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A QUESTIONNAIRE-BASED SURVEY OF GREEN SENSE AMONG
UNDERGRADUATE STUDENTS RESIDING IN DELHI/NCR

Dr. Uzma Nadeem, Dr. Kavita Singh and Prof. (Dr.) Harpreet Kaur*

Department of Environmental Studies, Mata Sundri College for Women, University of Delhi, Delhi-110002
Email: harpreetjaswal5@gmail.com*

ABSTRACT

Environmental education and awareness along with participation can begin at the early stages of education; however, at
the higher education level students not only can learn and accumulate knowledge about the environment but they can also
develop responsibility towards the stewardship of the ecosystems and respect other species' right to a healthy environment.
Assumption is that educational institutions are appropriate venues to propagate such awareness. How people react and
behave in return to ecological problems is important in perceiving responses from individual groups. Behaviour is one of
the important factors which determines environmental awareness. Students nowadays pay less attention to their
environment and as future decision-makers of the society their attitude towards environmental protection and economic
priorities and issues and efforts are vital to one's' society and its developing cycles. Overall, greening the educational
institution has become an important issue as the future decision makers are prepared to have commitment to protect and
value the environment and university’s commitment to a green education agenda on the other hand.

A questionnaire-based survey was conducted to analyse the environment awareness and participation level in
environmental protection activities by undergraduate students of Delhi/NCR region of Mata Sundri College for Women,
University of Delhi. As per the analysis of the responses received it was observed that the level of awareness of students
was found to be far above the ground but it was also observed that the percentage of students with high levels of awareness
is extremely low whereas, a very high percentage of students was observed with very low level of environment awareness.
Moreover, the level of environmental awareness amongst the students is very high with constructive attitudes towards the
environment, but the participation level in environmental protection activities is moderate. The questionnaire survey
highlighted that student are concerned about environmental issues but up to some extent and also expressed a very positive
behavior.

Keywords: Environmental awareness, Environmental knowledge, Students, Questionnaire, Survey

INTRODUCTION

Environment is pivotal and humans are dependent on the environment for our survival and quality
of life. It has been observed that species and environment both are interdependence to each other
and in the last few decades we have observed the widespread incidence of environmental
degradation, natural calamities all over the world due to the consequences of overexploitation by
anthropogenic activities majorly by urbanization and industrialization. Therefore, there is a need to
draw the attention of the global community to work for a better environment by adopting
sustainable development practices.

With the growing population demand for basic needs leads to waste generation which is the main

cause of environmental quality degradation. Various kinds of pollution of the environment result in
2
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serious health hazards on humans (Karatas et al., (2016)). The chemical responsible for the
degradation of quality of each component of the environment reaches to the organs of the human

body via food chain which leads to biomagnifications in the organs and causing cancer.

In the past few decades, global problems concerning environmental pollution have been increasing
day by day and extreme use of non-renewable natural resources leads to the depletion of the
resources. Major issues we are facing are fresh water scarcity on a global scale, deforestation,
degradation of area around the rivers, depletion of soil quality and biodiversity loss, pollution, over
exploitation of energy resources and increase in solid wastes have become a major concern.
Increased levels of pollution have resulted in serious health problems like cancer, as well as
adverse impact on the environment, and certainly inducing projections for long-term monetary
progress. The main sources responsible for the contamination of water are industrial effluent,
domestic sewage, agricultural runoff, medical wastes, institutional waste etc. (Lutterodt, et al.,
2018). Environmental pollution has a direct and indirect effect on health. So, there is a need to
create environmental awareness among the students related to environmental degradation and its

management by environmental education from the childhood age.

The term environmental awareness means knowledge about the environment which offers skills to
solve environmental problems. Apart from education there is a need of vigorous checking of the
awareness and consciousness level of the students by various research methodologies. Some of the
literature reviews depicted the awareness level of the student’s related environmental problems as
an individual (K. Ghosh, 2014; Abbas and Singh, 2014; Sindu and Singh, 2014; Kumar, J., 2012;
Danielraja. R., 2019; Ahmad et. Al, 2021; Verma, A. & Verma, V., 2022).

To attain sustainability in the environment, awareness by education and public contribution is the
key requirement and according to UNESCO (1981), environmental education is a method of
executing the goals of environmental protection. It is not a separate branch of science but a lifelong
interdisciplinary field of study. Which suggests that education towards protection and improvement
of the environment and education works as a tool of development for refining the quality of life of
social communities and to attain this goal, environmental education and awareness turn out to be
important tools to encourage community participation in environmental protection and

conservation.
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This research paper tried to analyse the environmental awareness amongst the undergraduate
students of Department of Environmental Studies of Mata Sundri College for Women of University

of Delhi by a questionnaire-based survey.

The main objective of the survey is to study the student’s environmental awareness and
participation for the management of the environmental problems related to their college campus
and their residential area. The outcome provided the idea regarding the awareness level of students
regarding environmental initiatives which should be taken in the campus and their residential areas.
This survey investigated the levels of awareness in terms of environmental issues among the
undergraduate students and the students participating in the survey mostly belong to Delhi/NCR

region.

The study has been undertaken to analyze: (1) level of environment awareness; (2) sense of
responsibility and attitudes of students towards the environment and its issues; and (3) student’s

participation and engagement level of students in various environmental protection activities.

METHODOLOGY

Research sample: The survey was conducted among undergraduates of the age group 18-21 year.
The survey included a closed-ended questionnaire and the students responded voluntarily. During
the survey a goal-oriented sampling method was adopted and we have received a total 701
responses over the prescribed timeline. The survey questionnaire consists of four sections related to
general environmental awareness, energy and water issues awareness, waste management and

water pollution and health awareness (Annexure -1).

Research analyses report comprises weighing the data, calculation of descriptive statistics and
percentages calculation on the basis of student’s response. The outcome provided the idea
regarding the awareness level of students regarding environmental initiatives and the responsibility
of the students as an individual in the campus. Moreover, issues related to poor water quality status
at their residence and techniques they are using for the purification of drinking water along with

energy conservation and waste minimization strategies.

Questionnaire design: In the questionnaire, questions were composed with the format of pre-
selected answers and were used as the main tool of this research. The survey also collected some

demographic information including age, gender, and education etc. of the students.
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RESULT AND DISCUSSIONS

The results from the study revealed that students have high environmental awareness, and positive
attitudes towards the environment, but moderate levels of participation in environmental protection

activities and improvement.

Analysis of section 1 of environmental survey questionnaire representing general environmental
awareness among undergraduate students: As depicted in Table A almost fifty three percent
(52.99%) of respondents stated that litter/ garbage and trash are the most important environmental
issue on campus whereas other issues like water issues, pollution, energy issues and green cover
were less vital. Awareness of all these issues have to be intercalated among the students to increase
conservation programmes. Maximum students were aware of domestic and industrial waste
categories whereas awareness of other waste categories like commercial, biomedical,
construction/demolition and e-waste were lacking. The next awareness question about
environmental initiatives in the college campus showed that purchasing recyclable products, the
use of alternative energy sources, sustainable use of water along with reduction of plastic use
should be at par except composting. Composting being one of the most important initiatives has to
be understood by the students. Moreover, maximum students were unaware about the functioning

of the eco club in the college campus.

Table A: Analysis of section 1 of environmental Survey questionnaire representing general
environmental awareness among undergraduate students. Number of students who
responded to the questionnaire was 701.

S. No. | Close ended questions Selective preferences No. of % Response among
response students
Q.1 | What is the most Litter/garbage/trash 372 52.99
important environmental | Water Issues 230 32.81
issue on campus? Pollution 174 24.82
Energy issue 59 8.42
Green cover 179 25.53
Q.2 | How many waste Domestic waste 608 86.73
categories are you aware | Industrial waste 545 77.75
of? Commercial waste 347 49.50
Bio-medical waste 338 48.22
Construction/demolition waste 372 52.07
E-waste 331 47.22
Q.3 | What environmental Purchasing recyclable products 274 39.09
initiatives should be Using alternative energy sources 337 48.07
taken in your college? for campus needs
Sustainable use of water 319 45.50
Plastic use reduction 290 41.31
Q.4 | Areyou aware of the Yes 308 43.93
functioning of the Eco No 393 56.06
club of your college?
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Analysis of section 2 of environmental survey questionnaire representing awareness about energy
and water issues among undergraduate students: As analyses in Table B majority of accepted that
they make effort to reduce energy and water consumption at their residence always or sometimes.
Only a few students responded that they never take any effort to reduce the consumption of energy
and water at their residence. Majority of students turn off the tap while brushing teeth, hand
washing, shaving etc. at their residence while other initiatives like reducing the shower time,
reusing the water, less capacity flushing, washing only full loads of laundry showed less response
from students. Previous socio-economic behavioural research studies have demonstrated that
primary education can be a big influencing factor in creating awareness towards issues related to
water and household activities on hygiene (Plappally, et al, 2011). Majority of the students replied
about supply of drinking water via Municipal Corporation. Maximum students used to turn off the
lights when not in use, use CFL/LEDSs to conserve the energy along with turning off the electronics

when not in use.

Table B: Analysis of section 2 of environmental survey questionnaire representing awareness
about energy and water issues among undergraduate students. Number of students who
responded to the questionnaire was 701.

S. Close ended questions Selective preferences No. of % Response
No. response among students
Q.1 As an individual how frequently| Always 304 43.36

do you make efforts to reduce | Sometimes 379 54.06
energy and water consumption ["aver 19 271
at your residence?

Q.2 Which of the following ways do| Reduce shower time 303 43.22
you adopt to conserve water at | Turn off the sink while teeth 624 89.01
your residence? brushing, hand washing,

shaving, etc.

Only wash full loads of 155 2211
laundry

Reusing water 268 38.23
Using less capacity flush tanks 180 25.67

Q.3 Are you aware of your drinking | Municipal corporations 450 64.19

water supply? Well, / groundwater 190 27.10
River 52 7.42
Tap 116 16.55
Don’t know 116 16.55

Q4 In which of the following ways | Turn off lights when not in use 522 74.46

(rj:s?(/j(::]g:;serve energy at your Turn off electronics when not 461 65.76
in use
Use Compact Fluorescent 469 66.90
Light bulbs (CFLs) /LED’s
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Analysis of section 3 of environmental survey questionnaire representing waste management
awareness among undergraduate students: As assessed in Table C maximum students used two
dustbins at their home for waste segregation. The result indicates that very few students are aware
of waste segregation methods and their importance. Larger numbers of students reuse and recycle
newspapers, old notebooks and old clothes whereas fewer students were aware about recycling cell
phones, batteries and cells. Recycling of cell phones, batteries and cells are very important
environmental concerns. Maximum number of students used double sided copies along with
avoiding plastic packaging but fewer number of students replied in favour of use of reusable
plates, cups, or utensils and carrying a reusable bottle or coffee mug on campus. Maximum

number of students reported having a recycling bin in their area.

The study indicates the requirement of ecological awareness and citizen participation to segregate
waste at source, door-to-door collection, and disposal in appropriate collecting bins is imperative.
However, in India, the present scenario reveals that there is almost no segregation of garbage at
source which leads to various environmental problems. There is no organized and scientifically
planned segregation of municipal solid waste either at household level or at community bins. Lack
of coordination among the citizens and lack of planning in some areas of Delhi, the citizens throw
litter wrongly. Apart from this, students specified that the community bins are not located in the
close locality and similar studies have been reported in the literature (Joshi and Ahmed, 2016).
Large number of respondents reuses old notebooks and recycles newspapers and half of the
population avoid using plastic packaging indicates the awareness level among the students. Most of
the students specified that they use reusable plates, cups and utensils to reduce the waste generation
in the campus which is a very sign. The results stated that students are very sincerely aware of
waste management and they are adopting the measure to control and minimize the waste generation

in the campus.

Table C: Analysis of section 3 of environmental Survey questionnaire representing waste
management awareness among undergraduate students. Number of students who responded
to the questionnaire was 701.

S. Close ended questions Selective No. of % Response among students
No. preferences response
Q.1 | How many kinds of bins are | One 326 46.5
there at your home for waste | Two 418 59.62
segregation? Four 33 4.71
Q.2 | What type of waste do you Newspapers 543 77.46
often reuse and recycle at Old notebooks 466 66.47
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your home? Old clothes 433 61.91
Old plastic and 307 43.79
glass bottles
Cell phones 40 5.7
Batteries and cells 45 6.42
Q. 3 | Which of the following ways | Use double sided 379 54.06
do you adopt to minimize copies
waste on your campus? Use reusable 232 33.09
plates, cups, or
utensils
Carry a reusable 259 36.94
bottle or coffee
mug
Avoid plastic 422 60.19
packaging
Q. 4 |Isthere any recycling bin in Yes 362 51.64
lyour area? No 228 32.52
Don’t know 205 29.24

Analysis of section 4 of environmental survey questionnaire representing awareness about water
pollution and health among undergraduate students: As assessed in Table D nearly all students
agreed that the most dangerous hazard is posed by environmental pollution. Majority of students
responded that industrial effluents are the main cause of water pollution whereas other factors
marked as domestic wastes, agricultural runoff; medical and institutional wastes are not a threat to
water bodies. Popular technique used by students at their home to purify the water is filtration
techniques instead of boiling and chlorination methods. Most students agreed to have good water
quality at their locality.
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Table D: Analysis of section 4 of environmental survey questionnaire representing awareness
about water pollution and health among undergraduate students. Number of students who

responded to the questionnaire was 701.

S. No. | Close ended questions Selective preferences No. of % Response among
response students

Q.1 | The most dangerous hazard| Agree 700 99.86
to health is posed by Disagree 29 4.14
environmental pollution. Don’t know 20 57

Q.2 | Who is responsible for Industrial effluent 625 89.15

water pollution? Domestic sewage 465 66.33
Agricultural runoff 265 37.8

Medical waste 254 36.23

Institutional waste 254 36.23

None 19 2.71

Q.3 | Which safe technique you | Boiling 226 32.23
are .using at your home to | Chlorination 60 8.56

purify the water? Filtration 611 87.16

Q.4 | Whatis your opinion Excellent 79 11.26

regarding the water quality | Good 355 50.64

of your locality? Satisfactory 288 41.08

Poor 63 8.98

The study concluded that the majority of educated youth (~99%) considered water pollution as an
environmental challenge and most of the respondents ranked it as the greatest threat and
counterparts with the literature data (Ahmed and Ismail, 2018). The majority of students are aware
of water pollution and its causes and also aware of safe water purification technologies.

CONCLUSIONS AND RECOMMENDATIONS

The study analyses the environment awareness status; sense of accountability, attitudes towards the
environment, student’s participation and engagement status in various environmental protection
activities. Environmental sustainability is not a new concept, but it requires the execution with a
long-term series of strategic plan, policy and conservation practices. The students of higher
education institutes are the hope for future development of policies and technologies focusing on

environment issues.

The survey analysis reveals that students of Mata Sundri College for Women possess a good level
of understanding in terms of environmental awareness with positive attitudes to work for the
environment protection, but they have a moderate level of participation in environmental

protection actions and improvement.
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As per the survey analysis, only a good level of awareness of environment, and environment
related problems does not motivate students to participate vigorously in the environment protection
activities. The results suggested that awareness and knowledge of environment issues does not
play a key role in the motivation students to participate in the environment conservation and

protection activities.

The study also revealed that students need to acquire good attitudes and a higher sense of
responsibility towards the environment along with high environmental awareness. At last, the
study suggests that there is a need to conduct some awareness raising campaigns related to
environmental issues. Rigorous hygiene practices and environmental conservation issues should
also be addressed through organizing widespread public awareness programmes/seminars/

activities focusing on sustainable development goals.
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EXPERIENCE OF SCHOOLING IN AN EXPERIMENTAL PEDAGOGIC
APPROACH: A CASE STUDY OF ‘CHANAUTI 2018’

Ms. Taruna Jain*

In 2016, Delhi State government launched a major education scheme 'Chanauti 2018." The aim of the scheme
was to enhance the level of reading and writing of students of class VI-1X because otherwise, they are a misfit
and tend to drop out before class 10. For this, all students from VI to IX, the government had decided to
regroup them all based on a Base Line Assessment. In the first phase of thirws scheme i.e. Chanauti 2016,
Students had been tracked and categorized into Pratibha, Vishwas and Nishtha, inl b ii the decreasing order of
their level of reading and writing respectively. This study was conducted as a part of research fellowship funded
by Child Rights and You in the year 2016-17.

LITERATURE REVIEW ON CHUNAUTI SCHEME

The term ‘Chunauti’ is the Hindi term for challenge. Delhi State Government had
acknowledged that schools in Delhi, particularly Government schools, face high-students’ drop-out
rate and there is lack of quality education. In order to combat it, Delhi State Government after
winning Delhi Legislative Assembly Elections on 10" February, 2015 focused upon the education
sector and aimed to improve the plight of education. As stated earlier, Education has been a major
concern of this Government and the Deputy Chief Minister Mr. Manish Sisodia is heading the
Education and Higher Education sector and actively engages with it. According to Mr. Sisodia,
“Chunauti 2018 will enable students studying in government schools, especially Class IX students,
to overcome the problems being faced by them due to adverse effects of the No Detention Policy”

as quoted on the website of Directorate of Education.

The No Detention Policy (NDP) came into force with the enactment of the Right to Education Act
of 2009 and Delhi State Government advocates the scrapping of NDP, as mentioned on the website
of Directorate of Education. In fact, the Delhi Legislative Assembly, had on 16" December, 2015,
passed the ‘The Right to Children to Free and Compulsory Education (Delhi Amendment) Bill’,
2015, (Bill No. 15 of 2015), which recommends an amendment in the Right to Education Act
2009, to do way away with NDP.

Chunauti scheme was launched on 30™ June, 2016 in all Delhi Government schools wherein the

objective was that all students will be able to pass the 10" board exam by the year 2018. It was
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funded by Delhi State Government. According to the scheme, students from the government
schools from grade VI to IX were the focus group. Government concentrated upon three subjects;
English, Hindi and Mathematics and students who awere not at proper level i.e. couln’t read and
write properly were taken care of, in order to enhance the capability of reading and writing the
subjects. Deputy Chief Minister Manish Sisodia said during a press conference, “Delhi
Government is determined to not allow the careers and lives of these students to be scarred by
failure for little fault of theirs. The idea behind Chunauti 2018 is that by the year 2018, all students
enrolled in Class 1X in the academic year 2016-2017, regardless of their learning levels at this
point, will be trained and mentored to successfully appear for Class X examinations in 2018. No
child will be left behind.” In principle, the Government aimed to achieve the following through
this program:

° Building a strong foundation among all students in reading, writing, arithmetic, etc.
Bridging the gap between current learning levels and the academic demands of their
Class

° Focused practice and learning through worksheets

Under this scheme, students were divided into 3 sections in each grade; Pratibha, Nishtha and
Vishwas. Pratibha or reader section comprises of students who are the talented as well as that those
that are up to the level of the grade. Nishth or non-reader section comprises of students who were
unable to read and write the languages Hindi and English and also unable to solve Mathematical
problems. They were those who have secured 33% in summative assessment 1 and 2 in the
previous sessions (HT, August 24, 2016). Vishwas, another category comprises of students who
have failed two times or have breaks/ drop outs during the tenure of their previous education.
Students of grade IX are under special focus so that every student be able to pass X board exams
by 2018.The division was done after a baseline assessment of the students which found that 74%
out of 2,01,997 children in class 6 could not read a paragraph from their own Hindi textbook and
46% could not read a story of class 2 level.Sisodia, who was also in charge of the education
department, said, “We conducted an assessment of our students... we found that 74 per cent of
students can’t read their text books, especially students of Class VI. And 46 per cent students of
Class Il are unable to read their books. We mapped every student. Our internal survey, as well as
reports produced by the likes of ASER, found a large number of children cannot even read.”

(Indian Express, September 04, 2016).
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ASER report is one of the key sources of initiating this scheme. Using some of ASER research
strategies, baseline assessment was done. The Annual Status of Education Report (ASER) is the
largest non-governmental household survey undertaken in rural India and is facilitated by the
Pratham Education Foundation.’ASER' means impact in Hindi. True to its meaning, the survey
measures the enrolment status of children between 3-16 years and tests basic reading and
arithmetic abilities of children through a detailed process that uses a common set of testing tools

and a comprehensive sampling framework.

Dividing children was one aspect of the scheme. The intervention came with the new teaching
strategies, shifting focus and introduction of “Pragati--I"” books. The government described Pragati
books as supplementary material which will help Nishtha groups read to understand syllabus of
their class. These are thin books like workbooks provided for each subject. The books have one
page of text explaining the lesson. For instance, science textbooks of class 6 have one page
explaining the earth’s rotation and revolution. A student generally learns about the earth when they

are in class 2 or 3.

For the assessment Government planned two summative assessments SA1 and SA2. Following
SALl, Parents Teachers Meeting was organized on August 29, 2016. It was a new experience to
have PTM initiative in Government schools. The focus of the PTM was on sharing results of the
first-term exams since the Government started the Chunauti 2018 scheme to improve learning
levels and taking feedback from parents. For morning shift schools, the PTM was held between 8
a.m. to 1 p.m. and for the evening shift schools, it was held between 2 to 7 p.m. Teachers were also
asked to brief the parents about NDP and show the answer sheets of students only if parents ask for
it.

Government had even initiated another examination scheme wherein students who failed twice or
more in Class IX, were provided the option of appearing for Class X exams through the Modified
PatracharScheme of Examinations (MPSE). According to Delhi Government, the rationale behind
MPSE was to ensure retention of children and to minimize the possibility of dropout. It is essential
to point out here that students will appear in the class X examination directly (through the
PatracharVidyalaya of the Directorate of Education, and not through the school). Alternatively,
when students had failed Class 9 more than once, they will be provided the option of switching to
another school close by, in order to escape the stigma that comes with repeatedly failing. These

students also had the flexibility to drop subjects like Mathematics. On clearing class X exam
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through PatracharVidyalaya, the children will be re-enrolled in regular XI standard in the same

parent Government school as informed by Mr. Sisodiain various interviews.
The government had even set a deadline of November 14 to achieve 100 % learning ability.

Chunauti 2018 was planned in two phases; Chunauti 2016-17 and Chunauti 2017-18. Chunauti
2016-17 was a framework that was planned for a year. For the second phase i.e. Chunauti 2017,
Circular number DE.23 (632)/Sch. Br./2017/493 has been circulated in the Government schools
that again a baseline assessment would be done for the session 2017-18 for basic Hindi, English
and Mathematics between April 3 and 15™. Students will be assigned sections namely Pratibha,
Nishtha and Nishtha Neo Readers on the basis of assessment for grade VI to VIII. Pratibha will be
assigned to those who are at advance story level in Hindi, division level in Mathematics and story
level in English. Students who are at word or below in Hindi, number recognition upto 99 or below
and alphabet level or below in English would be a part of Nistha Neo Readers group. Rest of the
students who come in between the two will placed in Nishtha. However, for grade IX after the
baseline assessment students will be divided into Pratibha, Nishtha and Vishwas. Criteria for
Pratibha group still remained the same. Rest of the students placed under Nishtha group and
Vishwas group would comprise of students who couldn’t clear class IX and are above 14 years of

age or couldn’t clear class IX exams for the second time.

Educationists had warned that Chunauti 2018 would have psychological effects. “The major issue
with Chunauti is that children are being labeled and it also violates provision of the Right to
Education Act. Children cannot be termed as slow learners by testing them on lesser known set of
books. There are times when children cannot talk until they are two years old. But after that they
speak entire lines fluently. This is the magic of development. But this kind of labelling is
extremely dangerous and fascist,” said Janaki Rajan, educationist and teacher at

JamiaMilialslamia. (Hindustan Times, September 9, 2016).
OBJECTIVES OF THE RESEARCH

> To study the opinion of parents (whose children study in Government Schools)
regarding Chunauti 2018.

> To analyze the perspective of children who experience Chunauti 2018.

> To analyze the pedagogical implications of this policy in order to inform the

assessment practices in schools.
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RESEARCH QUESTIONS

> What are the criteria-practices designed for ability grouping of students and to

enhance the learning level in ‘Chanuati 2018°?

> How is the experience of children in schools after the implementation of chunauti
20182

> What is the perspective of parents regarding Chunauti 2018 and its impact upon their
ward?

> How is learning and experiences of students impacted after the implementation of

Chunauti 2018?

> What are the pedagogical implications of this scheme for future references and to
build policies?

METHODOLOGY AND SAMPLE SIZE

Its a qualitative study. The modes of data collection were primarily semi-structured interview and

content analysis. Sample was determined through snowballing.

> Semi-Structured Interview-

° Semi-structured interview was conducted with the children who have experienced Chunauti
2018 Scheme in their school in last one year. Hence, the children studying in Government schools
in Delhi from VII-1X, became a part of the sample. Researcher selected 15 children residing in
East Delhi through snowballing. This ensurede multiple experiences from various set of
Government schools rather than entire study based upon any particular school.

(I eliminated children who were in grade VI at the time of the data collection, because they had
just started experiencing the practices implied under the scheme from that particular year unlike
children from grade VI to IX, who had last year’s experience as well and were in a better position
to reflect back and comment. This scheme is implemented in Government schools of Delhi from
grade VI to I1X.)

° Semi-structured interview were also conducted with the parents of these children, in order

to get informed adult opinion about the impact of the scheme upon their ward.
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RESEARCH ETHIC

| eliminated school space as my research site as it might have lead to intrusion in the space and
artificial responses of the participants, owing to their association with the school. Moreover, there
were major issues regarding permission and dissemination of information. Willingness of the
participants was the major criteria for the selection as it requires their thorough participation.

Questions were sensitively framed.
LIMITATIONS OF THE STUDY

This study is restricted to study the opinion of children who experience the schooling processes
and parents who are vicariously in contact with schooling processes. Hence, the opinion of other

stake holders is missing from the study. However, it is done intentionally.
ANALYSIS

Through the interview with the parents and majorly with children, researcher has sketched
out a few themes that bring out the experience of the Chanauti Scheme. Even though these
themes are overlapping at various points but these are meant to organize the data and
present the analysis. The selection of themes is such that it brings forth commentary upon
the aspects of Chanauti scheme as well as engages with some broader issues such as purpose
of education. It enables the researcher to present the contextualized frame as well as perceive

it in the broader picture.
RHYTHM OF THE DAY

A typical school for children under Chanauti Scheme involves a lot of hours devoted to studying.
All the students reported studying as associative with school and it involved a process of
transaction between the teacher and the students, wherein the teacher and the prescribed books
became the directing unit. The major defining terms for expressing a typical school for the children
encompassed these in addition to studies:- lunch break, sports and peers. These are the determining
activities that define a school day for them. Even though sports period in many of the schools was
limited to once a week and in many schools it has been curtailed to reach the aims as per Chanauti
scheme. However, children define the school day using these parameters. So, activities such as
assembly, teacher-student interaction outside the classroom which are a requisite for each day were

not being dwelled upon by children but activities such as sports period, which is a weekly
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phenomenon has more value in defining their school experience. Moreover, children also realized
that one of the prime responsibilities of the school is to ensure safety of the children, hence the
lack of sports period is a valid reason in order to avoid compromising on safety, even though they

don’t want this to happen.

“As we have cemented floor and there is no sports teacher to take care of us. So, we don’t have
sports period. It is only during lunch that we play in this area and that too a caretaker keeps an

eye on us.” (Respondent)

A defining characteristic for school experience that comes out in the interview, even though few
children have referred to it as such in defining a typical school day are ‘peers’. However, they
talked about it some form or the other, as a response to the various other questions. Peer
relationship deeply impacts the nature of school experience as the peers formulate a core of their
everyday engagements and any policy that restricts or alter their interpersonal relationship with the
peers bound to affect them. The case of Chanuati scheme becomes really impactful as due to
spacing out of children into ability groups (sections), it has molded the peer bonding. Children
spend a lot of time with their friends in terms of sharing sitting space, scaffolding each other
within the classroom and outside the classroom, during lunch break, prayer assembly and also on
their way to and back from the school. This aspect has been discussed in detail in the next section

on peer relationship.

Another dimension that comes to light is that elder sibling is very commonly seen as a source of
teaching for children by the parents. In many households, they are entrusted with the job to help
their younger siblings with studies and to update the parents regularly on the same. Many of them
regularly interact with the tuition teacher in order to coordinate upon the studies. It is not that
parents were unaware of the happenings at the school but in many cases, elder sibling had more
knowledge in terms of their everyday happenings and impactful incidents such as fight with the a
close friend, etc. It can also be attributed to the age group to which these respondents belonged to
i.e from 12- 16. They are adolescents and one of the attribute of this stage is secretiveness as they
tend to experience a lot in their personal relationships which they are at times not comfortable
sharing with the adults (parents in this case).

“He doesn't tell me much about his school. He talks about the school with his brother and sister as

they all are in same school. And that too mostly with his brother.” (Respondent)

Hence, this reflects that studies have been a consistent feature during this phase of Chanuati

scheme. However, one point to ponder is that it is equally important that activities such as sports,
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which hold so much meaning for children must not be impacted by the efforts to reach the aim of
any government policy/scheme. These activities impact experience of schooling much more than

we consider. Peers and siblings also have an impactful role in the rhythm of the day.
RELATIONSHIP WITH THE PEERS AND FRIENDS

Peer relationship is one of the core elements that define a school experience as mentioned above. It
was also confirmed through the interviews as all the respondents talked about it as an answer to
one question or the other. Some dwelled upon it deeper and some made a passing reference but it

was an aspect that was reflected in the interview with each of the respondents.

Some (5 respondents) children had their majority of friends still in the same section and their

segregation into different ability group hasn’t impacted their friendship at all.

“Most of my friends are still in my section. So the different sections haven’t impacted my

friendship.” (Respondent)

The likely reason that can be attributed to it is that students’ grouping is also determined to an
extent by teacher’s assessment of their abilities. Teacher’s notions regarding their academic
performance tend to impact their friendships and make them comfortable with some children more
than others. However, this hypothesis is a possibility and assertion of the same would require a
longer period of engagement on this aspect itself. The other possibility is that not many students of
a certain section were shifted during the ability grouping, thereby not impacting the grouping
much. It might have been the case for one or two schools but it is very less likely to be the case

with all of them.

Another aspect that came to light is that the interaction patterns are quite gendered. Many of the
respondents tend to exclude the other sex from their defining circle of friendship. This can be
attributed to their understanding of suitable form of interaction. Keeping up with their internalized
understanding of expected performance activity, they act accordingly. For example many of the
girls mentioned that they like talking to their friends about their problems, everyday happenings
and personal life whenever they get time. Instead, boys said that whenever they get time in the
school, they usually prefer to play. The reason behind gendered forms of interactions can also be
traced to the guidance they receive from their teachers in addition to socializing forces outside the
school. Boys and girls are encouraged to maintain ‘distance’ as the term used by one of the
respondent suggests. Here ‘distance’ refers to physical separation i.e. boys and girls, not sharing

same desk, different lines during assembly and also limiting one’s interaction with the other sex is
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seen as advisable. Burger points out, “The child does not internalize the world of his significant
others as one of many possible worlds... It is for this reason that the world internalized in primary
socialization is so much more firmly entrenched in consciousness than worlds internalized in
secondary socialization.... Secondary socialization is the internalization of institutional or
institution-based ‘sub worlds’... The roles of secondary socialization carry a high degree of
anonymity... The same knowledge taught by one teacher could also be taught by another... The
institutional distribution of tasks between primary and secondary socialization varies with the
complexity of the social distribution of knowledge” (1999; 149)

“Teacher counseled them all to maintain distances from the other sex because they are in the
growing up age and should maintain proper conduct rather than talk too much to each other.

..... We have separate lines for girls and boys during prayer time also.” (Respondent)

It also came to light that being in the same class doesn’t ensure friendship. Of course being in the
same section gives more avenues for interaction. Other overlapping categories such as place of

residence, common friends enhance the possibilities for friendship.

“I go to elder students of class 9-10 during lunch as | like to be with them. And during sports
period | play with my class friends or go to my other friends (here the other friends are the ones

who live near the house but are in different sections.” (Respondent)

Children’s responses also highlighted that their friendship has been affected. Respondents pointed
out that the studies have gone better (better here means more focused, stricter and constant checks
on performances) but it also reflected that children have formulated an understanding of each other

based on ability group and these are limiting their interaction pattern in the prejudiced ways.

“But after coming to this section I have made a new friend named Rupa. I don't be with them here
that much because my old friends get angry that | spend too much time with the new ones and don't
give them time. I like everything about my friends- old or new, because of I don't like anything they

are not my friends.” (Respondent)

“My friends have been separated. We were 5 friends now we 2 are left. This year we got
separated. When they got in Pratibha group and we got into this (Nistha) group.” (Another
respondent)

“I don't like the pratibha group's children. They are arrogant about their marks and their studies.

I was in vishwas and then I came to nishtha but the pratibha group is very arrogant...... And
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because of having good marks the pratibha group children are thought to be superior and they

take themselves as superiors as well.” (Another respondent)

“l have 12 friends. We play, study and eat together. They also like maths but now they are in
pratibha group or in different section, so | have to meet them after dispersal or sometimes during
the recess. And because we all have our pending work to do, so most of the times we are
completing it and don't have time to meet each other. Many a times, they get angry.” (Another

respondent)

The above responses are shown to reflect the impact on their friendship and also the notions about
the other ability groups.

Now, | would like to dwell a little deeper into the notions that children have formulated about
peers from different ability groups under Chanuati scheme. Many of those from Nistha and
Vishwas pointed out that those who are in Pratibhagroup are oversmart and don’t talk properly.
There is a possibility that they are trying to act out their assumptions and thereby reinforcing them
as not all can ever be clubbed because of having similar behaviour attributes. However, this comes
out as a common perception prevalent among those of Nistha and Vishwas group, so the possible
rationale is that there are limited avenues for interaction for students from the same class (not same
section) in terms of time available, which allows one person to know the other. There also seem to
be an internalised understanding of oneself which is reflective of one’s academic profile i.e. the

marks they score and teacher’s notion of them.

“Vishwas group is taught the "barahkhadi", so yes, there is a difference. Everyone should be
taught in different ways in my opinion and help should be given in the areas they lack. Pratibha

group is taught in the best way. The teachers treat all groups differently.” (Respondent)

The reinforcing factor of difference is that children understand that they are being taught different

content using differential pedagogic technigue.

Hence, peer relationship has its dynamics of operationalization. However, this is certain that the
peer relationship and friendships were impacted due to the understanding of rationale behind
ability grouping and the segregation of children. Some children are still trying to negotiate in terms
of peer bonding.
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SUBJECT MATTER, CHOICE AND PEDAGOGY

There is a variety in terms of subjects that children like and dislike from each of the sections. Rare
is the case of same subject being liked or disliked due to similar reasons which restricts one from
drawing possible inference, explanative of Chanauti scheme.

Hindi is a subject that children are very comfortable with and none said that they didn’t like Hindi.
Hindi is one of the target language upon which Chanauti scheme works upon. However, if we talk
about English, then an aspiration to learn the language is quite visible. Majority of the responding
children aspire to excel in this particular subject and be able to fluently use this language. When
asked about the pedagogy of these, then more individual specific responses were achieved rather

than any feedback on the scheme and the way it plans to tackle both these languages as subjects.

“Science teacher. She explains in the best way possible and each and every word.” (Respondent)

She said that science is explained to them in Hindi by the teacher so that they get every concept.

“Maths should be taught better, because she doesn't explain anything but just asks us to see the

examples and solve the exercise like that on our own.”” (Another respondent)

“I like English very much because i want to learn it and | like to converse in English.” (Another

respondent)

Another aspect to point out is that children generally attribute their liking of the subject to the way
it is taught in the class. However, it is essential to point out that these pedagogic forms may not be
the best suitable forms to grasp that language. For example for the teaching of English, Poistion
Paper National Focus Group on the Teaching of English, NCERT, points out that translations are
not a suitable way to teach English (2006; 13). It doesn’t in any way help children use the language
fluently and most of the children tend to use translations as a way for dealing with the language in
future. This is attributed to the teacher education programmes, not being able to develop a
pedagogic technique. ShaliniAdvani (2003) in her ethnography on teaching of English has also
talked about similar patterns being observed. She highlights how the teachers who are themselves
struggling with this language impose their understanding upon children.

“And I don't like Sanskrit because it's too hard to even understand. English teacher explains very

well. And does every word's Hindi translation.” (Respondent)
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Children also perceived that Pratibha group children were taught in the best possible way with lot

of dedication and effort.

Hence, the choice of subject matter is certainly impacted by the teacher and her pedagogic
technique. This seems to be more individual governed rather than impacted broadly by the policy.
Moreover, students’ liking for a particular subject matter doesn’t necessarily mean it is taught

through a suitable pedagogic form/ technique.
PERSPECTIVE ON TEACHERS

As pointed out in the last section, teachers seem to have quite a dominant force as far as liking or
dislike for any subject is concerned. Another common feature pertaining to teachers that came
across in the responses of a lot of children is that teachers are perceived as biased by children. Here
biased refers to making some relaxations in rules, being more sympathetic and being appreciative
of some than theorhers. Academic performance is one major reason attributed to this biasness and

other being behavioral components, such as sincerity and diligence.

“She seems to be biased towards the students who are better in studies. | don't feel good about it.
She should talk to us in the same manner and help us in doing better. Within the class itself there

are some children who are the favorite of the teachers.”(Respondent)

2 respondents from Vishwas group pointed out that teachers don’t like coming to their section
which is reflected in their actions such as holding head in frustration and many a times teachers

even spell it out.

“Teachers don’t like coming to their section and behave as if punishment is given to them. They
hold their head due to frustration and it is often because many children in my group don’t study at

all, their copies are often incomplete, etc.” (Respondent)

Hence to say that teachers’ attitude towards children gets communicated to them through verbal
and non-verbal gestures would not be wrong. Hence, as a researcher one could say that in order to
make such policies work out in best possible way, it is required that proper orientation session for
teachers should be organized. Otherwise, several unsuitable messages get communicated to
children. Moreover, here it would be equally important to assert that care must be taken that
teachers do not feel burdened; otherwise it gets directed towards children which ought to bring

negative impact upon them.
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EXAMINATION

Students conveyed that exams are conducted thrice in a year and additional tests for 2-3 times.
Students had clarity that three different kinds of question papers were given to them as per the
ability group to which they belonged. They knew as that the examination papers differ in their
level of difficulty; thereby differential time was allocated for each group to attempt the paper.
Some of them said that the paper given to Pratibha group is the longest and the ‘hardest’. Here
‘hardest’ refers to being conceptually at an advanced level. Majority of them believed that rightly
different papers should be given as per their ability level. Hence, rarely did any of the child

questioned the judgment of their ability and segregation by the teacher.

There have been some major changes as recounted by the children and parents during the
interviews. One point that has come across is that the level of seriousness has increased. For
defining seriousness, multiple characteristics were mentioned such as regularity of teachers in
coming to school and taking the classes, a lot of repetition of the content and making many more
attempts to help students to learn and understand. However, the nature of these attempts would
require closer examination. For example one of the Vishwas group student mentioned that he was
asked to learn the text content by heart after it was read aloud in the class. This may not be in best
interest of the child when it comes to helping him learn to read but given the time frame and

constant checks upon the teacher as well, this could have been a possible way.

“Earlier teachers used to come very late to the class and schools but now the teachers come on

time and the teaching-learning happens daily.” (Respondent)

“She has become quite serious. Other day she started crying at night because she needed a new
register, which teacher had asked them to get. Then her brother went and got the register. She

keeps her notebook very neat and tidy.” (Respondent)

There seems to be a mixed reaction when it comes to the opinion of the child regarding the
scheme. Some of them seem very satisfied and this level of satisfaction was more amongst the
children from Pratibha group as compared to other groups. In a few cases, it was also seen as a
source of motivation to get shifted from Nishtha to Pratibha. Some of them seem to be disturbed
and disheartened by being in a particular section and to deal with constant labeling and checks.

This was more common with the children of Vishwas group.

“Question paper is different for groups.Pratibha has to do more questions and Nishtha less. |

would have done Pratibha group's paper, because it has more questions so | would get more
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marks on solving and answering them. Question papers should be different for everyone according

to their level. ” (Respondent)

Few of them felt frustrated and additional pressure upon them. The reason given for it is that every
day they are made to work upon the areas which were considered by the teacher as requiring
improvement and a close check was kept upon them. This made them feel a little pressurized as in
addition to class work, home work had increased and regularly tracked the teacher. This has also
lead to regular work being done in the notebooks and close attention has ensured that the
notebooks are tidy and proper. 2 of the parents listed it as a marker of improvement as these are

some of the defining characteristics of quality of education for parents.

Others pointed out that their ward’s attendance is closely monitored and if he/she is absent for
more than a week than they are called at school to answer for the same. This was not a common
occurrence prior to the implementation of the scheme. 3 parents pointed out that the school
building has improved a lot owing to the scheme, particularly the school ground. This lead to both
dissatisfaction as well satisfaction amongst the parents. 1 perceived it as a marker of improvement
and 2 perceived it as a wastage of time and effort to decorative aspect rather than improving
quality of education. It is important to point out here that the wards of both of these were in
Vishwas group.

Hence, it seems that exams hold a lot of meaning for children. Differential nature of examination
paper is being accepted by the majority. However, overall level of dissatisfaction seems more
amongst Vishwas group children and their parent. The shifting from one group to other based on

examination is quite a motivation when done in schools.
PURPOSE OF EDUCATION

In all the interviews the purpose of the education is perceived by children as well as parents, as a
means to achieve better forms of capital in order to improve one’s economic condition. Hence, the
futuristic aspect of education is quite a popular notion and this is the only notion that came across
when asked about the need and purpose of the education they are receiving. Children concretized it

in the forms, such as to get better job (quite a common answer), be richer, etc.

“If I become something in future I would be able to support my family financially and the

conditions would be better.”

“To make our future and earn money.”
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“Education is the way I can fulfill my dream to be policeman.”

We all understand that the futuristic aspect of education has a dominance for its potential to
improve and make the life better but making life better doesn’t necessarily mean perceiving it in
terms of the future. Equally important is its role in the present of an individual in giving it an
outlook, exposure and perspective to understand the world around. Hence, it is required that
through each policy framework. It is quite a serious concern as education more or less gets

concretized in terms of competition and rat race.

This has direct link to how children and parents perceived the various tenants of the policy.
Nowhere did children or parent said that due to the seriousness and the way policy is implemented,
there is an enhancement level in functional literacy which the child has been struggling with for
long. ASER reports have repeatedly shown a great lag in the level of functional literacy and
expected performance as per the grade. None of the children expressed joy for being able to read
on their own, rather comparative aspects seems quite highlighted in the statements by children as
well as their parents, which leads to dissociation from the issue and the larger issue of
dissatisfaction. This is something that we can keep in mind when we come up new policy frames
to tackle with such grave issues; for being misfit in the class due to lack of content knowledge

required to be able to cater to the current course content.

| have eliminated the section on PTM from this article. As a researcher it was quite a challenging
process for me to frame my questions in a manner that they don’t point out any aspect and still be
able to help me uncover the layers of Chanauti Scheme. Asking direct questions would have meant
a conscious selection of words by respondents and fabrication of responses. Till the point | entered
the field, 1 was unsure if the responses of the respondents would lead me towards the objective or
not. However, it did. Some aspects in the responses were so common that they surprised me and
the discussion with the mentors helped me understand the gravity of its impact. | would like to
thank the organisation Child Rights and You for giving me the opportunity to work upon the area
of my interest and the mentors Prof.Ravinder Kaur (Professor, IIT Delhi), especially Dr.Neelam
Sukhramani (Associate Professor, Jamia Milia Islamia) and Ms. Komal Ganotra (Director, Policy
and Advocacy for CRY) for the guidance and enriching the experience which was not limited to
this research study but beyond it. Some of the discussions with them made me reflect upon the
areas way beyond the capacity of this research. Hence, it was a personal journey of growth and

learning, being mentored.
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ABSTRACT

In graph theory, the shortest path problem is one of the most classical problems aiming
to find the shortest path between two nodes in a network. This survey paper aims to
present five basic algorithms and compare them theoretically by analysing time
complexity. The paper discusses their performance and summarises the shortest path
algorithm's best application range, followed by their applications.
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1. INTRODUCTION

Discrete Mathematics is the branch of mathematics that deals with objects
that are discrete values. It is often used in contrast to the "Continuous Mathematics"
which is the branch of mathematics that deals with the objects that vary smoothly
(for example: calculus). Discrete Mathematics further comprises of combinatorics,

set theory, number theory, graph theory, probability, etc.

Graph theory may be considered as the branch of Discrete Mathematics that
deals with networks of points that are connected by lines. The subject of graph
theory had its beginnings in recreational mathematical problems, but has grown into
a significant area of mathematical research, with applications in chemistry,
operational research, social sciences, and computer science. The history of graph
theory may be specifically traced to 1735, when the Swiss mathematician Leonhard
Euler solved the Konigsberg bridge problem. The Kdnigsberg bridge problem was
an old puzzle concerning the possibility of finding a path over every one of seven
bridges that span a forked river flowing past an island but without crossing any

bridge twice. Euler argued that no such path exists. His proof involved only
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references to the physical arrangement of the bridges, but essentially, he proved the
first theorem in graph theory. Generally, a graph consists of vertices which are
connected by edges. Graphs are further divided into directed graphs, undirected

graphs and mixed graphs.

Shortest path problem is a well-known problem in graph theory, in which a
path between nodes or vertices is calculated in such a way that the sum of weights of
its constituent edges is minimised. According to the final node and the
characteristics of the path, the shortest path problem can be divided into five types:
the shortest path between two nodes, the shortest path among all nodes, the K
shortest path, the real time shortest path and the shortest path of a specified path.
Shortest path is an important research topic in graph theory. Massive domestic and
foreign scholars discussed it deeply and proposed diverse algorithms to solve

shortest path problems.

Shortest path algorithm is a kind of searing algorithm of calculator graphics,
which means searching the lowest cost path between the starting point and the object
point. There are two categories of shortest path algorithms: setting algorithms and
correcting algorithms. The shortest path is divided into single source shortest path
and multi source shortest path. Single source shortest path is getting the shortest path
from a given vertex to any other vertex. The classical single source shortest path
algorithm viz., Dijkstra's algorithm, which was conceived by computer scientist
Edsger W. Dijkstra in 1956 (Dijkstra, 1956 ; Kong, 2011), is used in road networks.
Richard Bellman (Bellman, 1958) and Lester Ford (Ford, 1956) published the
Bellman-Ford algorithm in 1958 and 1956 respectively (Hougardy 2010), which
differ significantly from Dijkstra's algorithm as it can be used on graphs with
negative edge weights as long as the graph contains no negative cycle reachable from
the source vertex. In 1930, Czech mathematician, Vojtéch Jarnik developed an
algorithm which was rediscovered and republished by computer scientist Robert C.
Prim in 1957 (Prim, 1957; Gitonga, 2015) and Edsger W. Dijkstra in 1959 (Dijkstra,
1956). Therefore, it is known as Prim-Dijkstra algorithm which is used to find a

minimum spanning tree for weighted undirected graphs.

Another algorithm known as Kruskal's algorithm published by Joseph
Kruskal in 1956 (Kruskal, 1956, Erniyati, 2019) is also used to find a minimum
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spanning tree for a connected weighted graph adding increasing cost arcs at each
step. In 1962, the Floyd-Warshall algorithm could find shortest paths in a weighted
graph with positive or negative edge weight, which is a typical multi source shortest

path algorithm.

A greedy algorithm is an algorithm that follows the problem solving
heuristic of making the locally optimal choice at each stage (Black,1998). This
algorithm is used for optimization problems. In many problems, a greedy strategy
does not usually produce an optimal solution but makes the best choice at every step
and attempts to find the optimal solution to solve the whole problem. For example,
the travelling salesman problem is the following heuristic: "At each step of the
journey, visit the nearest unvisited city". This heuristic does not intend to find a best
solution, but it terminates in a reasonable number of steps thus it helps in finding an
optimal solution to such a complex problem. Kruskal's algorithm and Prim's
algorithm are the greedy algorithms since they produce a minimum weight spanning
tree at each stage giving an optimal solution. As far as the history of greedy
algorithms is concerned greedy algorithms were conceptualized for many graph
walk algorithms in the 1950's. Edsger Dijkstra conceptualized the algorithm to
generate minimal spanning trees. He aimed to shorten the span of routes within the
Dutch capital, Amsterdam. In the same decade, Prim and Kruskal achieved
optimization strategies that were based on minimizing path costs along weighed
routes. In the 1970's, American researchers, Cormen, Rivest, and Stein proposed a
recursive sub structuring of greedy solutions in their book "Classical introduction to
algorithms". The greedy search paradigm was registered as a different type of
optimization strategy in the NIST records in 2005. Till date, protocols that run the
web, such as the Open Shortest Path First (OSPF) and many other network packet

switching protocols use the greedy strategy to minimize time spent on a network.

In this survey paper, Section 2 gives basic definitions of graph theory. Section 3 presents
five shortest path algorithms. Section 4 compares the performance of these algorithms,
followed by a discussion of their applications in Section 5. The paper is concluded in

Section 6.
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2. PRELIMINARIES

A graph is a mathematical representation of a network that consists of lines and
points. A graph is denoted by G, where G is an ordered pair written as G=(V, E), where V
IS a non-empty set of points or vertices, and E is the set of lines or edges in G. A subgraph
is a graph where the vertex set and the edge set is a subset of the vertex and edge set of G
i.e. a subset of G. The degree of a vertex is defined as the number of edges connected to a
vertex. A loop is an edge whose initial and terminal vertex is the same. In multiple edges,
two or more edges lie in between two vertices (see Figure 4). A simple graph is an
undirected graph that does not contain any loops and multiple edges (see Figure 2). A
pseudograph (directed/undirected) is a graph with loops and multiple edges (see Figure 4).
A walk is a pseudograph in which we have an alternating sequence of vertices and edges
beginning and ending with a vertex, in which each vertex except for the last vertex is
incident with the edge which follows, and the last vertex is incident with the edge which
precedes it. A closed walk is a walk where the length of the walk is greater than zero i.e. at
least one edge should be there, and the first and last vertex is the same. A path is a walk in
which all vertices and edges are distinct. A trail is a walk in which all edges are distinct,
and vertices may or may not repeat. A circuit is a closed walk where vertices may repeat,
but edges are not allowed to repeat. A cycle is a circuit where the first vertex appears
exactly twice (at the beginning and the end), and no other vertex appears more than once.
Table 1 explains definitions of a walk, path, trail, circuit and cycle with examples. Two
edges in a graph are called adjacent if they share a common vertex. Two vertices are said
to be adjacent if they share a common edge. A graph with only one vertex and no edges is
called a trivial graph. A graph with only vertices and no edges is known as an edgeless
graph. The graph with no vertices and no edges is sometimes called the null graph or
empty graph. A finite graph is a graph where the vertex set and the edge set is finite;
otherwise, the graph is called an infinite graph (see Figure 3). A directed graph is a graph
where the edges have some orientation or direction (see Figure 1). In an A directed graph,
the edges do not have a direction (see Figure 2). A mixed graph is a graph that is both
directed and undirected. A weighted graph is a graph having weight or numbers associated
with each edge (see Figure 5). An acyclic graph is a graph where there are no cycles. A
tree is an undirected acyclic graph. A forest is an undirected graph in which any two

vertices are connected by at most one path, or equivalently; it is an undirected acyclic
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graph (see Figure 4). A spanning tree is a connected graph and a subgraph that includes
every vertex of G, while the minimum spanning tree of a weighted graph is a spanning

tree of the least weight.

In this section, we shall focus on two areas, single source shortest path and shortest path
among all vertices. We will study five shortest path algorithms viz., Improved Dijkstra’s
algorithm, Bellman-Ford algorithm, Floyd-Warshall algorithm, Kruskal's algorithm and

Prim's algorithm.

3.1. IMPROVED DIJKSTRA'S ALGORITHM

The Dijkstra's algorithm is used to find a single node as the source
node and calculate the shortest paths from the source to all other nodes in the
graph, increasing node by node to get a shortest path tree. The algorithm is as

follows:

Stepl: Begin with D[i]. D[i] represents the distance from the starting
point V to the point V;. If there is an arc between the two vertices, then D[i] is

the weight of the arc; Otherwise, consider D[i]=c0.

Step2: Find a node Vj, which is adjacent to node V and has the
shortest distance from V.

Step3: Then find a node Vk, which is adjacent to node V;j and has the
shortest distance from V;. Make D[j]=Min{D[j], D[i] + the weight from V; to
Vi}.

Step4: Repeat the Step3 until the destination node is reached.

Figure 6 [16] and Table 2 [16] show the steps of the algorithm in detail.

3.2. BELLMAN-FORD ALGORITHM

The Bellman-Ford algorithm is an algorithm that computes the
shortest path from a single source vertex to all of the other vertices. It is
capable of solving graphs in which some of the edge weights are negative

numbers. The algorithm is as follows:
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Stepl: Start with D[i]. D[i] represents the distance from the starting
point V to the object point V. Step2: Consider w (m,n) ,it is the weight of the
edge e (m,n), and e is the shortest path between (m,n). For each edge e (m,n)
Jif D[m] + w(m, n) < D[n], then D[n] = D[m] + w(u, V).

Step3: The loop performs up to i - 1 times, and i is the number of the vertices.
If the operation above does not update the DJi], the shortest path has been searched, or

some of the points cannot be reached. Otherwise, execute the next cycle.

Step4: Test the diagram to find whether it has a negative loop (the sum of
weight is less than 0). If D [u] + w (u, v) < Distance [v], there is a negative
loop, which means the shortest path cannot be found in the graph. Otherwise,

D[i] records the shortest path.

For example, if there is a negative loop, the value of each point will decrease, after
one traversal. It is shown in the Figure 7 (Hougardy, 2010 ).

3.3. FLOYD-WARSHALL ALGORITHM

The Floyd-Warshall algorithm compares all possible paths through
the graph between each pair of vertices, namely, it calculates the shortest path

between all nodes. The basic idea of the algorithm has four steps:

Stepl: Find two vertices from the network, put each vertex in the

network into these two points as an intermediate.

Step2: Compare the original distance with the new distance between
these two points, treat the smaller distance as the new shortest distance.

Step3: Sequentially construct n matrix S(1), S(2), ..., S(n) by looping
iteration, the each element in the last matrix S(n) represents the shortest

distance between the two points.

Step4: Get the minimum distance of one point to the other points by
summing the elements in each lines of S(n), one or more best locations can be
found by comparing these summations. The Figure 8 (Li et al, 2008) and
Table 3 (Li et al, 2008) explain the algorithm in detail.
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3.4. KRUSKAL'S ALGORITHM

The Kruskal's algorithm is a greedy algorithm which finds Minimum
Spanning Tree (MST) to connect each tree in a forest (Kusmira and Rochman 2017).
It is applicable for undirected weighted graph. A tree is an undirected graph which is

connected and does not contain cycles. A tree with n vertices must have |n-1| edges.

Figure 9 (Erniyati, 2019) illustrates several examples to distinguish graphs
which are trees and which are not. The graphs G1 and G are trees since it is
connected that is there is a path from any point to any other point in the graph and
there is no cycle. The graphs Gs and G are not trees as G4 is not a connected graph

and in Gz a cycle namely adf is present.

A Spanning tree of a connected graph G is a subgraph which is tree and includes every
vertex of G and a Minimum Spanning Tree of a weighted graph is a spanning tree of least

weight.

The Figure 10 (Erniyati, 2019) explains that Gs is a graph and Ty, T2, T3, T4, are the
corresponding spanning trees.

The algorithm is as follows:

Stepl: Remove the loops and parallel edges in the graph if any while keeping the

edges with minimum weight.
Step2: List all the edges and sort them in the ascending order.

Step3: Take the edge with the least weight and use it to connect the vertices of
graph. If adding an edge creates a cycle, then reject that edge and go for the next

least weight edge.

Step4: Keep adding edges until all the vertices are connected and a Minimum

Spanning Tree (MST) is obtained.

An example of Kruskal's algorithm where Erniyati, P citra (Erniyati, 2019)
found shortest path to a building is presented in Figure 11 (Erniyati, 2019). Graph
data with distance between vertices and after they are arranged in ascending order is
shown in Table 4 and Table 5, respectively (Erniyati, 2019).
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After applying the steps of Kruskal's algorithm Figure 12 (Erniyati, 2019) shows the
shortest path.

3.5. PRIM'S ALGORITHM

The Prim's algorithm is another greedy algorithm which finds Minimum
Spanning Tree to connect each tree in a forest (Kusmira and Rochman, 2017). It is

applicable for weighted undirected graph. The algorithm is as follows:

Stepl: Take any arbitrary vertex.

Step2: Find all the edges that are incident from the chosen vertex in Step 1 and
choose the one with minimum weight.

Step3: Add the above chosen edge and vertex in the minimum spanning tree.

Step4: Keep repeating Step 2 until we get a minimum spanning tree.

Step5: Stop when there are |n-1| edges.

For example, if we have to connect a set of buildings by a fibre network then it is connected
if and only if there is an unbroken chain of fibre links between every two buildings in a set
(Gitonga, 2015).

Prim's algorithm can reduce the overall costs during interconnection of buildings to the

existing local area network.

The Figure 13 is the aerial map of the Chuka University as discussed by Charles k.gitonga
(Gitonga, 2015), main campus with the main buildings visible where: 1) Science tuition
block, 2) Library, 3) Business complex, 4) Dispensary, 5) Media studio, 6) Ladies hostel, 7)
University pavilion, 8) Students business and recreation centre, 9) ICT centre, 10) Students
finance, 11) Model school

The Figure 14 (Gitonga, 2015) shows the existing network of Chuka University. It is evident
that this current network is leading to wastage of cable used thus, resulting in wastage of

money.

Table 6 shows the relative distance to ICT in meters. After applying Prim's algorithm,
Figure 15 shows the new fibre network connecting the buildings where it is evident that the
amount of cable used now has significantly reduced (Gitonga, 2015).
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4. COMPARISON OF FIVE ALGORITHMS

In this section we compare the five shortest path algorithms that have been discussed in
section 3. Both Dijkstra's algorithm and Bellman-Ford algorithm use the method of
relaxation calculation, which is to find the shortest path by modifying the values of D[i]
during the process of traversing the vertices and edges of the graph. The Dijkstra's algorithm
is mainly aimed at the graph with nonnegative weight nodes, while the Bellman-Ford
algorithm can deal with the shortest path problem with negative weights. They are used to
draw the optimal solution of the shortest path, but the Bellman-Ford algorithm has huge

redundancy and lower efficiency.

The Dijkstra's algorithm can only be used in single source shortest path problem. But the
Floyd-Warshall algorithm can be used to find the shortest path between any two points. It is
suitable for finding the shortest path among all vertices or in a small data scope. The Prim's
algorithm and Kruskal's algorithm are also similar in some place. Both of them are greedy
algorithm and find the minimum spanning tree and they also work if the weights of the edges

are negative.

The Prim's algorithm starts to build the minimum spanning tree from any vertex in the graph
while the Kruskal's algorithm starts from the vertex carrying minimum weight in the graph.
In Prim's algorithm, it traverses one node more than once to get the minimum distance while
Kruskal's algorithm traverses one node only once. Prim's algorithm works only for connected
graphs but Kruskal's algorithm works for both connected and disconnected graphs. Prim's
algorithm has a time complexity of O(n) but it can be improved to O(m+Log n) using
Fibonacci heaps while for Kruskal's algorithm it is O(m,Log n) where n is the no. of vertices
and m is the no. of edges. The advantages and disadvantages of an algorithm are mainly
measured from two aspects: the execution time of the algorithm and the storage space. Prim's
algorithm runs faster in dense graphs while Kruskal's algorithm runs faster in sparse graphs.
Also, the Kruskal's algorithm and Prim's algorithm fail in directed graphs since in Prim's
algorithm, it assumes that the graph is connected but it is not necessary that every node is
reachable from every other node. While in Kruskal's algorithm, we check every time if a

cycle is formed or not but in directed graphs the algorithm fails to detect the cycles.

5. APPLICATIONS
5.1. Solving Flight Radius Problem
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The main idea of the Flight Radius Problem is to locate the network passing
through a specific flight, and represent business opportunities that are attractive to
the passengers according to different preferences. The Flight Radius Problem is
formulated as a problem of finding a maximal subgraph in terms of nodes. The
problem can be solved using the shortest path algorithms to find the maximal

subgraph of the graph.

There are two categories of shortest path algorithms: setting algorithms and
correcting algorithms, which are used to solve the Flight Radius Problem. Dijkstra’s
algorithm is the most known setting algorithm and works with positive weight arcs.
In Dijkstra's algorithm, the principle is to select a node with the minimum weight at
each iteration, and then each node is scanned at most once. This leads to a
complexity of O(n?) as time bound in the worst case (Ahuja et al., 1993) where n is
the number of nodes. There are many versions of Dijkstra's algorithm with the aim
of improving this time bound by trying different data structures and several
implementations of the algorithm (Ahuja et al., 1993). In some applications of the
shortest path problem, we want uniquely to determine the shortest path between two
nodes. Bidirectional Dijkstra's algorithm solves the problem of finding the shortest
path between two nodes faster than Dijkstra’s algorithm since it eliminates some
unnecessary computations. Besides, Bellman-Ford-Moore algorithm which is known
as a correcting shortest path algorithm is also used as it achieves the best currently
known bound of time with negative weight arcs O(nm) where m is the number of

edges. The algorithm maintains the set of labelled nodes in a

FIFO queue and allows detecting negative cycle in a weighted directed
graph. Unlike Dijkstra's algorithms where we need to find minimum value of all
vertices, in Bellman-Ford algorithm, arcs are considered one by one. The next node
to be scanned is removed from the head of the queue; a node that becomes labelled
is added to the tail of the queue. The algorithm performs at most n—1 passes through
arcs. Since each pass requires O(1) computations for each arc, this conclusion
implies O(nm) time bound for the algorithm.

5.2. Maze Solving Problem

The most important task for maze solving problem is the fast and reliable

finding of its shortest path from its initial point to its final destination point.
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For solving the maze and finding the shortest path between the starting and
end points, three types of graph theory algorithms are implemented and their results
are compared in order to select the best one. Breadth First Search, Best First Search
and A* algorithms are implemented and tested on different simple and complex
mazes and their results are compared based on the required solving time and the
resulted path length from each method. The goal of this comparison is to select the
best algorithm that can provide the shortest path with the least time in order to be
implemented in this proposed maze-solving robotic system.

Breadth First Search is an algorithm for searching graph data structures. It can be used for
searching the maze cells or nodes. The job of this algorithm is to reach the goal cell from the
starting cell. It starts at starting cell of the maze and explores the neighbour cells first before
moving to the next level neighbours. It uses cost storage to determine the order of cells
visited as shown in Figure 16 (Kern 2000) and keeps records of which cell are immediate
neighbours of starting cell. Starting cell is labelled as (0). The algorithm expands cells in
order of their distance from the starting cell, generating one level of the tree at a time. It
traverses the tree by layer through creating a list of nodes/cells to traverse and adding the
children of each node in the list at the end of the generated list. This cell expanding
continues until finding the goal or the end cell. By this way, the Breadth First Search can
find the shortest path to the goal cell and the time required to find this path is proportional to

the number of cells generated as each cell can be generated in constant time.

A* is a search algorithm that can be used in path-finding problem. A*
searches among all possible maze paths from start point to end point in order to find

the path that needs the smallest cost according to the Equation (1) (Kern 2000):

f(n) = g(n) + h(n) (1)
where n is the last node on the path, h(n) is the distances to each node from
the goal node and g(n) is the path cost from start node to n. A* starts from a specific
node of a graph and constructs a tree of paths starting from that node. It keeps
expanding paths one step at a time by taking the node with least value of evaluation
function f(n), until one of its paths ends at the predetermined goal node. Figure 17
(Kern 2000) illustrates the A* algorithm.
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Best First Search algorithm can also be used for path finding problem. To
find the best path to the target destination node, at each node of the graph it
evaluates which node to be expanded

next based on the lowest cost using evaluation function which measures the
distance from the node in concern to the goal as shown in Figure 18 (Kern 2000).
The graph theory algorithms are applied on the binary image of maze to find the
shortest solution path between starting point and end point.

5.3. Shortest Path to the Building Store in the City of Bogor

The purpose of this problem is to find the shortest path to a store in Bogor.
The Kruskal's algorithm is one of the algorithms used to solve minimum spanning
tree problems by choosing the edge with the least weight and the edges that are
selected cannot form a closed loop. Erniyati, P citra (Erniyati, 2019) used data
activities controlled by land transportation from PT.TA. The results showed that
Kruskal's algorithm is used in finding the nearest route to a building store for
shipping goods and an optimal path is obtained. The city of Bogor is one of the cities
with many trajectories or lanes so delivering goods would require a lot of time and
cost. To determine the closest path to the location of a building store in the city of
Bogor, Indonesia, the data where 's" is the starting point in Kranggan No.100
Keranggan Road, GunungPutri, Bogor to 12 store locations with several nodes is
shown in Figure 19 (Erniyati, 2019).

As discussed in section 3.4, in order to get the shortest path to the building we write the graph data

consisting of the list with distance between the vertices, further arranging the list in ascending

order resulting in Table 4 and Table 5 . Thus, we get the Figure 20 where the steps of Kruskal's

algorithm are applied (Erniyati, 2019).

Hence this is the shortest path to the store obtained after applying Kruskal's algorithm. The

Figure 21 (Erniyati, 2019) shows difference in the values found by Kruskal's algorithm and

google maps.

Erniyati, P citra (Erniyati, 2019) found that the Kruskal algorithm is 83%
better than the Google direction API.
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5.4. Design of University LAN Networks

The problem is that there is a set of network nodes among given
networking, and we need to find the possible shortest cable length required to
connect all the nodes. The above problem is solved using the Prim's algorithm. The

following is the problem statement:

Given a set of University buildings, connect them by a fibre network cables
of direct terminal-to- terminal links having the smallest possible total length (total
sum of cable lengths) (Gitonga, 2015). A set of buildings are connected if there is an
unbroken chain of fibre links between every two buildings in the set (Gitonga,
2015). The aim here is to plan a large-scale Campus network based on fibre
technology. Such networks are expensive to install but are very reliable. Today's
world is highly dependent on modern data communication networks, especially in
offices and campuses. Thus, installing optical fibre network offers a fast and reliable
network that provides high-end internet services. Optical fibres use light for data
transmission in the form of light pulses emitting from a light-emitting diode
travelling through glass filaments and is received on the other end by a
photosensitive device[5]. Since the installation of optical fibres is costly, it is
essential to reduce excess wire usage because it leads to wastage of wires and
money. The problem is solved by using connected undirected graph G= (V,E) where
V is the set of University buildings, and E is the set of possible interconnections
between pairs of buildings and for each edge (u,v)€E, the weight (u,v) specifies the
length of optic fibre cables needed. An acyclic subset T € E is attained connecting
all the vertices and whose total weight is minimized. Since T is acyclic and will
connect all the University buildings, it will form a tree that is a spanning tree (Chu
et al, 2000). Thus, the spanning tree which will be of the least weight will be the
minimum spanning tree. Prim's algorithm is a special case of the generic minimum

spanning tree (Chu et al, 2000). that helps to obtain the shortest path.

As discussed in section 3.5, about the aerial map of Chuka University in
Figure 13 and Figure 14 with the existing fibre network and after applying the Prim's
algorithm, the amount of optical fibre used was reduced to a great extent (Gitonga,
2015).
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5.5. Other Applications of Shortest Path Algorithms

A routing algorithm is a part of network layer software, which determines
the outgoing route of the received packet. When studying Routing algorithms, there
is a wide use of the shortest path algorithm. The main idea is to create a subnet
figure. Each node in the diagram represents a router, and each arc is a
communication line. In order to select the routing among a pair of routers, the
algorithm should find the shortest path in the diagram. Dijkstra Routing algorithm is
suitable for calculating the shortest path of a router to other routers. But in a
computer network, if there are n routers, the Dijkstra Routing algorithm will be
reused N times. Thus, the Floyd-Warshall routing algorithm is used more in practice,

because it can calculate the shortest distance between any two routers.

Modern computer networks usually use Dynamic Routing algorithms,
namely link state routing algorithm and distance vector routing algorithm. Link state
routing protocol collects all kinds of information of the whole network, which
constitute a topological database of routers. Open Shortest Path First (OSPF) is a
typical protocol that is an internal gateway protocol used to make routing decisions
within a single autonomous system. Besides, it is a specific implementation of
Dijkstra's algorithm. It mainly uses the algorithm to generate a tree without loops.
Then starting from a router and passing the information to all the routers in the tree.
Each router is calculated in the local routing and avoids updating the routing table
blindly. The distance vector routing algorithm is an algorithm where the router
maintains a table. The table has the best path and route for each destination through
exchanging the information with neighbouring routers to update the table
information. RIP protocol is a dynamic routing protocol and uses the Bellman-Ford
algorithm. The process of routing announcement is the process of the
implementation of the Bellman-Ford algorithm. The routers collect all different
paths to the destination and save the number of sites about information of each
destination path. Any other information will be discarded, except the best route to
the destination. The algorithm is distributed execution. All the routers are in the
algorithm’s execution, and the results are calculated together by all machines. In
OSPF, the algorithm only executes on one machine, which is not distributed.
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6. CONCLUSION

The shortest path problem is still one of the most explored topics in the research field. This
paper discusses the basic principle of the five shortest path algorithms and compares them by
analysing time complexity. It also summarizes few applications of the algorithms that have
been discussed in Table 6. Dijkstra's algorithm is a classical single source algorithm, and the
Bellman-Ford algorithm can be used when there is a negative loop. The Floyd-Warshall
algorithm is a dynamic programming algorithm that can solve the shortest path problem
between any two vertices. Kruskal's algorithm and Prim's algorithm are widely used algorithms
since they help in getting a minimum spanning tree that connects each node. All algorithms
cannot be applied directly; there are certain conditions under which they work. Kruskal's
algorithm and Prim's algorithm cannot be used if the graph is directed since they fail under
such condition. Prim's algorithm has better time complexity than Kruskal's algorithm; thus,
Prim's algorithm works faster in dense graphs when compared to Kruskal's algorithm.
Depending upon the conditions, we must apply a suitable algorithm. However, in practical
applications, the algorithms are always optimised to increase efficiency, like the heap
optimisation and SPFA.
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FIGURES

FIGURE 1: ADIRECTED GRAPH
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FIGURE 2 A DIRECTED GRAPH

FIGURE 3 AN INFINITE GRAPH
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FIGURE 4 A PSEUDOGRAPH

FIGURE 5: WEIGHTED GRAPH
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FIGURE 6 STEPS OF THE ALGORITHM
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FIGURE 7: NEGATIVE LOOP
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FIGURE 8. FLOYD-WARSHALL ALGORITHM
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FIGURE 9 ILLUSTRATES SEVERAL EXAMPLES TO DISTINGUISH GRAPHS WHICH ARE
TREES AND WHICH ARE NOT.
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FIGURE 10 EXPLAINS THAT Gs IS A GRAPH AND Ty, T2, T3, T4, ARE THE
CORRESPONDING SPANNING TREES.
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FIGURE 11 AN EXAMPLE OF KRUSKAL'S ALGORITHM WHERE
ERNIYATI, P CITRA FOUND SHORTEST PATH TO A BUILDING

Figure 11

FIGURE 12 THE SHORTEST PATH AFTER APPLYING THE STEPS OF
KRUSKAL'S ALGORITHM
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FIGURE 13 THE AERIAL MAP OF THE CHUKA UNIVERSITY
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FIGURE 15 THE NEW FIBRE NETWORK CONNECTING THE
BUILDINGS WHERE IT IS EVIDENT THAT THE AMOUNT OF CABLE
USED NOW HAS SIGNIFICANTLY REDUCED.
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FIGURE 17: A* ALGORITHM SEQUENCE
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FIGURE 18: BEST FIRST SEARCH ALGORITHM SEQUENCE
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FIGURE 19: STARTING POINT IN KRANGGAN NO.100 KERANGGAN
ROAD, GUNUNG PUTRI, BOGOR TO 12 STORE LOCATIONS WITH

SEVERAL NODES

pl (toko Subur Jaya, Jl. Raya Tajur No. 315
Kec. Bogor Timur, Kota Bogor)

p7 (TB. Pandu Makmur , JI. Tegal Gundil Kec.
Bogor Utara )

p2 (TB. Hutan Mas, J1. Raya Tajur Ciawi Kec.
Bo gor Timur)

p8 (TB. Jawa Jl. Raya Bogor Kedung Halang
Km. 55 No. 225 Kec Bogor Utara)

p3 (TB. Kurnia J1. Raya Tajur No. 63A Pakuan,
Kec. Bogor Selatan)

p9 (TB. Abadi Jaya Toko, JI. Sindang Barang
No. 61 Gunung Batu, Kec. Bogor Barat)

p4 (TB. Setia Makmur, J1. Pahlawan No. 183
Bondongan, Kec, Bogor Selatan),

p10 (TB. Sarana Bangunan, Jl. Raya Semplak
No. 196 Atang Senjaya Kemang, Kec. Bogor
Barat)

p5 (TB. Prapatan Tegal Lega, J1. Tegal Lega No.
1. Kec. Bogor Tengah)

pll (TB. Wahana Agung . J1. Raya Cibadak -
Ciampea Cibadak Tanah Sareal Kota Bogor)

p6 (TB. Setia Abadi, J1. Pengadilan No. 1 DD
Kec. Bogor Tengah)

p12(TB. Purba , JI. Kayu Manis No. 85 Cibadak
Kec. Tanah Sareal Kota Bogor)

51



https://journal.mscw.ac.in/Research_Journal/latest_issues.aspx

Samikhiya A Multidisciplinary Research Journal
Year 2022 | Volume-I
Available at : https://journal.mscw.ac.in/Research Journal/latest issues.aspx

FIGURE 20 THE STEPS OF KRUSKAL'S ALGORITHM ARE APPLIED.
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THE FIGURE 21 SHOWS DIFFERENCE IN THE VALUES FOUND BY

KRUSKAL'S ALGORITHM AND GOOGLE MAPS.
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TABLE 1 EXPLAINS DEFINITIONS OF A WALK, PATH, TRAIL, CIRCUIT AND
CYCLE WITH EXAMPLES.

1 Walk 2.Closed walk 3 Trail 4. Circuit
o—o—0 132431 123453 1234531
a b ¢ wallk=> 1:13:3:32:2:24:4:43:3:%1 walk=>1,12,2,23.3,34.4.45,5,53 ] walk=>1.12.2.23.3.34.4.45,
G Starts with vertex land ends with | In the above set, each edge is 5.53.3.31.1
1 only. distinct but not a path since 3 is 1.Closed walk
Edge set= {abbc} |  Diagram of above repeated. 2 Vertices may/may
vertex set={a.b,c} wallc Diagram of above not repeat

walk= a_ab. b bc c

example of 2 distinct. _This is also a cycle.
wallke which is path 5 Il 2
2 i] a 4
1
5
3

1 3 3

walk 3 Edges should be

TABLE 2 STEPS OF THE ALGORITHM

Circulation Vv Node2 Node3 Noded Node5
Initial node 1 Max 10

10

1243
12435

e | a2 | —
—
-
L
—_— ] ] — ] — ] —
L A R
Tl | Taa| Tl | Caa | Tad
i ]

TABLE 3: AN EXAMPLE OF THE FLOYD-WARSHALL ALGORITHM

0 2 i 4
oo 0 3 oo
7 oo 0 1
2 o 12 0
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TABLE 4 GRAPH DATA WITH DISTANCE BETWEEN VERTICES

No. | Starting | Ending | distance | No. | Starting | Ending | distance
vertex |vertex vertex |vertex
1 |s a 500 8 d e 5500
2 S C 7000 9 e g 8000
3 |a b 3300 10 f g 2500
4 |a d 4800 11 f h 3200
5 |b C 450 12 g P8 4800
6 |b d 2400 13 h 1 4600
7 |c § 5800 14 1 P8 1200

TABLE 5 GRAPH DATA WITH DISTANCE BETWEEN VERTICES
ARRANGED IN ASCENDING ORDER

No. | Starting | Ending | distance | No. | Starting | Ending | distance
vertex |vertex vertex |[vertex
1 b c 450 8 'h i 4600
2 S a 500 9 a d 4800
3 i P8 1200 10 g P8 4800
4 b d 2400 11 d e 5500
5 f g 2500 12 |c f 5800
6 h 3200 13 s c 7000
7 a b 3300 14 e g 8000
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TABLE 6 SHOWS THE RELATIVE DISTANCE TO ICT IN

METERS.
Building Relative distance to
ICT centre in Meters
ICT Centre O
Library | 30
Finance 20
Media studio 1200
Science tuition block 25
Student centre |45
Business school centre 180
University pavilion 150
Health centre | 300
Female hostels 200

TABLE 7 PRESENTS THE APPLICATIONS OF THE SHORTEST PATH

ALGORITHM

ALGORITHM

APPLICATIONS

1 Dijkstra's Algorithm

Google maps

IP routing to find Open Shortest Path First
Telephone network

Flight Radius Problem

Waste management problem

2 Kruskal's Algorithm

Finding Minimum Spanning Tree
Landing cable

Tv network

Tour operations

3 Prim's Algorithm

Finding Minimum Spanning Tree
The relationship between combat units on a
battlefield

4 Floyd-Warshall Algorithm

Finding shortest path in directed graphs

To Check a given undirected graph is
Bipartite

Finding Maximum band-width path in flow
networks

5 Viterbi's Algorithm

« Solving diverse shortest paths for bioimage

analysis

6 Lee's Algorithm

» Maze problem

7 Link State Routing Algorithm

* Internet protocol networks using shortest open

path first
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Abstract

The global financial crisis has raised questions on the risk management disclosures of the
financial institutions. As a result, the importance of adequate and transparent risk disclosures
among the financial institutions has been exclusively highlighted. The paper discusses about
the concept, need, benefits and the existing literature on Risk Management Disclosures. An
adequate and timely risk disclosure help the stakeholders to make informed decisions and
benefits the institution through improved reputation, enhanced confidence and improved
communication to the stakeholders and lower financing cost. However, the existing literature
provides evidence for inadequate risk disclosures being qualitative in nature. Hence, it is
suggested that the qualitative risk disclosures should be supplemented by quantitative risk
disclosures to be of relevance to the stakeholders in decision making. Moreover, regulatory
bodies should enhance the risk disclosure requirements for the financial institutions by

making it mandatory in nature.

JEL Classification: G20, G32
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1. Introduction

During the course of the operations, financial institutions are invariably faced with different types
of risks that may have a potentially adverse effect on their business. These risks can negatively
affect the institution and damage its reputation in the market. The major risk types among the
financial institutions may be categorized as Credit risk; Market risk; Operational Risk; Liquidity
risk; Interest rate risk and Other risk categories (example strategic and reputational risk). Risk
management process in the financial institutions includes risk identification, measurement and
assessment, monitoring and control with an objective to minimize the negative effects of risks on
the financial result and capital of the financial institution. They are, therefore, required to form a
special organizational unit in charge of risk management and required to prescribe procedures for

risk identification, measurement and assessment, as well as for monitoring and control.

Management Accounting Guideline; AICPA (2006) clearly explains risk reporting as: “All process
associated with communicating risks of a business to stakeholders. It can be broadly divided in to
two areas - internal and external reporting. Internal risk reporting is where Organizational risks are
reported to the management and board to support corporate decision-making. External reporting is
where Organizational risks are communicated to external stakeholders like investors, potential
investors, customers and financiers to help them make calculated decisions about their investments
and continuity of business relationship. ” However, the present paper focuses on External

Reporting referred to as Disclosure made to the external stakeholders.

Disclosures form the Pillar III of Basel Capital Accord. Pillar III — market discipline complements
Pillar 1 (the minimum capital requirements) and Pillar Il (the supervisory review process) of Basel
Capital Accord. Pillar 111 defines the disclosure requirements an institution must meet which will
allow market participants to assess key information on the capital adequacy of the institution.
Basel Committee aims to encourage market discipline by developing a set of disclosure
requirements which will allow market participants to assess key pieces of information on the scope
of application, capital, risk exposures, risk assessment processes, and hence the capital adequacy of
the institution®. This indicates the importance attached to the Risk Management Disclosures by the

regulatory bodies.

1 BCBS International Convergence of Capital Measurement and Capital Standards: A Revised Framework (June 2004)
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Moreover, the importance of Transparency in Risk Disclosures has been stressed upon by a
number of commentators. Transparency is defined as the disclosure of all information that will
ensure the proper accountability of institutions to their boards, investors, shareholders, regulators
and other stakeholders?. Transparency of risk positions and risk management processes is very
important to investors, clients and other stakeholder groups of financial institutions. For the
effectiveness of market discipline, institutions need to make transparent disclosures. Economic
Research - Federal Reserve Bank of San Francisco (2003) suggests that “banks must be
sufficiently transparent; that is banks must provide a sufficient amount of accurate and timely

information regarding their conditions and operations to the public”.

Risk Disclosures made to the External Stakeholders also forms an important element of a sound
Risk Management Framework. Transparent Disclosures on the risk management positions and the
risk management policies and practices implemented is required by the external stakeholders for
the purpose of decision making. KPMG (2012) indicates that Supervisors; Auditors; Rating
agencies; Clients and Shareholders are the External Stakeholders of the institution. Hence, it is
essential that financial institutions adequately and timely disclose their practices and policies with

respect to Risk Management to their stakeholders.

2. Types of Risks —

The basic constituents of a risk management system are risk identification of the risks that an
institution is exposed to, risk assessment, risk monitoring and risk mitigation. Hence,

understanding the different types of risks is essential. These include:

1.Credit Risk - Credit risk also called as the default risk which involves failure of a customer or
counterparty to meet its obligations in relation to lending, trading etc. It includes prediction

of the possibility that the customer will pay back the loan amount and interest.

2. Market Risk - Market risk is the risk of losing value on financial instruments because of
adverse changes in the prices of equities, interest rates, commodity prices, and foreign

exchange changes.

2 The role of transparency in the financial Sector by Transparency International; EU Office; Group of Experts on Banking Issues (GEBI) dated 01
June 2011
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3. Operational Risk - Operational risk has been defined by the Basel Committee on Banking
Supervision, “as the risk of loss resulting from inadequate or failed internal processes,

people and systems or from external events.”
4. Liquidity Risk — It may be defined as the risk that an institution will not be able to meet its

contractual obligations because of inadequate liquidity (amount and composition of
funding).

5. Capital risk — It is the risk that an institution has an insufficient capital in terms of level and

composition to carry out its business operations.

6. Country risk — It is the risk that a sovereign event causes changes to the value of contractual

obligations, adversely affecting the markets of a particular country.

7. Compliance risk - It is the risk of failure to compliance with the existing applicable rules and

regulations.

8. Conduct risk - It is that risk that arises because of an employee’s actions negatively affecting

the institution causing harm to its value and reputation.

9. Legal risk - It is that risk arising from imposition of damages, penalties or other liabilities of

the firm arising from non compliance of rules and regulations.

10. Model risk — It is the risk of loss from adverse consequences of decisions based on

incorrect model outputs.

11. Reputation risk — It is the risk of losses arising from adverse effects to the reputation of an

institution.
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Hence, there is variety of risks faced by financial institutions and the institutions should clearly
indicate how they are managing these risks through appropriate risk management disclosures in the

annual report.

3. Risk Management Structure-

As suggested by Reserve Bank of India, the organizational structure for a risk management

function shall compromise of the following:

1. Board of Directors

2. Risk Management Committee of the Board
3. Risk Management Committee

4. Risk Management Department

5. Risk Managers

6. Support Group for Risk Management

It is the responsibility of each of the financial institutions to create a successful Risk
Management Structure to effectively manage the risks faced.

4. Need for Risk Management Disclosures

The recent financial crisis has greatly emphasized the importance of adequate and transparent risk
disclosures among the financial institutions. Transparent risk disclosures encourage the financial
institutions to function in a safe and sound manner as well as enhance the confidence levels of
investors in the market. Enforcing transparent risk disclosures can lead to system stability and
minimize the probability of systemic crisis among the financial institutions. Further, Management
Accounting Guideline, AICPA (2006) also emphasizes that stakeholders require increased

corporate disclosure so as to take more informed decisions.

As suggested by KPMG (2008), ‘if the quality of risk management systems in an institution is
poor, then it is likely that the risk disclosure will be inadequate; however when risk management

systems in place are effective, adequate risk disclosures help in gaining market confidence®. This

3 Financial Institution Risk Disclosure Best Practice Survey; KPMG(2008)
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indicates that sound risk management systems enhance the quality of risk disclosures whereas
inadequate disclosures point out towards the inferiority of the risk management systems put in
place by the institutions In other words, risk disclosures signal about the soundness of risk
management systems employed by the institutions. Thus, Risk Disclosures provide an insight into

the risk management policies and practices adopted by the institutions.

Jaime Caruana, [General Manager, Bank of International Settlement] in a Keynote speech on
‘Financial Stability and Risk Disclosure’ (December 2011) indicates that quality risk disclosures
are good for markets, for the prudential supervisors and also for financial stability, as it decreases

the effects of unexpected events.

Further, prior literature on risk disclosures provides enough evidence of a strong relationship
between financial institutions’ system stability and level of risk disclosures. Cordella and Yeyati
(1998) reveal that the likelihood of banking crisis is less where there are higher transparency and
regulatory disclosures. Nier (2005) provides evidence of positive effects of transparent disclosures
on banking stability. Tadesse (2006) proves that mandatory disclosures are strongly associated
with banking system stability. Homolle (2009) concludes that risk reporting does not generally
decrease bank’s risk exposure or lessen the probability of bank runs, but may lead to an increase in
insolvency risk of risky banks. Hence, the previous research studies confirm that transparent risk
disclosures lead to financial institutions’ system stability. Thus, risk management disclosures are

essential for financial institutions for a Stable Environment.

For all the above reasons, risk management disclosures are essential. Thus, financial institutions
should provide appropriate, adequate and timely disclosures to the various stakeholder groups.
Moreover, the regulatory body should ensure that these institutions make adequate risk disclosures

relevant for all the stakeholders.

5. Benefits of Risk Management Disclosures

A variety of benefits accruing from Risk Disclosures are reported through the existing literature
and reports of global consultancy companies. These sources include KPMG Financial Institution
Risk Disclosure Best Practice Survey (2008); Management Accounting Guideline, AICPA (2006);
KPMG Business Dialogue, Operational Risk (2012) and Keynote speech by Jaime Caruana on
‘Financial Stability and Risk Disclosure’ (December 2011). The Benefits comprise of:

1.) Compliance with the Regulation — The third pillar of Basel Framework i.e. market discipline

requires the financial institutions to make adequate risk disclosures allowing market
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participants to make informed decisions. To promote market discipline, regulators  want
timely and sufficient disclosures from the financial institutions. Hence, by making adequate
risk disclosures, financial institutions are able to comply with the regulation and decrease

their costs of regulatory penalties.

Enhanced Reputation — Financial Institutions providing adequate risk disclosures enjoy
increased reputation with regard to their competitors. A strong reputation is the biggest asset
of the bank. Management Accounting Guideline on Risk Reporting, AICPA (2006) suggests
that institutions are able to benefit from Risk Disclosures to stakeholders in the form of

increased sales from existing and new customers, staff retention and enhanced recruitment.

Maintains Market Confidence — Adequate disclosures to the stakeholders helps in sustaining
the confidence of the stakeholders in the institution. This leads to earnings stability and hence
increases the shareholders’ value. Thus, adequate risk disclosures lead to Vvaluation

efficiency.

Lower Cost of Capital — Enhanced reputation reduces the cost of equity funding for the

institutions and, thus, benefits the institution in the form of reduced financing cost.

Promotes Market Discipline — Risk Disclosures promote market discipline and helps the

investors to make more informed decisions.

Managing Reputational Risk — Providing accurate and timely risk disclosures lessens the
institutions’ exposure to reputational risk. This is because disclosures minimize the shock

from unexpected information.

Improved communication to the external stakeholders — Institutions are able to communicate
their risk management practices and policies to the external stakeholders by the way of

adequate risk disclosures.

Increased accountability to the Supervisors — Adequate risk disclosures make the financial
institutions more responsible for their actions to the supervisory bodies and other
stakeholders.

Leads to Financial stability — Risk Reporting promote stability among the entire financial

system.

6. Literature Review
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A number of studies have examined the issue of disclosure of risk information in the annual

reports of financial as well as non financial institutions. Although, Basel Committee was the first

to study the Risk Disclosures made by banking institutions in their annual reports, thereafter, a

number of research studies examining various Risk Disclosures of financial as well as non

financial institutions and the factors affecting these disclosures appeared. These studies have been

carried out for diverse risk categories covering different countries and differing periods of study. A

summary of these studies is presented in Table 1:

Table 1: Summary of Studies on Risk Disclosures

Disclosure

Method, Period and

Author (s) and Year Category sample for Study Main Findings
Basel Committee on Overall Risk Survey of annual reports; | Lack of disclosures with regards to
Banking Supervision Disclosures annual reports- 1999; 57 credit risk modelling, use of

(2001); [similar studies
carried out in 2002 &
2003]

internationally active
banks

internal and external ratings,
derivative and securitization;
disclosure levels above 60% for
operational, interest rate and
liquidity risks

Beretta and Bozollan

Voluntary Risk

Content Analysis

Disclosures reported are narrative;

(2004) Disclosure Approach, Disclosure firms’ voluntary disclose the future
Index and regression; strategies but not about their
annual reports- 2000; 85 expected impact; disclosures biased
non financial companies towards management’s self-
listed on Italian Stock justification; firms prefer to
Exchange disclose management’s future

expectations rather than conveying
the risk management decisions and
actions taken

Lajili and Zeghal Overall Risk Content Analysis Risk information disclosed is

(2005)

Disclosures and
Risk Management
Information

Approach and regression;
annual reports- 1999; TSE
300 Canadian companies

almost qualitative in nature; located
in the notes to the financial
statements and/or in the MD&A;
most frequently cited risk
categories are financial risk,
commodity and market risk; risk
disclosures lack valuable
quantitative insights

Helbok and Wagner

Operational Risk

Content and Extent

Both extent and content of banks

(2006) Disclosures Analysis, Disclosure disclosure increased substantially;
Index and random effects | institutions with lower equity ratio
ordered logit model; and /or are less profitable choose
annual reports: 1998 to higher levels of operational risk
2001; 59 banks covering disclosure.

North America, Asia and

Europe
Linsley and Shrives Overall Risk Content Analysis using Positive significant correlation
(2006) Disclosures risk disclosure sentences between risk disclosures and
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Author (s) and Year

Disclosure
Category

Method, Period and
Sample for Study

Main Findings

and Pearson correlation
and Wilcoxon signed
ranks test ; annual reports:
2000; 79 non-financial
firms listed within FT-SE
100 Index

company size and risk disclosures
and level of environmental risk; no
association between risk
disclosures and gearing ratio, asset
cover, quiscore, book to market
value of equity and beta factor

Sundmacher and Ford
(2006)

Operational Risk
Disclosures

Content Analysis
Approach, Disclosure
Index; annual reports:2004
& 2005; 57 internationally
active banks across 5
countries

Quantity and quality of operational
risk disclosures vary significantly
across institutions; disclosures are
descriptive in nature and need to be
supplemented by quantitative
information in order to be useful

Abraham and Cox
(2007)

Narrative risk
information
comprising of
business risk ,
financial risk and
internal control risk
reporting

Content Analysis
Approach and regression;
annual reports: 2002; 71
firms listed on FTSE 100
index in UK

Pattern of risk disclosures depend
upon the form that reporting
regulation takes; corporate risk
reporting is negatively related to
share ownership by long-term
institutions and positively related to
independent directors

KPMG (2008)

Bank specific
(credit, market and
ALM risk);
insurance specific
(insurance,
investment & ALM
& liquidity risks);
common risk
(business risk,
operational risk and
overall risk and
capital strategy)

Content Analysis
Approach, Disclosure
Index; annual
reports:2007; 25 European
banks and 14 insurance
companies

Higher levels of risk disclosure in
banking sector than insurance
sector; regulation is an important
driver for risk disclosure; Poor
structure and lack of forward
looking information reduces the
quality of risk disclosures

Woods (2008) Market Risk Content Analysis Diversity in the market risk
Disclosures Approach, construction of | disclosure practices, both numerical
score sheet; annual and narrative; that is why progress
reports: 2000, 2003 & towards international harmonisation
2006; world’s top 25 remains apparent with regards to
banks market risk disclosures; no relation
between the level of disclosure and
bank size
Hossain (2008) Overall risk Content Analysis Higher compliance to mandatory
disclosures Approach; Disclosure disclosure and lower compliance

Index and regression;
annual reports: 2003; 38
listed banks in India

for voluntary disclosures; size,
profitability, board composition,
and market discipline are
significant in explaining the level
of disclosures, whereas age,
complexity of business and asset-
in-place are insignificant in
explaining disclosures
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Author (s) and Year

Disclosure
Category

Method, Period and
Sample for Study

Main Findings

Hassan (2009)

Corporate risk
disclosures

Content Analysis
Approach; Disclosure
Index and regression;
annual reports: 2005; 41
listed UAE corporations

Insignificant relationship between
corporate size and level of
disclosure and reserves; level of
risk and industry type are
significant in explaining disclosures

Oorschot (2009) Market, creditand | Content Analysis Regulation (GAS 5-10, IFRS 7) is
liquidity risk Approach; Disclosure the main driver for the increased
disclosures Index (disclosure quality disclosures for German banks; not

and disclosure quantity the size and profitability of a bank
framework) and
regression; annual reports:
2005-2008; 8 German
banks
Oliveira, Rodrigues Voluntary Content Analysis Low levels of disclosure; public

and Craig (2011)

disclosure of
operational risk and
capital structure and
adequacy

Approach; Disclosure
Index and regression;
annual reports: 2006; 111
Portuguese banks

visibility (assessed by size and
company listing status) and
reputation (assessed by company
age, depositor confidence level, and

company risk management
abilities) significantly ~ affect
disclosures

Hemrit and Arab
(2011)

Operational risk
disclosures

Content Analysis
Approach; Disclosure
Index and regression;
annual reports: 2000-
2009; 14 Tunisian
insurance companies

Substantial increase in disclosure
levels; significant relationship
between disclosures and size,
intensity of provisions & leverage;
insignificant relationship between
disclosures and profitability & cost
of capital

Haija and Hayek
(2012)

Operational risk
disclosures

Content Analysis
Approach; Disclosure
Index; annual reports:
2010; 12 Jordanian banks

Content of Jordanian banks’
disclosure on operational risk is
substantially good but primarily
meets the requirements of Central
Bank of Jordan which are not
enough as compared to BCBS

Barakat and Hussainey

Operational risk

Content Analysis

High variation in disclosure quality;

(2013) disclosures Approach; Disclosure banks with higher proportion of
Index and two stage outside board directors, lower
random-effects model executive ownership, concentrated
with generalized least outside non-governmental
squares (GLS); annual ownership, more active audit
reports: 2008-2010; 85 committee and operating under less
European banks stringent entry to banking

requirements provide higher quality
of operational risk disclosures

Ismail, Rahman and Overall Risk Content Analysis Risk disclosure has greatly

Ahmad (2013) Disclosures Approach; Disclosure improved from around 80% to

Index; annual reports:
2006-2009; 17 Islamic

more than 90%; hence Islamic
financial institutions have enhanced
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Disclosure Method, Period and .
Author (s) and Year Category Sample for Study Main Findings
financial institutions in their disclosure considerably
Malaysia
Hassan (2014) Overall Risk Content Analysis Low level of improvement in
Disclosures Approach; Disclosure disclosure quality; disclosures are
Index and regression; relevant and understandable to
annual reports: 2006- some extent but less comparable
2010; 27 Egyptian listed and verifiable; firm size and
companies leverage are the most important
determinants of disclosure quality
Buckby,.Gallery, .and | Overall Risk Content Analysis and Widespread divergence in
Ma (2015) Disclosures Regression Analysis; 300 | disclosure practices; low
Australian Securities conformance with the Principle 7 of
Exchange -listed the ASX Corporate Governance
companies by market Principles and Recommendations.
capitalisation Also companies do not disclose all
“material business risks”
Raemaekers, Maroun Overall Risk Content Analysis; annual Increase in disclosure over the
and Padia (2015) Disclosures reports 2010-12; few large | period; possibility of reporting on
firms listed on the the governance of risk being a
Johannesburg Stock compliance-based exercise rather
Exchange than an effective stakeholder
communication
Jia, Munro and Overall Risk Semantic content analysis; | Disclosures are considerably
Buckby (2016) Disclosures annual reports 2010-12; lacking in quality, from the
100 Australian Securities | dimension “quantity”, “width” and
Exchange (ASX) listed “depth” dimension and sub-
companies dimensions
Kakanda, Salim and Overall Risk Content Analysis Significant disclosure w.r.t. risk
Chandren (2017) Disclosures Approach; Disclosure management committee structure

Index; annual reports
2012-15; 45 listed
financial service Nigerian
firms

and its responsibility, risk
management policies, audit
committee availability and
function, and capital/market risks

Rujjina and Sukirman

Enterprise Risk

Content Analysis and

Firm size and firm age have

(2020) Management Regression Analysis; significant positive effect on
Disclosures annual reports 2013-17; enterprise risk management
manufacturing firm disclosure, while leverage,
registered on Indonesia profitability, domestic institutional
Stock Exchange ownership structure, foreign
ownership structure, local
individual ownership structure
hadvea significant negative effect
Nahar and Azim Executives' Semi-structured in-depth Corporate risk management
(2022) perceptions of risk | interviews with 36 disclosures still at a low level.;
management executives involved in risk | reasons for non-disclosure may be
disclosures management disclosures, | related to institutional weaknesses,

policy-making

lack of disciplinary action and
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Disclosure Method, Period and

Author (s) and Year Category Sample for Study

Main Findings

political interference

The above studies may be segregated as studies examining the overall risk disclosures and studies
examining disclosure of a specific risk type. The studies based on overall risk disclosures [eg.
BCBS (2001); BCBS (2002); BCBS (2003); Beretta and Bozollan (2004); Lajili and Zeghal
(2005); Linsley and Shrives (2006); Hossain (2008); Hassan (2009); Ismail, Rahman and Ahmad
(2013); Hassan (2014); Raemaekers, Maroun and Padia (2015); Raemaekers, Maroun and Padia
(2015); Jia, Munro and Buckby (2016); Kakanda, Salim and Chandren (2017)] provide evidence
for the qualitatvie nature of overall risk information. The remaining studies relate to the disclosure
of specific risk type [eg. Sundmacher and Ford (2006); Helbok and Wagner (2006); Abraham and
Cox (2007); KPMG (2008); Woods (2008) and Oorschot (2009); Oliveira, Rodrigues and Craig
(2011); Hemrit and Arab (2011); Hajia and Hayek (2012); and Barakat and Hussainey (2013) and
Rujjina and Sukirman (2020)]. These studies examine the disclosure quality and the factors
affecting the disclosures on various risk categories. Majority of these studies also observe that risk
disclosures are descriptive but regulation is an important driver for risk disclosure. However, with
regards to the determinants of disclosure on various risk categories, mixed results have been
observed. On the whole, size; profitability; age of the institution; leverage; effective Audit
Committee among others are important factors affecting quality and quantity of risk disclosures

among financial institutions.

7. Conclusions

The disclosures on Risk Management are important in understanding the strength of Risk
Management Framework and the associated policies and practices employed by the institutions.
The stakeholders of the institution are able to assess its ability to effectively manage various risks
and, hence, make more informed decisions. The benefits of adequate and timely risk disclosures to
the institution include improved reputation, enhanced confidence of stakeholders, improved

communication to the stakeholders and lower financing cost.

On examining the existing literature, it is evident that the risk management disclosures among the
financial institutions are predominantly descriptive in nature [Beretta and Bozollan (2004); Lajili
and Zeghal (2005); Linsley and Shrives (2006); Hossain (2008); Hassan (2009); Ismail, Rahman
and Ahmad (2013); Hassan (2014)]. The findings also indicate inadequacy of operational risk
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disclosures [Sundmacher and Ford (2006); Oliveira, Rodrigues and Craig (2011); Hajia and Hayek
(2012) and Barakat and Hussainey (2013); Buckby,.Gallery, .and Ma (2015); Jia, Munro and
Buckby (2016)]. It is observed that the quality of risk disclosures is dependent upon the Reporting
regulations in the country. Moreover, the quality and quantity of risk disclosures varies

significantly across financial institutions in a country.

Therefore, it is suggested that the qualitative risk disclosures should be supplemented by
quantitative risk disclosures to be of relevance to the stakeholders in decision making. It is also
recommended that the regulatory bodies should enhance the risk disclosure requirements for the
financial institutions by making it mandatory in nature. This will help in ensuring better quality
and quantity of risk disclosures among the financial institutions.
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ABSTRACT

The impact of the pandemic upon the human world has been multi-dimensional. In retrospect, the disruption of
human life caused by the pandemic can be aptly described as unprecedented. Human organizations were forced
to undergo changes of a phenomenal nature within a very short span of time in order to brave the reeling
impacts of the covid spread. The article looks at one such core areas of human life namely education. The field
of education has always been dynamic, known for its adaptability to changing circumstances and contexts. The
progressive developments within the said field are a witness to human spirit of persistence and strive for
excellence. However, it cannot be denied that the foundations of education systems all of the world have been
rather severely undermined since the advent of the pandemic. Educational institutions were forced to shut down
which caused unimaginable damage to the academic world of teachers and students alike. Globally, the
educational systems were forced to introduce several changes, whenever they could, in order to maintain the
fleeting appearance of the pre-covid times, with far limited success. The article delves into these very aspects of
disruption and change within the educational system in India. Through primary research among the students of
Mata Sundri College for Women, the article aims to unearth the impacts of the online mode of teaching-learning
processes- a somewhat novel attempt within the field- upon the over-all quality of education.

INTRODUCTION

Equality of opportunity to all is one of the basic principles of our Constitution, and its significance
to make education an achievable goal for all, cannot be emphasized enough. John Dewey,
American philosopher, psychologist, and educational reformer, strongly argued that “[A]n
environment in which some are limited will always in reaction create conditions that prevent the
full development even of those who fancy they enjoy complete freedom for unhindered growth”
(Dhankar, A.,2021). Another point he strongly supports is that for good education, one must lead
the child’s current interests and abilities organically to logically organized human knowledge. This
second point is a reference to the quality of education.

Education is empowering and redefining. For hundreds of millions of the young in India, education
is also about discipline, development, curiosity, creativity and a path to breaking the cycle of
ignorance and poverty leading to employment and prosperity. According to Vivekananda,

"What is education?

It is a book- learning? No
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Is it diverse knowledge? Not even that.

The training by which the current and the expression of will are brought under control and become
fruitful is called education” (Swami Vivekananda)

Ever since the widespread coronavirus knocked India in March 2020, the Prime Minister of India
issued immediate orders to shut schools and colleges in order to protect the students from the
deadly disease. Since education of students could not be kept shut for a very long duration, the only
crisis-driven solution appeared to be the shift to online mode of teaching-learning. Classes and
examination shifted to online mode. Since its very inception, there has emerged a raging debate
concerning the merits and demerits of digitized education. While on one hand, there is an opinion
which extends its gratitude to the fact that despite the global lockdown, the processes of education
continue with the aid of technology, and even sees this opportunity- even though a forced one- for
the much-needed upgradation of the quality of education though digitalization and e-learning, on
the other, there is another dominant voice which cries foul over the severe condition of digital-
divide that exists in many countries, especially the developing ones.

The latter fear that the model of e-learning may not be a realizable goal for poorer societies,
making education even more a matter of privilege than before. The current research aims to probe
further into the stated merits and demerits of online education.

The COVID crisis has shown that hoping for the best does not help. We must plan for the worst
and hope for the best. Education is in crisis at the moment. Our answer to the crisis in education
during the pandemic has been to offer online education or education through digital platforms.
However, there are serious issues related to access, availability of devices, content curation,
teachers training, testing, exams, grades, funding, facilities, salaries, parents and fees. The worst
affected, as always, will be the marginalized, rural and poor populations.

Digital education is not about videos of lectures on blackboards by teachers on the internet. It is
about appropriate platforms, technology, tools, interactivity, curation, content and a lot more. We
are completely unprepared. Government schools and colleges do not have the resources to provide
digital education. Private schools and colleges are no different. The financial model of education
has fallen apart everywhere during this pandemic. In India, the situation is even more complex
because of the lack of a proper policy on digital education, infrastructure and multiple languages.
The government began planning for the students of the country only by the end of August in the
previous year. Many analysts viewed these plans as mere rhetoric that is always served to the poor.
These plans were based on presumptions like semi-literate or illiterate parents teaching their wards,
community involvement, mobile pools, and so on. Anyone with an understanding of the dynamics

of the urban-rural divide in India will immediately note these presumptions to be fallacious. As a
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result, what becomes apparent is that online or digital education is accessible to only students with
the required resources that include the basic precondition of access to money, electronic gadgets
and knowhow of technology. Thus, digital India may become even more unequal and divided than
it already is.

Listening to lectures on the mobile phone, copying from the board where the teacher is writing,
frequent disconnections and/or having blurred video/audio can hardly organically connect the
student’s present understanding with the logically organized bodies of human knowledge. Even the
examination has shifted to online mode now which gives students a chance at malpractices while
writing their answers, which in turn affects their future, as the students are just going to get the
degrees but not build knowledge. Even if the format of the questions is changed and we call it
Open Book Examination, still the problem remains the same and the students do not get the same
competitive environment as before.

Information Technology has been presented as a harbinger of a revolution in education for more
than three decades now. However, all reliable studies seem to indicate that Information and
Communication Technology (ICT) in the classroom helps in already well-functioning systems, and
either has no benefits or negatively impacts the structurally lacking systems. The importance of the
institutional environment cannot be emphasized enough in the current times of online teaching.
Even when the institutions function sub-optimally, students themselves create an environment that
supports their growth morally, socially and intellectually, through conversations and interactions
with each other. The online mode of teaching completely forecloses this opportunity.

In the current research, the attempt is to delve into the experiences of the students of Mata Sundri
College for Women with the digitized form of teaching- learning in the lockdown period; whether
this rapid transition of old traditional classroom-based learning to digital e-classrooms has been
done smoothly or students faced hardships from it. The research broadly aims to understand both
the physical and mental impact of pandemic in their lives especially with

reference to academics. Learning and studying can be immensely enjoyable and creatively
engaging activities, if they are well arranged and supported. Is online mode really a beneficiary
step towards quality education or another immense pressure upon an education system that is
already structurally frail?

RESEARCH FINDINGS

COVID-19 has resulted in educational institutions being closed down for physical access, all across

the world. A global estimate says that over 1.2 billion children are out of the classrooms owing to

the pandemic situation. A resultant adaptation on the part of few educational institutions has been to

shift to online modes of teaching and learning. It can only be concluded that such a shift must have
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induced dramatic changes in education, with the
distinctive emergence of e-learning, whereby teaching is
undertaken remotely through digital platforms.

Many researches on the proliferation of e-learning have

come up, and few suggest that online learning has been

: . . . 50% offli ;
shown to increase retention of information by the A 20% online
students, and takes less time. With this sudden shift
away from the classrooms in many parts of the globe, 30%

both

some wonder whether the adoption of online learning

will continue to persist in the post-pandemic world as

well, and how such a shift would impact the worldwide

education sector.

With an intention to probe similar questions, the research conducted invoked varied responses. The
respondents included 113 students, enrolled in various undergraduate courses at Mata Sundri
College for women, aged 18 and older. Before the College was closed down in the month of March,
year 2020 as a response to the contingent health crisis, these students were taking different college
courses through physical or in-person class sessions. Thereafter, the students completed the rest of
the sessions via the online mode.

The findings of the research are as follows. To the first question related to the preference of the
students for online mode of teaching-learning, the research learnt that 50 percent of students gave
preference to offline mode while 20 percent put stamp on the online mode.

According to Encyclopedia.com, “online education is a flexible instructional delivery system that
encompasses any kind of learning that takes place via the internet. Online learning gives educators
an opportunity to reach students who may not be able to enroll in a traditional classroom course and
supports students who need to work on their own schedule and at their own pace.”13 The new
normal has led people, not just in India, but world over, to rely heavily on speedy internet
connections, and electronic gadgets like computers and smartphones to go about their business. The
crisis has nudged students to pick up e-learning opportunities as there is no end in sight. As the
country takes to online education, the current pandemic is impacting rural students more than those
who live in cities. Unfortunately, students in rural India are denied the newest devices and levels of
accessibility to online content that urban Indians enjoy daily. Unlike their counterparts in cities, a
lower percentage of students in villages possess desktop or laptop computers. They depend on their
family members’ mobile phones for learning and attending classes, making it an arduous exercise.

Watching small screens to consume as much information as possible for long hours could be
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detrimental to students’ health. For the students living in rural areas, purchasing data plans for
learning could also incur a lot of expenses for families who face financial constraints. It could
further affect the participation levels of both teachers and students in online classes. In all, lack of
digital literacy as well as the digital divide have been serious concerns for our country for a long
time. Many teachers and students in rural areas are not able to match up to the technical skills of
educationalists and students in cities.

The research showed that out of the total strength of the respondents, 65 percent students were
taking classes from metropolitan cities while 28 percent were located in towns and the remaining 12
percent in the villages, from where they pursued online education.

There is no denying that COVID-19 has turned the world upside down. As the world searches for
new strategies to cope with this pandemic and its aftermath, higher educational institutions are now
looking at online teaching-learning as a window of hope. Since a very long time, it has been claimed
that as a considerable addition to classroom learning, engaging in different online learning

modalities can introduce
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students have new opportunities to access knowledge, while at the same time, break the mold

of traditional classroom setting.

Several positive features of online mode of learning have been highlighted over the time.
Online learning can be carried out in several ways like live online classes, recorded lectures,
online educational resources, webinars, podcasts, etc. Students can learn at a time convenient
for them, as they are not bound by strict timetables and schedules. Recorded lectures can be
accessed at any time to read and revise. Online learning has the potential to make students
independent and self-motivated.

To assess the above mentioned claims, the respondents were asked to specify the changes they
have noticed in their routine of study before and after the pandemic. The results were as

followed:

TIME GIVEN TO STUDIES

B0.I00%
S0.00%
40.00%
30.00%
20.00%
10000%

0.00%

Lessthan & -8 hours 10 hours Marethan 10
haurs hiours

Before onlinelearning 49 60% 42 60% F.a0% 3.50%
After anline learning SE.20% I9.10% 22.60% 3.50%

The data indicates that there has been a downfall in the time given to studies (both the online
classes as well as self-study) by the respondents. The attention span of students in the online
mode, especially in the asynchronous mode, is unpredictable. Moreover, a majority of students
attended their classes via their mobile phones, because of which, it was nearly impossible for
them to stay attentive. The mental stress because of the fear of loss/inaccessibility or break-
down of the device was very clear. The tendency to drift off was high amongst the respondents
and the lack of audio-visual feedback from the students proved to be problematic for the
teacher. The psychological impact of staying locked inside the house for over a year is also an

issue due to which students are struggling to focus on their studies. But a small section of
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students believed that due to online education, they could study for longer periods of time (8-

10 hours). Because classes could be taken from home or location of choice, there were fewer
chances of students missing out on lessons, and, additionally it saved time as well as resources
spent on traveling to college.

It can be said that each student has a different learning style. Some students are visual learners,
while others prefer to learn through the audio medium. Similarly, some students thrive in the
classroom, while others have a preference for self-study, as being part of large groups or
classrooms distracts them. The findings suggest that while an online learning system, with its
range of options and resources, can be personalized, and help to create a perfect learning
environment suited to the needs of each student, the range of problems invoked in such a
context that adversely impact the ability of the students to learn, cannot be ignored.

Related to above findings, the research sought to know whether the respondents had a
conducive environment at home to pursue online learning. Based on the data received, it was
evident that only 53.9% of the respondents viewed their home condition as being conducive to
the pursuit of online learning whereas, a good 46.1% people did not have such privilege. The
home environment is not always favorable for students to learn — either because it’s very
noisy or because it is sensitive: not all students can switch on their video, even if they have the
bandwidth, as the domestic circumstances might not be something that they want to show and
many more such reasons.

Educational institutions have been among the hardest hit by the COVID-19 lockdown.
Overnight, they were forced to consider a new medium, which had been supposedly only an
experimental endeavor till then. In the typical higher education model, classes are held in a
physical environment, usually through lectures. However, in the days of lockdown, students
take classes from the more familiar and supposedly comfortable home environment but
perhaps come across challenges that anyone running a home office would face — balancing
home responsibilities with the rigors of being in a classroom. These range of challenges, as the
data puts across in the latter part, are unprecedented and a serious source of concern for the
students.

The following part focused on assessing the home conditions from where the respondents
pursued online classes. To the query whether the respondents were the single members within
their families to be pursuing online classes, the data suggested that out of the 115 respondents,
only 32 were the sole members taking online classes from home, while a whopping 83

respondents shared the provisions/resources for online pursuit of classes with at least one other
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sibling or member of the family. On this basis, the research also came across several problems

that the latter share of respondents must be facing as the resources at home get divided
amongst more than one contender for online learning. These problems, as have been
extrapolated by the findings further, can me many, ranging from disturbance faced due to less
space at home or not having access to more than one device to take classes, resulting in the
failure of one member attending his/her lectures.
To the question whether the respondents owned an electronic gadget like a personal computer,
or laptop, or a mobile phone to take online classes, the data showed that a close to 14 students
did not own any of these devices to be able to join classes. While this number might appear to
be insignificant as compared to the majority 101 students who had access to the same, it must
be asked if in a scenario, where no device to take online classes means zero access to
education, in what manner do we assess the situation and the fate of the respondents who faced
an abrupt halt in their education process because of the inaccessibility of a crucial resource?
Where do they stand and can they be viewed as mere casualties of a new system, lest it
continues in the post- pandemic world as well?
Personal Ownership of Electronic Device

Yes (101)

No (14)
The next part dealt with a very crucial question of the different problems faced by the
respondents while taking online classes. The findings were quite revealing as they open our
eyes to a world of issues that the students tackle with, on a daily basis, while struggling to
pursue education via the online mode.
Here are some of the most common challenges, as informed by the respondents while taking

online classes:

° Technical issues.

° Distractions and time management.
° Staying motivated.

° Understanding course expectations.
° Lack of in-person interaction.

° Adapting to unfamiliar technology.
° Uncertainty about the future

The findings are as follows:
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From the data, it was amply clear that the online mode
of learning constituted a host of problems from the
students. Merely owning an electronic device to access
class was not enough in itself. The category of
‘technical glitches’, which posed a major hindrance in
the process of smooth participation in class, was faced

by a whopping 43 percent. It is very clear that in a

system that is technology-dependent, technical glitches

can go a long way to act as a significant disruption in

the process of teaching-learning. Data also suggested

Unavailability of dev
te.

ices like PC, mobilg

that there were various other issues faced by the students like lack of space to take classes,
resulting in zero privacy, which in turn impacted the students’ capacity to concentrate. There
appeared to be students who had problems in attending the classes because the background
environment was not education-friendly or conducive to pay the required attention to online
lectures, which in the end, impacted their overall performance. In addition, the data also
highlighted another major issue, especially mentionable in the context of female students, who
had to struggle against patriarchal mindset at home, which did not give due importance to
online mode of learning for females in comparison to male members of the family. Such a
discriminatory attitude appeared to be faced by a certain percentage of the respondents, which
controlled the latter’s access to internet resources, gadgets and above all, free time devoid of
pressures of domestic chores, to be able to take online classes.

The research delved further into examining the background conditions in which the students
pursued online classes. To the question if the respondents had access to a separate room/space
to take online classes, it was found that nearly 40 percent reported a lack of access to quiet
room/space to study.

Online classes seemed a perfect solution once the nation went into the initial phase of the 21-
days lockdown to contain the COVID-19 spread, until issues like poor connectivity, shortage
of smartphones surfaced. The pandemic was enough to derail the education system of India
and now, poor internet connectivity and shortage of smartphones are creating hindrance for the
students. Not only the students and teachers residing in the remotest parts of the country, face
issues related to internet availability as well as connectivity, but also those who reside in
megacities. The non-urban areas have also been hit massively by these issues. A query on the
accessibility of internet facilities, revealed that as good as 65 percent of the respondents could
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access glitch-free internet only at certain times, while 25 percent only replied in affirmative.

Owing to this problem, the respondents reported recurring problems of wastage of time, and
lack of motivation to join online classes.

The data showed that 60 percent of respondents connected through mobile data, which did not
often last to cover nearly 3-4 hours of lecture. The classes were conducted mostly via Zoom or
Google Meet platforms, and many respondents, owing to poor connectivity and server issues,
faced the problem of paused or frozen video, by the time they resumed, they reported having
missed out a part of the live sessions. The situation appeared to be worse for those from
remote, non-urban areas.

This clearly highlighted India’s digital divide, and that poor connectivity and lack of smart
gadgets were indeed a hassle for many respondents. It was also a concern among the
respondents that increased data consumption affected the family budget in adverse ways. From
the data, it was found out that many of the respondents’ families did not have a wi-fi
connection prior to the lockdown period. As a result of classes getting shifted to the online

mode, some of the families purchased either the broadband connection

while some of them remained dependent on extra data booster packs,
which constituted extra expenditure on mobile data. In many families,
more than one internet connection was required, where, in addition to a
school or college going sibling, at least one member had to work from
home. Respondents reported that earlier the 1.5 GB data used to suffice
but now, a huge elevation on data was seen. Some students even
complain of increased expenses on purchasing books as earlier they got
books from the library for free or nominal fee.

64.3% of the family members were found to be supportive towards this new mode of online
teaching and learning process. Understanding the need of the hour due to widespread
coronavirus pandemic when no one could step out of their houses, schools and colleges were
running in online mode, where most of the parents were found cooperating with their children.
At the same time, the data also suggested that 23.5% of the respondents’ guardians found this
new approach to learning a complete waste of time and resources. The remaining 18.3%
respondents reported no particular response of their parents/guardians to this situation.

When asked about the changes witnessed, if any, on the quality of education, 73.8% of the
respondents thought that the online mode of learning has impacted the quality of education.
Though the teachers, syllabus and books/reading material remained the same as before, the
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respondents observed a decline in their devotion towards studies because of the classes taking

place on online platforms. The respondents were informed that it was difficult to concentrate
on the mobile screens for hours. Also, most respondents complained of lack of proper
environment for studying, especially those resources which were otherwise available at college
like the library, practical rooms, laboratories etcetera. In addition, the online mode of learning
was restricted to books only, while at the same time, being devoid of the significant aspect of
face-to-face and regular interactions with classmates/ friends and teachers. The respondents felt
that the competitive, academic environment of physical classes could never be substituted by
the online mode of interaction.

So, how were the respondents impacted while attending online classes?

In the research, a combination of mixed reactions from the students of Mata sundri college
were invoked. Some respondents described the online mode of learning as a boon, a silver
lining in an unpredictable situation of a global pandemic. It not only helped in accessing
education from home or remotely, but also saved time for co-activities as well, such as learning
some soft skills through online courses. These in turn, as was reported, added to the
respondents’ academic credentials, and opened up scope for varied career opportunities. Online
mode of learning also reduced transportation expenses for the respondents.

In contrast, another group of students experienced the completely opposite impact of e-learning
in their lives. Online mode of learning impacted them very adversely as the respondents
reported being prone to turn lethargic and reckless about their academic performance. At the
same time, lack of discipline, time management and organization of study time contributed to
their poor performance. Attending continuous classes for 4-5 hours without any break made
them exhausted and annoyed sometimes. Many students felt bored due to online classes in
which they saw nothing more than monologues from the teacher, lacking any face-to-face
interaction, with either the teacher or fellow classmates. Lack of concentration and connection
were experienced by many respondents. Technical glitches and poor internet connectivity at
both ends- teachers as well as the students- further aggravated the above-mentioned problems.
The respondents reported declining interaction between students and teachers, as well as,
within the groups of students; the number of group discussions had also drastically reduced,
which only contributed to lack of initiative, participation and performance among the
respondents. Sitting in front of the laptop or mobile screen for long not only impacted human
behavior but also caused back pain, strains in the eye and uneven posture. Impacts on

respondents’ mental health were also talked about, as they were completely confined to the
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four walls of their houses with very minimal exposure to the outside world, contributing to nil

social life and interaction.

The research intended to assess the changes in the participation of the students in online
classrooms in terms of figures, the data disclosed that only 34 per cent of the respondents said
that their performance had improved in online classes. On the other hand, 66 per cent believed
that online education had led to a downfall in the active participation of the students as well as
in their personal performances. 10 % of the respondents were of the view that online mode of
learning has had negligible change in their class participation and academic performance.
Respondents opined that switching to the new mode of learning via different e- learning
methods such as Zoom app, Google classroom, Google meet, Youtube etcetera were new
experiences for both teachers and students. But on the other hand, the respondents complained
of facing challenges such as difficulty in understanding and using the apps for online
education. The current modality proved to be of enormous difficulty for the respondents with
disabilities as they found it more difficult to participate in online classrooms.

Education and academic performance of the students was affected the most with the sudden
switch of learning mode from classroom to online mode. There has been a concept of distance
learning and correspondence courses but neither of them involved online learning as a full-time
mode of teaching for students. Only the add-on courses were adept with this technology.
However, students and teachers both had to suddenly make a switch to online mode of learning
as Covid- 19 did not give scope for classroom learning to continue. As this move was
unprecedented, so were the impacts of it.

It took both students and teachers some time to adapt well with online mode of learning.
However, a lot of students complained of worsening academic performance and their
understanding of the subject in the online classes due to continuous interruptions, both physical
and virtual, and the lack of humble classroom facilities like blackboard in the online classes
made it difficult for them to understand certain things.
In our research we found that most of the students’ claimed that their academic performance
had worsened in the online mode of learning. There were a lot of students who believed that
their academic performance in the online learning mode has remained the same as it was in the
classroom mode. On the other hand, a handful of students stated that they had performed better
in the online learning mode.
The data gathered through research, presented the following numbers:

Worsened: 51
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Improved: 18

Same as earlier: 46

Neutral about the impacts: 7
negative impacts: 106

positive impacts: 2

Online mode of learning spared students from all the hustle of getting up early, catching metros
and buses to reach the college on time. It gave students a lot of time to spend with themselves,
which was usually spent travelling. In the beginning of the lockdown, a lot of people indulged
in fitness and training as it became a raging trend on social media. People started taking care of
their bodies in lockdown which they had stoically neglected for a long time.

However, with the starting of online classes, the duration given to self, started decreasing, and
in fact, sitting continuously in the same position at the same place deteriorated the students’
health and several of them started complaining about recurring backaches, headaches, negative
impact on the eyes due to continuous exposure of blue rays, lethargy, obesity, tiredness and
several other health issues.

In our research we found that though the students felt happy about saving their morning hours
with the online mode of learning, they felt unhappy or rather dissatisfied with the hordes of
physical health issues it tagged along with it. The respondents were given a choice between yes
and no to answer the question if they had faced any physical health issues during this online
mode of learning, and were asked to further explain what effects they could see. A lot of them
answered in the negative and listed down the aforementioned health issues. One thing that a lot
of them mentioned was that the breaks between two lectures and moving from one room to
another within those breaks used to help them in straightening their bodies, as opposed to
continuous sitting in front of mobile phones or computers.

However, there were two responses which mentioned that they could work constructively on
their bodies in building their health in the duration that they usually spent traveling to the
college.

The research aimed to unearth the prominent gains or losses, with respect to the respondents, in

terms of change in education since the beginning of the online mode of learning. It was found
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that most of the students remain dissatisfied in the present day due to the lack of overall

classroom experience in the online learning apps. However, there were also a handful of people
who believe that online classes have made them more comfortable and confident. Since the
classroom learning came to a halt with no prior warning, online mode of learning emerged as
an apt alternative to it. Though it took some time to make people comfortable with it and make
them aware about its benefits, the transition period in between was a little painful for everyone,
be it students or teachers. The transition period being the most difficult, maximum number of
issues were observed in this period. Though the situation is not much better even now, it is
moving gradually towards normalcy. Hopefully the online mode of learning would be
embraced as much as the classroom learning in the near future. For now, there is still some
dissatisfaction among students regarding online learning mode. Lot of them believe that it is
not as effective as classroom learning as there is a lack of student-teacher interaction, student-
student interaction and an overall lack of classroom atmosphere in online learning apps, which
do not give students as much freedom as the classrooms to have discussions with each other
and make interactions in other ways too.

The data gathered through research

Less interaction with teacher and students: 54

Loss the enjoyment of classroom studies: 53

Feel more confident: 8

On a concluding note, the research asked the respondents whether they would like to continue
with online mode of learning in post-pandemic times as well, to which the reply was:

CONCLUSION
The research concludes that the students continued with their studies through the online mode
voluntarily, but the process was not bereft of numerous pressures which impacted their lives
in significant ways. Several factors influenced their experience, some of which students could

control, while others, which were out of their hands. Students had to balance work and family,
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manage time, and bring about massive changes in their personal time. The research concluded
that in the absence of physical interaction, the respondents felt that the instructors/teachers
should work to build a conducive classroom environment, and work to create a sense of
community. The data suggested that it is the absence of physical correspondence between
teachers and students that impacts the nature of interaction between them. The students often
feel unconnected and develop indifference to what is being shared in the class. In some cases,
students seemed to miss the physical markers and cues that made social connections easier to
negotiate. Others seemed to thrive in the new environment. While some of the responsibility
rests with the student, much rests with the instructor to create vibrant online experiences that
allow for new intellectual skills to be developed and used. It is important to begin to uncover
students’ experiences with online learning because doing so can help to show effective online
practices, student perceptions of online learning, and student satisfaction in the online
environment. Our research depicted that most of the students preferred the traditional mode of
education rather than the online mode. All of these can provide information about whether
students will likely continue to accept online delivery of instruction and factors that will
influence their persistence and retention in these courses. Throughout this research, the
primary focus was to discuss how effective online mode of education is which served as the
theoretical framework for this research. We examined various aspects of online education. We
then examined which mode of education is most superior by students over time, and the
impacts (psychological, physical) of online education. We can conclude our research on the
basis that the most suitable mode of education for the respondents was traditional(offline)

mode.
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ABSTRACT

Nudge theory in economics is Richard Thaler's Nobel Prize-winning insightful research along with Cass R Sunstein’s Holberg prize.
This entrenched the idea in social science. It is an interdisciplinary interphase bordering on social and psychological aspects of
economics. Nudge theory does not harm the civil liberty of the people it is meant for, it gives them a choice to change for their own
benefit and for the nation as a whole. Nudge in policies has been mostly successful in engineering the desired change.

Macroeconomics policy relies in ensuring the development and growth of the nation as a whole and has been silently relying on the
Nudge or the soft push to align people with what the policy desires to achieve, the intended goals. Nudge theory has been used for
generations, but it took Thaler in 2008 to look into it from the economics point of view and explain and bring it into the policy
discussion table in the theoretical studies. This paper explores the Nudge theory used in the Indian economy in the political arena
through the various policies rolled out. The Research Design here is to include India as the study area is based on secondary sources
and is analyzed through charts and other statistical tools. This research paper will guide those who are interested in the functioning of
Nudge in policy and planning in Indian economics.

Keywords: Interdisciplinary, Nudge, Macroeconomics, Economy, policy

INTRODUCTION

Behavioral economics uses Nudge, which is "to push something or someone gently" (Cambridge,
2022) for better outcomes. Richard H Thaler and Cass R Sunstein introduced the concept of Nudge
Theory in 2008 by publishing the book 'Nudge- Improving Decisions about Health, Wealth, and
Happiness.' According to them, Nudge Theory is a great way to gently push people towards certain
behavioural changes which are important for them and the society as a whole, while giving them a
free will (Thaler & Sunstein, 2008).

Nudge Theory focuses on indirect encouragement rather than enforcement. Forcing change can be
extreme, confrontational, and can lead to resistance, whereas, Nudging changes can be less
confrontational, relatively smooth, pleasurable, and manageable. It believes in the philosophy of the

need to preserve an individual's free choice rather than forcing decisions on them. Nudging people
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into proper behaviour for economic growth is one of the best ways to achieve the country's desired

development goals. Policies designed to nudge people ultimately bring more benefits for the

individual and the nation.

Due to the work of psychologists Daniel Kahneman, Amos Tversky, and American Academics
Richard H Thaler and Cass R Sunstein Nudge, is now an application in behavioural economics
(CBSB 2022, HLS 2022). Nudging people into implementing the policies and other macroeconomic
activities which help in the economic growth led to the setting up of Nudge Units or Behavioural

Insights teams in countries like Germany, Singapore, and Ireland.

India’s policy-making has used Nudge with cautiousness. The economic survey (GOI, 2019), chapter
titled "Policy for Homo Sapiens, Not Homo Economicus: Leveraging the Behavioural Economics of
Nudge" provides the policy makers a behavioural reasoning platform for nudging people toward
desirable behaviour. The Nudge theory uses the concepts of human psychology and how it can be
used to change people's behaviour toward a desirable demeanour. National Institution for
Transforming India (NITI) Aayog has a Nudge Unit or a Behavioural Insights team in India (Gaurav,
2019).

Macroeconomic scenario has been indulging in the policies of Nudge as they are rising in popularity.
Therefore, this research paper explores the policies of nudge. NITI Aayog's Nudge Unit is explored
and so are various policies that have and are being rolled out based on behavioural economics.
Secondary data has been collected from research undertaken in social sciences with respect to India
and through the policies being followed by the various ministries, NITI Aayog. Policies which have
and are making a difference are explored through the "Nudge" lens. The study’s focus is Health and
Education aspects in policy and achievements since these two areas capture the crux of economic

development of the nation.

Macroeconomics Nudges are becoming intrinsic to behavioural economics and policy-making in
India. This research explores possible behavioural pathways are changes desired through policies.
This research paper will guide those interested in the functioning of policy and planning Nudges in
Indian Economics. The paper shows that nudges that softly push the homo economicus results into

them behaving in a more human- homosapien way.

REVIEW OF LITERATURE
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Understanding that humans do not behave rationally, as certain biases cloud their judgment,
behavioural economics understands it and gives in to the importance of human psychology. Nudging
people between "Laissez faire" and "Incentives" pushes people gently towards desirable behaviour,
successfully implementing the policies while giving the individual the freedom to opt for their choice
(GOI, 2019). The drift in an individual's choice of what he does instead of what he should is due to
the Cognitive biases (Cherry, 2020). Amos Tversky and Daniel Kahenman (1972) described the
concept, which states the error in an individual's thinking during interpretation. Nudging can help

people overcome these cognitive biases Sharma et al., (2017).

The concept of Nudging developed years before it was named. Psychologists try to find the reasons
that explain an individual's behaviour and alter them. Maslow's Need of Hierarchy is such an
example. Abraham Maslow, in his theory of Motivation, describes the five needs of humans which
motivate human behaviour. The needs start from the lowest level, that is, physiological, and step up to
the next level when an individual fulfils his needs. (Cherry, 2022). These needs nudge people to

behave in a way to fulfil them.

Importance of Nudging people into implementing the policies and other macroeconomic activities
which help in the economic growth led to the setting up of ‘Nudge Units’ or ‘Behavioural Insights’
teams in countries like Germany, Singapore, and Ireland. Following these steps towards development,

NITI Aayog announced the setting up of a nudge unit in India (Gaurav, 2019).

Policy proposals and policies have ridden on behavioural economics. In the article ‘Industrial Growth
in the 1980°s’ Kelkar & Kumar (2019) emphasise the use of incentives for policy reforms through “
the long-term fiscal policy needs to be modified so as to encourage savings by a further sharpening of
incentives” and requirement of “ an urgent reform of the export incentives structure so as to link
imports of capital goods and intermediate inputs more strongly to actual export performance and
export obligation and also ‘providing free trade like regime to domestic manufacturers of capital
goods and intermediate products to source their inputs either domestically or through imports in

industries which are facing competitive pressure from imports in their competitive markets”

Leading people towards sustainable development is a joint work of intrinsic, extrinsic, and societal
rules (Agarwal, 2020). The use of nudging in policies is a valuable tool, but several challenges also
narrow its scope. The article "Policies Need a Cautious Nudge" (Gaurav, 2019) states the worries

about the lawfulness of Nudge and argues that the basis of behavioural economics are the biased
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judgment made by the people and questions how can people decide what is beneficial for themselves

and thus nudge themselves into rationalization.
OBJECTIVE OF STUDY

° This research paper tries to analyse the various policies in the Indian macroeconomic arena
and provides the reasoning behind the policies of nudge.

° The study also tries to analyse the impact of such policies on Health and Education

RESEARCH DESIGN

The study is based on the policy and planning at the macroeconomic level in India. The data is
sourced as secondary data from the Government of India websites such as those of the various
ministries, the economic survey and NITI Aayog. The data has been analysed statistically through

tables and graphs. The study’s focus is Health and Education aspects in policy and achievements.

HYPOTHESIS

H: = Policies have been engineered with the aspect of ‘Nudging’ in India

Ho: = Policies have not been engineered with the aspect of ‘Nudging’ in India

H>= Nudging aspect in Indian macroeconomic policies has helped in achieving desired goals

Hoo= Nudging aspect in Indian macroeconomic policies has helped in achieving desired goals

Analysing the Policies of Nudge in Economics

The macroeconomic policies for India which are trying to use behavioural economics for the benefit

the people and of the nation are analysed under the following

° Health and Nutrition and the macroeconomic policies that use nudging

° Education and the macroeconomic policies that use nudging

The tables below present the impact of nudging and it also presents analysis of the usage of nudging

with regard to the achievement
Table 1: Health and Nutrition and the macroeconomic policies that use nudging
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Year Policy Aim Nudges
1995 | Mid-Day Meal Eliminate hunger during the | Nudges students to eat healthy and
education nourishing food
2014 | Swatchh Bharat Mission Focus on Sanitation Attracts citizens to schools and other
areas with cleanliness and toilets and
gives a positive push
2015 | Pradhan Mantri Jeevan Beema | Increase in the coverage of | Nudging people towards taking health
Yojna insurance  amongst  the | insurance
citizens
2018 | Ayushman Bharat Programme | Coverage for each family | A slight push for the people who are
upto 5 lakh per year below poverty line to get proper
treatment

Author’s own (reference:Yojna, 2016; Ministry of Jal Shakti, 2022; MoF, 2022 &NHPM, 2018)

Here it is nudge that is inbuilt in the policies regarding Health and Nutrition, thus the nudges are an

important part of the working of these policies. An opportunity for people to choose healthy meals,

thus attracting students as well as health insurance and free treatment for the ones below poverty line.

Table 2: Education and the macroeconomic policies that use nudging

Year Policy Aim Nudges
1995 Mid-Day Meal Increase in the enrolment | Nudging students to attend classes by
and attendance of the | offering them nourishing meals on a
students daily basis
2009 Rashtriya Improving the quality and | Quality attracts students
Madhyamik Shiksha | accessibility to secondary
Abhiyan education
2015 Sukanya Saving funds for girl child | Nudging for reducing gender bias
SamriddhiYojna education or marriage withhigher studies fund and savings
2015 Beti Bacho | Gender ratio and women | Nudging for increasing girl child ratio
BetiPadhao education and school enrolment

Author’s own (reference:Yojna, 2016; NIC, 2021; NSI, 2022;BBBP, 2019)

Analysis of the impact of the macroeconomic policies through Health and Education Index in the

larger states of India has been undertaken.

The data makes it clear that nudging has had a positive

impact but the change has been slow. This could be due to the fact that nudging itself leaves the

choice to the consumer to take the benefit the way they seem fit. Education for all and a special focus

on the girl child’s education could push the nation towards a higher level of development

achievement.
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Table 3: Analysing Health and Education Index

States of India | Health Index Health Index Education Index Education Index
2018-2019 2019-2020 2015-2016 2016-2017
Kerala 81.60 82.20 77.64 82.17
Tamil Nadu 70.79 72.42 63.16 73.35
Haryana 49.81 49.26 51.04 69.54
Maharashtra 65.54 69.14 58.64 62.55
Rajasthan 41.57 41.33 51.25 59.43
Punjab 56.33 58.08 50.74 59.06
Uttar Pradesh | 25.06 30.57 32.81 46.45
Bihar 30.24 31.00 30 37.3
Madhya 33.37 36.72 44.42 47.24
Pradesh
Andhra 68.88 69.95 48.42 56.08
Pradesh

Table is authors own (data source: NIT1 2016, 2017a, 2017b, 2019 & 2020)

There are some slow-moving states and some high moving states in terms of Health Index and
Education Index. States of Kerala and Tamil Nadu are leading states while Uttar Pradesh and Bihar

and Madhya Pradesh have much to achieve in terms of these indices.

Chart 1: Health Index for larger states for 2018-19 and 2019-20
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Chart 2: Education Index for larger states for 2015-16 and 2016-17

In terms of health and Education Index all the larger states of India shown here have progressed, this
itself is an achievement as the states are making the scenario better for the people concerned and
rising on the development scale. The charts show a steady change in the various states; some have
been achievers but the ones who are lagging behind because of many macroeconomic factors are also

working hard through the policies of nudge to improve their standing.

CONCLUSION AND RECOMMENDATION

Nudges in various forms in policies have made a change globally and in India. Macroeconomics has
used nudging in various spheres including health and education, the two basic and very important
criterions of development for any economy. The term Nudging in Behavioural Economics raised itself

on to a platform much later but the usage of nudging in policies subtle form did exist.

In India the path of behavioural economics is being lighted by the government through the Economic
Survey (GOI, 2019) thus successfully introducing the concept of "Nudge" in relation to the public
policies and shows the successful outcomes of Nudging in policies like "Beti Bacho Beti Padhao,
Swachh Bharat Mission, and Give it Up." Thus, nudging can be put to use in various ways as there
are different types of nudging as explained by Thaler and Sunstein in their book ‘Nudge the final

edition’. These can be further explored to find out which would work for which of the Indian states
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better and they should accordingly be incorporated into the system of macroeconomic policy making.

These should be protected so that on the basis of visible changes the policies should be reformulated.
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Abstract

Matrix theory is an important field of study with wide scope of research. The applications of
matrices range from scientific domains to real life problems, being used either directly or
through numerical and geometric analysis. This survey article presents an overview about
some of the special types of matrices, their properties and real-life applications.

Keywords
Matrices, Determinants, Matrix operations.

1. Introduction

The term matrix was first introduced by James Joseph Sylvester in 19" century followed by
the algebraic aspects of matrices presented by Arthur Cayley (Cayley, 1858) which gave a boost
to matrix theory and developed into a recognized and interesting field of research. Over the
years, with the evolution of the concept, matrices have seen an extended use in research,
commerce, social science and are being used in computer graphics, optics, cryptography,
economics, chemistry, geology, robotics and animation, wireless communication and signal
processing and finance.

Matrices have a long history of use in solving linear equations, dating back to 300BC. Nine
Chapters of the Mathematical Art (Yong and Suanshu , 1994), a key Chinese literature,
presents a method to solve simultaneous linear equations along with an idea of determinant
and rectangular arrays. Dating from 300 BC to 200 AD, the literature contains the first
documented example of the use of matrices to solve simultaneous linear equations. The
method to solve simultaneous linear equations was introduced to Europe by the Italian
mathematician Gerolamo with the publication of Ars Magna (Cardano and Spon ,1965) in 1545.
The determinant which was introduced by the Japanese mathematician Seki Takakazu in 1683
first appeared in Chinese literature over 2,000 years ago. Chapter 8 viz., Methods of rectangular
arrays, shows matrix-like number arrangements alongwith a method for solving simultaneous
equations using a counting board which is mathematically identical to Carl Friedrich Gauss’s
modern matrix method (Jamil, 2012) of solution.

The Method of Solving Dissimulated Problems, published in 1683, by Seki Takakazu

established a generic method for determining the determinant of a matrix and using it to solve
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equations. In his work Elements of Curves, published in 1659, Dutch mathematician Jan de
Witt used arrays to depict transformations. In the first decade of 18" century, Gottfried
Wilhelm Leibniz popularized the use of arrays for storing information or solving problems. In
1750, Cramer introduced Cramer’s rule which provides generic formula defined as
determinants for any unknown in a linear equation system. At the turn of the nineteenth century,
Gauss proposed a strategy for solving a system of linear equations without introducing the

concept of matrices which is now known as Gauss Elimination method (Jamil, 2012; Dopico,
2012). However, it was in 1850 that the term matrix was introduced and the matrix theory
developed a strong base in mathematics. In 1850, James Joseph Sylvester used the term
matrix, which comes from the Latin word womb, to describe a collection of numbers.
Sylvester (1851) defined a matrix as a rectangular array of terms, out of which different
systems of determinants may be engendered, as from the womb of a common parent; these
cognate determinants being by no means isolated in their relations to one another, but subject
to certain simple laws of mutual dependence and simultaneous deperition. In simple terms, a
matrix is a rectangular array which includes numbers, symbols, or expressions, arranged in
rows and columns. Each cell in the matrix is called an element or an entry.

The use of arrays in early matrix theory was almost solely limited to determinants and Cayley's
abstract matrix operations were groundbreaking. Matrix multiplication and matrix algebra is a
result of Arthur Cayley's work. Two papers, one in 1850 and the other in 1858 published
Cayley’s work which includes the inverse of the matrix, rules for matrix compounding which
is same as matrix multiplication and some more properties of matrices. He was a pioneer in
the development of a matrix notion that was independent of equation systems. Cayley devised
and demonstrated the well-known Cayley—Hamilton theorem in his memoir on the theory of
matrices published in 1858, which states that every square matrix satisfies its own
characteristic equation.

Matrix theory emerged as an important mathematical theory due to the work of female
mathematician Olga Taussky Todd (1977) popularly known as the mother of matrix theory,
who used matrices to investigate vibrations on airplanes during World War I1. She developed
several concepts viz., number theoretical integral matrices, integral matrices connected with
number theory, etc. The modern bracket notation of matrices was introduced by Cuthbert
Edmund Cullis in 1913. He was the first one to illustrate the use of A = a; to represent a matrix
where ajj refers to the element in the ith row and the jth column. In 1955, Leonid Mirsky’s text,
An Introduction to Linear Algebra played a significant role in making matrix theory as one
of the most important areas of research.

Matrices have a wide range of applications in science and have been applied to solve real-world
problems. Matrices are used to represent real-world data, message encryption and decryption,
cryptography, coding theory, creating 3-D images and 2-D motion, to compress electronic data
and to store fingerprint data, robotics and automation, CT scans and MRI scans, in economics
to calculate gross domestic products, wireless application protocol, profit prediction, UV
spectroscopy, automobiles, etc. The matrices are used in physics while applying Kirchhoff's
Laws of Voltage and Current to solve problems, to explore electrical circuits, quantum
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mechanics and optics, to create graphs, calculate statistics, and conduct scientific research ina
variety of domains.

In this paper, section 2 presents 5 special types of matrices viz., Hadamard matrix, Sparse
matrix, ldempotent matrix, Vandermonde matrix and Pascal matrix. In section 3 we discuss
Rhotrix and its properties. Section 4 concludes the paper.

2. Special Types of Matrices

In this section, we study about few of the special types of matrices, their properties and
applications. Our focus in this survey will be on Hadamard matrix, Sparse matrix, ldempotent
matrix, Vandermonde matrix and Pascal matrix.

2.1.Hadamard Matrix
Hadamard matrix (Hedayat and Wallis, 1978) is defined as follows:

Definition 2.1.1 : Hadamard matrix is a square matrix of order n with entries either +1 or - 1
whose rows and columns are pairwise orthogonal.

1 1 1 1
g 21 -1 1 -1]. .
For example: Hy = 1 1 -1 -1 is a Hadamard matrix.
1 -1 -1 1

It is worth noting that every matrix with entries +1 and -1 may not be Hadamard matrix.

1 1 1 1
-t -1 1 -1]. :
For example: Hz = 1 1 -1 —1|' not a Hadamard matrix.
1 -1 -1 1

The matrix Ha has entries +1 and -1 but the rows and columns are not mutually orthogonal.
The third row does not give dot product as zero with any other rows, and hence is not
orthogonal to them. Similarly, the second column does not give dot product as zero with any
other columns and is also not orthogonal.

A condition for an n x n Hadamard matrix to exist is that n must be 1, 2 or a multiple of 4. In
1867, Sylvester constructed Hadamard matrix of order 1, 2,4,8,16,32, etc. and later on matrices
of order 12 and 20 were constructed by Hadamard in 1893. Hadamard matrix is named so as
the determinant of the matrix satisfies equality in the Hadamard's determinant theorem.
Sylvester formed a Hadamard matrix of order 2% for all non-negative integer k as follows:
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Hk = Hyk-1y  Hym-1
H,k-1y —H,w-1
which is known as Sylvester-Hadamard matrix. Another construction of Hadamard matrix is
Paley construction which was given by Raymond Paley in 1933. Earlier, the combination of
Sylvester’s and Paley’s method did not produce matrix of order 92. Baumert, Golomb,
and Hall constructed a matrix of order 92 using a computer in 1962. In 2005, a Hadamard
matrix of order 428 was discovered for the first time by Hadi Kharaghani and Behruz Tayfeh-
Rezaie [34]. As of 2014, there is no Hadamard matrix known for 668, 716, 892, 1132, 1244,

1388, 1436, 1676, 1772, 1916, 1948, and 1964 which are 12 multiples of 4 less than or

equal
to 2000.

In a Hadamard matrix, HH™ = nl where H is the transpose of H, and | is the identity matrix.
This implies H is non-singular and has inverse n"*H'. Hadamard matrix satisfies Hadamard’s
determinant inequality which states that if A = ajjis a matrix of order n where o;f <1 for all

i and j, then et 4 < n"”. In a Hadamard matrix, if any row or column is multiplied by -1, then
the matrix remains Hadamard matrix.

A Hadamard matrix is called a Skew Hadamard matrix if H + HT = 2I. Just like Hadamard
matrix, Skew Hadamard matrix exists for every n divisible by 4. As of 2006, it was known that
Skew Hadamard matrix exist for all n < 188 with n divisible by 4.

Hadamard matrix is used to retrieve data from communication systems, digital signal systems
and image encoding in the presence of disturbances which rely on statistical approaches.
Sylvester Hadamard matrices are used in a variety of fields including statistics, numerical
analysis, coding theory, and cryptography. In 1951, the satellite Plotkin18 was the first to
demonstrate the ability of codes derived from Hadamard matrices to repair errors. This was
further investigated by Bose and Shrikhande in 1959, who established a link between
Hadamard matrices and block code designs, and then developed by Harmuth in 1960
(Seberry et.al., 2005). Levenshstein was the first who constructed an algorithm for Hadamard
Error Correcting Code. The Hadamard codes are simple to decode, and they are the first
significant class of codes to repair multiple errors. A famous application of Hadamard Error
Correcting Code was in the NASA space mission when the Mariner and VVoyager space probes
explored Mars and the outer planets of the solar system from 1969 to 1976 and they utilised a
Hadamard code to encode data.

2.2. Sparse Matrix

A sparse matrix or sparse array is a matrix with most of its components as zero.The sparsity of
a matrix is calculated by dividing the number of zero-valued elements by the total number of
elements. A sparse matrix (Schneider and Taussky, 1977)is defined as follows:

Definition 2.2.1 : A matrix in which most of its elements are zero is called a sparse
0 0 4 0

matrix. For example:

8
0]. .
0| 's @sparse matrix.
0

0 0 2 3
0 0 0O
0 9 50
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In order to use resources effectively, we only store non-zero elements instead of storing zero's
with them. Triplets (Row, Column, value) are used to store non-zero elements. There are two
types of sparse matrix representations viz., array representation and linked list representation. In
an Array representation, only non-zero values, as well as their row and column index values are
considered in formulation. The total number of rows, total number of columns, and total
number of non-zero values in the sparse matrix are all stored in the Oth row in this
representation. For example,

[0 0O 0 0 7 O]

|0 6 0 0 0 O}

130 0 4 0 o =

|l0 0O 0 0 O 8JI

0 05 0 0 O
Rows Columns Values
5 6 6
0 4 7
1 1 6
2 0 3
2 3 4
3 5 8
4 2 5

Figure 1: A5 x 6 matrix

A linked list data structure is used to represent a sparse matrix in linked representation. We
employ two different nodes in this linked list: the header node and the element node (Figure
2). Three fields make up the header node, while five fields make up the element node.
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Header Node Element Node
IndexValue Row column Value
Down Right down/up Right

Figure 2: Header node and element node in linked list

Ho, Hz..., Hn are the header nodes that are used to represent indices, where n is the number of
rows of the matrix. Except for the first node, which is used to convey abstract information of
the sparse matrix, the remaining nodes are utilised to represent non-zero items in the matrix.

We use Sparse matrix rather than a simple matrix because there are fewer non-zero elements
than zeros and as a result less memory is utilised to store only elements. By rationally creating
a data structure that only traverses non-zero components, computing time can be decreased.

In combinatorics and applications such as network theory and numerical analysis, where crucial
data or connections are frequently sparse, the concept of sparsity is useful. When solving partial
differential equations, large sparse matrices are frequently used in scientific and engineering
applications. Sparse matrices are common in machine learning, hence specialised computers
have been created for them. Sparse matrices can be found in data preparation encoding
techniques, structural engineering, reservoir simulation, electrical networks and in optimizing
problems.

2.3. ldempotent Matrix

In 1870, Benjamin Peirce introduced the term idempotent. An idempotent matrix is defined as
follows:

Definition 2.3.1 : A matrix A is idempotent if and only if A2 = A

3 6 2 -2 -4
For example: [1 B ]and —1 3 4] areidempotent matrices.
1 -2 -3

Since for an idempotent matrix A, A2 = A, therefore A must be a square matrix. ldempotent
matrices are also known as periodic matrices or n-potent matrices (i.e., A" = A). In particular,
if n=3, Ais referred to as a tripotent matrix, and if n=4 it is referred to as a quadripotent matrix.
For a 2 x 2 idempotent matrix either the matrix is diagonal or has a trace equal to 1. Every
idempotent matrix is singular except the identity matrix. If an idempotent matrix is subtracted
from an identity matrix of same order, then the resultant matrix is also an idempotent matrix.
A non-identity matrix is idempotent if the number of independent rows (and columns) is less
than the number of rows in the matrix (and columns).
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R.E.Hartwig and M.S.Putcha (1990) identified a set of criteria under which a matrix can be

expressed as a sum of idempotent matrices or as a difference of two idempotent matrices. Any
complex matrix T is a sum of finitely many idempotent matrices, as demonstrated by Pei Yuan
Wu (1990), if and only if trace T is an integer and tr T > rank T. J.K.Baksalary and
O.M.Baksalary

(2000) found a complete solution to the problem of describing all cases in which linear
combinations of two different idempotent matrices P1 and P2 are also idempotent matrices.
Every tripotent matrix B can be decomposed in a unique way as B = B1-B>, where B and B>
are idempotent matrices such that B:B> = BoB1 = 0.

Idempotent matrix is useful in functional analysis, particularly in the spectrum theory of
transformations and projections. They are often used in regression analysis, econometrics and
the theory of linear statistical models.

2.4. Vandermonde Matrix

Vandermonde matrix is a special type of matrix in linear algebra named after the French
mathematician Alexandre-Théophile Vandermonde. Vandermonde did not discuss the concept
of a Vandermonde matrix but gave the underlying principle of Vandermonde determinant or
specifically, a method to solve linear equations in (Vandermonde, 1776) which was further
shaped and presented by Sylvester (1850, 1851) and Cayley (Rawashdeh, 2019) after a century.
A Vandermonde matrix (Strang, 2016) is defined as follows:

Definition 2.4.1 : Vandermonde matrix is a simple m x n matrix with entries of the rows or
columns as geometric progressions. It is of the form,

[1 x1 x12 le_l

|1 xZ x22 A xzm_l

Vi (Xn) =11 x5 x5%2 - xg™ !
1 le eee eee xnm_lJ

and can be written as Vijj = xi]_1 , Viand j, where x;’s are called nodes or points.

11 12 183 11 1 1
|1 2 22 23|_ |1 2 4 . .
For example: V1 = 13 32 37|11 3 9 27 is a Vandermonde matrix.
1 4 4% 43 1 4 16 64
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Vandermonde determinant or Vandermonde polynomial (or Vandermondian) (Muir, 1906;
Vandermonde,1776) is the determinant of a square Vandermonde matrix (n=m) which is the product
of all differences of the values that define the elements and is given by,

Vn (Xl, C ey Xn) = det (Vn (Xl, ey Xn)) = det (V) = H15i<j5n(xj' - xl-).

Over the period of time, various proofs for the Vandermonde determinant were given using
combinatorics or using induction along with elementary row or column operations (Mirsky, 1955;
Knuth ,1997) or graph based techniques (Gessel, 1979). The determinant is non-singular or non-zero
ifand only if v £, Viand j, i.e., all x’s should be distinct and thus the square Vandermonde matrix is
invertible where inverse is given by (Soto-Eguibar, and Moya-Cessa, , 2011)

(G DL Sy

e=1(XK — x;)
ki

VDij =

1,a=5»b

_ j _
where, Gji = lem1<m2< ~<mjsn Hk=1 xmk(l - 5mk,i) and, Oap = {0 a+h’

Different researchers have given different methods of calculating the inverse of a Vandermonde
matrix. Yiu (2014) showed inverse as a product of two matrices, one of them being a lower triangular
matrix using the partial fraction based technique, and F. Soto and H. Moya

(2011) showed inverse as a product of diagonal, upper triangular and lower triangular matrices.
According to L. Richard (1966), inverse of the matrix is written as a product of simpler matrices,
namely, upper triangular and lower triangular matrix.

If A represents inverse of a Vandermonde matrix, then it can be written as: A* = U L, where, U
is an upper triangular matrix and L is a lower triangular matrix.

1 —x; X1X —X1X2X3
O 1 _(x1+x2) x1X2 + XZX3 + X3X1

U-1 = 0 0 1 —(x1 + x5 + x3) “land,
0 0 0 1 .
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-1 0 0
1 1 0
X1—X2 Xp—X1
L—l — 1 1 1

(x1=x2)(x1—x3)  (X2—x1)(x2—x3) (x3—x1)(x3—x2)

Many attempts at generalizing the Vandermonde matrix have been made which is of the form:

[xlal xlaz xlam
xzal x2a2 ) xzam |
Gmn (X)) = [x;li]??jn = [x3M x3% e x|

[xnal cee cee xnamJ

where x; € C, a; € C,i = 1,2,...,n. One such generalization is the Alternant matrix (Strang, 2016)
which is obtained by replacing the geometric progressions by functions. It is represented as,

[f1(x1) fi(x2)  filxs) - fl(xn)]
| 2(x1)  falxz)  falxz) - f2(xn) |
Amn (i %0) = ()1} = fa00) - f(r) - faCra) o+ falom) |

fa) ful) o fnC)

where f1, fo, . . ., fmare functions from a field F — F.

Karl Lundengard (Strang, 2016) mentioned some of the varied applications of the Vandermonde
matrix ranging from polynomial interpolation , optimal experiment design, least square regression,
error-detecting and error-correcting codes construction, to calculation of the discrete Fourier and
related transforms , solving systems of differential equations with constant coefficients , various
problems in mathematical, nuclear, and quantum physics and describing properties of the Fisher
information matrix of stationary stochastic processes. One of the simplest method used to find the
interpolating polynomial is using the Vandermonde matrix, which under generalized conditions can
also be seen for interpolation of non-polynomial functions or points in more than two dimensions.
Vandermonde matrix can also be used to prove the unisolvence theorem.
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3. Rhotrix

In this section we discuss rhotrices which is similar to matrices yet has a different structure. In 2002,
Ajibade (2002) introduced rhotrix as an extension to the mathematical arrays which are somewhat in
between two-dimensional vectors and 2 x 2 dimensional matrices, an extension to the idea of matrix-
tertions and noitrets and forms a group in itself. The arrangement of entries of the rhotrix is
rhomboidal. Study of rhotrix theory has two approaches: commutative ring theory and non-
commutative ring theory. The commutative ring theory uses the heart based multiplication method as
proposed by Ajibade (2002). This method is based on the analysis and initial algebra of rhotrices.
The non-commutative ring theory uses a row-column based method for rhotrix multiplication as
proposed by Sani (2004).

Definition 3.1 : A rhotrix is defined as follows:

a
b h(A)=c d>: a,b,c,d,e E]R} 1)
e

A=R(3)={

It consists of mainly 3 parts - heart, major and minor entries. Here, h(A) = c is called the heart

of the rhotrix A defined as the element at the perpendicular intersection of the two diagonals of a
rhotrix.
According to Ajibade (2002) if we consider A and B to be two three-dimensional rhotrices, then addition (+),
scalar multiplication and multiplication (°) of these rhotrices is defined as:

.
a,
A = A bl h(A) =C dl : al,bl,Cl,dl,el € R and
€1
\ )
.
a,
B= (b h(B)=c; d;): azbycydye; ER (2)
é;
\ )
a, +a,
A+B = (b +b, h(A)+h(B) d,+d,) 3
e+ e,

118


https://journal.mscw.ac.in/Research_Journal/latest_issues.aspx

Samikhiya A Multidisciplinary Research Journal
Year 2022 | Volume-I
Available at: https://journal.mscw.ac.in/Research_Journal/latest_issues.aspx

aa,
Foranyscalar « € R: A = (ab; ah(4) ad,
ae,

a,h(B) + a,h(4)
A ° B ={bih(B) + by,h(A) h(A)h(B) d,h(B) + d,h(4)|.
e1h(B) + e;h(4)

This method of rhotrix multiplication is referred to as Ajibade’s heart based method for multiplication
of rhotrices. A similar row-column based method for rhotrix multiplication was given by Sani [36] as,

a,a, + db,
A ° B = b1a2 + elbz h(A)h(B) aldz + d1€2 .
bid; + ese;

The definition given by Ajibade was further extended to an n-dimensional rhotrix by Mohammed in
[44]. A rhotrix of size n is given as:

a,
a as Qg
A(n) =R(n) = = tap,ay..,a; ERp (4)
e )= oy RESRY
2 2 2
ai-3 ai—2 Ar-1
ag

where ne 2Z* + 1, t = %(n2 + 1) and h(4) = a{t+_1} is the heart of the rhotrix matrix in R(n).
2

There are two types of rhotrices: an even dimensional rhotrix and an odd dimensional rhotrix. An odd
dimensional rhotrix is simply a rhotrix having odd dimensions, for eg. the simplest odd dimensional
rhotrix is a 3-dimesional rhotrix we mentioned earlier (1). An even-dimensional rhotrix is a rhotrix
having even dimensions. Simplest even dimensional rhotrix is defined as follows:

a
R(2) = {<b d>: ab,d e € R
e
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This is known as a real rhotrix of dimension two, also known as heartless rhotrix (hl-rhotrix). A.O. Iser

(2018) gave the cardinality of an even-dimensional rhotrix as the|R(n)|=%(n2+2n),

where n € 2N. Addition and multiplication for even dimensional and odd dimensional rhotrices are the
same.

Mohammed (2007) defined rhotrix exponent rule for any integer m as,

ma
R™ = (h(R))™ ! = <mb h(R) md>.
me

If m = 0, then the identity of rhotrix is defined as:
0
I=R°=<0 1 0> (5)
0

and if m = -1, then the inverse of a rhotrix is given by:

a
R‘1=ﬁ<b —h(R) d>. (6)
e

For a rhotrix R with the defined rhotrix addition (4),(R, +) forms a commutative group with identity
element and inverse defined as given by (5) and (6), respectively. A rhotrix A is said to be invertible if
h(A) # 0, and if h(A) = 0 and A # 0 then A% = 0.

Similarly, Identity hl-rhotrix is defined as:

and inverse of a hl-rhotrix is defined as:

e
R1=—1 <—b —d>, where ae # bd.

ae—bd
a

Along with an n-dimensional rhotrix as (4), Mohammed (2007) also defined an n-dimensional rhotrix
as follows:
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aiq
azi C11 (ZY)

R(n) = (ay - Qg

Aet-1 Ct—1t-1  Ae—1t
Qre
where a;;(i,j = 1,2,...,t) are called the major entries and c;(k,l =1,2,..,t — 1) are called the
minor entries of R. A n-dimensional rhotrix R(n) = (a;j, cx;) is called as a couple of two matrices
namely (aij) called the major matrix and (cy;) called the minor matrix. A Hilbert rhotrix of size 5 was
formed using a Hilbert matrix of size 3 x 3 and of size 2 x 2 using this concept. We can also define
rank of a rhotrix R(n) = (a;j, cx;), where a,.(1 <7 < t)andc(1 < s <t —1) as, rank (R) = rank
(a;j) + rank (cg;), where properties of rank of matrix can be extended to rank of rhotrix.

Rhotrix theory has applications in algebra. Using the exponent rule and the properties of rhotrices
[43,42], the algebraic series and expansion can be expressed in terms of rhotrices. If we consider the
rhotrices A and B (2), the arithmetic series in terms of rhotrices is given by:

S, = kZl[A + (n—1)B]

where S, is the arithmetic progression with A as the first term and B as the common difference. The
nt" sum is given as:

( \
a, a

Sn=%{2A+(n—1)B}=§!2 by h(A) dy)+(m—-1(b, h(B) d, L
eq e,

2na{+n(n-1)a,
2
2nby+n(n—-1)b, 2nh(A)+n(n-1)h(B) 2nd;+n(n—-1)d,
2 2 2 '
2nei+n(n—1)e,
2

=S5, =

Similarly, we can define the Geometric series in terms of rhotrices as follows:

U,= ) [AoB¥1]

n
k=1

where A is the first term and B is the common ratio. The nt"* sum is given as:
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U,=Ao ("B").

I-B
= U, =A{(I—B") (I —B) '},when h(B) # 1.

The polynomial equations with variables and coefficients as rhotrices are called the rhotrix polynomial
equations. If A and B are the real rhotrices as defined in (2), then the equations X+ A=BandCo Y =
D have unique solutions,given by X =B -Aand Y = D o C~1, respectively, when h(C) # 0.

4. Conclusion

Matrix theory as a whole is a valuable and useful concept in the field of engineering, physics,
economics, statistics and various branches of mathematics. Determinant of a matrix was found and
used much before the idea of matrix as an algebraic entity emerged and thus the determinant of a
matrix is a very practical application. In this article, we focused on some special forms of matrix and
properties which make them different yet a powerful tool for solving real life problems.
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H3 ¥ y=us : HAS &
3. gafded fiw
wiAde Yera

e fegran
HIT Hedt s, it

foareo, HAw gd y=us, Wadl, fomms € €0 fou3 Gumle © wss ager J fo3 »M Hue® 3 $9333 Aee U TITHIS
I51 e fogr eomgr fHon YEEsT 8, 9 ©MGT TOHE I8 fadeRT § WIRHAE dds ©f § W wW W3, Hee, famis,
fonit frifentt o2 fendfant &5 femar a9s & 3, & IwWe @ I fg 32 HeE T UTE TI § WI USI-HOWS w96 @ I
fanit, wifentt, waret, foniyedt A a9 3, ug feeme adtl ga foR Vus § foust § y=ws =i fiomer 3. w9 feaw 3, wama
3 U3 A adt ? a3zt w9 T Wors © W33Y 3T wef, 3 widt © fHogr fiser 3, ug feeme sdtl 9339 © T
T TS wid & gagmt wier gfimr Ifenr 3,

ygggn nigHHS Y@t & fedu wf femgg few €39 gu de feg wmge
Is1 fegt ©37 wzIfoHdMt T Yy yuds Aid3 »iEgs & @ 3 Az fuos
g g8 e "t Afozw@gsr = Agu g w3 us & fowrfinr 33 Hiflz 3, €9
wfgs faois, wfgs us o fonmfimr 3 wmrig o 3 foo wamer I fa Afasa us
wgg fa@ Uer qaur J ? JB-IS feo ys@s fed HI3d wigHHe = €398 Hg J
famr, TR = 3T Afo3d, a@=3iHd 3 J9 Hignogd fHade= © wigg Q3uws
fafan EIS) fams o J fen
HEB%UFEP]H%H‘@"?H’W%Uda&MoH'Hoi@@_Bz%ﬁaiw
o, »gg Q3ues ©f fafonr § »awgHz a9 fd3n1 mig3a ust & fenrfinr < &
UJ fers mwﬁW@wﬁ%W@%%W| fen &<t
fedt & Q@F AHIget ude § Jde€ d9&T Hg 99 i3, fan feg far fores A9fe3s us
fod, fong3 wiggt & 38w dist At H fegt €39 wighAa’ € g f6HE3 Hags
8 T3 wiferezs wogt & 3% ddor HI wiid AR T Afgs © wiftls &t @n3
URES us &, At Y=9s J1 RE
g M3 US T 8 YT UST 3 »Bed § Y3 dd el J1 A3 & AfazsdasT
o < GH T wgg G3uws! fafan e w3 OF © J9 y=9s &% HYul 19 3 fen
Ad I8 € &% W3l © H9U I fisdiedr J fomrm 91 udzg feg Aar <a3ar
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EsY3 ot Tufgmr Aot fem & Us ydus fiss feg &3t 7 Haet I mHES 3
TS T WaT feg Wi 99 eR3-=939r f&a us (text) =@ o oz @ foor I
us fegdl fggsdt yfafom™ 3 »wErig & 3 oA feg Sd/g0 yegat § 3I8HE w foem

3fonm J1 wigsd yegs iR -8 § yaie adwr Hfemt #er J, 8F few wivs 33
RS feg Afgnmgga fogad, IH & Fae=E & ududet yaeeT Je Is|

st 939 fims ga & »udht foust It o feme § yses o3 GF
eﬂwmeﬁ%maﬁ,mmwﬁww@éwwﬁw,
Hedgt &t gAsy J9at Udt I HR® gd = mier 93 fomrs, wadt/Aer 3 fonadt €
et § W36 9 Sfomr fagr GF © 935 few Yeus feAm WI33T € udst faor Ji
SH Tt uAsa The order of the things, The archaeology of knowledge’, ‘Madness and
civialization’, ‘Discipline & Punish’, ‘The birth of the clinic, 'History of sexuality (I.I1.111)
ife Yggs € HaI®U & UGIHI3 Jaeht Sad »igeEhi gsl Qudds ymsdl & HiF
gH 3 H39 foms, H3r 3 fonadt g3 defds I »must yAsa ‘The archaeology of
knowledge' 28 y=gs & &€ ufggmz dder J -

“Discourse, then, I meant that which was produced (perhaps all that all

produced) by the group of signs, but | also meant a group of acts of formulation,

a series of sentences or propositions. Lastly - and it is this meaning that was

finally used discourse is a constituted by a group of sequences of signs in so far

as they are statements, that is, in so for as they can be assigned particular

modalities of existence.

fiis gd yegs § fea Ae o T3 J, fan Idt ma3t gfimret At 31 “gd
T Hoer J fa AaSAgl e foest, Aadidie <o foest § y=gs & 3a3 adt »ue
v s T8 3t I .t & Hee fefomrs He w fodty adt I fem 39 g9 3
foms € Het @t ergfors de €3 mah foms ar fidzr 317 gd e foust
feg o3 qoegdh g5 fa fams 3 Hadt W39-HElz g5 AR <dar feAr 4% 33
J, 8T eAz<=IIfamt § S nigHd ehmiGet J1 gd T Ve I fa (A, udeds,
JHUS'S, HIH) »ife Mo e @ Y=es It HEHT »e3HUGE3T (subjectivity) & W
oS feg T8 3 3t A HAY e 3 Wisfha ¥ H3T € uddls (I@M) 31 g
g fgu3t 4" 99 9 HIT 3 foms € YAl few, @F & G ¥ mHaE fd3a
SEgHT 3 dfder o8 & cufowSet I »ofEGrg © fegg I fa gm H3r »muE
Iget, Efenad AFEe, ufged 3 fowdi, AegT ¥d Udee wie gidt fegaguar w
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HOd ddet J1 IW HI U 39 3 99 &t SIarget ug sat § fegitmer dfewr He
"I FAEGIZ Hies ot fenua, FIfes W3 Wf3H Ban @@ FAElad ddevet dudl I
TIMAS WSEEHT, JPHHt € fegrd § »eHA3 ager J fa W3 fhee 3Hew T 13
st 3, mat feo Gt Ot € Aow 8t I 7 UM 39 3 Hfwd I8, mifigr 99 @
IH W3 m3 G0 "3 7 Gn & sdles I, miuat ygzt/Agedt afen Juet I

“Althusser makes a useful distinction between what we might call state
power and state control. State power is maintained by what Althusser .....
repressive structures, which are institutions like the law courts, prisons, the
police force and the army, which operate, in last analysis by external force. But

the power of the state is also maintained more ....., by seeming to secure the

internal consent of its citizens, using that what Althusser calls ideological

structure or state ideological apparatuses.”
3G G 35T MUE»y g wfod gazt I RS gd © dfger I fa it 3
nigfga fHAeH m3 fan e &9 feg fegrguad Wad & ugy 3w It fefomiaa
J<aft 7 yegs feg IHT 3 €43t © ug I (others) & Gausr 3 da33 dizt A=l
fer 99 T &3 I3 © foufamt &% JI gd yEgs § It IE3/H3T wmer I fagfa
fan uH a1 feg famrs feoget §ug 7 w3 © dua v J, fam I it 3&=
JI fer 393 ©F g3 feg wdd HadMT, 947, 39, 3IHEE U7 9d6 @M HG w3
YZgst dO3T HHS JI&1 UfSH, Ids, »ies3i, &, JAuss, A8’ ©f Hgedft € et
wdg IS AR JITT, WEHHAS JI&T, HB3D ddeT, feosaft adt Huda Ao fa ‘A
Sla-od I nife yeogst § =93 RS gd = »fod B39 feg d fa W3 & y=os
WSl 99 993 § 3I9HI® I HIEd, Hael 3 AIe-HUs YEe Jder J1 HH® gd <t
H3T 3 y=gs ©f I § fenm yad mHfsem A Haer J

“Power, then, is a term used by Foucault to describes a series of strategic
relations and has following features :

1. Power is coextensive with the social body ;

2. Reliation of power are inter concern with other kinds of relations.
Production, kinship, family, sexuality ;

128


https://journal.mscw.ac.in/Research_Journal/latest_issues.aspx

Samikhiya A Multidisciplinary Research Journal
Year 2022 | Volume-I
Available at: https://journal.mscw.ac.in/Research_Journal/latest_issues.aspx

3. Interconnection of power delineate general conditions of domination
organised in a more or less coherent and unitary
strategy ;

4. They are no relations of power without possible resistances.

“Power is everywhere not because it is all embracing but it comes from

everywhere.

Sudaz 2 ufggmr wadt et femset § SEt I51 gd € Hear I fa
foms »3 FaSt T mzandafuz dr df yegst 9o § fAamer d ug €9 feg & oo
J fg ma3t gnAr 3 3, foms © U y=d9T Hadt feg fsafz ow -

“Knowledge and power are integrated with one another, and there is no

point in dreaming of a time when knowledge will cease to depend on power, .....it

Is too possible for power to be excused without knowledge, it is impossible for

knowledge not to engender power.

cIHHT feees fdza ua <fger, Vet Tonfsa udugr § gal-dede® »3 Hae-
Jdegee © fAad dFer J1 dfoehs yegs fedss ot midt et Torfsa uduar
m3 fem udugr ©mar fien ymest § g3 féer J1 ofsehis yeus UsHt Tans
YIr3fzazr © fiad oner I3, ffg s @ Iser I fa gmr &t 3fo T It Awd sfimr
Jfemr I, faR & B9 &3 Aae Ja1 few 39 fedss Ut Tonfsa udugr § Vgedht ©
wftm3H = fag Yeer J1 Sfder wigAg adt & wans s 3 fodeu st de
424 HIBY, UGSH, HEI' IA3/H3T/Hast dmfif It JgSudht fearei Je 5|
Jfges 835 ¥Mf3s € ggae Y=ga (Pelyphonic Discourse) W3 RS gd © Wa3t
(Power) Ha®U &% WS dier J1 Udg Sfoeis fd3s w3 s gd 9 WS <uas feg
G gadt 0 fa dfodhes fedss us © ferdme 39 "Wz Ifder dfenm us © wisg-
fedat, wifsy wiggt, wfsw fenftpr '3 He Haer 31 Sfger 3az It Arget &t 91
3t gawr I U3 fegt ARERt < udser &df, iR fiR® g9 ud3zer J1 Guddz gdur
Idt HH® gd & 93, Y=Es © Hedg feg W3 foms w3 fomast & ghar
Qudaz wat fdzal 3 fa= »izdt J, & Gader & J1 f3at It fdzat = Az 39 feg
J fa fan < fsoty fomrs, He, €a3, wiogt & fsdgmzr, mawudt § g&dt € JI
Ud3 UBH H3T © y=us, SF ©f yfadst, Agu 3 for It Asweet fils gd et
feg It fhosdnit g5 fafa Go femag o Amaet feg wus féer 31 yeds, Y=oa3Hd
et 3 919 & 73 (Roots) & yI=se fefoms ¥ dwser J fagfs g feo vewr I
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fa wadt = umAgr feafagr odt, feo sgumdt 3 3 fams 3 ufost I Aefa
fomrs ¢ waSt/H3r € Wit seer 3 3 TAsvd Ive & Hfema I gwger I
fagfa graHin=z & @er 3Hee & Adl 99 @39 v feAs3H® 39, daet & wiuet
s firGer 91 iR ga feo & Yo I fa g & H3r © yzes Jg9r, €% yIidu
g 31 yHou © J& I H3T € yegs © Hgedht T sufed 31 udg fem yItou &
ytiis (T&H/mdls) 996 el U & eedd & IIAHIS IS

fen =t s gd ‘ued fes af&d (Power in knowledge) fodu feg afder J fa
"Ig3 3 HIT IT PSH gIGT & 39 3dfaft 3 &I, ° fIAr & &, ads " I
MUST 9H dde I H fea g € T8 Ayo €3 ©9 o I & &t a9 foor feo
Aaft gt 3T I3 /RS Hagset € wif3HufgeH g8 3a3 § G Hast Adut feg
T gidter I 1 wiug £ Aafead sTge gs1 foger wve fog 9fdzg I fom
feg Hugr, TeE, JUsde, HaSt Hoes w3 fauag e st der 317

fHH® gd »ieAd foms O H3r d w3 W3 fed »mue fegg § Ja@ © wied
W3 996 BEl Yggs ©f #gd3 JI gd feH § udeel =¥ de (Group of statements)
T g1 TR € det ©f f5d393r I yeus & 393 J1 gd & Hadt B39z &
gorg g9 < femgguded gd9r i3t J1 €9 msm féer I fa W 39 fams w3
fomit HAgT EU GE] &dt deur, g< 3q ISH
©d me &df J Haell fer A% § 336 € »igg <3 uud ©f IuEiEt w3 fen et

fiHed 2991 § & Jdar dt Jear

“Discourse in not a way of speaking or writing, but the whole ‘mental set’
and ideology which encloses the thinking of all members of a given society. It is
not singular and monolithic - there is always a multiplicity of discourses - so that
operation of power structure is as significant a factor... Foucault’s work looks at
the institutions which enable this power to be maintained, such as a state
punishment, prisons, the medical profession and legislation about sexuality... all
of these concern the way power is internalized by those whom it disempowes, so
that is does not have to be constantly enforced externally. "
Qusas st I Wi Aime I wer 3 f g3 foors & wmd oar o
Aa31/3E3 Heer J1 feg 393, Jael ©F muat Hadt W3ted HofHasT wset J, fan
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&% Hodt T G3uedt 3 I8H J d dfg At I gd S fuzst feg ofvg It
y=gs © fHua, 87 @t f3s 3ar ¥ st A3 (The History of Sexuality I, 11, 111) feg

e § fiwer 31 fegt f3at Ior feg an go o8 AEU3z ol y=ddr Y
39 3 §39¢ I5 BT feH yad I5 . 1. TS, 2 UE, 3. ded® 3 feo f3st
Yegar 3 Ig3ed fug © I@E J1 uRsd © ufgd gr feg ga feo wamler 9 fa
He® AfHT 8 IH FHIe § AHTHE 98 &dt H ug aH fd yggar € 39 3 AHW feg
agwg Hh fer &t HAgest fewrg Argr Sta vigge HI gd e B 9H w3 goret
Hies & g go8er I e IH W3 aHd War §79 9997 99T &f <93 Hil udg
1731 Ael, 1 UsdHAWEE d% &8 HAU3 H, widd % feg H3T wd aH 2dd1 Yy=ddr
feg oys fédt 3 3t Sorfesw yfz G T IS sonm wfer 31 Saf T 83
et J1 "I & cyewiest % aH o% Adfiz geht § g3 figer 31 H3T/Aast
5% Wis gt fig & aH T wide Wedt 9 3 Jaet @ feg 999 uR3d © ©d
g1 feg femgaQyded ©an J1 Ud3 UA3d © »udt IWT (3HD) feg Aehfumm = @
IHa got § =TT mIrSer I W3 fug fig fen y=gor © cusiTnt 99 g guAel
J, 88 mHfHd 3T § TIA3 J96 fJ3 foF y=ad1 3 deds mawuz & dddt J1 A,
M fAgT yedar we WI/IE3 © Ju feg wifer I 3t wdy Jurfesm &t validity
formgz J wdt J1 fog It "3 © yYegs I, A © M39dz HEdt widiftimiet, waE3,
st fSa3T, yaarst wife ‘m3393T Aue fig sadge J<t J -

“All these negative element - defenses, censorship, denials which the

repressive hypothesis groups together in one greet central mechanism destined to

say no, are doubtless only component parts that have a local and tactical role to

play in a transformation into discourse, a technology of power, and a will to

knowledge that are far from being reducible to the former.... that techniques of

power exercised over sex have not obeyed a principle of rigorous selection but

rather one of dissemination and implantation of polymorphous sexuality.””

fen yag s gd © 93 feg feafod wom-fermdft, fomes oxfont &t 352 @
WBgeT Jet J1 BR € fegdr ot AHW, WY, Wefaedt, gg-faest 3 fams 339 =
Ad SHI8 g3t BuH3T It AHS AT HIY JG|
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AT gu 9§ fagr o maer J fa gd ot o=y yAsal ‘g y=gs wfow Ae o
st Aot ga it feust v yw #iH 31 g wudht feust ot feg Sue eider 9
fa fams »3 HIS/H3T 339 © feg #3 fef3om € Sy uz= feg muer

yge/dng fa? miger J ? €9 yeus § el &t Iger ud feg & €9

et g&@er Afer J @ : Discursive formation, episteme, Mechnism, Bio-power »ffa|

. o ¢ -

f&g Discursive Formation 3 € &3 98 »1 IJ Y=2gs ©f JHEU3T & JHIIPT ©
3FE® JI&T JI S gd Hawut & forfgzzr ¥ dv odt 3fder ug @9 & €9 FAasy
frone 9 3fodts I A J1 GR T miTr 93 H3', y=os, foms 3 Wz 3 ug
SH Tt fenrfimrel FiWzEf § 33Tt & 81 I3 fouz © smim fEedfe@ <o
g dfoe e fa Ng frg & U fa H ufgs ot fagr ? feg U fa ¥ g ot g
fagtl” gd, y=gs & U9 g7 d »UE AISWIE fegd 3 UF 99 fder d ug »my
Hasdt st geri feg It §39 gu & fomet I

foareg, fR® gd y=ds, Wa3l, fams © €9 foms GuiGe © w3s ager J
o3 »id AW 3 Bd33d A U JOAHIE I&1 A& fegh gnrar fHan y=gst §,
gd AT TIHT T foged & »RHAR dds & J A wid W3, mee, famis,
fontt foifent a2 fordfent &% femgr ads & J, § 3¥we @ J1 f&g =< Aew ©
Yd'E@ 997 & UZ UsI-HOWIZ dde w I foufl, wifewi, muel fomiysst A 9% I,
g fesAe adtl gd fen Ves ¥ foust & y=gs e fiower 3, ud feom J, —ana
3. U A8 &dt ? Ba33dt B9 T BAS € H3®g 3AT gaft, 3ET vt e fRagr
fieer 3, U3 feome adtl 39339 © ©Y T TIMAG wid I gognmit ©ET sfmr
Jfenr 3, A fsgly He, a3 & woet 3t fdwr I udg mar (femee) €W T 3
et fors @I féer I »3 wdF Al YHSfdg3 J et JI
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1. Michel Foucault, "The Archaeology of knowledge', Page 107-108.

2. wefded fw, ‘yggsewe . Aoz 3 fegd, dar 17-18.

3. Peter Barry, 'Begining Theory : An introduction of Literary and Cultural Theory', Page
164.

Michel Foucault, 'Discipline and Punish', Page 96.

-- ibid -- Page 97.

— ibid — Page 98.

fedd gH g, H3T ¥ Yy29s, §8dd Hw (31) (aee), Jgggs (Rur), Tesos,
o 125-126.
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3 &t v -fea miftnis

HYY A9—g®<s HY e g9—aJet 3 I eA—16<a® ferr @A3 99
gIT-YIHAIS NJ3 & HBHAI---BH T Ade—JJITIdg B feH &
fagT—HAH i3 AU Bt |

vgfex Uare! Jarel feg &3 AW fega far g =
HEH &dt J AT fedd dhorm Jarait | Jardt JaTet €F uge gerg et
I& | A3 YIsH © fegd »igA™g,

‘fegx UAdt et = =f9H I-——-- fedx foot IaTat =
IEHY J I TUT TY gt gt 1T 3 2ctort gciort westet © gnrmds
89 wmust Igrer Ber I(1)
fegx it Foehntt Y& HAUT AT &% gFt
5 18T niushnl™ Igeintt feg Ug Hies w3 \igdt HO Fet & 9% J9e
JI135 3 & I fofn R Enff qoetnr 863 Io I feda © mivg feag
YMOHTT,

‘At &g 'é‘lmﬂ"d fear Het o feg 9 fa fear =r
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