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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 

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 
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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 

% Response among 

students 

Q. 1 What is the most 

important environmental 

issue on campus? 

Litter/garbage/trash 372 52.99 

Water Issues 230 32.81 

Pollution 174 24.82 

Energy issue 59 8.42 

Green cover 179 25.53 

Q. 2 How many waste 

categories are you aware 

of? 

Domestic waste 608 86.73 

Industrial waste 545 77.75 

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 

initiatives should be 

taken in your college? 

Purchasing recyclable products 274 39.09 

Using alternative energy sources 

for campus needs 

337 48.07 

Sustainable use of water 319 45.50 

Plastic use reduction 290 41.31 

Q. 4 Are you aware of the 

functioning of the Eco 

club of your college? 

Yes 308 43.93 

No 393 56.06 
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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/LEDs 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. 

No. 

    Close ended questions Selective preferences No. of 

response 

% Response 

among students 

Q.1 As an individual how frequently 

do you make efforts to reduce 

energy and water consumption 

at your residence? 

Always 304 43.36 

Sometimes 379 54.06 

never 19 2.71 

Q.2 Which of the following ways do 

you adopt to conserve water at 

your residence? 

 

Reduce shower time 303 43.22 

Turn off the sink while teeth 

brushing, hand washing, 

shaving, etc.   

624 89.01 

Only wash full loads of 

laundry  

155 22.11 

Reusing water 268 38.23 

Using less capacity flush tanks  180 25.67 

Q.3 Are you aware of your drinking 

water supply? 

 

Municipal corporations  450 64.19 

Well, / groundwater 190 27.10 

River  52 7.42 

Tap 116 16.55 

Don’t know  116 16.55 

Q.4 In which of the following ways 

do you conserve energy at your 

residence? 

Turn off lights when not in use 522 74.46 

Turn off electronics when not 

in use 

461 65.76 

Use Compact Fluorescent 

Light bulbs (CFLs) /LED’s 

469 66.90 
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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. 

No. 

   Close ended questions Selective 

preferences 

No. of 

response 

% Response among students 

Q. 1 How many kinds of bins are 

there at your home for waste 

segregation? 

 

One 326 46.5 

Two 418 59.62 

Four 33 4.71 

Q. 2 What type of waste do you 

often reuse and recycle at 

Newspapers 543 77.46 

Old notebooks 466 66.47 
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your home? 

 

Old clothes 433 61.91 

Old plastic and 

glass bottles 

307 43.79 

Cell phones 40 5.7 

Batteries and cells 45 6.42 

Q. 3 Which of the following ways 

do you adopt to minimize 

waste on your campus?  

 

 

Use double sided 

copies   

379 54.06 

Use reusable 

plates, cups, or 

utensils   

232 33.09 

Carry a reusable 

bottle or coffee 

mug 

259 36.94 

Avoid plastic 

packaging 

422 60.19 

Q. 4  Is there any recycling bin in 

your area? 

 

Yes 362 51.64 

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 

% Response among 

students 

Q. 1 The most dangerous hazard 

to health is posed by 

environmental pollution. 

 

Agree 700 99.86 

Disagree 29 4.14 

Don’t know 40 5.7 

Q. 2 Who is responsible for 

water pollution? 

 

Industrial effluent 625 89.15 

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 

are using at your home to 

purify the water? 

 

Boiling 226 32.23 

Chlorination 60 8.56 

Filtration 611 87.16 

Q. 4 What is your opinion 

regarding the water quality 

of your locality? 

 

Excellent 79 11.26 

Good 355 50.64 

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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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 10th 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 16th 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 30th June, 2016 in all Delhi Government schools wherein the 

objective was that all students will be able to pass the 10th board exam by the year 2018. It was 

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-IX 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. 
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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 IX 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 II 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   

SA1, 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 3rd and 15th. 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 

JamiaMiliaIslamia. (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    

            2018? 

⮚ 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-IX, 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 IX.) 

 

● 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 

I 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 I like to be with them. And during sports 

period I 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 I 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) 

“I 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 I 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, I 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 technique.  

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 I 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. I 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. I 

would have done Pratibha group's paper, because it has more questions so I 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.” 

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  

26 
 

 

“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. 

I 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 I entered 

the field, I 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. I 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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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 Königsberg bridge problem. The Königsberg 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 

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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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, Vojtêch Jarník 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:  

Step1: Begin with D[i]. D[i] represents the distance from the starting 

point V to the point Vi. If there is an arc between the two vertices, then D[i] is 

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

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 Vj and has the 

shortest distance from Vj. Make D[j]=Min{D[j], D[i] + the weight from Vj to 

Vk}.  

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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Step1: Start with D[i]. D[i] represents the distance from the starting 

point V to the object point Vi. 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) 

,if 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 D[i], 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:  

Step1: 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 G2 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 G3 and G4 are not trees as G4 is not a connected graph 

and in G3 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 G5 is a graph and T1, T2, T3, T4, are the 

corresponding spanning trees.  

The algorithm is as follows:  

Step1: 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:  

Step1: 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(n2 ) 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(n2) 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: A DIRECTED GRAPH 

 

 

 

 

 

                                                               

FIGURE 2 A DIRECTED GRAPH 

 

 

 

 

 

FIGURE 3 AN INFINITE GRAPH 
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FIGURE 4 A PSEUDOGRAPH                       

                             

   

 

 

 

FIGURE 5: WEIGHTED GRAPH 

 

                              

FIGURE 6 STEPS OF THE ALGORITHM 

 

 

 

 

  

FIGURE 7: NEGATIVE LOOP 
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FIGURE 8. FLOYD-WARSHALL  ALGORITHM  

 

 

 

 

FIGURE 9  ILLUSTRATES SEVERAL EXAMPLES TO DISTINGUISH GRAPHS WHICH ARE 

TREES AND WHICH ARE NOT. 

 

 

 

 

 

FIGURE 10 EXPLAINS THAT G5 IS A GRAPH AND T1, 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  

 

 

 
          

 

 

 FIGURE 14 THE EXISTING NETWORK OF 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.  

 

  

 
Figure 15  

                

FIGURE 16        COST STORAGE TO DETERMINE THE ORDER 

OF CELLS VISITED  

 
 

                     

 

 

 

FIGURE 17: A* ALGORITHM SEQUENCE  
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FIGURE 18: BEST FIRST SEARCH ALGORITHM SEQUENCE  

 

 

 

FIGURE 19: STARTING POINT IN KRANGGAN NO.100 KERANGGAN 

ROAD, GUNUNG PUTRI, BOGOR TO 12 STORE LOCATIONS WITH 

SEVERAL NODES 
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FIGURE 20 THE STEPS OF KRUSKAL'S ALGORITHM ARE APPLIED.   

 

  

 
  

  

 

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  

53 
 

   

    

  

 

    

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  

54 
 

              

 

   

 
Figure 20 
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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. 

 

 

                                                                       

 

  

                                                                     

TABLE 2 STEPS OF THE ALGORITHM 

 

 

   
 

     TABLE 3: AN EXAMPLE OF THE FLOYD-WARSHALL ALGORITHM 
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TABLE 4 GRAPH DATA WITH DISTANCE BETWEEN VERTICES  

 

  

 

 

TABLE 5 GRAPH DATA WITH DISTANCE BETWEEN VERTICES 

ARRANGED IN ASCENDING ORDER 
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TABLE 6 SHOWS THE RELATIVE DISTANCE TO ICT IN 

METERS.  

 

 

 

            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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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. 
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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 I (the minimum capital requirements) and Pillar II (the supervisory review process) of Basel 

Capital Accord. Pillar III 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 institution1. 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) 

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  

71 
 

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 stakeholders2. 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 confidence3. 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. 

2.) 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.  

3.) 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 valuation 

efficiency.  

4.) 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. 

5.) Promotes Market Discipline – Risk Disclosures promote market discipline and helps the 

investors to make more informed decisions.  

6.) 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.  

7.) 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.  

8.) Increased accountability to the Supervisors – Adequate risk disclosures make the financial 

institutions more responsible for their actions to the supervisory bodies and other 

stakeholders.  

9.) 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 

Author (s) and Year 
Disclosure 

Category 

Method, Period and 

Sample for Study 
Main Findings 

Basel Committee on 

Banking Supervision 

(2001); [similar studies 

carried out in 2002 & 

2003] 

Overall Risk 

Disclosures 

Survey of annual reports; 

annual reports- 1999; 57  

internationally active 

banks 

Lack of disclosures with regards to 

credit risk modelling, use of 

internal and external ratings, 

derivative and securitization; 

disclosure levels above 60% for 

operational, interest rate and 

liquidity risks 

Beretta and Bozollan 

(2004) 

Voluntary Risk 

Disclosure 

Content Analysis 

Approach, Disclosure 

Index and regression; 

annual reports- 2000; 85 

non financial companies 

listed on Italian Stock 

Exchange 

Disclosures reported are narrative; 

firms’ voluntary disclose the future 

strategies but not about their 

expected impact; disclosures biased 

towards management’s self-

justification; firms prefer to 

disclose management’s future  

expectations rather than conveying 

the risk management decisions and 

actions taken 

Lajili and Zeghal 

(2005) 

Overall Risk 

Disclosures and 

Risk Management 

Information 

Content Analysis 

Approach and regression; 

annual reports- 1999; TSE 

300 Canadian companies 

Risk information disclosed is 

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 

(2006) 

Operational Risk 

Disclosures 

Content and Extent 

Analysis, Disclosure 

Index and random effects 

ordered logit model; 

annual reports: 1998 to 

2001; 59 banks covering 

North America, Asia and 

Europe 

Both extent and content of banks 

disclosure increased substantially; 

institutions with lower equity ratio 

and /or are less profitable choose 

higher levels of operational risk 

disclosure. 

Linsley and Shrives 

(2006) 

Overall Risk 

Disclosures 

Content Analysis using 

risk disclosure sentences 

Positive significant correlation 

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 

Disclosures 

Content Analysis 

Approach, construction of 

score sheet; annual 

reports: 2000, 2003 & 

2006;  world’s top 25 

banks 

Diversity in the market risk 

disclosure practices, both numerical 

and narrative; that is why progress 

towards international harmonisation 

remains apparent with regards to 

market risk disclosures; no relation 

between the level of disclosure and 

bank size 

Hossain (2008) Overall risk 

disclosures  

Content Analysis 

Approach; Disclosure 

Index and regression; 

annual reports: 2003; 38 

listed banks in India 

Higher compliance to mandatory 

disclosure and lower compliance 

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 

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  

78 
 

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, credit and 

liquidity risk 

disclosures 

Content Analysis 

Approach; Disclosure 

Index (disclosure quality 

and disclosure quantity 

framework) and 

regression; annual reports: 

2005–2008; 8 German 

banks 

Regulation (GAS 5-10, IFRS 7) is 

the main driver for the increased 

disclosures for German banks; not 

the size and profitability of a bank 

Oliveira, Rodrigues 

and Craig (2011) 

Voluntary 

disclosure of 

operational risk and 

capital structure and 

adequacy 

Content Analysis 

Approach; Disclosure 

Index and regression; 

annual reports: 2006; 111 

Portuguese banks 

Low levels of disclosure; public 

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 

(2013) 

Operational risk 

disclosures 

Content Analysis 

Approach; Disclosure 

Index and two stage 

random-effects model 

with generalized least 

squares (GLS); annual 

reports: 2008-2010; 85 

European banks 

High variation in disclosure quality; 

banks with higher proportion of 

outside board directors, lower 

executive ownership, concentrated 

outside non-governmental 

ownership, more active audit 

committee and operating under less 

stringent entry to banking 

requirements provide higher quality  

of operational risk disclosures 

Ismail, Rahman and 

Ahmad (2013) 

Overall Risk 

Disclosures 

Content Analysis 

Approach; Disclosure 
Index; annual reports: 

2006-2009; 17 Islamic 

Risk disclosure has greatly 

improved from around 80% to 
more than 90%; hence Islamic 

financial institutions have enhanced 
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Author (s) and Year 
Disclosure 

Category 

Method, Period and 

Sample for Study 
Main Findings 

financial institutions in 

Malaysia 

their disclosure considerably 

Hassan (2014) Overall Risk 

Disclosures 

Content Analysis 

Approach; Disclosure 

Index and regression; 

annual reports: 2006-

2010; 27 Egyptian listed 

companies 

Low level of improvement in 

disclosure quality; disclosures are 

relevant and understandable to 

some extent but less comparable 

and verifiable; firm size and 

leverage are the most important 

determinants of disclosure quality 

Buckby,.Gallery, .and  

Ma (2015) 

Overall Risk 

Disclosures 

Content Analysis and 

Regression Analysis; 300 

Australian Securities 

Exchange -listed 

companies by market 

capitalisation 

Widespread divergence in 

disclosure practices; low 

conformance with the Principle 7 of 

the ASX Corporate Governance 

Principles and Recommendations. 

Also companies do not disclose all 

“material business risks” 

Raemaekers, Maroun 

and  Padia (2015) 

Overall Risk 

Disclosures 

Content Analysis; annual 

reports 2010-12; few large 

firms listed on the 

Johannesburg Stock 

Exchange 

Increase in disclosure over the 

period; possibility of reporting on 

the governance of risk being a 

compliance-based exercise rather 

than an  effective stakeholder 

communication 

Jia, Munro and 

Buckby (2016) 

Overall Risk 

Disclosures 

Semantic content analysis; 

annual reports 2010-12; 

100 Australian Securities 

Exchange (ASX) listed 

companies 

Disclosures are considerably 

lacking in quality, from the 

dimension “quantity”, “width” and  

“depth” dimension and sub-

dimensions 

 Kakanda, Salim and 

Chandren (2017) 

Overall Risk 

Disclosures 

Content Analysis 

Approach; Disclosure 

Index; annual reports 

2012-15; 45 listed 

financial service Nigerian 

firms  

Significant disclosure w.r.t. risk 

management committee structure 

and its responsibility, risk 

management policies, audit 

committee availability and 

function, and capital/market risks 

Rujjina and Sukirman 

(2020) 

Enterprise Risk 

Management 

Disclosures 

Content Analysis and 

Regression Analysis; 

annual reports 2013-17; 

manufacturing firm 

registered on Indonesia 

Stock Exchange 

Firm size and firm age have 

significant positive effect on 

enterprise risk management 

disclosure, while leverage, 

profitability, domestic institutional 

ownership structure, foreign 

ownership structure, local 

individual ownership structure 

hadvea significant negative effect 

Nahar and Azim  

(2022) 

Executives' 

perceptions of risk 

management 

disclosures 

Semi-structured in-depth 

interviews with 36 

executives involved in risk 

management disclosures, 

policy-making  

Corporate risk management 

disclosures still at a low level.; 

reasons for non-disclosure may be 

related to institutional weaknesses, 

lack of disciplinary action and 
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Author (s) and Year 
Disclosure 

Category 

Method, Period and 

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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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 

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. 
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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 

shown to increase retention of information by the 

students, and takes less time. With this sudden shift 

away from the classrooms in many parts of the globe, 

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: 

 

 

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 

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  

90 
 

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 

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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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  

 

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 

 

 

 

https://journal.mscw.ac.in/Research_Journal/latest_issues.aspx
mailto:drmeenakshisswami@gmail.com


Samikhiya A Multidisciplinary Research Journal                                                                                                                                           

Year 2022 | Volume-I 

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

101 
 

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 

H1 = Policies have been engineered with the aspect of ‘Nudging’ in India 

H01 = Policies have not been engineered with the aspect of ‘Nudging’ in India 

H2= Nudging aspect in Indian macroeconomic policies has helped in achieving desired goals 

H02= 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 

education 

Nudges students to eat healthy and 

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 

Yojna 

Increase in the coverage of 

insurance amongst the 

citizens 

Nudging people towards taking health 

insurance 

2018 Ayushman Bharat Programme Coverage for each family 

upto 5 lakh per year 

A slight push for the people who are 

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 

and attendance of the 

students 

Nudging students to attend classes by 

offering them nourishing meals on a 

daily basis 

2009 Rashtriya 

Madhyamik Shiksha 

Abhiyan 

Improving the quality and 

accessibility to secondary 

education 

Quality attracts students 

2015 Sukanya 

SamriddhiYojna 

Saving funds for girl child 

education or marriage 

Nudging for reducing gender bias 

withhigher studies fund and savings 

2015 Beti Bacho 

BetiPadhao 

Gender ratio and women 

education 

Nudging for increasing girl child ratio 

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 

2018-2019 

Health Index 

2019-2020 

Education Index 

2015-2016 

Education Index 

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 

Pradesh 

33.37 36.72 44.42 47.24 

Andhra 

Pradesh 

68.88 69.95 48.42 56.08 

Table is authors own (data source: NITI 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 19th 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 18th 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 II. 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 = ai,j to represent a matrix 

where ai,j 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 in a 

variety of domains. 

In this paper, section 2 presents 5 special types of matrices viz., Hadamard matrix, Sparse 

matrix, Idempotent 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, Idempotent 

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. 

 

For example: H1 =[

1    1    1    1
1 −1    1 −1
1    1 −1 −1
1 −1 −1    1

] is a Hadamard matrix. 

 

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

 

For example: H2 =[

1     1    1    1
1  −1    1 −1
1  −1 −1 −1
1  −1 −1    1

] is not a Hadamard matrix. 

 
The matrix H2 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 2k for all non-negative integer k as follows: 
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H2
k
 = [
𝐻2(𝑘−1) 𝐻2(𝑘−1)
𝐻2(𝑘−1) −𝐻2(𝑘−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, HHT = nI where HT is the transpose of H, and I is the identity matrix. 

This implies H is non-singular and has inverse n-1HT. Hadamard matrix satisfies Hadamard’s 

determinant inequality which states that if A = ai,j is a matrix of order n where |𝑎𝑖,𝑗| ≤ 1 for all  

i and j, then |det 𝐴| ≤ 𝑛𝑛/2. 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 Voyager 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 

matrix. For example: [

0 0 4 0 8
0 0 2 3 0
0 0 0 0 0
0 9 5 0 0

] is a sparse matrix. 
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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 0th row in this 

representation. For example, 

 

 

 

 

[
 
 
 
 
0 0 0 0 7 0
0 6 0 0 0 0
3 0 0 4 0 0
0 0 0 0 0 8
0 0 5 0 0 0]

 
 
 
 

            → 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: A 5 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. 
 

  

Rows Columns Values 

5 6 6 

0 4 7 

1 1 6 

2 0 3 

2 3 4 

3 5 8 

4 2 5 
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IndexValue 

Down Right 

 

Row column Value 

down/up Right 

 

 

Header Node Element Node 
 

Figure 2: Header node and element node in linked list 

H0, H1..., 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. Idempotent 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. 

For example: [
3 −6
1 −2

] and [
   2 −2 −4
−1    3    4
   1 −2 −3

] are idempotent matrices. 

 

Since for an idempotent matrix A, A² = A, therefore A must be a square matrix. Idempotent 

matrices are also known as periodic matrices or n-potent matrices (i.e., An = A). In particular, 

if n=3, A is 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-B2, where B1 and B2 

are idempotent matrices such that B1B2 = B2B1 = 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, 

Vmn (xn) = 

[
 
 
 
 
1 𝑥1 𝑥1

2 ⋯ 𝑥1
𝑚−1

1 𝑥2 𝑥2
2 ⋯ 𝑥2

𝑚−1 

1 𝑥3 𝑥3
2 ⋯ 𝑥3

𝑚−1

⋮ ⋮ ⋮ ⋱ ⋮
1 𝑥𝑛 ⋯ ⋯ 𝑥𝑛

𝑚−1]
 
 
 
 

 

 

and can be written as Vij = 𝑥𝑖
𝑗−1

 , ∀ 𝑖 𝑎𝑛𝑑 𝑗, where 𝑥𝑖’s are called nodes or points. 

 

For example: V1 = [

1 1 12 13

1 2 22 23 

1 3 32 33

1 4 42 43

] =   [

1 1 1 1
1 2 4 8
1 3 9 27
1 4 16 64

] is a Vandermonde matrix. 
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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 (𝑥1, . . . , 𝑥𝑛) = det (Vn (𝑥1, . . . , 𝑥𝑛)) = det (V) = ∏ (𝑥𝑗 − 𝑥𝑖)1≤𝑖<𝑗≤𝑛 .    

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 

if and only if 𝑥𝑖 ≠ 𝑥𝑗, ∀ 𝑖 𝑎𝑛𝑑 𝑗, i.e., all 𝑥𝑖’s should be distinct and thus the square Vandermonde matrix is 

invertible where inverse is given by (Soto-Eguibar, and Moya-Cessa, , 2011) 

 

(𝑉𝑛
−1)𝑖𝑗 = 

(−1)𝑗−1𝜎𝑛−𝑗,𝑖
∏ (𝑥𝑘 − 𝑥𝑖)
𝑛
𝑘=1
𝑘≠𝑖

 

where, 𝜎𝑗,𝑖 = ∑ ∏ 𝑥𝑚𝑘
(1 − 𝛿𝑚𝑘,𝑖

𝑗
𝑘=1 )1≤𝑚1<𝑚2< …< 𝑚𝑗≤𝑛 

  and, 𝛿𝑎,𝑏 = {
1 , 𝑎 = 𝑏
0 , 𝑎 ≠ 𝑏

. 

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-1 represents inverse of a Vandermonde matrix, then it can be written as: A-1 = U-1 L-1 , where, U 

is an upper triangular matrix and L is a lower triangular matrix. 

𝑈−1 =

[
 
 
 
 
 
1 −𝑥1 𝑥1𝑥2 −𝑥1𝑥2𝑥3 ⋯
0 1 −(𝑥1+𝑥2) 𝑥1𝑥2 + 𝑥2𝑥3 + 𝑥3𝑥1 ⋯

0 0 1 −(𝑥1 + 𝑥2 + 𝑥3) ⋯
0 0 0 1 ⋯
⋮ ⋮ ⋮ ⋱ ⋮
⋮ ⋮ ⋮ ⋮ ⋮ ]

 
 
 
 
 

 and, 
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𝐿−1 =

[
 
 
 
 
 

1 0 0 ⋯
1

𝑥1−𝑥2

1

𝑥2−𝑥1
0 ⋯

1

(𝑥1−𝑥2)(𝑥1−𝑥3)

1

(𝑥2−𝑥1)(𝑥2−𝑥3)

1

(𝑥3−𝑥1)(𝑥3−𝑥2)
⋯

⋮ ⋮ ⋱ ⋮
⋮ ⋮ ⋮ ⋮ ]

 
 
 
 
 

. 

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

 

𝐺𝑚𝑛(𝑥𝑛) = [𝑥𝑗
𝛼𝑖]𝑖,𝑗

𝑚,𝑛 = 

[
 
 
 
 
𝑥1
𝛼1 𝑥1

𝛼2 ⋯ 𝑥1
𝛼𝑚

𝑥2
𝛼1 𝑥2

𝛼2 ⋯ 𝑥2
𝛼𝑚 

𝑥3
𝛼1 𝑥3

𝛼2 ⋯ 𝑥3
𝛼𝑚

⋮ ⋮ ⋱ ⋮
𝑥𝑛

𝛼1 ⋯ ⋯ 𝑥𝑛
𝛼𝑚 ]
 
 
 
 

 

 

where 𝑥𝑖  𝜖 ℂ, 𝛼𝑖 𝜖 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, 

 

𝐴𝑚𝑛(𝑓𝑚; 𝑥𝑛) = [𝑓𝑖(𝑥𝑗)]𝑖,𝑗
𝑚,𝑛

 = 

[
 
 
 
 
𝑓1(𝑥1) 𝑓1(𝑥2) 𝑓1(𝑥3) ⋯ 𝑓1(𝑥𝑛)
𝑓2(𝑥1) 𝑓2(𝑥2) 𝑓2(𝑥3) ⋯ 𝑓2(𝑥𝑛)
𝑓3(𝑥1) 𝑓3(𝑥2) 𝑓3(𝑥3) ⋯ 𝑓3(𝑥𝑛)
⋮ ⋮ ⋮ ⋱ ⋮

𝑓𝑚(𝑥1) 𝑓𝑚(𝑥2) ⋯ ⋯ 𝑓𝑚(𝑥𝑛)]
 
 
 
 

, 

where f1, f2, . . . , fm are functions from a field F → F. 

Karl Lundengård (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 = 𝑅(3) =  { ⟨
𝑎

𝑏 ℎ(𝐴) = 𝑐

𝑒

   𝑑 ⟩ ∶  𝑎, 𝑏, 𝑐, 𝑑, 𝑒 ∈ ℝ }                                                       (1) 

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 =  

{
 
 

 
 

 ⟨

𝑎1
𝑏1 ℎ(𝐴) = 𝑐1

𝑒1

   𝑑1⟩ ∶  𝑎1, 𝑏1, 𝑐1, 𝑑1, 𝑒1  ∈ ℝ 

}
 
 

 
 

  and  

𝐵 =  

{
 
 

 
 

 ⟨

𝑎2
𝑏2 ℎ(𝐵) = 𝑐2

𝑒2

   𝑑2⟩ ∶  𝑎2, 𝑏2, 𝑐2, 𝑑2, 𝑒2  ∈ ℝ 

}
 
 

 
 

                                                       (2) 

𝐴 + 𝐵 = ⟨

𝑎1 + 𝑎2
𝑏1 + 𝑏2 ℎ(𝐴) + ℎ(𝐵)

𝑒1 + 𝑒2

   𝑑1 + 𝑑2⟩.                                                                       (3) 
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For any scalar 𝛼 ∈ ℝ: 𝛼𝐴 = ⟨

𝛼𝑎1
𝛼𝑏1 𝛼ℎ(𝐴)

𝛼𝑒1

   𝛼𝑑1⟩ 

𝐴 ◦ B = ⟨

𝑎1ℎ(𝐵) + 𝑎2ℎ(𝐴)

𝑏1ℎ(𝐵) + 𝑏2ℎ(𝐴) ℎ(𝐴)ℎ(𝐵)

𝑒1ℎ(𝐵) + 𝑒2ℎ(𝐴)

   𝑑1ℎ(𝐵) + 𝑑2ℎ(𝐴)⟩. 

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 ◦ B = ⟨

 𝑎1𝑎2 + 𝑑1𝑏2
𝑏1𝑎2 + 𝑒1𝑏2 ℎ(𝐴)ℎ(𝐵)

𝑏1𝑑2 + 𝑒1𝑒2

   𝑎1𝑑2 + 𝑑1𝑒2⟩. 

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(𝑛) = 𝑅(𝑛) =  

{
 
 
 
 
 

 
 
 
 
 

 ⟨

𝑎1
𝑎2 𝑎3 𝑎4

⋯ ⋯ ⋯ ⋯ ⋯

𝑎
{
𝑡+1

2
}−𝑛/2

⋯ ⋯ ℎ(𝐴) = 𝑎
{
𝑡+1

2
}

⋯ ⋯

⋯ ⋯ ⋯ ⋯ ⋯
𝑎𝑡−3 𝑎𝑡−2 𝑎𝑡−1

𝑎𝑡

   𝑎
{
𝑡+1

2
}+𝑛/2

⟩ ∶  𝑎1, 𝑎2, … , 𝑎𝑡  ∈ ℝ 

}
 
 
 
 
 

 
 
 
 
 

   (4) 

 

where 𝑛 𝜖 2ℤ+ + 1, 𝑡 =
1

2
(𝑛2 + 1) and ℎ(𝐴) = 𝑎

{
𝑡+1

2
}
 is the heart of the rhotrix matrix in R(n).  

 

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: 

𝑅(2) =  { ⟨
𝑎

𝑏
𝑒

  𝑑 ⟩ ∶  𝑎, 𝑏, 𝑑, 𝑒 ∈ ℝ }. 
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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)| =
1

2
(𝑛2 + 2𝑛),

𝑤ℎ𝑒𝑟𝑒 𝑛 𝜖 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, 

 

𝑅𝑚 = (ℎ(𝑅))𝑚−1 = ⟨
𝑚𝑎

𝑚𝑏 ℎ(𝑅)

𝑚𝑒

   𝑚𝑑⟩. 

If m = 0, then the identity of rhotrix is defined as: 

                                                             𝐈 = 𝑅0 = ⟨
0

0 1
0

   0 ⟩                                         (5)  

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

                                                    𝑅−1 =
−1

(ℎ(𝑅))2
⟨

𝑎
𝑏 −ℎ(𝑅)

𝑒

   𝑑 ⟩.                                  (6) 

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 𝐴2 = 0. 

Similarly, Identity hl-rhotrix is defined as: 

𝐈 = ⟨
1

0
1

   0 ⟩ 

and inverse of a hl-rhotrix is defined as: 

𝑅−1 =
1

𝑎𝑒−𝑏𝑑
⟨

𝑒
−𝑏

𝑎

   −𝑑⟩, where ae ≠ bd. 

Along with an n-dimensional rhotrix as (4), Mohammed (2007) also defined an n-dimensional rhotrix 

as follows: 
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𝑅(𝑛) =  ⟨

𝑎11
𝑎21 𝑐11 𝑎12

⋯ ⋯ ⋯ ⋯ ⋯
𝑎𝑡1 ⋯ ⋯ ⋯ ⋯ ⋯

⋯ ⋯ ⋯ ⋯ ⋯
𝑎𝑡𝑡−1 𝑐𝑡−1𝑡−1 𝑎𝑡−1𝑡

𝑎𝑡𝑡

   𝑎𝑡𝑡⟩ 

where 𝑎𝑖𝑗(𝑖, 𝑗 = 1,2, … , 𝑡) are called the major entries and 𝑐𝑘𝑙(𝑘, 𝑙 = 1,2, … , 𝑡 − 1) are called the 

minor entries of R. A n-dimensional rhotrix R(n) = 〈𝑎𝑖𝑗, 𝑐𝑘𝑙〉 is called as a couple of two matrices 

namely (𝑎𝑖𝑗) called the major matrix and (𝑐𝑘𝑙) 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) = 〈𝑎𝑖𝑗 , 𝑐𝑘𝑙〉, where 𝑎𝑟𝑟(1 ≤ 𝑟 ≤ 𝑡) and 𝑐𝑠𝑠(1 ≤ 𝑠 ≤ 𝑡 − 1) as,  rank (R) = rank 

(𝑎𝑖𝑗) + rank (𝑐𝑘𝑙),  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: 

𝑆𝑛 =∑[𝐴 + (𝑛 − 1)𝐵]

𝑛

𝑘−1

 

where 𝑆𝑛 is the arithmetic progression with A as the first term and B as the common difference. The 

𝑛𝑡ℎ sum is given as: 

𝑆𝑛 =
𝑛

2
{2𝐴 + (𝑛 − 1)𝐵} =

𝑛

2

{
 
 

 
 

2 ⟨

𝑎1
𝑏1 ℎ(𝐴)

𝑒1

   𝑑1⟩ + (𝑛 − 1) ⟨

𝑎2
𝑏2 ℎ(𝐵)

𝑒2

   𝑑2⟩

}
 
 

 
 

. 

⟹ 𝑆𝑛 = ⟨

2𝑛𝑎1+𝑛(𝑛−1)𝑎2

2
2𝑛𝑏1+𝑛(𝑛−1)𝑏2

2

2𝑛ℎ(𝐴)+𝑛(𝑛−1)ℎ(𝐵)

2
2𝑛𝑒1+𝑛(𝑛−1)𝑒2

2

   
2𝑛𝑑1+𝑛(𝑛−1)𝑑2

2
⟩. 

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

𝑈𝑛 =∑[𝐴 ∘ 𝐵𝑘−1]

𝑛

𝑘=1

 

where A is the first term and B is the common ratio. The 𝑛𝑡ℎ sum is given as: 
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𝑈𝑛 = 𝐴 ∘ (
𝐼−𝐵𝑛

𝐼−𝐵
). 

⟹ 𝑈𝑛 = 𝐴 ∘ {(𝐼 − 𝐵
𝑛) ∘ (𝐼 − 𝐵)−1},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 = B and C ∘ Y = 

D have unique solutions, given by X = B - A and Y = D ∘ 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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g{opbhnK nB[Fk;B gqDkbhnK d/ fto'X iK ft;Eko ftu @T[&Zso# o{g j'Id ftu nkT[Id/ 

jB. fJBQK @T[&Zso# nzso-fdqFNhnK dk gqw[Zy gq:'iB ;kfjs nkb'uBk dh EK #s/ ;kfjs f;XKs 

T[&Zgo pb d/Dk ;h. ;kfjs-nkb'uBk dk ;zpzX fiZE/ ;kfjs gkm dh ftnkfynk sZe ;hfws j?, T[E/ 

;kfjs f;XKs, ;kfjs gkm dh ftnkfynk s'I nrKj ik e/ fJj do;kT[Idk j? fe ;kfjse gkm 

noE fet/I g?dk eodk j? < j"bah-j"bah fJj gqubB fJe ;[szso nB[Fk;B ti'I T[&ZGoBk F[o{ j' 

frnk, fi; dk wzst ;kfjse, ebksfwe s/ j'o ;fGnkukoe f;oiDktK d/ noE T[sgkdB dh 

fefonk pko/ frnkB d/Dk j?. fJ;  

pdbt/I gfog/y ftu @T[&Zso# o{gK B/ g{opb/ nB[Fk;BK d/ T[bN gkm dh EK, gkm  

d/, noE T[skgdB dh fefonk Bz{ nroG{fws eo fdZsk. ;kfjse gkmK dh ftnkfynk dh EK 

tX/o/ ftFkb @;kfjse gqtuB# dh gqfeosh ns/ gqpzX tX/o/ fXnkB dk e/Ido pD frnk. fJ; BthI 

ftXh B/ T[; ;wZrotkdh gjz[u Bz{ oZd eoBk F[o{ eo fdZsk, fi; ftu fe;/ fB;us ;zrfms gkm 

ftu'I, fB;us noEK dh sbkF ehsh iKdh ;h. fJBQK @T[&Zso# nB[Fk;BK dk ekoi fB;us ;zouBk 

tZb'I dfws nfB;us noEK dh Gkb eoBk ;h. ni'e/ ;w/I #u ;kfjs d/ nfXn?B dh t;s 

;kfjse gkm BjhI, ;r'I gqtuB j?. j[D  

b/ye ns/ gkm dh EK gqw[Zysk gkme ns/ nkb'ue Bz{ gqtkBs eo bJh j?. ;kfjs dh ;kfjsesk 

dh Ekt/I T[; dk noE T[sgkdBh fefonk ti'I ns/ T[; d/ j'o gqtuBK Bkb ;zpzXK pko/ ns/ fJ; 

;ko/ e[M d/ Bkb Fesh dk ;zpzX tX/o/ fXnkBr'uok j' frnk j?. gozs{ fJj ;kok toskok 

 

fBo;zd/j, fwF?b c{e' gqtuB, Fesh, frnkB d/ T[j foFs/ T[gikT[D dk :sB eodk j? fijV/ nZi ;zxtkd s/ b'eszso ;N/N #u ekoiFhb 

jB. ;[nkb fJBQK d[nkok f;oi/ gqtuBK Bz{, c{e' d[nkok do;kJ/ rJ/ fBod/FK Bz{ nksw;ks eoB dh j? iK nZi ;Zsk, ;N/N, frnkB, 

fBnK$nfBnK Bt/I fd;jZfdnK tZb fJFkok eoB dh j?, Bz{ sbkFD dk j?. fJj Bt/I ;ztkd d/ g[okD/ okjK Bz{ w[V g[Bo-;[oihs eoB dk j?. 

fBnK, nfBnK, ;}ktK, fBnK-gqDkbh ;G e[M j?, go fJB;kca BjhI. c{e' fJ;/ wzEB #u fbysK Bz{ gqtuB ti'I f;oidk j?, go fJBkw j?, doFe 

B/, go ;[nkb BjhI < b'eszsoh YKu/ #u ;[nkb dk wsbp @s[;hI pk|h, s[;hI nkeh# dk f;jok fwbdk j?, go fJB;kca BjhI. b'eszso d/ YKu/ 

#u don;b nZi th p[o}{nkih YKuk S[fgnk j'fJnk j?, 
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nuBu/s BjhI tkgfonk ;r'I fJ; dh g?Im g{opb/ fuzsB ftu'I bZGh ik ;edh j?. ;{uBk s/ 

seBkb'ih d/ :[Zr ftu nZi jo t;s-toskok fJe gkm (text) ti'I rqfjD ehsk ik fojk j?. 

gkm ftubh fujBeh gqfefonk s'I nrKj ik e/ fJ; ftu b[e/$S[g/ gqtuBK Bz{ sbkFD dk fotk} 

s[fonk j?. ;kfjse gqtuB fi; Gkt-irs Bz{ gqrN eodk wzfBnk iKdk j?, T[; ftu Fkfwb sZs 

n;b ftu ;fGnkukoe fujBe, GkFk dh Fpdktbh dk gozgokJh gqrNktk j[zd/ jB. 

coK;h;h fuzse fwF?b c{e' B/ nkgDhnK fbysK okjhI ;w[Zu/ ftFt Bz{ gqGkts ehsk. T[; 

dhnK fbysK tX/o/ ifNb jB, fi; ekoB noEK dh ;wM pDkT[D bJh gkm ns/ ;zebgK, 

;zdoGK dh i[;si{ eoBh g?Idh j?. fwF?b c{e' dk ;w[Zuk fuzsB frnkB, Fesh$;Zsk s/ ftnesh d/ 

;zpzXK Bz{ i'VB #u bZfrnk fojk. T[; d/ fuzsB ftu @gqtuB# ftF/F wjZssk dk XkoBh fojk j?. 

T[; dhnK g[;seK @The order of the things#, @The archaeology of knowledge#, @Madness and 

civialization#, @Discipline & Punish#, @The birth of the clinic#, @History of sexuality (I.II.III)# 

nkfd gqtuB d/ ;zebg Bz{ gfoGkFs eodhnK B}o nkT[IdhnK jB. T[go'es g[;seK dk ;KMk 

Ehw s/ ;{so frnkB, ;Zsk s/ ftnesh d[nkb/ e/Idfos j?. nkgDh g[;se @The archaeology of 

knowledge# ftu gqtuB Bz{ fJT[I gfoGkFs eodk j? L 

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

produced) by the group of signs, but I 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.”1 

fwF?b c{e' gqtuB Bz{ fJe ;zd ti'I tosdk j?, fi; okjhI Fesh jfEnkJh iKdh j?. @@c{e' 

dk wzBDk j? fe FeshFkbh xZN frDsh, FeshjhD tZX frDsh Bz{ gqtuB dh skes okjhI nkgD/ 

nkF/ nXhB Ykb b?Idh j?. HHHHe'Jh th wkBt ftfrnkB ;Zu iK fBogZy BjhI j?. fJ; soQK c{e' B/ 

frnkB d/ ;ZuK iK t;s{fBFm j'D T[&Zs/ ;[[nkbhnk fBFkB brk fdZsk j?.##2 c{e' dhnK fbysK 

fJj fdqV eotkT[IdhnK jB fe frnkB s/ Fesh nzso-;zpzfXs jB. fi; tor ftF/F e'b skes 

j?, T[j t;s-toskfonK Bz{ nkgD/ nB[;ko tfynkT[Idh j?. c{e' dk wzBDk j? fe (i/bQK, gkrbykB/, 

j;gskb, ;e{b) nkfd ;Zsk ;z;EktK d/ gqtuB okjhI wB[Zyh nkswgoesk (subjectivity) Bz{ yk; 

nB[Fk;B ftu YkbDk j? sK i' wB[Zy ;ohoe s/ wkBf;e gZy'I ;Zsk d/ gokXhB (r[bkw) oj/. c{e' 

dhnK fbysK ]k; eo e/ ;Zsk s/ frnkB d/ gq;zr ftu, T[; Bz{ T[; d/ ;wekbh fuzse 

nbfET{;o s/ d?fodk Bkb'I th tyfonkT[IdhnK jB. nbfET{;o dk ftuko j? fe oki ;Zsk nkgD/ 

ekBz{BK, ftZfdne ;z;EktK, gfotko s/ fB:wK, ;dkuko pko/ XkoBktK nkfd okjhI ftukoXkok dk 
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;zuko eodh j?. oki ;Zsk f;ZX/ s"o #s/ o'e BjhI brkT[Idh go b'eK Bz{ ftrfVnk j'fJnk ;Zu 

ns/ Grsh:[es ihtB jh ftnkge, ;[Gkfts ns/ nzfsw beF tkbk ;theko eotkJh oZydh j?. 

don;b nbfET{;o, rqkwFh d/ ftuko Bz{ nksw;ks eodk j? fe ;Zsk f;oca sFZdd dk ;q's 

BjhI j?, ;r'I fJj T[BQK i[rsK dk ;jkok b?Idh j?, i' gqsZy s"o #s/ ;ZfGne jB, nfijk eo e/ 

oki ;Zsk ns/ T[j iwks i' T[; dh GkJhtkb j?, nkgDh gqG{sk$;odkoh ekfJw oZydh j? L 

“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.”3 

fJ; w;b/ Bz{ tZyo/ s/ ftFk noE fwF?b c{e' nkgDh fbysK okjhI fdzdk j? fe @gqtuB Bz{ 

skes Bkb i'VBk nkgD/-nkg #u nfjw B[esk j?#. fwF?b c{e' dk efjDk j? fe f;nk;h s/ 

nkofEe f;;NwK ns/ fe;/ ;wkie d"o ftu ftukoXkoe FeshnK dh goy sd jh ftfrnkBe 

j't/rh i/ gqtuB ftu GkFk s/ T[esh d/ gko @j'o# (others) dh T[EkgBk s/ GzBs'V ehsh ikt/. 

fJ; @j'o# dk Bksk skes d/ foFfsnK Bkb j?. c{e' gqtuB Bz{ jh skes$;Zsk nkydk j? feT[Ife 

fe;/ ]k; :Z[r ftu frnkB ftXktK T[&Zgo T[;/ iwks dk ep}k j[zdk j?, fi; e'b f;nk;h skes 

j?. fJ; skes dh p[Ds ftu nB/eK wBkjhnK, o'eK, vo, sFZdd g?dk eoB tkbhnK wkBth ns/ 

gqtuBh i[rsK Fkfwb jB. g[fb;, ekBz{B, ndkbsK, i/bQK, j;gskb, ;e{bK dh w"i{drh d/ eJh 

noE jB. fit/I o'eDk, nB[Fk;B eoBk, w[bsth eoBk, ftu'brh okjhI ;zgoe ;kXDk fe @;G 

mhe-mke j?# nkfd gqtuBK Bz{ tosDk. fwF?b c{e' dk nfjw ;{so fJj j? fe ;Zsk dk gqtuB 

nkgDh jo i[rs Bz{ soeFhb s/ ;[Gkte, wkBth s/ ;ot-;zgzB gqrN eodk j?. fwF?b c{e' dh 

@;Zsk s/ gqtuB# dh oDBhsh Bz{ fJ; gqeko ;wfMnk ik ;edk j? L 

“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 ; 
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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.”32 

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

everywhere.”4 

T[go'es d't/I gfoGkFk Fesh dhnK ftF/FsktK Bz{ gqrNkT[IdhnK jB. c{e' dk wzBDk j? fe 

frnkB ns/ Fesh dk nzso;zpzfXs j'Dk jh gqtuBh i[rs Bz{ f;oidk j? go T[j fJj th wzBdk 

j? fe Fesh jw/Fk s'I j?, frnkB d/ tZy'-tZyo/ gqtor Fesh ftu fBofws jB L 

“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.”5 

coK;h;h ftdtkB fuzse :Ze d?fodk, gZSwh dkoFfBe gozgok Bz{ X[Bh-e/Idotkd ns/ Fpd-

e/Idotkd dk fFeko dZ;dk j?. d?fodhnB gqtuB ftyzvB okjhI ;w[Zuh gZSwh dkoFfBe gozgok Bz{ 

ns/ fJ; gozgok d[nkok f;oi/ gqtuBK Bz{ u[D"sh fdzdk j?. d?fodhnB gqtuB gZSwh doFB Bz{ 

@gokG"fsesk# dk fFeko dZ;dk j?, fJj wzB e/ uZbdk j? fe GkFk dh sfj #u e'Jh e/Ido S[fgnk 

j'fJnk j?, fi; Bz{ T[j bZG ;ed/ jB. fJ; soQK ftyzvB gZSwh dkoFfBe gozgok Bz{ @w"i{drh d/ 

nfXnksw# dk fFeko wzBdk j?. d?fodk nB[;ko e'Jh th doFB f;nk;s s'I fBob/g BjhI j[zdk. 

tZy'-tZyo/ ;zebg, Xkotk;/, wB"sK skes$;Zsk$Fesh dhnK jh tZy'-tZyohnK fJekJhnK jz[d/ jB. 

d?fodhnB fuzsB pk]fsB d/ pj[Bkdh gqtuB (Pelyphonic Discourse) ns/ fwF?b c{e' d/ Fesh 

(Power) ;zebg Bkb w/b yKdk j?. gozs{ d?fodhnB fuzsB ns/ fwF?b c{e' #u w{b tZyosk fJj 

T[&ZGodh j? fe d?fodhnB ftyzvB gkm d/ ftFb/FD sZe ;hws ofjzdk j'fJnk gkm d/ nzso-

fto'XK, nzfsw noEK, nzfsw ftnkfynk #s/ ;ZN wkodk j?. d?fodk skes dhnK ;z;EktK dh rZb 

sK eodk j? go fJBQK ;z;EktK tZb gosdk BjhI, fit/I fwF?b c{e' gosdk j?. T[go'es uouk 

okjhI fwF?b c{e' dh tZyosk, gqtuB d/ ;zdoG ftu ;Zsk, frnkB ns/ ftnesh dh G{fwek 

T[go'es d'jK fuzseK s'I fet/I nZvoh j?, Bz{ T[GkoBk th j?. fszBK jh fuzseK dk ;KMk ;{so fJj 

j? fe fe;/ th fBog/y frnkB, ;Zu, J/esk, noEK dh fBoze[Fsk, ;Ekgsh Bz{ u[D"sh d/Dk j?. 

gozs{ ]kb; ;Zsk d/ gqtuB, T[; dh gqfeosh, ;o{g s/ fJ; dhnK ;zGktBktK fwF?b c{e' dhnK 

ftu'I jh fwbdhnK jB feT[Ife T[j ft;Eko #u ;z;EktK ftu d]b fdzdk j?. gqtuB, gqtuBkswe 

F?bh s/ |bp/ dh iVQ (Roots) Bz{ g[oksZst ftfrnkB #u'I yzxkbdk j? feT[Ife c{e' fJj wzBdk j?  
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fe Fesh dk gk;kok fJefjok BjhI, fJj pj[-g;koh j? s/ frnkB s'I gfjbK j?. idfe 

frnkB id'I Fesh$;Zsk dk wkfXnw pDdk j? sK @fjz;kswe# o[MkB th ;ZfGne j' r[}odk j? 

feT[Ife jkewhns dk T[d/F sFZdd BjhI ;r'I jo tsho/ dk fJ;s/wkb eo, b'ekJh Bz{ nkgDh 

GkFk f;ykT[Dk j?. fwF?b c{e' fJj th wzBdk j? fe fiZE/ th ;Zsk dk gqtuB j'J/rk, T[E/ gqsho'X 

tkfip j?. gqsho'X dk j'Dk jh ;Zsk d/ gqtuB dh w"i{drh dk bykfJe j?. gozs{ fJ; gqsho'X Bz{ 

gqkXhB (r[bkw$nXhB) eoB bJh tZy'-tZyo/ B?&ZNtoe th ekoiFhb jB. 

fJ;/ bJh fwF?b c{e' @gkto fJB Bkfbi# (Power in knowledge) fBpzX ftu efjzdk j? fe 

@@skes s'I w/ok Gkt r[bkw pDkT[D tkb/ s"o sofenK s'I BjhI, i' fjz;k dh EK, ekBz{B pDk e/ 

nkgDk ezw eod/ jB. w?I fJe ;w{j dh d{i/ ;w{j T[&Zs/ dkp/ dh rZb th BjhI eo fojk. fJj 

;kohnK uh}K sK skes$Fesh ;zouBktK d/ nzfsw-gfoDkw jB. skes Bz{ T[BQK Fesh ;zpzXK ftu 

t/yDk ukjhdk j? i' nkgDk fJe @w?efB}w# pDkT[Id/ jB. fJjdk nkgDk fJe ufoZso j?. fJ; 

ftu ;zxoF, dtzd, o{gKsoD, Fesh ;zrmB ns/ fpyokT[ dk f;bf;bk j[zdk j?.##35 

 fwF?b c{e' nB[;ko frnkB jh ;Zsk j? ns/ ;Zsk fco nkgD/ ftuko Bz{ b'eK d/ nzdo 

xo eoB bJh gqtuB dh }o{os j?. c{e' fJ; Bz{ @XkoBktK dk i[ZN# (Group of statements) 

nkydk j?. XkoBktK d/ i[ZNK dh fBozsosk jh gqtuB dh skes j?. c{e' B/ wB[Zyh ;[szsosk dh 

pjkbh pko/ th ft;Ekog{ote uouk ehsh j?. T[j ;[Mkn fdzdk j? fe id'I sZe frnkB ns/ 

fBnK ;z;EktK dk i'V BjhI N[ZNdk, T[d'I sZe r[bkw  

d/j nk}kd BjhI j' ;edh. fJ; i'V Bz{ s'VB dk noE tZv/ gZXo dh spdhbh ns/ fJ; bJh 

f}zw/tko torK Bz{ BkF eoBk jh j't/rk L 

“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.”6 

T[go'es fNZgDh s'I ;fji/ ;gZFN j' iKdk j? fe c{e' frnkB Bz{ ni'e/ :[Zr dh 

Fesh$skes wzBdk j?. fJj skes, b'ekJh dh nkgDh wo}h w[skfpe wkBf;esk xVdh j?, fi; 
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Bkb wB[Zyh d/j T[sgkdBh s/ r[bkw j' e/ ofj iKdh j?. c{e' dhnK fbysK ftu nfij/ jh 

gqtuB dk f;]o, T[; dhnK fszB GkrK #u Sgh g[;se (The History of Sexuality I, II, III) ftu  

 

t/yD Bz{ fwbdk j?. fJBQK fszBK GkrK ftu ekw o[uhnK Bkb ;zpzXs fijV/ gqtor gqw[Zy 

s"o #s/ T[&ZGod/ jB, T[j fJ; gqeko jB L 1H toiDK, 2H y[ZbQ, 3H ezNo'b ns/ fJj fszBK 

gqtorK #s/ skesto fXo dk |bpk j?. g[;se d/ gfjb/ Gkr ftu c{e' fJj do;kT[Idk j? fe 

w[ZYb/ ;fwnK #u @ekw# Fpd Bz{ ;wkfie y[ZbQ BjhI ;h go ekw fe gqtor d/ s"o #s/ ;wki ftu 

jk}o ;h. fJ; dh w"i{drh ftnkj ;z;Ek she wfjd{d ;h. c{e' fJ; bJh o'w ns/ :{BkBh 

ihtB Bz{ nkXko pDkT[Idk j?. fiZE/ ekw ns/ ekw[e nzrK pko/ uouk eoBk th tofis ;h. gozs{ 

17thI ;dh, i' g[Bo-ikroD ekb Bkb ;zpzfXs ;h, nfij/ ekb ftu ;Zsk id'I ekw tor/ gqtor 

ftu d]b fdzdh j? sK G'r-ftbk; gqfs T[BQK dk otZJhnk Bowk iKdk j?. b'eK #u T[s/iBk 

tXdh j?. ;Zsk dh d]bnzdk}h Bkb ekw Bkb ;zpzfXs o[uhnK Bz{ pb fwbdk j?. ;Zsk$Fesh 

Bkb ;zgzB jkewh fXo th ekw dk nkBzd wkDdh j? s/ b'ekJh th. fJj uouk g[;se d/ d{i/ 

Gkr ftu ft;Ekog{ote doi j?. gozs{ g[;se d/ nkyoh Gkr (sh;o/) ftu iB;zfynk dk tkXk 

ekw[e o[uhnK Bz{ Ykj brkT[Idk j?. ;Zsk fXo fiZE/ fJ; gqtor #u d]b-nzdk}h eo y[ZbQ p]Fdh 

j?, T[E/ ;wkfie skD/-pkD/ Bz{ do[;s eoB fjZs fJ; gqtor #s/ ezNo'b ;Ekgs th eodh j?. ;', 

ekw fijk gqtor id'I ;Zsk$skes d/ jZEK ftu nkT[Idk j? sK wB[Zy G'r-ftbk; dh validity 

fB;us j' iKdh j?. fJj jh ;Zsk dk gqtuB j?, fi; d/ nzsors wB[Zyh neKfynktK, i}pks, 

ohMK, fBZisk, y[Fjkbh nkfd @;[szsosk# Fpd fgZS/ B}opzd jz[dh j? L 

“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.”7 

fJ; gqeko fwF?b c{e' d/ fuzsB ftu fJefjo/ ;op-ftnkgh, fB;us toskfonK dh vN e/ 

nkb'uBk j'Jh j?. T[; d/ ftukoK okjhI ;wki, wB[Zy, xZN-frDsh, pj[-frDsh s/ frnkB szsoK d/ 

;ko/ t;hb/ pVh ;{]wsk okjhI ;wM/ ik ;ed/ jB.  
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;w[Zu/ o{g #u fejk ik ;edk j? fe c{e' dhnK tZy-tZy g[;seK #u gqtuB nfjw ;zd jh 

BjhI ;r'I c{e' dhnK fbysK dk w{b Ehw j?. c{e' nkgDhnK fbysK okjhI fJj d/yDk ukjz[dk j? 

fe frnkB ns/ Fesh$;Zsk szso dk fJj i'V fJfsjk; d/ tZy-tZy gVktK ftu nkgDk  

 

 

 

gqGkt$o'np fet/I iwkT[Idk j? < T[j gqtuB Bz{ Fq/DhpZX BjhI eodk go fco th T[j 

Fq/DhnK pDkT[Idk iKdk j? fit/I L Discursive formation, episteme, Mechnism, Bio-power nkfd. 

T[j fBozso uZb/ nk oj/ gqtuBkswe GqKshnK Bz{ @Discursive Formation# dh Fq/Dh #u oZydk j?. 

fJE/ Discursive Formation s'I Gkt brksko uZb/ nk oj/ gqtuB dh eqwpZXsk Bz{ eqwGzrsk #u 

spdhb eoBk j?. fwF?b c{e' ;zebgK dh fB;fussk #u e?d BjhI ofjzdk go c/o th T[j ;zebg 

f;oiD #u sfjthb j' iKdk j?. T[; dk ;w[Zuk fuzsB ;Zsk, gqtuB, frnkB she ;hws j? go 

T[; dhnK ftnkfynktK ;hwskJhnK Bz{ s'VdhnK th jB. jo fbys d/ pknd fJzNoftT{ d"okB 

fJj efjD d/Dk fe @@w?E'I fJj Bk g[ZS' fe w?I gfjbK eh fejk < fJj g[ZS' fe w?I j[D eh fby 

fojK.## c{e', gqtuB Bz{ nkXko pDk e/ nkgD/ ;zebgrs ftuko sK g/F eo fdzdk j? go nkg 

;zebgh BjhI jz[dk. fJj jh @T[&Zso# o{g dh fBFkBh j?.  

fBo;zd/j, fwF?b c{e' gqtuB, Fesh, frnkB d/ T[j foFs/ T[gikT[D dk :sB eodk j? 

fijV/ nZi ;zxtkd s/ b'eszso ;N/N #u ekoiFhb jB. ;[nkb fJBQK d[nkok f;oi/ gqtuBK Bz{, 

c{e' d[nkok do;kJ/ rJ/ fBod/FK Bz{ nksw;ks eoB dh j? iK nZi ;Zsk, ;N/N, frnkB, 

fBnK$nfBnK Bt/I fd;jZfdnK tZb fJFkok eoB dh j?, Bz{ sbkFD dk j?. fJj Bt/I ;ztkd d/ 

g[okD/ okjK Bz{ w[V g[Bo-;[oihs eoB dk j?. fBnK, nfBnK, ;}ktK, fBnK-gqDkbh ;G e[M j?, 

go fJB;kca BjhI. c{e' fJ;/ wzEB #u fbysK Bz{ gqtuB ti'I f;oidk j?, go fJBkw j?, doFe 

B/, go ;[nkb BjhI < b'eszsoh YKu/ #u ;[nkb dk wsbp @s[;hI pk|h, s[;hI nkeh# dk f;jok 

fwbdk j?, go fJB;kca BjhI. b'eszso d/ YKu/ #u don;b nZi th p[o}{nkih YKuk S[fgnk 

j'fJnk j?, i' fBogZy ;Zu, J/esk dh d[jkJh sK fdzdk j? gozs{ Xwkek (ft;c'N) T[; J/esk #s/ 

;[nkbh fBFkB brk fdzdk j? ns/ @nyzv ;N/N# gqFBfuzBQs j' iKdh j?. 
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1H  Michel Foucault, 'The Archaeology of knowledge', Page 107-108. 

2H :kdftzdo f;zx, @g{optkd L f;XKs s/ ftjko#, gzBk 17-18H 

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

164. 

4H  Michel Foucault, 'Discipline and Punish', Page 96. 

5H  -- ibid -- Page 97. 

6H  — ibid — Page 98. 

7H  fti: e[wko, ;Zsk dk gqtuB, pbeko f;zx (vkH) (nB[tkd), r[oupB (;zgkH), @fcabjkb#, 

gzBk 125-126H 
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qUM hI ds –iek AiDAYn 

 

sMKyp swr—kulvMq isMG ivrk bwry—khwxI qMU hI ds—invykly ivSw vsqU bwry 
crcw-KUbsUrq AOrq dI mwniskqw---aus dw jnUMn—khwxIkwr vloN ivSy dw 
inBw—sMjm Aqy sMKyp SYlI[ 

 

             AwDuink pMjwbI khwxI ivc kulvMq isMG ivrk iksy pCwx dw 
muQwj nhIN hY[sgoN ivrk dIAw khwxIAW , pMjwbI khwxI dI pCwx bxwauNdIAW 
hn[AMimRqw pRIqm dy ivcwr  Anuswr, 

             ‘ivrk pMjwbI khwxI dw virs hY-----ivrk in`kI khwxI dw 
bwdSwh hY[cYKv vWgU CotIAW CotIAW g`lW qy CotIAW CotIAW GtnwvW dy duAwly 
auh AwpxI khwxI auxdw hY(1) 

                          ivrk dIAW khwxIAW mUl mn`uKI srokwrW nwl juVIAW 
hn[auh AwpxIAw khwxIAW ivc pyNfU jIvn Aqy SihrI mD SRyxI dI gl krdw 
hY[vMf nMU lY ky ilKIAW aus dIAW khwxIAW byjOV hn[ivrk dy Awpxy ivcwr 
Anuswr, 

                    ‘myrIAW khwxIAW ivc iek motI gl ieh hY ik ienwHN dw 
ipMfw prwxIAW XwdW hn[Coty huMdy qoN lY ky hux q`k jo jIvn mYN jIivAw hY aus 
ivclIAw GtnwvW qy vwprIAW bwry jo kuJ mYnMU Xwd hYauh myRIAW khwxIAW ivc 
AwauNdw hY[,(2) 

                      ivrk dIAw khwxIAW bwry crcw krdy smyNAksr lok 
Cwh vylw, qUVI dI pMf,DrqI hyTlw bOld,EprI DrqI,K`bl,SyrnIAW ,murdy dI 
qwkq,du`D dw C`pV Awid dI gl krdy hn pr ivrk dI khwxI qMU hI ds ivSy 
dI  cox Aqy inBw pKoN ivSyS iDAwn dI mMg krdI hY[ 
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kulvMq iSMG ivrk dI ieh khwxI iek invykly Aqy mh`qvpUrn ivSy nwl juVI 
hY[ienswn dI mu`F kdImI B`uK hY ik auh cwhuMdw hY ik mYN sB qoN syRST hyvwN[gux 
ivc ,ruqby ivc,drjy ivc,pYsw, ikrdwr,jW iPr KUbsUrqI Bwv myry vrgw koeI 
dUjw n hovy[ ies sRySTqw nMU swibq krn leI auh AwpxI swrI vwh lgw dyNdw 
hY[‘qMU hI ds’ khwxI ivc mnu`KI mn dI ies lwlsw nMU bVy hI KUbsUrq Aqy 
suBwivk FMg nwl pyS kIqw igAw hY[ 

           khwxI kuJ ies pRkwr hY- gujrI ipMf dI sB qoN sohxI kuVI hY[ieh 
gl swrw ipMf mMndw hY[gujrI Awpxy pRqI bxI ies Dwrnw qoN n kyvl cMgI qrW 
vwikP hY,sgoN ies Dwrnw nMU cMgI qrW mwx vI rhI hY[aus dI KUbsUrqI ivc aus 
dy gory rMg dw bhuq v`fw h`Q hY[ipMf dIAW AOrqw nMU qW ieMJ lgdw hY ijvyN r`b 
ny aus nMU Awp bxwieAw hY[dUjy pwsy ipMf dy muMfy ies gl dw dwAvw krdy hn 
ik jdoN auh rMgdwr sofy dI boql pINdI hY qWsofw aus dy sMGoN hyTW auqrdw idsdw 
hY[gujrI nMU AwpxI KUbsUrqI dw pUrw Aihsws hY[m`isAw dy myly ivc AweIAW 
v`ifAW GrW dIAW AOrqW nwl mukwblw krdI gujrI ies nqIjyy qy phMucdI hY ik 
aus vrgI hor koeI  vI nhIN hY[ies Aihsws nyN aus nMU QoVw  AiBmwnI vI bxw 
idqw sI[gujrI smJdI sI ik auh KUbsUrqI dI tIsI qy hY[ 

                      pr gujrI dw isMGwsn aus vkq fol jWdw hY,jdoN aus dI 
guAWFx cwcI cImI dW BxyNvW SihroN CutIAW mnwaux leI ipMf AwauNdw hY[cwcI 
cImI swry ipMf ivc Awpxy sohxy BxyvyN dIAW glW krdI iPrdI hY[Coty huMdy qW 
AMgyRz aus nMU dyK ky AwKdyik ieh zrUr iksy mym dw b`cw hovygw[AMgRyzW vrgw 
gorw sohxw cwcI cImI dw BxyyvWswry ipMf ivc crcw dw kyNdr bx jWdw hY[ipMf 
dIAW kuVIAW kihMdIAW hn ik ieho ijhw sohxw hor koeI nhIN[ 

                           cImI dy BxyvyN dI KUbsUrqI gujrI dI prySwnI dw 
kwrx bx jWdI hY[auh nhIN cwhuMdI ik ipMf ivc koeI hor aus qoN sohxw hovy[auNJ 
ipMf dy lok vI koeI auhnW dI KUbsUrqI dw mukwblw nhIN krdy[ pr gujrI nyN 
Awpxy Awp hI  Awpxy mMn ivc iek mukwbly dI Bwvnw pYdw kr leI[auh  
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jwxdI hY ik aus dw ipMfw muMfy dy ipMfy qoN ikDry sohxw hY[ bs hux auh muMfy dy 
swhmxy AwpxI KUbsUrqI pRgt rUp ivc idKwauxw cwhMudI hY[qW jo auh smJ jwey 
ik auh gujrI qoN sohxw nhIN[auh Awpxw XkIn vI p`kw cwhMudI hY,qy nMbr iek 
hox dw Aihsws kwiem r`Kxw cwhMudI hY[ 

                            ies ie`Cw nMU pUrw krn  leI auh Awp mMufy nwl 
dosqI dI pihl krdI hY]aus nwl AwpxI nyVHqw vDwaux ivc auh sPl vI ho 
jWdI hY[ 

 hux auh donoN ikMnw ikMnw icr glW krdy rihMdy hn[pr AMdroN gujrI Awpxy mqy 
dI p`kI hY[BwvyN auh cImI dy BxyvyN nwl dosqI pw lYNdI hY,pr Awpxy Awp nMU 
nMbr iek swibq krn dI A`g aus dy AMdroN nhIN buJdI[ies qrWH lgdw hY ijvyN 
aus nyN ieh nyVqw Awpxw mMqv pUrw krn leI bxweI sI[ikauNkI 

                    ‘auh inscw krdI ik auh cImI dy BxyvyN nMU hwr dy kky  

                     hI CfygI[iek nw iek idn auh Awpxw nMgw ipMfw 

                     aus dy nMgy ipMfy dy swhmxy KVw krygI qy iPr auh  

                     Awp mMnygw ik gujrI aus nwloN vDyry gorI hY[ 

                                                         ( 3 ) 

            AKIr auh smW vI Aw jWdw hY,jdoN dohW ivc nzdIkIAW kuJ v`D 
jWdIAW hn[ gujrI aus nMU rokx dI bjwie,Awpxy Awp nMU ies leI iqAwr kr 
lYNdI hY ik A`j qy auh cwcI cImI dy AMgRyzW vrgy gory BxyvyN nMU pu`CygI ik swfy 
dohW ivc Blw kOx gorw hY qMU hI ds? qy ieQy khwxI Kqm ho jWdI hY[ 

                 Asl ivc gujrI ies s`c nwl jIauN rhI hMudI hY ik auh sB 
qoN sohxI hY pr cImI dy BxyvYN dy Awaux nwl sRyST sMdrI hox dw isMGwsn foldw 
mihsUs hMUdw hY[Asl ivc ieh sB gujrI dy idmwg dI hI aupj sI[pUrI khwxI  
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ivc ikDry vI koeI Aijhw hvwlw nhIN imldw jo dohW dI KUbsUrqI dI qulnw 
krdw hovy[ieh mukwblw kyvl gujrI dy idmwg dI hI aupj sI[ 

                     

dUjy pwsy AsIN ieh dyKdy hW ik mMUfw gujrI dy mnoBwvW qoN pUrI qrWH Anjwx 
hY[aus nMU qW ies gl dw pqw vI nhIN ik 

gujrI Awpxy mn ivc ikhVy Bwv lY ky aus nwl nzdIkIAW vDw rhI hY[ 

                  kulvMq isMG ivrk AwpxIAW khwxIAW ivc jdoN 
mnoivigAwnk fMUGweIAW nMU pyS krdw hY, QW mn`UKI mn prqW Koldw hoieAw auh 
mn`uK dIAW kmzorIAW qy tIkw itp`xI nhIN krdw[ivrk bVy srl FMg nwl 
v`fOAW v`fIAW aulJxW sulJw dyNdw hY[ ies khwxI ivc vI lyKk ikDry vI aulwr 
nhIN hMudw[ 

                          khwxI dI mu`K pwqr gujrI Awpxy leI Awp h 
Ism`isAW KVI krdI hY qy Awp hI aus dw hl vI k`F lYNdI hY[gujrI dI soc 
Aqy aus dw ilAw PYslw pwTk nMU iek vwrI hlUx ky r`K dyNdw jY[gujrI ieh 
swibq krn leI ik auh sB qoN gorI Aqy sohxI hY,swrIAW h`dW t`p jWdI 
hY[smwj vloN bxweIAW swrIAW vrijq hdW t`px nMU iqAwr hY[ikauNkI aus nMU 
KUbsUrqI dI doV ivc A`vl Awauxw hY[ ies leI auh koeI vI pYNqVw 
AiKiqAwr kr skdI hY[ieh aus dy jnMUn dI h`d hY[swrI khwxI gujrI dI 
iek qrPw soc nwl cldI hY[khwxIkwr nyN AYny v`fy msly nMU cup cupIqy DImy sur 
ivc h`l kr idqw[iksy vI Bwv nMU vDw cVwH ky pyS nhIN kIqw[ 

                          auNJ qW AOrq Aqpxy Awp nMU sMudr idKwaUx leI 
AwpxI pUrI vwh lgw dyNdI hY, pr iksy dy swhmxy AwpxI KUbsUrqI is`D krn 
leI; ik auh gujrI vWg swrIAW hdW vI t`p skdI hY?gujrI dw ieh PYslw 
swirAW dy swhmxy iek pRSn icMnH lgw dyNdw hY[ 
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 ieQy iek hor gl vI hY, AMgRyjW ny do sO swl swfy aupr rwj kIqw [ AsIN 
auhnW dy gulwm rhy[ do sO swl dI gulwmI nwl swfy idmwg ivc ieh gl Gr 
kr geI ik ijhVw gorw hY auh swfy nwloN sRyST hY[ gorw rMg hoxw vI swfy smwj 
ivc KUbsUrqI dw iek v`fw pYmwnw hY[ijs dw gorw rMg hY,auh  

 
Awpxy Awp dUijAW nwloN auòcw h oho iPrdw hY[ gujrI vI Awpxy Awp nMU sB qoN 
gorw is`D krn leI hr vrijq ryKw tp`x leI iqAwr hY[  

                         AwmqOr qy AOrq AwpxI KUbsUrqI dw mukwblw iksy 
dUjI AOrq nwl hI krdI hY[pr khwxI dw invyklwpn iesy ivc hYi ik gujrI 
dI qVp dw kwrn iksy dUjI AOrq dI KUbsUrqI nhIN sgoN  iksy purS dI 
KUbsUrqI aus leI vMgwr jW cuxOqI bx geI hY[ijs qoN auh kdI hwrnw nhIN 
cwhuMdI[ 

                    So AsIN kih skry hW ik ivSy dI cox Aqy inBw pKoN ‘qMU hI 
ds’ kulvMq isMG  ivrk dIAW khwxIAW ivc Awpxw iek ivSyS sQwn rKdI 
hY[ 

hvwly 

1 myrIAW swrIAW khwxIAW, kulvMq isMG ivrk, pMnw 7-8 

2 auhI pMnw 539 

3 auhI pMnw 143 
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