 
Upto  SSLC 14 16 

 HSC 23 26 

Educational Graduation 26 29 

Qualification Post-Graduation 14 16 

 Others 13 14 

 Total 90 100 

 
Farmer 11 12 

 
Govt. Employees 22 24 

 
Private Employees 29 32 

Occupation Business 16 18 
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Others 12 13 

 Total 90 100 

 
Up to Rs.25,000 56 62 

Income Rs.25,001 -50000 17 19 

Per Month Rs.50,001-75,000 11 12 

 Above Rs.75,000 6 7 

 Total 90 100 

Sources: Primary data 

Table No.1 shows demographics wise distribution of the respondents. It reveals that female 

respondents are higher than male respondents. Majority of respondents age group were 26-35, most of the 

respondents were married and Graduationwere high as compared to other Educational groups. Majority of 

the respondents were Private Employees and Up to Rs.25,000 amount earning by respondents were high 

as compared to other Income Per Month for respondents.  

Table 2: Nature of Family 

Family No of Respondents Percentage 

Nuclear Family 67 74 

Joint Family 23 26 

Total 90 100 

Sources: Primary data 

It is noted from the above table, 67 consumers are managing nuclear family, and 23 consumers 

are managing the joint family system. 

Table 3: Size of the Family 

Size of the Family No of Respondents Percentage 

2 - 4 Members 47 52 

4 - 6 Members 32 36 

Above 6 Members 11 12 

Total 90 100 

Sources: Primary data 

It is scrutinized from the above table, 47 respondents have 2-4 members in their family, followed 

by 32 respondents are having 4-6 members in their family, and 11 respondents are having above six 

members in their family. 

Table 4: Frequency of using Instant food products 

Frequency of using Instant food products No of Respondents Percentage 

Regularly 53 59 

Occasionally 21 23 

Sometimes 16 18 

Total 90 100 

Sources:Primary data 

The above table reveals the results of the Frequency of using Instant food products among the 

consumers in the study region. Majority (53) of the consumers are using the Instant food products 
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regularly, followed by 21 respondents are using the Instant food products occasionally, and 16 

respondents are using the Instant food products sometimes. 

 

 

Table 5: Spending on Instant food products 

Spending on Instant food products No of Respondents Percentage 

Up to Rs.5,000 17 19 

Rs.5,000 - Rs.10,000 21 23 

Rs.10,000 - Rs.15,000 27 30 

Above Rs.15,000 25 28 

Total 90 100 

Sources:Primary data 

The above table describes the frequency results of spending towards the Instant food products in 

the study region. It could be surveyed from the above table, the 27 respondents are spending towards 

Instant food products between Rs.10,000 - Rs.15,000. The next highest spending group is the persons 

who are earning Above Rs.15,000 (25). The respondents spending towards the instant food products 

between Rs.5,000 - Rs.10,000 is (21), and 17  respondents are spending towards the instant food products 

is Up to Rs.5,000. 

Table 6: Respondent’s frequency of using Instant food products 

Usage of Instant food product No of Respondents Percentage 

TV 22 24 

Newspapers 19 21 

Magazines 14 16 

Bill Boards 27 30 

Others  8 9 

Total 90 100 

Sources: Primary data 

The above table describes the results of the Source of information about Instant food products 

among consumers. Majority (27) of the consumers have sourced the information about the instant food 

products through the Bill Boards/Hoardings, followed by, 22 respondents are sourced through TV, 19 

respondents are source the information through Newspapers and 8 respondents are source the information 

through Other media. 

Table 7: Respondent’s frequency of using Instant food products 

Usage of Instant food product No of Respondents Percentage 

Every day  27 30 

Once a week 21 23 

Once a month 17 19 

Very rarely during emergency 15 17 

During special occasions 10 11 

Total 90 100 

Sources: Primary data 

Respondent’s frequency of using Instant food products shown in the above table, 27 respondents 

are using Instant food products almost every day, followed by 21 respondents are using instant food 

products once in a week, 17 respondents are using instant food products once in a month, 15 respondents 
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are using Instant food products very rarely during emergency, and 10 respondents are using Instant food 

products during special occasions 

 

 

Table 8: Place of purchase of Instant Food products 

Place of purchase No of Respondents Percentage 

Local Grocery Shops 39 43 

Super Markets 36 40 

Department Stores 15 17 

Total 90 100 

Sources: Primary data 

As shown the above table, 39 respondents are purchased the Instant Food products in Local 

Grocery Shops, followed by 36 respondents are purchased the Instant Food products in Super Markets 

and 15 respondents are purchased the Ready to Eat Food products in Department stores 

Table 9: Respondent’s preference for using Instant food products 

Products Mean Rank 

Gravy Items 7.21 I 

Snacks 7.14 II 

Rice items 7.01 III 

Noodles 6.93 IV 

Desserts 6.87 V 

Tiffin Variety 6.81 VI 

Soups 6.72 VII 

Sources:Computeddata 

 The above table shows that the respondent’s preference for using Instant food products. The 

majority of consumers prefer the Instant food products was gravy items (7.21), followed by snack items 

(7.14), Rice Items (7.01), Noodles (6.93), Disserts (6.87), Tiffin items (6.81) and soups (6.72) 

Table 10: Influencing attributes to purchase of Instant food products 

Factors Mean Rank 

Price 6.32 I 

Quality 6.19 II 

Variety 6.04 III 

Taste 5.37 IV 

Packaging 5.26 V 

Good Brand 5.11 VI 

Nutrient values 5.07 VII 

Ingredients 4.97 VIII 

Purchase place 4.86 IX 

Manufacturing date and expiry date 4.81 X 
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Sources:Computed data 

The above table confirms the Influencing of attributes to purchase the Instant food products. It is 

noted from the above table; all the attributes mean value is greater than 3, which means all the attributes 

are influencing the consumers to purchase the Instant Food products 

Table 11:  Customers’ Awareness of Instant Food Products 

NUMBER OF RESPONDENTS 

Statement 

Strongly 

Aware 
Aware Neutral 

Dis 

Aware 

Strongly Dis 

Aware Total 

R 

Total 

% 
R % R % R % R % R % 

Married 13 14 17 19 19 21 2 2 1 1 52 58 

Un- Married 12 13 14 16 10 11 1 1 1 1 38 42 

Total 25 28 31 34 29 32 3 3 2 2 90 100 

Sources:Primary Data 

From the above table it can be observed that 25percentages of the respondents were Strongly 

Aware, 31 percentages of the respondents were Aware, 29percentages of the respondents were Neutral, 

3percentages of the respondents were Dis- Awareand 2percentages of the respondents were Strongly Dis 

Aware. 

COMPARISON OF MARITAL STATUS AND AWARENESS OF INSTANT FOOD PRODUCTS 

The t- test is applied to find the Comparison of Marital Status and Customers’ Awareness of 

Instant Food Products. 

Table 12: Calculation of t-test 

 

Factors 

 

Variables 

 

df 

Table 

Value 

CalculatedValue  

Result 

Marital Status and 

Customers’ 

Awareness 
Male 

 

178 

 

1.645 

 

-0.1741 
 

Accepted 

Female 

Sources:Computed Data 

The above table represents the independent sample t-test. It is clear from the table that the 

Comparison of Marital Status and Customers’ Awareness of Instant Food Productshas its calculated value 

is less than the table value. There is no significance different between namely Comparison of Marital 

Status and Customers’ Awareness of Instant Food Productsof the respondents. Hence the null hypothesis 

is accepted. 

FINDINGS  

 Female respondents are higher than male respondents.  

 Majority of respondent’s age group were 26-35. 

 Most of the respondents were married. 

 Graduations were high as compared to other Educational groups.  

 Majority of the respondents were Private Employees. 

 Up to Rs.25,000 amount earning by respondents were high as compared to other Income Per 

Month.  

 67 consumers are managing nuclear family. 

 47 respondents have 2-4 members in their family. 

 Majority of the consumers are using the Instant food products regularly. 

 27 respondents are spending towards Instant food products between Rs.10,000 - Rs.15,000. 
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 27 respondents are using Instant food products almost every day. 

 39 respondents are purchased the Instant Food products in Local Grocery Shops. 

 31 percentages of the respondents were Aware. 

SUGGESTIONS OF THE STUDY 

 The consumers, who form a part of smaller households, suggested increasing the quantity of food 

per packet, as various ready meals are not sufficient for one person also. The manufacturers 

should keep in mind to increase the quantity. 

 The manufactures of Instant food products should use different strategies in an advertisement at 

the time of promotions their products. 

 The manufactures of Instant food products enhance the availability of Instant products in many 

places; it creates the consumers can easily access the food products whenever the need arises. 

CONCLUSION 

The study is focused on buying behavior of Instant food products among the consumers in 

Kanniyakumari District. The study highlights that consumers are willing to consume Instant food 

products. Due to technological alterations and the transforms in the lifestyles of people are the most 

important reasons behind the fast growth of the instant food industry. There is a higher demand for instant 

food products, and the significant reasons for the same are convenient tradition, easy availability, less 

time consumed, and better taste. The study also points out those working peoples prefer more on 

consuming instant food products. The study results indicate that there is no significant association 

between the eating pattern of instant food products and the demographic profile of consumers. The 

consumers were also willing to prefer the different variety of branded instant food products in the study 

area. Besides, the study points out that advertisement are significantly influencing consumers to purchase 

instant food products. The consumers are satisfied with the prices of instant food products. The 

consumers also point out that the prices of instant food products are affordable. The quality and 

availability of instant food products are significantly influencing consumers to consume instant food 

products in the study area.  
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Abstract 

The development of Internet has resulted in enormous business prospects and opportunities 

and given new direction to traditional commercial activities. E-commerce emerged as the need of the 

hour. The business-to-consumer (B2C) is the most visible and prominent progeny of e-commerce.  

B2C is a commercial process that starts with companies and ends with end consumers. Online 

shopping is an emerging area in the field of E-Business and is surely going to be the future of 

shopping in the world.  The benefits of online shopping are well known.  On-line shopping in India is 

significantly affected by various demographic factors like age, gender, marital status, educational 

qualification, occupation and income. Substantial amount of research work has been carried out on all 

these areas. The impact of these factors on online shopping behaviour is fascinating to say the least. 

But the most mysterious of them all is the impact of gender on the acceptance or rejection of online 

shopping. Do men and women behave differently during the online shopping process or do they 

exhibit same kinds of behaviour during this process?  This article will try to throw some light on the 

extremely valuable but often neglected role of gender in the online shopping behaviour of consumers. 

Recently, the diffusion of the Internet as a retail and distribution channel has undergone a great 

growth in India. This paper presents an empirical investigation on the effects of gender differences on 

online buying in Tirunelveli District. The study explored gender differences among twelve factors 

concerning the online buyer for both Male and Female in Tirunelveli District. For data collection and 

final testing of the model a well-structured questionnaire was designed and hosted. The researcher 

collected 147 respondents sent their answer out of 150 questionnaires. With regard to factors and 

consistent with using t-student test.  

Keywords: - Online Shopping, E-Commerce, Gender Differences, Online Consumer Behaviour,   

Business-To-Consumer. 

Introduction 

As the Internet and wireless network technologies have a had lot of advancement in decades, 

their increasing use has resulted in more online commercial activities, in terms of consumers 

navigating websites and making financial or nonfinancial transactions. The growing online consumer 

market allows consumers to make financial transactions online anywhere in the world regardless of 

their locations. The Internet therefore offers enterprises a growing market with limitless opportunities 

that they can tap into by providing consumers with online shopping services. The most common 

incentives for consumers to shop online are convenience, competitive pricing, greater access to 

information, complementarity of traditional stores and broader selections.  Most of the companies are 

running their online portals to sell their products/services online. Though online shopping has made 

enormous progress outside India, its growth in the Indian market, which is a large and diverse 

consumer market, is not in line with the global market. So Government of India takes some steps to 

develop online mode of transaction. because of this, nowadays most of the people purchasing their 

needs by online. 

Need of the study 

Nowadays, the Internet is being widely used in daily life. The existence of the Internet 

brought many advantages to individuals’ daily lives. With the help of the media, people can 

communicate, learn something about goods, entertain, buy products and get services. Of course, the 

disadvantages of it have long been discussed; as the virus threat, the risk of personal information theft, 

spamming etc.Studies on online shopping investigated the factors that influence online shopping as 
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well as motives for, value of and antecedents of online buying behaviour. As a result, the academic 

researchers and the business world started to focus on the consumer side of the online purchasing 

behaviour and a lot of researches and articles were prepared to make guidance for the development of 

online shopping. The purpose of this study is to identify factors affecting consumers’ online shopping 

gender behavior, specifically elucidating them in the context. In addition to the previously identified 

factors this study included gender-specific factors that may play an important role in determining 

Internet adoption for e-commerce. The aim of this study is to investigate the factors that affect online 

purchasing behaviour of two consumer groups like Male and Female. Moreover, it is also wanted to 

identify and analyse online buying habits of Male and Female of Tirunelveli District of Tamil Nadu. 

Review of Literature 

S.K. Suman and Pallavi Srivastava (2019) “Age and Gender Influences on Consumer 

Behavior Towards Online Discounts”, They concluded that in the past few years multiple studies 

were carried out related to behavior of consumers towards online shopping and also the demographic 

(like age and gender) influences on behavior of consumers towards online shopping. But limited study 

has been carried out precisely related to age and gender influences on factors considered while buying 

online when discounted products are available. This study has a lot of significance in Indian context. 

Online retailers are offering massive discounts to allure the buyers to shop online and, in this process, 

it is essential to understand the factors which are important for different age groups and genders. 

Vijay, Sai. T. & Balaji, M. S. (2009), “Status and Scope of Online Shopping: An 

Interactive Analysis through Literature Review”, revealed that Consumers, all over the world, are 

increasingly shifting from the crowded stores to the one-click online shopping format. However, in 

spite of the convenience offered, online shopping is far from being the most preferred form of 

shopping in India. A survey among 150 internet users, including both users and non-users of online 

shopping, was carried out to understand why some purchase online while others do not. The results 

suggested that convenience and saving of time drive Indian consumers to shop online; while security 

and privacy concerns dissuade them from doing so. 

Objectives of the study 

To know socio-economic background of the respondents. 

The aim of this study is to investigate the factors that affect online purchasing behaviour of two 

consumer groups like Male and Female. 

Moreover, it is also wanted to identify and analyse online buying habits of Male and Female. 

Research Design 

The present study is of Descriptive in nature. The researcher collected primary and secondary 

sources. The primary data collected through convenient sampling method. Structured questionnaire 

was distributed through directly by researcher in Tirunelveli District of Tamil Nadu State.  Secondary 

sources include internet, books, reports, journals and so on. Convenient sampling methods was used 

to collect data from 150 respondents. Of this, the filled in forms of 147 respondents were found to be 

complete and were taken for further analysis. The remaining forms were incomplete, therefore such 

data were rejected. For analyzing the data Percentages and t-test were applied.  

Limitations of the Study 

The study is limited to consumers residing in to Tirunelveli District only so the results of this study 

cannot be used to reflect the population as a whole. 

This study collects convenient samples Therefore; one cannot generalize the results of the study to the 

population. This study can only reflect a specific and limited population’s needs. 

Results And Discussions 

Table 1: Demographic Variables of the Respondents 
VARIABLES No of Respondents Percentage 

 

Gender 

 

Male 78 53 

Female 69 47 

Total 147 100 

 

 

Age 

Upto 25 38 26 

26-35 44 30 

36-45 35 24 
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46-55 18 12 

Above 55 12 8 

Total 147 100 

 

Marital Status 

 

Married 97 66 

Unmarried 50 34 

Total 147 100 

 

Educational 

Qualification 

 

 

Upto HSc 55 37 

Under - Graduation 48 33 

Post-Graduation 23 16 

Others 21 14 

Total 147 100 

 

 

 

 

Occupation 

 

 

 

Unemployed 6 4 

Student 26 18 

Homemaker 22 15 

Private Employee 51 35 

Government Employee 29 20 

Retired 8 5 

Other  5 3 

Total 147 100 

 

 

 

 

Monthly Income 

  

  

  

No income but pocket money 13 9 

Less than 15000 23 16 

15001-25000 32 22 

25001-35000 31 21 

35001-45000 30 20 

Above 45000 18 12 

Total 147 100 

 

Time spend on 

internet daily 

  

  

  

  

Less than 1 hour 51 35 

1-2 hour 53 36 

2-3 hour 29 20 

More than 3 hour 14 10 

Total 147 100 

Sources: Primary Data 

Table No.1 shows demographics wise distribution of the respondents. Most of the 

respondents were Male, Majority of respondents in the age group of 26-35 and UptoH.Sc were high as 

compared to other Educational groups and Private employee were high as compared to other 

Occupation, most of the respondents income were 15001-25000 and Most of the respondents using 

minimum two hours spend on daily. 

Table 2:  Responses for Reasons for Purchasing Online 

 

 

Reasons 

NUMBER OF RESPONDENTS 
 

 

Total 

Strongly 

Agree 
Agree Neutral Disagree 

Strongly 

Disagree 

R % R % R % R % R % 

Convenience of shopping at home 64 44 40 27 39 27 3 2 1 1 147 

Not limited by time 71 48 52 35 21 14 2 1 1 1 147 

Easy to buy 45 31 64 44 26 18 8 5 4 3 147 

Easy to search for products 31 21 72 49 37 25 5 3 2 1 147 

Price cheaper than physical 

stores 
56 38 59 40 29 20 2 1 1 1 147 

Can pay online by credit card 42 29 63 43 39 27 3 2 0 0 147 

Fast delivery 34 23 48 33 38 26 19 13 8 5 147 

Reasonable delivery costs 74 50 53 36 14 10 5 3 1 1 147 

Security of online transactions 11 7 37 25 63 43 22 15 14 10 147 
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Better product quality 23 16 29 20 71 48 18 12 6 4 147 

Product is by well-known brand 45 31 37 25 39 27 17 12 9 6 147 

Detailed product specifications 

and features 
74 50 52 35 19 13 2 1 0 0 147 

Sources: Primary Data 

As seen in the table above, it was been asked from the Responses for reasons for purchasing 

online. For that, researcher selected twelve factors like Convenience of shopping at home, Not limited 

by time, Easy to buy, Easy to search for products, Price cheaper than physical stores, Can pay online 

by credit card, Fast delivery, Reasonable delivery costs, Security of online transactions, Better product 

quality, Product is by well-known brand and Detailed product specifications and features. In which 

most of the respondents said that agree for reason for purchasing online. 

Table 3: Gender and Purchasing Online  

Calculation of t-test 
 

Factors 

 

Variables 

 

df 

Table 

Value 

Calculated 

Value 

 

Result 

Convenience of shopping at 

home 

Male 
145 1.99 1.85 Accepted 

Female 

Not limited by time 
Male 

145 1.99 .06 Accepted 
Female 

Easy to buy 
Male 

145 1.99 3.92 Rejected 
Female 

Easy to search for products 
Male 

145 1.99 1.24 Accepted 
Female 

Price cheaper than physical 

stores 

Male 
145 1.99 

1.55 

 
Accepted 

Female 

Can pay online by credit card 
Male 

145 1.99 1.63 Accepted 
Female 

Fast delivery 
Male 

145 1.99 2.63 Rejected 
Female 

Reasonable delivery costs 
Male 

145 1.99 .24 Accepted 
Female 

Security of online transactions 
Male  

145 

 

1.99 

 

2.34 
 

Rejected Female 

Better product quality 
Male 

145 1.99 2.32 Rejected 
Female 

Product is by well-known brand 
Male 

145 1.99 .57 Accepted 
Female 

Detailed product specifications 

and features 

Male 

145 1.99 2.41 Rejected Female 

Male 

Sources: Computed Data 

The above table represents the independent sample t-test. It is clear from the table that the 

means of the variable namely reasons for purchasing online of genderand some factors like 

Convenience of shopping at home, Not limited by time, Easy to search for products, Price cheaper 

than physical stores, Can pay online by credit card, Reasonable delivery costs and Product is by well-

known brand has its Calculated value is less than the table value. There is no significance different 

between reasons for purchasing online of gender and the above factors. Hence the null hypothesis is 

accepted. But some other factors like Easy to buy, Fast delivery, Security of online transactions, 

Better product quality and Detailed product specifications and features has its Calculated value is 

more than the table value. There is significance different between reasons for purchasing online of 

gender and the above factors. Hence the null hypothesis is rejected. 

Conclusion 

On-line shopping is now a serious alternative to conventional shopping. Given that men and 

women have been shown to differ in their attitude, it seems surprising that there is little research that 
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explicitly addresses gender difference in on-line buying. Attitude and gender are important factor that 

online shopping behavior. Accordingly, better understanding of online shopping attitude is critical for 

designing and managing effective website that can help businesses attract and retain online customers. 

When researcher compare with gender and reasons for purchasing online, most of the respondents 

accepted. Therefore e-tailors must improve the hedonic benefits to create positive attitude towards 

online shopping. 
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ABSTRACT 

Life Insurance Corporation is a public sector company. The motto of the company is 

“Yogakshemam Vahamyaham: which means – “Your Welfare is our Responsibility”. It is 

governed by the LIC Act 1956.   The Development Officers help the corporation for its smooth 

functioning. They are the employees of the corporation. The important duty of a development 

officer is locating markets for life insurance business. The marketing of the products of the LIC 

of India depends on the agents and development officers. Their work commences from the 

identification of prospects and ends with closure of sale. The sales potentiality of an agent and 

development officer is determined by some external and internal factors. He has to improvise a 

lot and find his own style of operation, draft his own plans, devise his own strategies for the 

development of insurance business. This study is focus on the satisfaction of Development 

Officers in LIC of India. The objective formulated are to study the contribution of Development 

Officers; to study the Methods suggested by the respondents to their team to attract new 

Customer adopted by Development Officers and to compare the demographic variables with the 

level of satisfaction of the selected respondents. For this, the researcher selected 50 development 

officers and used Percentage and Chi-square test for analysing the data. The researcher also 

compared the socio economic factors with the Level of satisfaction and concluded that the Null 

Hypotheses were accepted in all. One of the suggestions for the growth and development of 

insurance sector is to appoint more female Development Officers and in turn they promote more 

female agents in order-to motivate the female policyholders. The other one is Development 

Officers will help their agents to overcome the hurdles in the insurance business with their 

experiences and to achieve the targets. 

 

Key words: Life Insurance Corporation of India, Development Officer, Agents, Savings. 
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INTRODUCTION 

In today’s global environment, the service sector occupies a key role in our economy.  

Life Insurance Corporation (LIC) is one among them. It was started in 1956 by merging 245 

insurance companies and provident societies. It is fully owned by the Central Government. It is a 

public sector company. The motto of the company is “Yogakshemam Vahamyaham: which 

means – Your Welfare is our Responsibility”. It is governed by the LIC Act 1956. It is the largest 

Life Insurance Company in India. LIC of India has it’s headquarter in Mumbai. Life Insurance is 

a contract that pledges payment of an amount to the person assured or his nominee on the 

happening of the event insured against or on the maturity date. It provides wide range of life 

insurance plans from pure term insurance plans to savings and investment products. It has a 

phenomenal presence in both urban and rural India. The Development Officers help the 

corporation for its smooth functioning. They are the employees of the corporation. Development 

Officer is a sales profile job in LIC of India. Development Officers are very important in the 

modern ever-widening insurance market by making distribution of insurance products to the 

public in an easy way. Development officers concentrate their effort on insurance products 

through agents. They have real concern and care for their agents. They improvise a lot and use 

their own style of operation, draft their own plans, derive their own strategies for the 

development of insurance business. 

 

Statement of the Problem 

 The development officer is the representative of the LIC of India. The important duty of a 

development officer is locating markets for life insurance business. The success of marketing 

depends on the marketing practices adopted by the agents and development officers along with 

the product innovation. The marketing of the products of the LIC of India depends on the agents 

and development officers. Their work commences from the identification of prospects and ends 

with closure of sale. Further the agents and development officers should have the talent to convert 

the probable policy-holders into potential buyers. The sales personality of an agent and 

development officer is determined by some external and internal factors. The internal factors are 

the attitude and the personality traits. The external factors are the education, culture and socio-

economic factors of the development officers and agents. They may shape them to be a better 

salesman and also play a definite role on their marketing.  Hence, the present study has been 

undertaken to evaluate the contribution of development officers and compare the level of 

satisfaction of Life Insurance Corporation of India.  

 

Review of Literature 
Sucheta Rani and Anil Kumar Soni (2019), “ Role of CRM Initiatives of Life Insurance 

Corporation of India to Satisfy the Customers”, they concluded that CRM practices of LIC have 

seen a drastic change over the past few years to achieve successful CRM, a company should 

understand what is and why it is beneficial to customers in order to retain them for long time. 

Customers give priority only to satisfy their needs. The success rate of CRM depends upon the 

quality of CRM. From the paper it is concluded that although LIC has taken a large number of 

initiatives to satisfy their customers, yet there is a need to build a strong database of customers. It 

is possible only if the LIC will conduct regular surveys and interact with the customers. Moreover 
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most of CRM services are at fingertips, sometimes, some customers are not comfortable with 

technology. Some assistants should be provided to assist them. LIC should introduce new ways 

that makes the customers more delightful and help to attract new customers 

Dr. Krishna Banana and R. Vijaya Naik (2018), “A Study on Customer Perception on 

Life Insurance Policies in India”, their conclusion was LIC dominates the Indian insurance 

industry. In today’s competitive world, customer satisfaction has become an important aspect to 

retain the customers, not only to grow but also to serve. Increased competition, wide range of 

product offerings and multiple distribution channels cause companies to value satisfied and highly 

profitable customers. Customer service is the critical success factor in a company and providing 

top notch customer service differentiates great customer service from indifferent customer 

service. 

Vanitha and Rajakrishnan (2017) highlighted Life Insurance Corporation of India 

(IDC) is a monolithic company from last few decades. After the successful implementation of 

economic reforms in life insurance Sector on India, LIC of India has made several positive 

efforts to triumph the hearts of the people. To achieve that LIC of India have adopted a number 

of new trends in marketing strategies for introducing innovation technologies. The study is an 

attempt to know about the recent trends followed by LIC of India order to make their products 

available to each and every forth coming customer in the life insurance market. The present 

research paper is a comprehensive study to know whether the implemented strategies have truly 

helped LIC of India in the changing trends of the society and will also suggest how these recent 

trends have helped LIC of India as a whole to manage the existing leading position in the life 

insurance market. The present study thus reveals those important areas where more contribution 

on the part of LIC of India required.  LIC of India must increase their agent’s base to retain its 

dominating market share because agents are the back bone of the corporation. The increased 

number will not only help the corporation to facet their visible presence in the market but also in 

turn help in increasing their business volume too. 

Definitions  

Insurance 

Insurance is a co-operative method for spreading over the loss suffered by one or more, 

caused by a particular risk, over a number of persons who agree to share the loss. 

Development Officer  

 In Life Insurance Corporation of India Development Officers are the full-time employees. 

They belong to the Class II officer category. They are in charge of their territory for the 

development of insurance policies. The primary job is to appoint agents and through them try to 

boost insurance business.  

Agent 

An agent is a person who represents an insurance firm and sells insurance policies on its 

behalf. 
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Contribution 

             Contribution in LIC refers that to give directions, instructions and guidance to a group of 

agents, for the purpose of achieving the goal of the insurance corporation. 

Savings 

 

Quality of a Successful Development Officer 

Quality of a successful Development Officers are the sum total of the impression made 

on people with whom one comes into contact. There are a number of qualities which make a 

Development Officer to become successful. They must possess some traits to achieve their 

objectives. Quality of a successful Development officer is based on the following factors such as 

personality of a Development Officer, knowledge of the insurance products, fixing the targets, 

planning the work, knowledge of the agents and their performance and the like. The following 

are some of the important qualities of a Development officer we discuss them in brief.  

 

 Quick Action  

A Development officer must be alert, quick in action. He has to face many prospects of 

different temperaments. He must have the mental ability to face any situation and be ready to 

answer any questions. He should not be an absent-minded man. He must have quick thought of 

answering, what throwing away the agents and policy holders.  

 Self Confidence 

A confident man never fails. He should have confidence in his work capacity and power.  

Confidence makes him optimistic and enthusiastic. He can meet any situation in the insurance 

product line. He engages or talks with agents, act on his suggestions. Confidence makes him to 

meet any situation with courage. Knowledge through experience is the base for confidence. 

 Initiative  

A Development Officer must have initiative. He must learn the tricks of insurance trade 

and the knowledge of various schemes of insurance products. Active initiator is a self-starter.  

His job can be successfully carried out. He must have skill and be able to face tackle situations 

intelligently.  

 Observation  

A Development Officer must be keen observer. He must have to update knowledge about 

different types of insurance products, assignment, nomination, settlement of claims, changes in 

rules and regulations, attitude of the competitors and government and the like. With all the latest 

information he can easily make suggestions to insurance agents and help them in achieving their 

targets. 
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 Co-operation  

             Co-operative attitude is essential for the success of a Development Officer. He must co-

operate with the insurance agents. Progress of insurance company depends on the mutual co-

operation of all the employees. 

 Sincerity  

It is an value added quality within a person. He must be sincere towards his assigned 

duties. By sincerity, one can win similar other favors. Dependability is increased through 

sincerity. 

 Self-Management  

Everyone works to achieve an aimed target of insurance business. A self-governed 

Development Officer can easily achieve his target through his agents. This is because he plans 

his work in advance and works according to the plan. So, the Development Officer finds enough 

time in feeling of self-assurance. 

Contribution of Development Officer 

The Main Contribution of Development officers are ensuring that all agents have proper 

licensing and training to sell products on the firm’s behalf, distributing marketing, collateral 

attracting and educating potential policy holders and monitoring the performance of agency. 

 Recruitment of agents  

An important duty of a Development officer is to find or select suitable persons to work 

as agents. The Development Officers should make an arrangement for appointing suitable 

persons on the basis of their educational qualifications, abilities, experience, written test and 

interviews. 

 Training of agents  

Training is the process or state of being guided, drilled or prepared. Training enables a 

person to do the Job correctly, effectively and conscientiously to produce the high result. After 

the appointment of agents the main duty of Development Officer is to give proper training to the 

agents. By training an agent can increase knowledge in an insurance field. 

 Supervision of agents  

Supervision becomes necessary when a goal has to be attained which depends upon the 

cumulative efforts of a group of people. The Development officer has todevelop individual 

abilities, so that he can get the best out of every one of his agents.  
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 Motivation of agents  

Agents are the backbone of an insurance business. A good agent makes poor selling 

insurance product into a progressive one. The success or failure of an insurance company 

depends upon the ability and initiation of insurance agents. The will and willingness to work is a 

motivational factor. 

 

Objectives of the Study 

 To study the Methods suggested by the respondents to their team to attract new Customer 

 To know the growth of development officers in LIC of India 

 To compare the Demographic Variables of the respondents and Level of Job Satisfaction 

of the respondents 

 

Growth of Development Officers in LIC of India 

The following table indicates the growth of development officers in LIC of India, from 

the year of 2009-2010 to 2019-2020.    

Table - 1 

Growth of Development Officers in LIC of India 

2009-2010 To 2019-2020 

Source: Respective annual report of LIC, India. 

The above table expresses that the growth of development officers in LIC of India, from 

the year of 2009-10 to 2019-20. The number of development officers during the year 2009-2010 

was recorded as 23,634 but in the year of 2019-2020 it was 24388.  

 

Research Design 

The present study is of Descriptive in nature. Sample size selected for the study was 50 

respondents out of 24388 Development officers in India. Convenience sampling technique was 

adopted in the selection of the respondents. For analyzing the data, Percentages and Chi square 

test were applied. 

 

 

Year Development Officers 

2009-10 23634 

2010-11 24517 

2011-12 25638 

2012-13 26430 

2013-14 28621 

2014-15 24715 

2015-16 23281 

2016-17 24836 

2017-18 22830 

2018-19 21588 

2019-20 24388 
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Limitations of the Study 

 The study area is a very limited one the data were collected only from 50 Development 

Officers. 

 Most of the time respondents were not available at the time of filling the questionnaire.  

 The employees may or may have not given honest answers. 

 

Table – 2 

 Demographic Variables of the Respondents 

Source: Primary data 

Table No.2 shows demographics wise distribution of the respondents. It reveals that male 

respondents are higher than female respondents. Majority of respondents in the age group of 36-

45 years, Married respondents were higher and Graduation were high as compared to other 

Educational groups. Majority of the respondents 1-5 yearsExperience were high as compared to 

other Experience e level of the respondents. 

 

Level of Satisfaction of the Respondent  

The frequency distribution of respondents on the basis of level of satisfaction has been 

given in the table below. 

VARIABLES No of Respondents Percentage 

 

Sex 

 

Male 40 8 

Female 10 20 

Total 50 100 

 

 

Age 

Below 35 15 30 

36-45 18 36 

46-55 8 16 

Above 56 9 18 

Total 50 100 

Marital Status Married 44 88 

Un-Married 6 12 

Total 50 100 

 

Educational 

Qualification 

Post-Graduation 15 30 

Professional 5 10 

Graduation 22 44 

Others 8 16 

Total 50 100 

 

 

Experience 

1-5 12 24 

5-10 8 16 

10-15 11 22 

15-20 10 20 

Above 20 years 9 18 

Total 50 100 
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Table - 3 

Level of Job Satisfaction of the Respondent 

Satisfaction No of Respondents Percentage 

Highly Satisfied 19 38 

Satisfied 15 30 

Dissatisfied 13 26 

No Opinion 03 06 

Total 50 100 

Source: Primary Data 

It is identified from table that out of the 50 respondents, 19 of the sample respondent 

express that they are highly satisfied with their present job, followed by 15 of the sample 

respondents are satisfied, 03 of the members are not willing to response this option and 13 of the 

sample respondents are dissatisfied with their present job in the study area. The overall 

observation of the table indicates that the majority of the development officers are highly 

satisfied and satisfied with their present employment. 

 

Gaining Knowledge about LIC 

The sample respondents acquired knowledge about insurance in different ways. It has 

been given in the table below. 

Table- 4 

Gaining Knowledge About LIC 

Opinion No of Respondents Percentage 

Field training at the time of Appointment 16 32 

Through Journal and Magazines 05 10 

Through Internet 06 12 

Through Orientation given by officials 11 22 

Through Peer officers 04 08 

Through Personal Experience 05 10 

Through the study of related courses 03 06 

Total 50 100 

 Source: Primary Data 

 The above table indicates about gaining knowledge related to LIC. In it, 16 respondents 

were getting knowledge through Field training at the time of Appointment and three respondents 

were getting knowledge through the study of related courses. 

Methods Suggested by the respondents to their Team to attract New Customer 

The development officers suggest the different methods to attract new customers. It has 

been given in the table below. 
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Table - 5 

Methods Suggested to attract New Customer 

Opinion No of Respondents Percentage 

Direct Marketing 09 18 

Regular Visit 19 38 

Contacting through Friends and Relatives 08 16 

Contact through Social Club 03 06 

Personal Help 05 10 

By Offering to pay initial Premium 06 12 

Total 50 100 

Source: Primary Data 

The above table indicates the methods suggest by development officer to their team 

members to attract the new customers in the study area. It has the identified 50 sample. Out of 

this, 19 respondents identified the regular visit their new customer., it has highest level of total 

respondents, 03 respondents identified the Contact through Social Club their new customer., it 

has lowest level of total respondents. 

ASSOCIATION BETWEEN SOCIO-ECONOMIC CHARACTERISTICS AND LEVEL 

OF SATISFACTION OF THE RESPONDENT 

The non-parametric chi-square test is applied to find the association between Socio-

Economic Characteristics and Level of Satisfaction of the Respondent factors such as sex, age, 

marital status, education and experience. 

Table – 6 

Sex and Level of Satisfaction of the Respondent 

Sex Highly Satisfied Satisfied Dissatisfied No Opinion Total 

Male 16 12 10 2 40 

Female 3 3 3 1 10 

Total 19 15 13 3 50 

Sources: Computed data 

Results of chi-square test are as follows 

 

Chi-Square test 

Calculated value Df Table Value Result 

0.62 3 7.81 Accepted 

 

Above table indicate that the Table Value is less than Calculated value. Therefore, test is 

accepted.  

Table – 7 

Age and Level of Satisfaction of the Respondent 

Age Highly Satisfied Satisfied Dissatisfied No Opinion Total 

Below 35 7 6 1 1 15 

36-45 8 4 6 0 18 

46-55 2 2 3 1 8 
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Above 56 2 3 3 1 9 

Total 19 15 13 3 50 

Sources: Computed data 

Results of chi-square test are as follows 

 

Chi-Square test 

Calculated value Df Table Value Result 

14.45 9 16.92 Accepted 

 

Above table indicate that the Table Value is less than Calculated value. Therefore, test is 

accepted.  

Table - 8 

Marital Status and Level of Satisfaction of the Respondent 

Marital Status Highly Satisfied Satisfied Dissatisfied No Opinion Total 

Male 17 13 12 2 44 

Female 2 2 1 1 6 

Total 19 15 13 3 50 

Sources: Computed data 

Results of chi-square test are as follows 

 

Chi-Square test 

Calculated value Df Table Value Result 

1.59 3 7.81 Accepted 

 

Above table indicate that the Table Value is less than Calculated value. Therefore, test is 

accepted.  

Table –9 

Education and Level of Satisfaction of the Respondent 

Education Highly Satisfied Satisfied Dissatisfied No Opinion Total 

Post-Graduation 7 3 3 2 15 

Professional 1 2 1 1 5 

Graduation 7 9 6 0 22 

Others 4 1 3 0 8 

Total 19 15 13 3 50 

Sources: Computed data 

Results of chi-square test are as follows 

 

Chi-Square test 

Calculated value Df Table Value Result 

9.08 9 16.92 Accepted 

 

`Above table indicate that the Table Value is less than Calculated value. Therefore, test is 

accepted.  

Table – 10 

Experience and Level of Satisfaction of the Respondent 
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Experience Highly Satisfied Satisfied Dissatisfied No Opinion Total 

1-5 5 4 2 1 12 

5-10 1 2 4 1 8 

10-15 6 4 1 0 11 

15-20 2 5 3 0 10 

Total 19 15 13 3 50 

Sources: Computed data 

Results of chi-square test are as follows 

 

Chi-Square test 

Calculated value Df Table Value Result 

19.58 12 21.03 Accepted 

 

Above table indicate that the Table Value is less than Calculated value. Therefore, test is 

accepted.  

 

Suggestions of the Study 

 The female development officer’s strength is very less when compare to male 

development officer’s strength. Therefore, the insurance authority should take initiative 

to recruit the more female development officers. Hence, they can easily approach the 

potential female customers and contribute the growth and development of insurance 

sector in the study area. 

 The development officer to meet his agents, discuss with them their problems, attend to 

joint etc., and also undertake training of the agents. The tour should therefore be a 

productive tour, not only in respect of new business but also in respect of motivation and 

building up the morale of the agency organisation. 

 

CONCLUSION 

Development officer duties is to create a proper corporate image in the public mind. He 

carries the message of social security to all nooks and corners of his area, rural or urban, through 

his team of agents. He, thus, plays a very vital role in attaining one of the primary objectives of 

the nationalized insurance. By this, who to provide financial security to all sections of the 

community, in the farthest corner of the country. But, the job of the development officer not only 

conclude the procuration of a handsome amount business but also actively imparts adequate 

training to the agents. 
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Abstract 

The development of Internet has resulted in enormous business prospects and opportunities 

and given new direction to traditional commercial activities. E-commerce emerged as the need of the 

hour. The business-to-consumer (B2C) is the most visible and prominent progeny of e-commerce.  

B2C is a commercial process that starts with companies and ends with end consumers. Online 

shopping is an emerging area in the field of E-Business and is surely going to be the future of 

shopping in the world.  The benefits of online shopping are well known.  On-line shopping in India is 

significantly affected by various demographic factors like age, gender, marital status, educational 

qualification, occupation and income. Substantial amount of research work has been carried out on all 

these areas. The impact of these factors on online shopping behaviour is fascinating to say the least. 

But the most mysterious of them all is the impact of gender on the acceptance or rejection of online 

shopping. Do men and women behave differently during the online shopping process or do they 

exhibit same kinds of behaviour during this process?  This article will try to throw some light on the 

extremely valuable but often neglected role of gender in the online shopping behaviour of consumers. 

Recently, the diffusion of the Internet as a retail and distribution channel has undergone a great 

growth in India. This paper presents an empirical investigation on the effects of gender differences on 

online buying in Tirunelveli District. The study explored gender differences among twelve factors 

concerning the online buyer for both Male and Female in Tirunelveli District. For data collection and 

final testing of the model a well-structured questionnaire was designed and hosted. The researcher 

collected 147 respondents sent their answer out of 150 questionnaires. With regard to factors and 

consistent with using t-student test.  

Keywords: - Online Shopping, E-Commerce, Gender Differences, Online Consumer Behaviour,   

Business-To-Consumer. 

Introduction 

As the Internet and wireless network technologies have a had lot of advancement in decades, 

their increasing use has resulted in more online commercial activities, in terms of consumers 

navigating websites and making financial or nonfinancial transactions. The growing online consumer 

market allows consumers to make financial transactions online anywhere in the world regardless of 

their locations. The Internet therefore offers enterprises a growing market with limitless opportunities 

that they can tap into by providing consumers with online shopping services. The most common 

incentives for consumers to shop online are convenience, competitive pricing, greater access to 

information, complementarity of traditional stores and broader selections.  Most of the companies are 

running their online portals to sell their products/services online. Though online shopping has made 

enormous progress outside India, its growth in the Indian market, which is a large and diverse 

consumer market, is not in line with the global market. So Government of India takes some steps to 

develop online mode of transaction. because of this, nowadays most of the people purchasing their 

needs by online. 

Need of the study 

Nowadays, the Internet is being widely used in daily life. The existence of the Internet 

brought many advantages to individuals’ daily lives. With the help of the media, people can 

communicate, learn something about goods, entertain, buy products and get services. Of course, the 

disadvantages of it have long been discussed; as the virus threat, the risk of personal information theft, 

spamming etc.Studies on online shopping investigated the factors that influence online shopping as 

Rectangle

Rectangle
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well as motives for, value of and antecedents of online buying behaviour. As a result, the academic 

researchers and the business world started to focus on the consumer side of the online purchasing 

behaviour and a lot of researches and articles were prepared to make guidance for the development of 

online shopping. The purpose of this study is to identify factors affecting consumers’ online shopping 

gender behavior, specifically elucidating them in the context. In addition to the previously identified 

factors this study included gender-specific factors that may play an important role in determining 

Internet adoption for e-commerce. The aim of this study is to investigate the factors that affect online 

purchasing behaviour of two consumer groups like Male and Female. Moreover, it is also wanted to 

identify and analyse online buying habits of Male and Female of Tirunelveli District of Tamil Nadu. 

Review of Literature 

S.K. Suman and Pallavi Srivastava (2019) “Age and Gender Influences on Consumer 

Behavior Towards Online Discounts”, They concluded that in the past few years multiple studies 

were carried out related to behavior of consumers towards online shopping and also the demographic 

(like age and gender) influences on behavior of consumers towards online shopping. But limited study 

has been carried out precisely related to age and gender influences on factors considered while buying 

online when discounted products are available. This study has a lot of significance in Indian context. 

Online retailers are offering massive discounts to allure the buyers to shop online and, in this process, 

it is essential to understand the factors which are important for different age groups and genders. 

Vijay, Sai. T. & Balaji, M. S. (2009), “Status and Scope of Online Shopping: An 

Interactive Analysis through Literature Review”, revealed that Consumers, all over the world, are 

increasingly shifting from the crowded stores to the one-click online shopping format. However, in 

spite of the convenience offered, online shopping is far from being the most preferred form of 

shopping in India. A survey among 150 internet users, including both users and non-users of online 

shopping, was carried out to understand why some purchase online while others do not. The results 

suggested that convenience and saving of time drive Indian consumers to shop online; while security 

and privacy concerns dissuade them from doing so. 

Objectives of the study 

To know socio-economic background of the respondents. 

The aim of this study is to investigate the factors that affect online purchasing behaviour of two 

consumer groups like Male and Female. 

Moreover, it is also wanted to identify and analyse online buying habits of Male and Female. 

Research Design 

The present study is of Descriptive in nature. The researcher collected primary and secondary 

sources. The primary data collected through convenient sampling method. Structured questionnaire 

was distributed through directly by researcher in Tirunelveli District of Tamil Nadu State.  Secondary 

sources include internet, books, reports, journals and so on. Convenient sampling methods was used 

to collect data from 150 respondents. Of this, the filled in forms of 147 respondents were found to be 

complete and were taken for further analysis. The remaining forms were incomplete, therefore such 

data were rejected. For analyzing the data Percentages and t-test were applied.  

Limitations of the Study 

The study is limited to consumers residing in to Tirunelveli District only so the results of this study 

cannot be used to reflect the population as a whole. 

This study collects convenient samples Therefore; one cannot generalize the results of the study to the 

population. This study can only reflect a specific and limited population’s needs. 

Results And Discussions 

Table 1: Demographic Variables of the Respondents 
VARIABLES No of Respondents Percentage 

 

Gender 

 

Male 78 53 

Female 69 47 

Total 147 100 

 

 

Age 

Upto 25 38 26 

26-35 44 30 

36-45 35 24 



ISSN PRINT 2319-1775 Online 2320-7876, www.ijfans.org  

Vol.11, Iss.10, Oct- 2022 

Research Paper                                                                                  © 2012 IJFANS. All Rights Reserved,  

UGC CARE Listed (Group -I) Journal 

1371 
 

 

 

 

 

46-55 18 12 

Above 55 12 8 

Total 147 100 

 

Marital Status 

 

Married 97 66 

Unmarried 50 34 

Total 147 100 

 

Educational 

Qualification 

 

 

Upto HSc 55 37 

Under - Graduation 48 33 

Post-Graduation 23 16 

Others 21 14 

Total 147 100 

 

 

 

 

Occupation 

 

 

 

Unemployed 6 4 

Student 26 18 

Homemaker 22 15 

Private Employee 51 35 

Government Employee 29 20 

Retired 8 5 

Other  5 3 

Total 147 100 

 

 

 

 

Monthly Income 

  

  

  

No income but pocket money 13 9 

Less than 15000 23 16 

15001-25000 32 22 

25001-35000 31 21 

35001-45000 30 20 

Above 45000 18 12 

Total 147 100 

 

Time spend on 

internet daily 

  

  

  

  

Less than 1 hour 51 35 

1-2 hour 53 36 

2-3 hour 29 20 

More than 3 hour 14 10 

Total 147 100 

Sources: Primary Data 

Table No.1 shows demographics wise distribution of the respondents. Most of the 

respondents were Male, Majority of respondents in the age group of 26-35 and UptoH.Sc were high as 

compared to other Educational groups and Private employee were high as compared to other 

Occupation, most of the respondents income were 15001-25000 and Most of the respondents using 

minimum two hours spend on daily. 

Table 2:  Responses for Reasons for Purchasing Online 

 

 

Reasons 

NUMBER OF RESPONDENTS 
 

 

Total 

Strongly 

Agree 
Agree Neutral Disagree 

Strongly 

Disagree 

R % R % R % R % R % 

Convenience of shopping at home 64 44 40 27 39 27 3 2 1 1 147 

Not limited by time 71 48 52 35 21 14 2 1 1 1 147 

Easy to buy 45 31 64 44 26 18 8 5 4 3 147 

Easy to search for products 31 21 72 49 37 25 5 3 2 1 147 

Price cheaper than physical 

stores 
56 38 59 40 29 20 2 1 1 1 147 

Can pay online by credit card 42 29 63 43 39 27 3 2 0 0 147 

Fast delivery 34 23 48 33 38 26 19 13 8 5 147 

Reasonable delivery costs 74 50 53 36 14 10 5 3 1 1 147 

Security of online transactions 11 7 37 25 63 43 22 15 14 10 147 
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Better product quality 23 16 29 20 71 48 18 12 6 4 147 

Product is by well-known brand 45 31 37 25 39 27 17 12 9 6 147 

Detailed product specifications 

and features 
74 50 52 35 19 13 2 1 0 0 147 

Sources: Primary Data 

As seen in the table above, it was been asked from the Responses for reasons for purchasing 

online. For that, researcher selected twelve factors like Convenience of shopping at home, Not limited 

by time, Easy to buy, Easy to search for products, Price cheaper than physical stores, Can pay online 

by credit card, Fast delivery, Reasonable delivery costs, Security of online transactions, Better product 

quality, Product is by well-known brand and Detailed product specifications and features. In which 

most of the respondents said that agree for reason for purchasing online. 

Table 3: Gender and Purchasing Online  

Calculation of t-test 
 

Factors 

 

Variables 

 

df 

Table 

Value 

Calculated 

Value 

 

Result 

Convenience of shopping at 

home 

Male 
145 1.99 1.85 Accepted 

Female 

Not limited by time 
Male 

145 1.99 .06 Accepted 
Female 

Easy to buy 
Male 

145 1.99 3.92 Rejected 
Female 

Easy to search for products 
Male 

145 1.99 1.24 Accepted 
Female 

Price cheaper than physical 

stores 

Male 
145 1.99 

1.55 

 
Accepted 

Female 

Can pay online by credit card 
Male 

145 1.99 1.63 Accepted 
Female 

Fast delivery 
Male 

145 1.99 2.63 Rejected 
Female 

Reasonable delivery costs 
Male 

145 1.99 .24 Accepted 
Female 

Security of online transactions 
Male  

145 

 

1.99 

 

2.34 
 

Rejected Female 

Better product quality 
Male 

145 1.99 2.32 Rejected 
Female 

Product is by well-known brand 
Male 

145 1.99 .57 Accepted 
Female 

Detailed product specifications 

and features 

Male 

145 1.99 2.41 Rejected Female 

Male 

Sources: Computed Data 

The above table represents the independent sample t-test. It is clear from the table that the 

means of the variable namely reasons for purchasing online of genderand some factors like 

Convenience of shopping at home, Not limited by time, Easy to search for products, Price cheaper 

than physical stores, Can pay online by credit card, Reasonable delivery costs and Product is by well-

known brand has its Calculated value is less than the table value. There is no significance different 

between reasons for purchasing online of gender and the above factors. Hence the null hypothesis is 

accepted. But some other factors like Easy to buy, Fast delivery, Security of online transactions, 

Better product quality and Detailed product specifications and features has its Calculated value is 

more than the table value. There is significance different between reasons for purchasing online of 

gender and the above factors. Hence the null hypothesis is rejected. 

Conclusion 

On-line shopping is now a serious alternative to conventional shopping. Given that men and 

women have been shown to differ in their attitude, it seems surprising that there is little research that 
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explicitly addresses gender difference in on-line buying. Attitude and gender are important factor that 

online shopping behavior. Accordingly, better understanding of online shopping attitude is critical for 

designing and managing effective website that can help businesses attract and retain online customers. 

When researcher compare with gender and reasons for purchasing online, most of the respondents 

accepted. Therefore e-tailors must improve the hedonic benefits to create positive attitude towards 

online shopping. 
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ABSTRACT 

The study gained knowledge and the attitude towards alcohol addiction and substance 

abuse among tribal adolescents in PonmanaiPanchayath in Kanyakumari District. The utmost 

objectives of the study were to determine the demographic profile of the respondent

knowledge, attitude towards alcohol addiction and substance abuse. The researcher selected 

50 samples and used lottery method to collect the data. The informants were young 

adolescents from Ponmanai Panchayat in Kanyakumari District. The investigator

prepared interview schedule to collect data. The research highlighted the unawareness of the 

addiction, loss of economic condition for use of substance abuse and alcohol, disturbances of 

education and violent behavior in public. The researcher s

programmes incorporated with government and nongovernmental organizations.

KEYWORDS: Alcohol, Addiction, Substance Tribal & Adolescents

 
INTRODUCTION 

Alcoholism and substance abuse are some of the costliest diseases affectin

worldwide. These are associated with a range of physical and mental disorders. Using alcohol 

and other substances at a young age has negative health effects. Some teens will experiment 

and stop, or continue to use occasionally without significant

dependency, moving on to more dangerous drugs and causing significant harm to themselves 

and possibly others. Alcoholism and substance abuse is one of the major causes of morbidity 

and mortality worldwide. The word addiction 

meaning to devote. The ultimate aim of this research is to extrapolate the knowledge and 

attitude towards alcohol addiction and substance abuse among tribal in Ponmanai Panchayat 

in the Kanyakumari district. The re

researcher found that most of them were uneducated and unaware of the harmful effects of 

alcohol and substance abuse. 
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Mary Pelsit S #1 Rex Sahayaraj M #2 

The study gained knowledge and the attitude towards alcohol addiction and substance 

abuse among tribal adolescents in PonmanaiPanchayath in Kanyakumari District. The utmost 

objectives of the study were to determine the demographic profile of the respondent

knowledge, attitude towards alcohol addiction and substance abuse. The researcher selected 

50 samples and used lottery method to collect the data. The informants were young 

adolescents from Ponmanai Panchayat in Kanyakumari District. The investigator

prepared interview schedule to collect data. The research highlighted the unawareness of the 

addiction, loss of economic condition for use of substance abuse and alcohol, disturbances of 

education and violent behavior in public. The researcher suggested implementing awareness 

programmes incorporated with government and nongovernmental organizations.

Alcohol, Addiction, Substance Tribal & Adolescents 

Alcoholism and substance abuse are some of the costliest diseases affectin

worldwide. These are associated with a range of physical and mental disorders. Using alcohol 

and other substances at a young age has negative health effects. Some teens will experiment 

and stop, or continue to use occasionally without significant problems. Some will develop a 

dependency, moving on to more dangerous drugs and causing significant harm to themselves 

and possibly others. Alcoholism and substance abuse is one of the major causes of morbidity 

and mortality worldwide. The word addiction is derived from the Latin word “Addicere” 

meaning to devote. The ultimate aim of this research is to extrapolate the knowledge and 

attitude towards alcohol addiction and substance abuse among tribal in Ponmanai Panchayat 

in the Kanyakumari district. The researcher selected 50 samples from the panchayath. The 

researcher found that most of them were uneducated and unaware of the harmful effects of 

 

Assistant Professor, Department of Social work, Nanjil Catholic C

Assistant Professor of Social Work, DRBCCC Hindu College, Pattabiram, 

A STUDY ON KNOWLEDGE AND ATTITUDE TOWARDS ALCOHOL 

ADDICTION AND SUBSTANCE ABUSE AMONG TRIBAL ADOLESCENTS 

The study gained knowledge and the attitude towards alcohol addiction and substance 

abuse among tribal adolescents in PonmanaiPanchayath in Kanyakumari District. The utmost 

objectives of the study were to determine the demographic profile of the respondents and 

knowledge, attitude towards alcohol addiction and substance abuse. The researcher selected 

50 samples and used lottery method to collect the data. The informants were young 

adolescents from Ponmanai Panchayat in Kanyakumari District. The investigator used self-

prepared interview schedule to collect data. The research highlighted the unawareness of the 

addiction, loss of economic condition for use of substance abuse and alcohol, disturbances of 

uggested implementing awareness 

programmes incorporated with government and nongovernmental organizations. 

Alcoholism and substance abuse are some of the costliest diseases affecting persons 

worldwide. These are associated with a range of physical and mental disorders. Using alcohol 

and other substances at a young age has negative health effects. Some teens will experiment 

problems. Some will develop a 

dependency, moving on to more dangerous drugs and causing significant harm to themselves 

and possibly others. Alcoholism and substance abuse is one of the major causes of morbidity 

is derived from the Latin word “Addicere” 

meaning to devote. The ultimate aim of this research is to extrapolate the knowledge and 

attitude towards alcohol addiction and substance abuse among tribal in Ponmanai Panchayat 

searcher selected 50 samples from the panchayath. The 

researcher found that most of them were uneducated and unaware of the harmful effects of 

Assistant Professor, Department of Social work, Nanjil Catholic College of Arts and 

Assistant Professor of Social Work, DRBCCC Hindu College, Pattabiram, 

ISSN No: 0932-4747

Page No :142

Zeichen Journal

Volume 8, Issue 02, 2022

Creative
Rectangle



 

ALCOHOL ADDICTION 

Alcohol addiction is a physical or mental dependence on alcohol. Alcohol addiction 

can lead to health and social problems , and difficulty in maintaining 

responsibilities.Alcoholism is the most serious form of problem drinking, and describes a 

strong, oftenuncontrollable, desire to drink. 

SUBSTANCE ABUSE 

          Substance abuse can simply be defined as a pattern of harmful use of any substance for 

mood altering purposes “substances “ can include alcohol and other drugs as well as some 

substances that are not drugs at all. 

PREVALENCE OF ALCOHOL 

               Alcohol is quite common in India both in rural and urban areas with prevalence 

rates as per various studies varying from 23% to 74% in males in general and although it’s 

not that common in females but it has been found to be prevalent about  24% to 48 % in 

females in certain sections and communities 

PREVALENCE OF SUBSTANCE ABUSE 

               Nearly 32% adolescents are addicted under substance abuse . Prevalence rate is 

higher in males (55.33) than compared to females (5%). Tobacco is the most common 

substance abuse by the adolescents. 

SYMPTOMS OF ALCOHOLISM AND SUBSTANCE ABUSE 

● Being unable to limit the amount of alcohol which drinks. 

● Spending lot of time of using substance abuse 

● Poor decision making abilities. 

● Risky behavior 

● While facing family problems. 

● Financial problems 

● Often has a strong desire to use substances  

● Drinks alone often use 

● Neglects other interests 

COPING SKILLS 

● Creating a social support. 

● Becoming a member of a support group 

ISSN No: 0932-4747

Page No :143

Zeichen Journal

Volume 8, Issue 02, 2022



 

● Enhancing International skills 

● Spiritual practices 

● Mindfulness practices 

● Evaluating decisions  

● Emotional regulation skills 

STATEMENT OF THE PROBLEM 

A drug is any substance that, when absorbed into the body of a living organism, alters 

normal biological processes. In pharmacology, a drug could be a chemical substance utilized 

in the treatment, cure, prevention, or diagnosis or on an everyday basis for chronic disorders. 

Recreational drugs are chemical substances that affect the central nervous system, such as 

opioids or hallucinogens. They may be used for perceived beneficial effects on perception, 

consciousness, personality, and behavior. Experimentation with alcohol and medicines during 

adolescence is common. Drug use is related to a spread of negative consequences, including 

increased risk of great drug use later in life, school failure, and poor judgment which can put 

in danger for accidents, violence, unplanned and unsafe sex, and suicide. 

 
OBJECTIVES 

GENERAL OBJECTIVE 

Knowledge and attitude towards alcohol addiction and substance abuse among tribal 

in Ponmanai Panchayat. 

SPECIFIC OBJECTIVES 

● To study the demographic profile of the respondents 

● To assess the knowledge of alcoholic addiction and substance abuse among the 

respondents. 

● To identify the attitude towards alcohol addiction and substance abuse among 

the respondents. 

METHODOLOGY 

The study was focused to assess the knowledge and attitude towards alcohol addiction 

and substance abuse among tribal adolescents. There were 610 families in the Panchayat and 

250 adolescents. The researcher adopted descriptive research design and interview schedule. 

The primary data was collected by direct interview schedule from tribal adolescents in 

Ponmanai Panchayat. The secondary data was collected from various articles, journals,text 

book, and internet from previous research study. 

ISSN No: 0932-4747

Page No :144

Zeichen Journal

Volume 8, Issue 02, 2022



 

Inclusion criteria 

1. Respondents were males and females 

2. Respondents were well cooperated with the researcher 

3. Respondents attended in  awareness programmes 

Exclusion criteria 

1. Respondents who have memory difficulties 

2. Respondents who have mental illness 

A pretestis conducted by the researcher with an interview schedule in order to identify any 

problems such as unclear wording or the questionnaire taking too long to administer.It helped 

the investigator to get facts and information and also able to reframe the questions if required. 

Then the pre test interview schedule was finalized. 

 
ANALYSIS OF DATA 

Table 1: Distribution of personal details of the respondents 

S. No. VARIABLE VALUE LEVEL 
RESPONSES 

NO % 

1 Gender 
Male 
Female 

41 
9 

82% 
18% 

2 Age 

12-20 
20-30 
30-45 
45 above 

8 
26 
9 
7 

16% 
52% 
18% 
14% 

3 Education 
Uneducated 
8th _12th standard 
Diploma/Degree 

13 
34 
3 

26% 
68% 
6% 

4 Annual Income 
50000 
100000 
200000 

50 
0 
0 

100% 
0% 
0% 

5 Religion 

Hindu 
Christian 
Muslim 
Others 

45 
5 
0 
0 

90% 
10% 
0% 
0% 

6 Marital status 
Married 
Unmarried 

29 
21 

58% 
42% 

7 Economic condition 
Poor 
Middle class 
Rich 

31 
19 
0 

62% 
38% 
0% 

8 Staying place Village 0 0% 
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Mountain 50 100% 
9 
 

Motivating others to drink 
Yes 
No 

30(60%) 
20(40%) 

100% 

10 Using others money to drink 
Yes 
No 

45(90%) 
5(10%) 

100% 

 
Table 1 showed that majority of the respondents were males (82%.) and 52% of the 

respondents were in the age group of 20-30.68% of the respondents were studied upto 8 th 

standard to 12 th standard, The annual income of all the  respondents (100%)was 50000.Due 

to alcoholism and substance abuse the economic condition was very poor.Majority of the 

respondents were Hindu(90%) and 58.5 of the respondents were married. Allrespondents 

100% were living in mountain areas and 60% of the respondentswere  motivating others to 

drink and 90 % of the respondents were using other’smoney to drink . 

Table 2: Distribution of Responses Leading to Diseases and Making Problems 

S. No. DISEASES 
RESPONSES 

TOTAL 
YES NO 

1 Depression 44(88%) 6(12%) 100% 

2. Mental disease 43(86%) 7(14%) 100% 

3 Memory loss 44(88%) 6(12%) 100% 

4 

a) Social diseases 

b) Psychological 

c) Inpatients 

7(14%) 
41(82%) 
2(4%) 

 100% 

5 Economic problem 43(86%) 7(14%) 100% 

6 Breaking home material 31(62%) 19(38) 100% 

7 Beating their wife 32(64%) 18(36%) 100% 

8 
Disturbing children’s 
education 

23(46)% 27(54) 100% 

9 
Damaging public 
properties 

46(92%) 4(8%) 100% 

10 Making family problem 48(96%) 2(4%) 100% 

 

Table 2 exhibited the variation of disease due to alcoholism and substance abuse. From the 

above table it was observed that 88% respondents were having depression and 86% of the 

respondents have mentalillness. 98% of the respondents have memory loss due to addiction 
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and 82% developed psychological issues. 86% of the respondents have economic problem 

due to spending their earning to addiction. From the study it was analysed that  due to alcohol 

addiction, 62% of the respondents always break their home materials, 64% always beati their 

wives, 92% of the respondents damage public properties, and 96% of the respondents always 

make family problems. Therefore it was elucidated that alcoholism lead to societal problem 

as well as loss of peace in family. 

Table 3: Distribution of responses towards knowledge about alcohol, substances and 

rehabilitation. 

SL NO CAUES AND KNOWLEDGE 
RESPONSES 

TOTAL 
YES NO 

1 Removing stress 15(30%) 35(70%) 100% 

2 Reducing body pain 14(28%) 36(72%) 100% 

3 Getting pleasure 15(30%) 35(70%) 100% 

4 Knowing injections 20(40%) 30(60%) 100% 

5 Knowing the type of substance 30(60%) 20(40%) 100% 

6 
Knowing alcohol addiction and 
substance abuse 

49(98%) 01(02%) 100% 

7 Rehabilitation awareness 12(24%) 38(76%) 100% 

8 Knowing rehabilitation centre 10(20%) 40(80%) 100% 

9 
Attending awareness 
programme 

37(74%) 13(26%) 100% 

10 Making accident 48(96%) 02(04%) 100% 

 
                 Table 3 showedthe distribution of responses towards knowledge about 

rehabilitation and substance abuse. Half of the respondents were using alcohol and substance 

abuse to get pleasure and 60% of them were not aware about the injections. 60% of the 

respondents aware about the type of substances 76% of the respondents did not have 

knowledge about rehabilitation. 74% of the respondents were attending awareness 

programmes and 96% of the respondents were making accidents due to alcoholism and 

substance abuse. 

SUGGESTIONS 

❖ The awareness programmes can be conducted to tribal people about alcohol and 

substance abuse 
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❖ The tribal school should provide special classes related to alcohol addiction and 

substance abuse’. 

❖ The government should encourage the society to participate in awareness programmes 

about alcohol addiction and substance abuse. 

❖ Conduct yearly based survey under the guidance of government. 

❖ Provide modern awareness facilities for youngster’s related to addiction and 

rehabilitation. 

❖ Encourage the tribal youths to update their knowledge from newspaper cuttings, 

researches, articles etc…. 

❖ Encourage the tribal in participating co-curricular activities. 

❖ The tribal village can have the counsellor with professionally trained person only. 

CONCLUSION 

The purpose of the study was to assess the knowledge and attitude towards addiction 

and substance abuse among tribal adolescents in Ponmanai Panchayat, Kanyakumari district. 

Many studies have attempted to identify risk factors associated with adolescent drug and 

alcohol usage. The results revealed that more than half of the adolescent people in Ponmanai 

Panchayat were not aware of the reason for alcohol and substance abuse, the effects and 

treatment procedures. They have myths and misconceptions regarding alcohol abuse and 

substance abuse. In addition to that, all the respondents did not know the rehabilitation 

programmes for addicted people. So, the researcher suggested that conducting awareness 

programmes and motivation programmes were the only way to be aware of alcohol addiction 

and substance abuse. The results of this study should help to increase the knowledge of 

alcohol addiction and substance abuse among tribal people. Also the social worker can meet 

the family to help them to learn more effectively about rehabilitation. 

 

 

 

 

 

 

 

ISSN No: 0932-4747

Page No :148

Zeichen Journal

Volume 8, Issue 02, 2022



 

REFERENCE 

Adnam, C.M. (2012). Developmental consequences of prenatal drug and alcohol 

exposure. (Masters Dissertation, University of Cape Town). 2012  

Bandura, A. (1976). Social Learning & Personality Development. Englewood Cliffs, NJ: 

Prentice-Hall.   

Bengs, M. (2009). Drug abuse, alcohol add to child neglect. Retrieved from 

http://www.treatmentsolutionsnetwork.com/blog/index.php/2009/03/01/274/ 

Bechara A, Damasio H. 2002. Decision-making and addiction. Part I. Impaired activation 

of somatic states in substance dependent individuals when pondering decisions with 

negative future consequences. Neuropsychologia40:1675–89 

Beyever, D. (2009, June 1). United Nations 2009 World Drug Report in Pretoria. 

Retrieved from 

www.unodc.org/documents/wdr/WDR_2009/WDR2009_eng_web.pdf 

National Drug Control Strategy (2007). Retrieved from 

http://www.ncjrs.gov/htm/toc.htm. 

National Institute on Alcohol Abuse and Alcoholism Module 10H for 2005 (2005).– 

Ethnic, culture and alcohol. Retrieved from: 

http://pubs.niaaa.nih.gov/publications/Social/Module10HEthnicity&Culture/Module1

0H. html  

National Institute on Alcohol Abuse and Alcoholism report for 2008. (2008). The 

globalization of alcohol abuse [Electronic version]. National Institute of Health 34, 2-

76.  

National Institute on Alcohol Abuse and Alcoholism report for 2010-2011. (2011). Teen 

alcohol abuse. Retrieved from: http://www.drugabuse.gov/drugs-abuse/alcohol 

 

ISSN No: 0932-4747

Page No :149

Zeichen Journal

Volume 8, Issue 02, 2022


	The influence of activated carbon annealing temperature on sunlight-driven photocatalytic dye degradation and biological ac ...
	1 Introduction
	2 Experimental procedure
	2.1 Materials
	2.2 Preparation of activated carbon
	2.3 Characterization techniques
	2.4 Photo catalytic performance of activated carbon
	2.5 Reactive species experiment
	2.6 Antibacterial activity

	3 Results and discussion
	3.1 X-Ray diffraction
	3.2 Fourier Transform Infrared spectroscopy
	3.3 Scanning electron microscope with EDX
	3.4 Transmission electron microscope
	3.5 Particle size analyser
	3.6 UV–Visible spectroscopy
	3.7 X-ray photoelectron spectroscopy
	3.8 Photocatalytic activity
	3.8.1 Photocatalytic performance of activated carbon based photocatalyst

	3.9 Reusability
	3.10 Scavenger studies
	3.11 Electrochemical impedance spectroscopy
	3.12 Morphological stability of prepared AC
	3.13 Antibacterial activity

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgement
	References

	Hydrothermally synthesized Ag-TiO2 nanofibers (NFs) for photocatalytic dye degradation and antibacterial activity
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Synthesis of Ag–TiO2 nanofibers (NFs)
	2.3 Characterizations of Ag–TiO2 nanofibers (NFs)
	2.4 Photocatalytic measurement
	2.5 Antibacterial properties

	3 Results and discussion
	3.1 XRD analysis
	3.2 UV–visible absorbance spectroscopy
	3.3 Fourier transform –infra red (FT-IR) spectroscopy
	3.4 Scanning electron microscope with elemental dispersive analysis X-ray spectrum
	3.5 Photocatalytic performance
	3.5.1 Mechanism of photodegradation of dye molecules
	3.5.2 Effect of catalyst
	3.5.3 Effect of the dye concentration
	3.5.4 Photocatalytic degradation of malachite green
	3.5.5 Photocatalytic degradation of crystal violet
	3.5.6 Photocatalytic degradation of Congo red (CR) dye

	3.6 Ag–TiO2 based photocatalyst
	3.7 Structural and morphological stability of Ag–TiO2 nanofibers (NFs)
	3.8 Reusability
	3.9 Electrochemical impedance spectroscopy
	3.10 Antibacterial activity
	3.11 Dielectric properties
	3.12 AC conductivity

	4 Conclusion
	Author contribution
	Declaration of competing interest
	Data availability
	Acknowledgements
	References

	Structural, Hirshfeld surface analysis, third order non-linear optical and molecular modelling of imidazolium glutarate single crystals for optical applications
	1 Introduction
	2 Materials and methods
	2.1 Growth of IMGA crystal
	2.2 Computational details

	3 Result and discussions
	3.1 X-ray diffraction (XRD) analysis
	3.2 FT-NMR studies
	3.3 FTIR and FT-Raman studies
	3.4 Hirshfeld surface (HS) analysis
	3.5 Optimal geometry analysis
	3.6 Frontier molecular orbitals
	3.7 Mulliken atomic charges
	3.8 Molecular electrostatic potential (MEP) analysis
	3.9 NBO analysis
	3.10 Hyperpolarizability studies
	3.11 UV-Vis-NIR studies
	3.12 TG-DTA studies
	3.13 Dielectric studies
	3.14 Z-Scan studies

	4 Conclusion
	Funding
	Declaration of Competing Interest
	CRediT authorship contribution statement
	References

	Interaction of polyvinyl alcohol with cetyltrimethylammonium bromide surfactant and its effect on electrochemical property
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Preparation of solutions

	3 Characterization
	4 Results and discussion
	4.1 UV–vis spectroscopy
	4.1.1 Band gap energy

	4.2 FTIR analysis
	4.3 Microscopic studies
	4.4 Impedance spectroscopy

	5 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References

	INFORMATION CRITERIA BASED PARTITIONED ITERATIVE X-MEANS
	DICE CORRELATION CLUSTERING ALGORITHM FOR BIG GEO-SOCIAL DATA
	ABSTRACT
	1. INTRODUCTION
	2. FOCUSED INFORMATION CRITERION BASED PARTITIONED ITERATIVE X-MEANS DICE CORRELATION DATA CLUSTERING METHOD
	Figure 1 Architecture Diagram of FIC-PIXDCDC method for Clustering Big Geo-Social Data
	Figure 2 Flow Processes of FIC-PIXDCDC Method
	Algorithm 1 Focused Information Criterion based Partitioned Iterative X-means Dice Correlation Data Clustering
	3. EXPERIMENTAL SETTINGS
	4. RESULTS
	4.1 Case 1: Performance Measure of Clustering Accuracy
	Sample Calculation:
	Table 1 Experimental Result of Clustering Accuracy
	4.2 Case 2: Performance Measure of Clustering Time
	Sample Calculation for Clustering Time:
	Table 2 Experimental analysis of Clustering Time
	4.3 Case 3: Performance Measure of Error Rate
	Sample Calculation for Error Rate:
	Table 3 Experimental Result of Error Rate
	5. LITERATURE SURVEY
	6. CONCLUSION
	REFERENCES
	E-GCS: Detection of COVID-19 through classification by attention bottleneck residual network
	Introduction
	Paper Organisation 

	Review of existing work
	Detection of COVID-19 using Chest X-ray (CX-R) images
	Detection of COVID-19 using CT scan 
	Detection of COVID-19 using ultrasound images

	Proposed methodology
	Attention bottleneck residual network (AB-ResNet)
	Residual connection and activation based bottleneck mechanism
	Attention bottleneck residual block
	Overall architecture of the introduced network

	Edge based graph cut segmentation (E-GCS)

	Results and discussion
	Dataset description
	Performance metrics
	Experimental results
	Performance and Comparative analysis 

	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgment
	References

	ABSTRACT
	Definitions
	3e73ad29b8c6f9102c324db5ef0f6286b64c27a7517dd73e475469b3778a71b1.pdf

