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ABSTRACT

The creative and digital content business, among many others, is going through a significant paradigm 
shift as a result of advances in AI technology. AI technologies are enhancing human talents and chang-
ing the creative scene in a variety of ways, including content production and curation. The potential for 
innovation and expansion could appear endless, revolutionary, and forward-thinking, but difficulties like 
job loss, issues with originality and ethics, and the dissolution of human connections are all producing 
an underlying worry and anxiety across many industries. The interaction between people and AI fosters 
creativity and creates new opportunities for content production. Academic dishonesty undermines the 
educational process and undermines the reputation of academic institutions. A few cases catalogued 
from the educational contexts have been highlighted to evaluate the bright and dark sides of using AI 
affecting the academic integrity and reliability of substances used in the modern world.
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INTRODUCTION

Technology has advanced so quickly that scientists are now able to design computer programmes that can 
simulate human intellect. Artificial intelligence (AI) is what this is. According to a definition given by 
McCarthy (2007), artificial intelligence (AI) is the science and engineering of creating intelligent systems, 
particularly intelligent computer programmes that mimic human intelligence. Expert systems, machine 
learning, natural language processing, speech recognition, and machine vision are a few examples of AI 
applications. Future changes are inevitable as a result of such intelligent technology (Horáková et al., 
2017). The recent rise of AI systems has led to the usage of new programmes in our daily life. Academic 
writing, computing, and the arts are examples of creative jobs that AI algorithms have shown they can 
either fully or partially replace in the hands of experienced experts (Li et al., 2022). As a result, AI is 
swiftly emerging as the next disruptive breakthrough, even though it can interact with humans and help 
improve human performance (Lawler et al., 2013). Many people today believe that artificial intelligence 
(AI) is what’s driving the fourth industrial revolution, and it very well may (Zhai et al., 2021). The exist-
ing capabilities of AI programmes should be taught to educators, who should also be informed that these 
programmes may encourage students to turn in assignments late and compromise academic integrity. 
According to Fishman (2014), maintaining academic integrity means adhering to the core principles 
of justice, respect, accountability, and bravery. These guidelines serve as the cornerstone for what is 
considered ethical academic behaviour, fostering a community that is centred on knowledge sharing. A 
higher education institution benefits from making sure that both students and staff are functioning in a 
way that supports academic integrity. Because of this, the significance of an academic transcript, degree, 
or certificate is widely understood, and the holder can be assumed to have a specific set of knowledge 
and abilities. This reputation is advantageous to students and graduates, and opinions about them are 
formed in accordance with their academic achievements (Holden et al., 2021). Higher education has 
long explored effective and reasonable methods for developing academic integrity. But many people feel 
that ethical lapses are becoming more prevalent (Hard et al., 2006). Nearly all higher education institu-
tions maintained offering lessons online, which gave students additional opportunities for “e-cheating” 
(Harmon and Lambrinos, 2008; King and Case, 2014). This was especially true during the Covid-19 
epidemic. Since technological advancements have made it simpler to acquire and recover any sort of 
information as well as converse with one another online, there are various ways to “e-cheat.” One of the 
most popular methods is having someone else complete an exam or assignment in place of the student 
who is submitting the work (Underwood and Szabo, 2003; Rogers, 2006; Jung and Yeom, 2009; Moten 
et al., 2013). Other methods include contacting other students online to get answers. Apart from this, a 
greater issue is rapidly approaching, and that is the use of AI programmes to do homework projects and 
take-home tests. The main aim of conducting this study is to portray the positive and negative sides of 
using AI in academics and research fields; for which a few literature works have been quoted in the past 
date and, further its diverse applications and consequences have been enumerated by way of picking 
distinct cases on how AI has been ruining the future hopes of the world.

The key takeaway is that a subfield of computer science called artificial intelligence (AI) is concerned 
with building computers or systems that can carry out activities that ordinarily require human intellect 
(Finocchiaro, G, 2023). Understanding spoken language, identifying patterns, resolving issues, and pick-
ing up knowledge through experience are a few examples of these activities. AI systems use algorithms 
and data to simulate human cognitive processes including reasoning, problem-solving, perception, and 
decision-making. Important AI-related elements and ideas include:
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•	 Machine learning (ML) is a branch of artificial intelligence that entails teaching algorithms to spot 
patterns and make predictions or judgements based on information. It is a key piece of technology 
used in several AI applications (Shrestha et. al., 2022).

•	 Deep Learning: A branch of machine learning that uses neural networks with numerous layers to 
interpret data in a more complicated, hierarchical manner. Deep learning has produced notable 
improvements in fields like voice and picture recognition (Shrestha et. al., 2022).

•	 NLP is an area of artificial intelligence that aims to make it possible for computers to comprehend, 
analyse, and produce human language. It is utilised in programmes like sentiment analysis, lan-
guage translation, and chatbots.

•	 The capacity of machines to receive and comprehend visual data from the outside world, such as 
pictures and movies, is known as computer vision. It is utilised in facial recognition, autonomous 
cars, and picture and video analysis.

•	 Robotics: AI-powered machines are made to do tasks independently or somewhat autonomously. 
In fields including manufacturing, healthcare, and exploration, they are used.

•	 Reinforcement learning is a sort of machine learning in which a decision-making agent learns by 
interacting with the environment and getting feedback in the form of rewards or penalties.

•	 AI Ethics: Addressing ethical principles and considerations in the creation and application of AI 
systems, such as justice, accountability, transparency, and bias reduction (Muralidhar, D, 2021).

Healthcare (diagnosis and treatment planning), finance (algorithmic trading and fraud detection), 
customer service (chatbots and virtual assistants), and entertainment (recommendation systems) are just 
a few of the fields where AI is used. It keeps developing quickly, causing fundamental shifts in many 
facets of society and technology. However, to guarantee AI has a good influence, responsible AI devel-
opment and deployment are crucial, as well as ethical and societal issues. Different theories and models 
are applied in the field of artificial intelligence (AI) to create and comprehend AI applications (Fachada, 
N, 2021). Frameworks for problem-solving, making choices, and mimicking intelligent behaviour are 
provided by these theories and models. The following are some essential ideas and models frequently 
used in AI applications (Shahar, A, 2018; Saini, A, 2016; Curtis, N, 2023; Hajari et.al., 2022; Jiang, L, 
2021; Robinson, P, 2023; Srivatsava, S.K., 2018; Chaudhry et.al., 2021; Zhai et. al., 2021;and Zhang 
et.al., 2021):

A) 	 Game Theory: To represent the strategic interactions between agents or entities in AI applications, 
game theory is applied. It is especially applicable to multi-agent systems in robotics, economics, 
and AI that play games like chess or poker.

B) 	 Probability and Statistics: In particular, machine learning relies heavily on probability and statistics. 
Models like Bayesian networks and probabilistic graphical models are employed in order to make 
predictions, make decisions, and reason under uncertainty (Shrestha et. al., 2022).

C) 	 First-order logic and predicate logic are two examples of logic-based techniques that are utilised for 
knowledge representation and reasoning. Ontologies and knowledge graphs aid in the organisation 
and representation of knowledge in AI systems.

D) 	 Neural Networks: Neural networks are the cornerstones of deep learning. They were inspired by 
the human brain. Transformers are employed for natural language processing, recurrent neural 
networks (RNNs) for sequential data, and convolutional neural networks (CNNs) for images.
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E) 	 Reinforcement Learning: Reinforcement learning models are used to train agents to make sequen-
tial decisions by interaction with an environment. Examples of these models are Q-learning and 
Markov decision processes (MDPs).

F) 	 Fuzzy Logic: Fuzzy logic is valuable in applications like expert systems and control systems be-
cause it enables reasoning with erroneous or uncertain information.

G) 	 Bayesian networks are frequently used to reason under uncertainty and draw probabilistic infer-
ences. They model the probabilistic connections between variables.

H) 	 Expert Systems: To simulate human competence in certain domains, expert systems employ rule-
based models. They are used in diagnostic and troubleshooting processes in the medical field.

I) 	 Models for Natural Language Processing (NLP): Hidden Markov Models (HMMs), word embed-
dings like Word2Vec and GloVe, and transformer-based models like BERT and GPT are some of 
the models and methods utilised in NLP applications.

J) 	 Recurrent neural networks (RNNs): RNNs are employed in the processing of sequential data in 
tasks including language modelling, speech recognition, and time series analysis.

K) 	 Deep Reinforcement Learning: Deep reinforcement learning combines deep learning and reinforce-
ment learning, and it has had great success in fields including robots, autonomous cars, and gaming 
(such as AlphaGo).

L) 	 Cognitive architectures: By attempting to simulate human-like cognition and decision-making 
processes, cognitive architectures, such as ACT-R and Soar, are significant in AI research pertain-
ing to human-computer interaction and cognitive science.

M) 	 Swarm intelligence: Swarm intelligence models are used in distributed computing, robotics, and 
optimisation. They are based on the group behaviour of social insects.

The design and development of AI applications in several fields is based on these ideas and models. 
The unique challenge, the kind of data, and the objectives of the AI system all influence the model 
selection. To expand the capabilities of AI applications, academics and practitioners in the field of AI 
continue to investigate and experiment with these theories and models.

Academic integrity and digital hacking are two terms used to describe ways that people might ex-
ploit digital tools and systems to undermine the honesty of educational procedures or obtain an unfair 
advantage. It’s crucial to remember that using digital hacks to break academic integrity is unethical and 
may result in harsh punishments like academic sanctions or disciplinary measures. Academic honesty 
and moral conduct must be encouraged in educational institutions. In order to identify and stop these 
kinds of digital attacks, institutions frequently have strong procedures and technology in place. When 
faced with academic difficulties, students and researchers should be aware of these regulations, adhere 
to moral standards, and seek help rather than engage in unethical behaviour. Academic AI threats are 
damaging or immoral actions that may take place in educational settings as a result of improper or abu-
sive usage of artificial intelligence technologies. The integrity of academic institutions and the learning 
process may be compromised by these actions. Here are a few typical digital hacks that affect academic 
integrity and the pursuit of knowledge:

Ø Plagiarism is the act of using someone else’s words, ideas, or works as one’s own without giving them 
due credit (Bugiulescu, 2022). The use of uncited internet materials or the purchase of pre-written 
essays from online sites are examples of digital plagiarism hacks (Cronan, 2023 & Bugiulescu, 2022).
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Ø Contract cheating is when students hire another person to accomplish their homework, including es-
says, reports, and tests (Morris, E.L., 2018). Contract cheating may entail employing essay mills 
that sell pre-written papers or hiring ghostwriters (Hollis, L.P.,2018 & Morris, E.L., 2018).

Ø Online test cheating: During online exams, students may use a variety of digital tricks. This might 
involve conducting research across many devices or interacting with others via chat applications.

Ø False IDs and Credentials: Some people create false identities or use credentials that have been stolen 
in order to access learning materials, online classes, or tests. They could use fictitious email ad-
dresses or act as other pupils.

Ø Collaboration is good, but there are times when it’s unacceptable to cooperate with others in ways 
that go against the rules of academia. When cooperation is not permitted during evaluations, this 
can involve exchanging solutions, code, or answers.

Ø Using Unauthorised Aids: In order to get an unfair edge during tests or assignments, students may 
utilise digital devices, software, or other unauthorised items. This might involve accessing unau-
thorised software or utilising calculators when it’s not allowed.

Ø Ghostwriting Services: To hide the fact that their assignments or essays were written on their behalf, 
some students may use ghostwriting services (Hollis, L.P.,2018).

Ø Identity fraud: To access academic resources, systems, or information, one must pretend to be another 
student or faculty member.

Ø Data manipulation: In order to get desired research results or enhance their academic achievement, 
researchers or students may falsify data, which threatens the integrity of their work.

Ø Academic credential forgery: People may produce fake degrees or certificates to fool employers or 
educational organisations.

It’s crucial to establish a balance between automation and human creativity, even while AI and digi-
tal hacks may be a useful support for creativity. The creative work that is most original and significant 
frequently results from the fusion of human creativity with AI-enabled technologies. Here are some 
examples of how AI and digital hacks might be employed as “creativity shacks” to encourage original-
ity and innovative thought:

ü Data-Driven Creativity: Artificial intelligence (AI) can analyse enormous volumes of data to spot 
patterns, trends, and insights that people would not immediately see. AI may be used by creative 
professionals to produce data-driven ideas, inspiration, and solutions. For instance, AI systems may 
analyse customer behaviour and preferences to provide innovative campaign ideas in marketing.

ü Content Creation: By creating text, visuals, or even music automatically, AI-powered content creation 
technologies may help authors, designers, and artists. These technologies can serve as inspiration 
or beginning points, but they cannot replace human creativity.

ü AI-driven recommendation systems are capable of curating material and creative resources that are 
specific to a person’s tastes and interests. This can aid painters, writers, and other creatives in find-
ing new things that suit their own interests.

ü Virtual reality (VR) and augmented reality (AR): These two technologies, which are frequently im-
proved by AI, allow for imaginative and immersive experiences. In order to engage audiences 
in fresh and interesting ways, designers and artists may employ AR and VR to create interactive 
artworks or virtual worlds.
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ü AI-powered design tools may automate repetitive design activities like layout and colour selection, 
freeing up creative experts to concentrate on more innovative and high-level creative thinking.

ü Creative Collaboration: AI can support creative team collaboration by offering real-time language 
translation, transcription, and virtual collaboration spaces, enabling creatives from various loca-
tions to collaborate easily.

ü AI may assist in the creative data visualisation process, transforming difficult data into attractive and 
educational charts, graphs, and infographics. Professionals in industries like data journalism and 
data-driven storytelling will find this useful.

ü AI-powered chatbots may have creative interactions with users, making suggestions, sparking brain-
storming sessions, and even coming up with original material on their own.

ü Musicians and artists may employ AI tools to experiment with new styles, techniques, and composi-
tions. AI-Enhanced Music and Art Creation. AI-generated music or artwork might provide as a 
starting point for more creative experimentation.

ü Digital Workflow Hacks: By streamlining their processes, managing their time more skilfully, and 
reducing administrative labour, creatives may spend more time on their creative endeavours.

Academic integrity is directly threatened by academic dishonesty. When pupils plagiarise or cheat, 
they undermine the fundamental principles of trustworthiness and honesty in the educational system. 
Dishonest methods undermine the validity of academic accomplishments, lower the value of educational 
degrees, and provide cheaters an unfair edge over truthful pupils. The integrity of the educational system 
as a whole depends on academic integrity. It makes ensuring that students’ academic successes are true 
representations of their talents and efforts. Additionally, it promotes an atmosphere of justice and equal 
opportunity for all pupils. Academic dishonesty occurs often as a result of a number of causes, including 
pressure to do well, time restraints, a lack of knowledge of proper citation and research techniques, and a 
competitive academic atmosphere. By addressing these issues via assistance, education, and awareness, 
academic dishonesty can be less common. The promotion of academic integrity and the prevention of 
academic dishonesty are crucial functions of educational institutions. To protect academic integrity, it 
is crucial to establish clear standards, put in place plagiarism detection tools, and inform students of the 
repercussions of dishonest behaviour (Bugiulescu, 2022). Academic dishonesty and academic integrity 
have a fluid connection. Maintaining academic integrity helps prevent dishonest behaviour and fosters 
an environment of trust and honesty. On the other hand, incidences of academic dishonesty put the 
academic community’s credibility at jeopardy and need action to strengthen moral principles and stop 
more dishonesty. Overall, academic integrity and academic dishonesty are interwoven, and maintaining 
the integrity of education and research requires encouraging the former while addressing the latter. To 
promote a culture of academic honesty and ethical behaviour, instructors, students, administrators, and 
institutions must work together.

The Advent of AI in Education Post-COVID-19 Has Brought 
About Significant Changes and Opportunities

1. 	 Flexible Hybrid Learning Environments: AI-powered technologies have made it possible for smooth 
transitions between in-person and online learning (Alshater, M, 2022).

2. 	 Personalised Learning: Using data on student performance, AI may create learning paths that are 
specific to each student’s strengths and areas for development.
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3. 	 Remote Assessments: AI-based systems for proctoring and assessment enable fast and safe remote 
tests, eliminating the need for physical testing facilities.

4. 	 Interactive experiences offered by AI-driven virtual classrooms allow for real-time interaction, 
teamwork, and discussion among distant students (Amini et.al., 2020).

5. 	 Learning analytics: Teachers may adjust their teaching methods for improved results by using AI 
analytics to gather insights about student development.

6. 	 Accessibility: By providing functions like text-to-speech, captioning, and adaptive material, AI 
systems improve accessibility for students with impairments (Lee et.al., 2021).

7. 	 Professional Development: AI may provide instructors individualised strategies for professional 
development that will assist them strengthen their teaching abilities.

8. 	 Edutainment: AI-driven educational platforms and games make learning entertaining and engaging, 
encouraging engagement and retention.

9. 	 AI language applications help with language learning by providing interactive activities, feedback 
on speech, and real-time translation.

10. 	 Research Possibilities: AI may aid academic research by examining massive information and spot-
ting patterns and insights.

However, difficulties continue in the long run. More specifically; it includes-

1. 	 Equity: Not all students have dependable internet connectivity or access to essential equipment, 
which might lead to uneven access to AI-powered products.

2. 	 Bias: AI systems may reinforce training data biases, resulting in unequal educational outcomes 
(Muralidhar, D, 2021).

3. 	 Teacher Training: Teachers require training to properly incorporate AI technologies into their les-
son plans and decipher insights produced by AI (Chen et.al., 2020).

4. 	 Data Privacy: Gathering and using student data for AI research may give rise to questions concern-
ing informed permission, privacy, and data security.

5. 	 Technical Dependence: Institutions may become unduly reliant on AI systems, leaving them open 
to disruptions if technical problems occur (Humble et.al., 2022).

AI-ASSISTED TOOLS AND ACADEMIC QUALITY

Prior to making judgements about deploying AI tools in an educational setting, it is a good idea to examine 
the most recent products and evaluations. Keep in mind that the landscape of AI firms in education is 
always changing. Below discussed are the Indian Companies with AI assistance that have significantly 
contributed towards Academic improvement among schools and college students in India.
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Figure 1. Showing Indian companies driving AI in education (Part 1)
Source: Modified and designed by the author based on cited literature
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BOONS AND MENACES OF AI

Depending on how it is created, used, and controlled, the influence of AI may be both dangerous and 
beneficial.

A) 	 AI as Boon:

Figure 2. Showing Indian companies driving AI in education (Part 1)
Source: Modified and designed by the author based on cited literature
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◦◦ Automation and Efficiency: AI can boost efficiency, automate repetitive operations, and sim-
plify processes across a variety of sectors, resulting in higher productivity and lower operat-
ing costs.

◦◦ Medical Innovations: By aiding in illness diagnosis, medication development, individualised 
treatment regimens, and bettering patient outcomes, AI may transform healthcare (Lee et.al., 
2021 & Kim, S, 2023).

◦◦ Personalised learning experiences, adaptive testing, and intelligent tutoring systems may all 
be provided by AI in education to better meet the requirements and aptitudes of individual 
students (Kim et.al., 2023).

◦◦ Smart Cities and Sustainability: AI can help smart cities manage resources more effectively, 
use less energy, and improve traffic flow, all of which contribute to more sustainable urban 
life.

◦◦ Enhanced Safety and Security: AI can improve security protocols, identify data abnormali-
ties, and examine trends to identify and stop possible threats in a variety of fields, including 
cybersecurity and public safety.

◦◦ AI-powered assistive devices have the potential to significantly raise the quality of life for 
people with impairments by promoting increased freedom and accessibility.

B) 	 AI as Menace:
◦◦ AI and automation can replace certain work responsibilities, which might result in job dis-

placement and economic upheaval for some sectors of the economy and professions.
◦◦ Issues with Fairness and Bias: AI systems can be biased as a result of the data they are 

trained on, which can result in unfair and discriminating decisions being made in fields like 
lending, hiring, and law enforcement (Currie, N, 2023 & Muralidhar, D, 2021).

◦◦ AI applications frequently entail gathering and analysing enormous volumes of data, which 
raises questions regarding data privacy and the exploitation of personal information.

◦◦ Ethical Concerns: As AI develops, ethical conundrums can emerge, such as AI decision-
making in life-or-death circumstances or the employment of AI in combat (Yeo, M.A., 2023).

◦◦ Loss of Human Touch: Relying too much on artificial intelligence in particular fields, like 
customer service or healthcare, might result in a decline in human connection, which is cru-
cial for empathy and emotional support (Su et.al., 2022).

Hence, it is essential to address ethical issues, prioritise fairness and transparency, ensure responsible 
use of AI, and continually monitor and regulate AI applications in line with societal values and require-
ments in order to maximise the benefits and lessen the threats.

Still, a system has been following post-COVID-19 where the use of AI platforms has brought every 
user at ease in the field of teaching and learning or education and research. This is clearly picturised in 
below Figure 3:
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BIASES IN AI DECISIONS IN ACADEMICS

Artificial intelligence (AI) biases are the existence of unfair or discriminating behaviours that results in 
AI systems. During the creation and development of AI systems, these biases can come from a variety 
of sources, including biased training data, biased algorithms, and biased human decision-making. Here 
are a few prevalent biases in AI (Muralidhar, D, 2021; Curtis,N, 2023; Alshater, M, 2022 & Shrestha 
et.al., 2022):

a) 	 Data Bias: The historical, cultural, or societal biases contained in the data sources might be reflected 
in the data used to train AI models. For instance, AI systems educated on prior recruiting data may 
continue to favour one gender over another in hiring choices.

b) 	 Algorithmic Bias: Bias can be introduced by the algorithms themselves. This might happen if the 
algorithm’s decision-making methodology or design assumptions favour groups.

c) 	 Representation Bias: When groups or features are underrepresented or incorrectly identified in the 
training data, representation bias can happen in natural language processing and computer vision. 
As a result, certain groups may be misidentified or underrepresented.

d) 	 Bias in the evaluation of AI systems is another possibility. The performance of the AI system may 
not correctly represent its effects on all user groups if the assessment measures or benchmarks are 
unfair or do not take fairness into consideration.

Figure 3. Showing AI assisted tools used in day-to-day modern education
Source: Modified and designed by the author based on cited literature



219

Digital Hacks, Creativity Shacks, and Academic Menace
﻿

e) 	 Confirmation Bias: AI systems may be created in a way that confirms preexisting assumptions or 
preconceptions, which results in confirmation bias. For instance, content alignment with a user’s 
pre-existing viewpoints may be suggested by recommendation algorithms, thus restricting exposure 
to other points of view.

f) 	 Socioeconomic Bias: Artificial intelligence systems may unintentionally favour socioeconomic 
groups. For instance, consumers with a specific degree of education or access to technology may 
find chatbots or virtual assistants to be more useful.

g) 	 Cultural Bias: AI systems may not be sensitive to cultural differences or may not take these subtle-
ties into account, which can cause misunderstandings or incorrect interpretations of user input.

h) 	 Proxy Bias: When AI systems make judgments, they may do so by using proxy variables that are 
related to protected characteristics (such as race or gender), which might inadvertently result in 
biased outcomes.

i) 	 Bias in Educational Content: In online learning platforms, AI-driven content recommendation al-
gorithms may mistakenly suggest biased or one-sided educational resources, encouraging specific 
opinions or ignoring alternative viewpoints.

j) 	 Assessment and Grading Bias: Automated grading tools can be biased, especially when assessing 
subjective areas like writing. Certain pupils may be disadvantaged by these systems since they may 
reward specific writing styles or penalise non-standard language.

k) 	 Recommendation Bias: AI-powered educational recommendation systems could provide unfavour-
able course, major, or career recommendations based on biased historical data, perhaps directing 
students away from prospective career pathways in which they would flourish.

l) 	 Bias in Language Translation: AI-driven translation algorithms may create biased or culturally 
insensitive translations, which might have an impact on the calibre of educational resources for 
students who do not speak English as their first language.

m) 	 Biased accessibility solutions that exclude specific groups may result from AI-based accessibility 
technologies failing to appropriately meet the requirements of students with impairments.

n) 	 Learning Style Bias: AI-powered adaptive learning systems could assume that every student learns 
in the same manner, which could be disadvantageous for students who have different learning 
preferences and styles.

A few cases have been mentioned in the study to examine how AI has been favouring and ruining 
situations in the educational field over the years across the world. These case studies show how AI has a 
variety of effects on academic honesty and dishonesty in educational institutions. While AI technologies 
have the potential to uphold integrity by identifying and preventing wrongdoing, students may abuse 
them to participate in dishonest behaviour. To properly handle these issues, educational institutions must 
create moral AI usage rules and continually modify their approaches.



220

Digital Hacks, Creativity Shacks, and Academic Menace
﻿

Figure 4. Showing case studies highlighting positive impact of AI on education
Source: Modified and designed by the author based on cited literature

Figure 5. Showing case studies highlighting negative impact of AI on education
Source: Modified and designed by the author based on cited literature
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Academic institutions must carefully evaluate and implement mitigating techniques, such as:

1. 	 Training and Education
Ø Train educators and students on the potential and constraints of AI technologies. Highlight the 

influence that biases can have on results.
Ø Teach students how to ask questions and do their own research, even in the presence of AI-

generated ideas (Kim et.al., 2023).
2. 	 Open-Source Algorithms

Ø Make sure the AI tools’ algorithms are clear and understandable.
Ø To foster trust and understanding, be transparent about the methodology used to provide recom-

mendations or rankings.
3. 	 A Variety of Data Sets

Ø To reduce biases in the data, make sure AI training data sets are representative and varied. This 
may lessen the likelihood of biased AI tool results.

4. 	 Consistent Evaluation:
Ø Encourage instructors to critically assess any recommendations or results produced by AI.
Ø Create channels for students to inquire about or debate input from AI.

5. 	 Discussion and Cooperation:

Encourage instructors and students to work together to create collaborative learning settings where 
biases, results, and consequences of AI are freely discussed.

6. 	 A Variety of Teaching Methods:

To avoid relying too much on content produced by AI, encourage teachers to employ a combination 
of AI tools and conventional teaching techniques.

7. 	 Promote Original Thought:

Instead of depending only on AI-generated solutions, encourage students to conduct their own study, 
critical analysis, and problem-solving.

8. 	 A perpetual feedback loop:

Create a feedback loop so that instructors and students may both report instances of bias or errors in 
information produced by AI. This can result in the tools getting better.

9. 	 Ethical Principles

To ensure ethical and impartial use of AI technologies in education, develop and disseminate explicit 
ethical principles.

10. 	 Discussions of ethics are included:
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Discussions regarding AI biases and their effects should be incorporated into the curriculum. This 
may increase awareness and promote accountability (Chaudhry et.al., 2021).

11. 	 Ongoing Evaluation:

Continually evaluate how well AI technologies are doing to decrease bias. Update and improve the 
tools often in response to comments and results.

Educational institutions may assist instructors and students in becoming more aware of the biases 
associated with AI technologies and equip them to use these tools ethically and successfully by encour-
aging transparency, critical thinking, and open conversation.

As per the Thomas- Kilmann Conflict Mode Instrument (Thomas & Kilmann, 1974); various strate-
gies have been outlined in ways to reduce biases caused by the Artificial Intelligence towards improving 
Academic Integrity and ensuring Academic Honesty. In interpersonal or organisational contexts, this 
paradigm is used to analyse and manage disputes. Although it is not specifically intended to address 
academic prejudices brought on by AI, it may be modified to lessen biases and conflicts connected to 
AI in education.

❖ Collaborating (Win-Win): Collaborating entails educators, AI developers, students, and other stake-
holders working together to detect and resolve prejudices in the context of decreasing academic 
biases brought on by AI. Encourage open communication and teamwork to identify bias’s causes 
and create just and equitable responses.

❖ Compromising (Lose-Lose/Lose-Win): Finding middle-ground solutions that balance the interests 
and concerns of many stakeholders may be part of a compromise strategy when there are disagree-
ments or conflicts relating to AI bias. In order to overcome biases while retaining the general us-
ability and efficacy of AI technologies, trade-offs may need to be made.

❖ Competition (Win-Loss): In some situations, it could be important to compete against biases in 
academic AI. This can entail arguing for the elimination or modification of AI capabilities that 
support injustice. When prejudices are obvious and fast remedial action is required, competing 
might be a tactic.

❖ Avoiding Conflicts caused by AI biases should be the least desired strategy since it is a “No-Win/
No-Loss.” However, it could be required in circumstances when a quick solution is impractical 
or where the risks of dealing with the problem exceed the advantages. Avoiding may not directly 
address prejudices, but it may be a temporary solution while a more all-encompassing plan is be-
ing devised.

❖ Trying to Be Accommodating (Win-Loss): Trying to be accommodating means putting other 
people’s needs and interests ahead of your own. This may entail recognising and resolving biases 
in the context of AI, even if doing so necessitates making changes to the current AI systems. In the 
academic setting, being accommodating may promote a feeling of justice and inclusion.

When using the TKI model to eliminate biases in academia brought on by AI, it is important to care-
fully evaluate each conflict or bias scenario, choose the best conflict resolution approach, and encourage 
cooperation and communication among all stakeholders. The ultimate objective is to provide a fair and 
equal learning environment that is advantageous to all students and teachers.
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IMPLICATIONS OF THE STUDY

A) 	 Social Implications:
ü Ethical understanding: The study has the potential to increase societal understanding of the ethical 

issues surrounding the use of AI in the classroom. It may spark discussions on how AI tools 
and technology should be used responsibly.

ü Findings might highlight the significance of students’ and society’s critical thinking and digital 
literacy in navigating AI-powered educational settings and preventing cyberattacks.

ü Education Equality: The study’s societal implications might emphasise the need for equal access 
to AI-powered educational materials in order to guarantee that educational opportunities are 
distributed fairly.

ü Privacy Concerns: The study may improve people’s awareness of data privacy problems in 
education and make them more watchful of how their personal information is utilised in AI-
powered platforms.

B) 	 Managerial Implications:
ü Study findings can be used by educational institutions to create AI integration methods that foster 

innovation and academic integrity while reducing academic dishonesty.
ü Faculty Development: Institutions may invest in programmes that train teachers to use AI in 

education efficiently and to build a creative and morally upright learning environment.
ü Investments in technology: Educational administrators may budget funds to acquire and create 

AI technologies that are compliant with moral principles and encourage inventive learning.
ü Strong security measures may be implemented by educational institutions to thwart cyberattacks 

and safeguard private student information.
C) 	 Policy Implications:

ü Regulation: To ensure ethical practises, data privacy, and justice, policymakers may consider the 
necessity for legislation and norms controlling the use of AI in education.

ü Data Privacy regulations: The study can help with the creation or updating of data privacy regula-
tions, especially when it comes to student data that is gathered and processed by AI systems.

ü Academic Integrity Policies: Educational institutions may update their academic integrity guide-
lines to take ethical issues and AI-related difficulties into account. Policymakers may also 
offer advice.

ü Governments and educational institutions may start digital literacy programmes to provide stu-
dents the knowledge and skills they need to use AI technology responsibly.

ü Access and Equity: Policymakers may seek to close the digital divide by ensuring that all stu-
dents, regardless of socioeconomic status, have access to AI-powered educational materials.

CONCLUSION

The consequences of this study illuminate the complex role artificial intelligence (AI) has played in re-
shaping the academic environment and raise significant questions for both educators and policymakers. 
The results show that the adoption of AI in education results in a revolution of previously unheard-of 
magnitude. On the one hand, AI holds up the possibility of improved academic integrity thanks to systems 
that track distant examinations, identify plagiarism, and guarantee fairness. These developments support 
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the values that guide educational institutions’ quest for excellence in instruction and moral behaviour. 
The report does, however, also point out certain dangers. The development of artificial intelligence (AI) 
has the potential to unintentionally promote academic dishonesty since tools and information produced 
by AI may be used to circumvent conventional teaching and evaluation methods. The growth of contract 
cheating services and the accessibility of AI-driven instruments for unethical behaviour represent the 
negative impact of AI on education (Morris, E.J. 2018 & Stoesz et.al., 2019). The study also highlights 
the complex relationship between AI and creativity. While AI-driven technologies may simplify processes 
and increase productivity, they also run the danger of suppressing original thought. The limitations of 
depending on AI-generated solutions may prevent students from thinking critically, innovating, and 
approaching problems from different perspectives. The research also clearly emphasises how critical it 
is to deal with cyberattacks since the use of AI in education creates new openings for criminals to take 
advantage of. In a time when private student information is becoming more digitised and networked, 
it is crucial to safeguard data privacy and establish strong security measures. Educational institutions, 
politicians, teachers, and technology developers face a dual obligation in navigating this complicated 
environment. They must carefully reduce its hazards while utilising AI’s advantages. It is critical to strike 
a balance between technical innovation and academic integrity. In order to ensure responsible AI use, 
prevent academic dishonesty, and promote an atmosphere that values innovation and critical thinking, 
policies must be put in place. The incorporation of this technology must, however, be done with a deep 
understanding of its ethical ramifications and the need to protect the fundamental values of education, 
including honesty, originality, and the quest for knowledge. Only by doing this will we be able to guar-
antee that AI’s participation in education is in harmony with the principles that form the cornerstone of 
academic development and learning.
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Abstract: At the present days, the popularity of the stock 

marketing is very high as this is only the legal platform where 

the investor can doubling their investments within very short 

span. However, besides the chance of profitability, there is huge 

risk present due to the extreme volatility. In this context, to 

reducing the risk of financial this research study has developed 

a AI detection model so that a predictive future data related to 

the stock exchange can be obtained through the past data train. 

In order to predict where prices will go in the future, this model 

uses machine learning algorithms and NLP techniques to 

decipher historical market data. Backtesting on simulated data 

demonstrates that high levels of accuracy, precision, recall, and 

F1 score may be attained in the prediction of market volatility 

using the proposed model. The proposed model may be used by 

investors and financial institutions as a tool for making more 

informed investment decisions, reducing risk, and identifying 

untapped investment opportunities. An important contribution 

to the field of finance, this research shows how machine learning 

algorithms and natural language processing methods show 

potential in predicting market volatility. 

 

Keywords: Investing, the stock market, financial uncertainty, 

machine learning algorithms, accuracy, recall, precision, natural 

language processing methods, investment decisions. 

 
I. INTRODUCTION 

 
The fluctuating nature of the stock market means that 

stock prices may be influenced by a broad range of factors. 
Stock price swings that are characteristic of volatile financial 
markets may have serious repercussions for both individual 
investors and the economy as a whole. Due to the rapid 
advancements in AI and ML, the creation of autonomous, 
intelligent AI detection models to predict and mitigate 
monetary volatility has been a hot issue in recent years [1]. 
 

The purpose of this work is to provide a model for the 
identification of financial volatility in the stock market using 
an intelligent unmanned AI. The program analyzes massive 
quantities of financial data in real-time in an effort to generate 

fast and accurate forecasts of financial volatility. Financial 
news and market sentiment are processed using a mix of 
machine learning methods (including deep neural networks) 
and natural language processing techniques in the proposed 
methodology. 
 

This article will begin with a review of the literature on 
stock market prediction using AI and the topic of financial 
volatility. The architecture of the suggested model will be 
discussed, and its main properties, such as its sensitivity to 
market fluctuations and its potential for real-time prediction, 
will be highlighted [2]. Real-world financial data will be used 
to assess the model's performance, with the findings 
compared to those of established models to prove the model's 
superiority. 
 

Risk management, portfolio optimization, and trading 
strategy creation are just a few areas where the suggested 
approach might be put to use. Insightful choices and reduced 
risk might be made by investors and financial institutions 
thanks to the model's timely and accurate forecasts of 
financial volatility. 
 

In sum, this study will add to the expanding body of 
literature on artificial intelligence and finance, notably in the 
field of predicting financial volatility [3]. With the ability to 
analyze and adjust to market circumstances in real-time, the 
suggested model might have far-reaching consequences for 
the financial sector and pave the way for the creation of even 
more powerful artificial intelligence models for stock market 
research. 
 

II. RESEARCH METHODOLOGY 
 

Based on the application of machine learning methods, 
such as deep neural networks, and natural language 
processing techniques to extract insights from financial news 
and market sentiment, the suggested Intelligent Unmanned 
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AI Detection Model for Financial Volatility in Stock 
Exchange is put forward. In this part, we will discuss the 
technical research strategy that was used to create the 
suggested model. 
 

• Acquiring and Scrubbing Raw Data: Obtaining 
and cleaning up the financial data is the starting 
point for constructing the model. Stock prices, trade 
volumes, and economic news are all part of the 
financial data. The stock exchange provides the data 
on stock prices and trade volumes, while other news 
outlets provide the financial news [4]. All missing 
values are filled in and the data is normalized to 
make sure all characteristics are measured on the 
same scale throughout the preprocessing phase. 

 

• Emotional Insights: Sentiment analysis of financial 
news stories is performed using natural language 
processing methods. The news stories' positive or 
negative tone is identified via the use of a pre-trained 
sentiment analysis algorithm. It's possible for the 
polarity to be positive, negative, or even 0 degrees. 
Then, the sentiment ratings are included into the 
model as new features. 

 

• Choosen Features: The next stage is to choose the 
best attributes for predicting market volatility. The 
characteristics are chosen for their relevance in the 
model and their link with market volatility. The 
stock prices, trading volumes, and sentiment scores 
are the chosen characteristics. 

 

• Structure of the Model: Multiple layers of linked 
nodes form the basis of the suggested model in a 
deep neural network design. The input 
characteristics are used by the algorithm to forecast 
future market volatility [5]. The structure of the 
model is designed to capture the intricate and 
nonlinear connections between the input 
characteristics and market volatility. 

 
A. The model's structure is broken down into the following 

levels: 

 
1. Layer of Input: The chosen characteristics form the 

input layer. 
 

2. Secret Depths: There are several tiers of nodes that 
make up the hidden layers. The purpose of the 
obfuscated layers is to accurately represent the 
nonlinear associations between the input data and 
market volatility. 

 
3. Resulting Layer: The expected market volatility is 

output by a single node in the output layer. 
 

• Certification and Practice: The model is "trained" 
using data from the past. During training, the 
parameters of the model are adjusted such that the 

error in predictions is as little as possible. Hold-out 
datasets are not utilized during model training but 
are used for model validation. The validation 
method checks for over fitting by comparing the 
model's results on the hold-out dataset [6]. 

 

• Judging Individual Performance:Several 
measures, such as accuracy, precision, recall, and F1 
score, are used to assess the suggested model's 
efficacy. Accuracy measures how often a forecast 
turns out to be right, whereas precision measures 
how often a prediction turns out to be really positive. 
The recall rate is the number of correctly predicted 
successes relative to the total number of successes. 
Harmonically averaging accuracy and recall yields 
the F1 score. 

 

 
Figure 1: Flowchart of the stock exchange prediction model 

B. Expressions in Mathematics 

 
The mathematical form of the suggested model is as 

follows: 
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In this case, we'll refer to the input characteristics as X, 
the financial volatility as Y, and the model parameters as. 
This model may be written down as: 
 

Y = f(X, θ)           (1) 
 

where f is the function from input characteristics X to 
output volatility Y in the financial markets. 
 

By minimizing the MSE loss function, the optimal values 
for the model parameters are found. The function for MSE 
loss is as follows: 
 

L(θ) = (1/n) * ∑(Y - f(X, θ))^2        (2) 
 

and the predicted financial volatility is f(X, ), where n is 
the number of occurrences in the training dataset, Y is the 
actual financial volatility, and is the parameter of interest. 
 

The following measures are used to assess the 
performance of the models: 
 

Precision is (TP + TN) divided by (TP + TN, FP + FN). 
 

Precision = TP / (TP + FP)      (3) 
 

Remembering TP is calculated by subtracting it from (TP 
+ FN). 
 

In order to get your F1 Score, multiply your (Precision * 
Recall)/(Precision + Recall)) by 2. 
 

where (TP + FN) is the sum of all right predictions, (TP 
+ TN) is the sum of all wrong guesses, and (FP + FN) is the 
sum of all correct guesses. 
 

III. RESULT AND DISCUSSION 
 

The “Intelligent Unmanned AI Detection Model for 
Financial Volatility on the Stock Exchange” was developed 
using machine learning algorithms and natural language 
processing techniques. A model for forecasting market 
volatility was developed using stock prices, transaction 
volumes, and sentiment ratings gleaned from financial 
news.Stock market and other financial news sources were 
mined for historical financial data used to test the suggested 
model [7]. After cleaning up the raw data, a pre-trained 
sentiment analysis model was used to determine the tone of 
the news stories. The model was trained using past data, and 
the most important characteristics were chosen for inclusion. 
 

Several criteria, such as accuracy, precision, recall, and 
F1 score, were used to assess the suggested model's efficacy. 
According to the assessment findings, the suggested model 
successfully predicted financial volatility with a high degree 
of accuracy. The measures used to assess the suggested model 
are laid forth in the table below. 
A. Model 1: ANN (artificial neural network) 

 
A dataset of past stock prices, trade volumes, and 

sentiment ratings derived from financial news was used to 
train the ANN model. The stock's financial volatility was the 

dependent variable of interest in this dataset of 100,000 rows 
and 15 columns. 
 

The Keras Python package was used to create the ANN 
model, and the model itself was based on a three-layer deep 
neural network design. Ten nodes were used as input, while 
a single node, indicating the anticipated market volatility, was 
used as output [8]. 
 

The Adam optimizer and a batch size of 64 were used to 
successfully train the model. After 50 epochs of training, the 
procedure was terminated because to a lack of progress in the 
validation loss. 
 
B. Model 2: Random Forest (RF)  
 

Both the ANN and RF models were trained using the 
same dataset. Python's sci-kit-learn package was used to 
create the RF model, and the forest had 500 decision trees. 
 

Except for the forest size, all other default 
hyperparameters were used throughout model training. 
Model performance was measured using 10-fold cross-
validation and mean squared error (MSE). 
 

• Results: Compared to the RF model, the ANN 
model performed better in terms of accuracy, 
precision, recall, and F1 score, according to the 
assessment findings. Below is a table comparing the 
two models' many points of evaluation: 

 
TABLE I: EVALUATION METRICS OF THE PROPOSED MODELS 

Metric ANN RF 

Accuracy 0.87 0.79 

Precision 0.88 0.75 

Recall 0.85 0.81 

F1 Score 0.86 0.77 

 

 
Figure 2: Graphical Representation of the Evaluation Metrics 

Findings from this study point to the ANN model's deep 
neural network design as being more effective at modelling 
the intricate and nonlinear connections between input data 
and market volatility. However, the RF model may not be as 
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good at capturing the complicated connections in the data 
since it is built on an ensemble of decision trees [9]. 
 

Financial volatility may be predicted with a high degree 
of accuracy and precision using the suggested Intelligent 
Unmanned AI Detection Model, which is based on the ANN 
model. When it comes to reducing financial risk, the model 
may be a useful tool for investors and financial institutions. 
 

IV. DISCUSSION 
 

The acquired results of the suggested Intelligent 
Unmanned AI Detection Model for Financial Volatility in 
Stock Exchange show that the model may be a useful tool for 
forecasting financial volatility. Investors and financial 
institutions may put the model to use in guiding investment 
choices and reducing financial risk due to its high levels of 
accuracy, precision, recall, and F1 score [10]. 
 

To further aid investors and financial institutions in 
seeing investment possibilities and mitigating risk, the 
suggested approach may also be utilized to spot developing 
market trends and patterns. The model may aid investors and 
financial institutions in reducing their exposure to financial 
risk by delivering accurate and timely forecasts of financial 
volatility [11]. 
 

The suggested model offers a useful and accurate 
instrument for anticipating financial volatility on the stock 
market, which is of interest to the readers of this research 
study. Investors and financial institutions may use the model 
to aid in investment decision-making, risk management, and 
the identification of investment possibilities. 
 

More sophisticated financial models that can perform 
real-time analysis of complicated financial data and provide 
reliable forecasts of market volatility may be built on top of 
the suggested model. This study highlights the promise of 
machine learning algorithms and natural language processing 
approaches for forecasting market volatility, and so makes a 
significant addition to the area of finance [12]. 
 

In essence, the financial sector stands to benefit greatly 
from the suggested Intelligent Unmanned AI Detection 
Model for Financial Volatility in Stock Exchange, which 
would serve as a dependable and accurate instrument for 
forecasting financial volatility. The approach may aid 
financial institutions and investors in reducing financial risk 
and maximizing return on investment. This study highlights 
the promise of machine learning algorithms and natural 
language processing approaches for forecasting market 
volatility, and so makes a significant addition to the area of 
finance. 

V. CALCULATION AND FUTURE DIRECTION 
 

In conclusion, this work developed a machine learning 
algorithm– and NLP–based unmanned AI detection model 

for financial volatility in the stock market. The suggested 
model performed well on many measures of anticipating 
market volatility. Investment choices, risk mitigation, and the 
discovery of new investment possibilities may all benefit 
from the model's ability to evaluate massive amounts of real-
time financial and news data [13]. 
 

Because it addresses a serious problem that has plagued 
investors and financial institutions for a long time, the 
findings of this study have far-reaching consequences for the 
sector as a whole. More sophisticated financial models, able 
to assess complicated financial data in real time and create 
accurate forecasts of financial volatility, may be built on top 
of the suggested model. Asset prices, trade volumes, and 
market trends are only some of the financial parameters that 
may be predicted using the model [14]. 

 
Extending the presented model to forecast outcomes in 

other financial markets and measures is a promising avenue 
for future study. Improve the model's accuracy and prediction 
potential by adding variables like social media data and 
sentiment analysis as inputs. The suggested approach may 
also be used to alert regulators to possible market 
manipulation by spotting unusual market behavior. 
 

To further improve the quality of data available to 
investors, future studies might investigate how to incorporate 
the suggested model into already financial trading algorithms 
and platforms. Further applications of the suggested approach 
include the creation of algorithmic trading methods that may 
make real-time adjustments to investment portfolios in 
response to changes in market volatility [15]. 
 

Overall, the suggested Intelligent Unmanned AI 
Detection Model for Financial Volatility on the Stock 
Exchange is a powerful and potentially game-changing 
instrument for anticipating financial volatility. Improve the 
precision and dependability of investment choices by 
building on this work in future studies to create more 
sophisticated financial models that can assess complicated 
financial data in real-time and provide accurate forecasts of 
financial measures. 
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Foreword
“Sustainable Technology for Society 5.0: Case Studies, Examples, and Advanced
Research Findings,” which is a part of the Emerging Trends in Technology in
Management in Commerce – Series Editors: Vikas Garg &Rashmi Agarwal, is a
comprehensive reference source that will provide personalized, accessible, and well-
designed experiences. The aim of the book is to provide a deeper understanding of the
relevant aspects of sustainable technology in building an effective Society 5.0.
Sustainability has increasingly become important to business research and practice
over the past decades because of the rapid depletion of natural resources and concerns
over wealth disparity and corporate social responsibility. The book aims at bringing
together valuable and novel scientific contributions that address the critical issues of
sustainable and transformative tech models and other sustainability science and
technology topics that have an impact on Society 5.0 with the fast-changing research
community in academia and industry. This book raises awareness and shares essential
policy tools on innovation and technology to sustainable development, the
possibilities and difficulties of sustainable development, and policy suggestions,
especially within the context of the 2030 Agenda towards building a strong
sustainable tech framework in the Society 5.0 model.
This aspect has inadequate research and curricular output as of now and could be

very useful and a new contribution to this contemporary topic where a customized
tech model in different sectors can be adopted leading to sustainable production and
profitability patterns for many organizations that pursue sustainability and share the
vision of a cleaner planet for the future of mankind.
The book promises that a wide range of readers with a variety of interests will find

this book to be extremely valuable. This includes not only academics, postgraduate
students, and research associates, but also banking professionals, financial companies,
corporate executives, entrepreneurs, and other professionals and masses in all fields
who can improve and expand their knowledge by learning the basic trends and
activities in this book. Sustainable technology is the need of the hour and can
revolutionize any industry as and when needed. As a result, in the coming years, it will
affect every single individual on the globe.
This book will showcase these phenomena and literature in the emerging economy

context, where innovation and technology are extensively used to achieve the triple
bottom line and aid in achieving the SDGs.

Professor Dharam Buddhi
Vice Chancellor, Uttaranchal University

Dehradun, India
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Preface
“Sustainable Technology for Society 5.0: Case Studies, Examples, and
Advanced Research Findings” which is a part of the Emerging Trends in
Technology in Management in Commerce – Series Editors: Vikas Garg &
Rashmi Agarwal.
Sustainable technology that is applicable to many industries in the current

competitive and technologically driven society has gained paramount importance in
the past few years. Building sustainable technology faces more challenging data
management, identity theft, and fraud challenges as transactions and other company
processes gradually shift online and gain popularity each year. As systems using
deep learning technology can detect patterns and spot suspicious activity and
probable fraud, building resilient, sustainable tech models in organizations can
advance many financial and corporate activities.
With the main objective of designing standard, dependable tech control methods

and the search for new ways to reach and serve customers while maintaining low cost,
technology-driven organizations have been used in the e-commerce and financial
industries to achieve better customer experience, efficient supply chain management,
improved operational efficiency, and reduced mate size. Currently, machine learning
models are being created to handle the complexity and diversity of data seen in the
Society 5.0 Applications of artificial intelligence, machine learning in business, e-
commerce, tech management, and tech frameworks are covered in this book. Some of
the key uses are portfolio management, fraud detection, inventory management, sales
forecasting, profit maximization, and sales growth.
The most recent results of the field’s empirical study are presented in this book,

along with important theoretical frameworks. It reveals novel and cutting-edge parts
of technology applications, demonstrates how it may support sustainable business to
increase economic efficiency at both the micro and macro levels, and offers a
deeper comprehension of the pertinent facets of technology that have an impact on
efficacy for greater output. It is an ideal resource for researchers, academicians,
policymakers, business professionals, companies, and students. Numerous practical
aspects of artificial intelligence that enhance industry skills as well as decision-
making are gaining momentum.
This book is a significant advancement. The book’s theme is quite cross-disciplinary

in nature. Despite being primarily concerned with stakeholder strategies, the book will
be extremely helpful to those in corporate, business professionals, financial markets,
the e-commerce industry, sociology, political science, public administration, mass
media and communication, information systems, development studies, and business
studies. The topic is one of the most significant expanding fields worldwide, and the
models covered in the book will have tremendous replication and practice potential.
However, for practitioners engaged in the studyof stakeholders and their strategies, this
book will be a valuable source of reference. Second, the book is organized in a reader-
friendly way with key information that has been properly analyzed underlined, making
it simple to understand the content. The reader’s access to materials in the book creates

viii



the possibility for more in-depth research. The case studies will offer a tried-and-true
method for resolving typical issues in the subject area.The readerwill be able to quickly
grasp the chapters’ major ideas and summarize the content.

It talks about the enlisted chapters:

Chapter I talks about the impact of technology transformation on sustainable
research pedagogy.

The main goal of this research is to examine the blend of learning and digital
technology, which talks about systematic planning on research pedagogy of the
present learning system. It summarizes some theoretical issues and perspectives for
enhancing the effectiveness of integrating digital technology into a scientific and
well-advanced mode of the teaching-learning process as related to the new
education policy (NEP) in India.

Chapter II talks about enhancing the Impact of Society 5.0 for better healthcare
along with social security for the achievement of sustainability.

The goal of all governments across the world is to provide high-quality medical care
to every citizen. The experts’ recommendations for effective government aid to
individuals include promoting healthcare coverage, ensuring a stable foundation,
and promoting mindfulness about medical issues. Similar efforts are occasionally
made by the Indian government. The Indian government implements several health
programmes in India to guarantee people’s continued health. With the integration of
innovative technologies in every field, we can support the United Nations’
Sustainable Development Goals 3 by providing better health for every individual.

Chapter III talks about the significance of smart infrastructure: The role of
information technology in smart cities.

The most defining characteristics of the term “smart city” and its development are
briefly discussed in this study. Smart cities are those metropolises that incorporate
Information and Communication Technologies (ICT) for urban management with
the purpose of migrating them from the traditional to the digital and thus improving
the efficiency of operations and the provision of services. Along with this, a
number of alternative terms that were put forth to describe the many traits of the
future cities are also examined. Also provided is a link between technology and
smart cities. A smart city is one that develops integrated, liveable, and sustainable
urban centres by utilizing all available technology and resources in an intelligent
and coordinated way.

Chapter IV talks about chatbots communication quality impact on brand
Experience of Customers: An Interdisciplinary Study.

The aspects that may impact brand experiences with the communication quality of
chatbots are inadequately known. This study aims to investigate the impact of
the credibility, openness, and capability of chatbots communication on the brand
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experiences of customers. The data that were gathered from 221 respondents were
examined using PLS-SEM. The findings of structural equation modelling (SEM)
show the significant influence of communication quality variables (credibility,
openness, capability) on the brand experiences of customers. This study widens the
range of factors that academics and practitioners can consider to speed up the
development of chatbot applications beyond user satisfaction and intention to use.

Chapter V talks about role of innovative technology through the study on
Tata Nano.

It talks about how the idea of “frugal innovation” is growing in India, where
contemporary production methods are adopting it more and more. Despite being
rather widespread in India, low-cost innovation has recently become more well-
known and accepted. Frugal innovation has become more commonplace and now
impacts both urban and suburban communities, in addition to being a mainstay of
village and rural life. When it was introduced to the globe, the $2,000 Tata Nano stood
as a shining illustration of India’s promise of “frugal innovation.” Through the use of
a case study, the “Tata Nano” project from Tata Motors Ltd. was investigated by
means of its cost-effective engineering and design, as well as many enhancements
made by the Tata group to integrate their philosophy: “less is more” into the car. The
end result, dubbed the “people’s automobile,” has attracted much interest and acclaim
for its creative, economical design.

Chapter VI talks about the role of artificial intelligence in e-commerce:
Industry 4.0.

The chapter throws light on Industry 4.0 is revolutionizing, how businesses create,
improve, and distribute their goods. Modern technology is being incorporated by
manufacturers. i.e., artificial intelligence (AI) and analytics. As an outcome, the
chapter highlights how big the sectors can be with AI. The industries can significantly
reduce labour costs and complex manual tasks. And they can increase the efficiency
and effectiveness of production. They can successfully manage all the sectors of any
industry, from primary to banking sectors, for the best of results.

Chapter VII talks about sustainability amalgamation with tech advancement.
The study on Safepad: Reusable sanitary pads.

It talks about how women using reusable menstrual products have a better effect on
their health. They feel less irritation, burning, or stinging. However, handling these
reusable products is comparatively a hassle, as they must be washed and stored in a
clean place. Bangladeshi women and young girls still face many social stigmas
regarding menstruation, and Youth’s Voice aims to spread knowledge and awareness
about menstruation. For the betterment of society, it has launched the Safepad Project,
which aims to provide a sustainable and healthier option for menstrual products. This
campaign aims to reduce the stigma associated with menstruation, remove common
myths, inform everyone about menstruation, and distribute sanitary goods to
adolescent females in need who are menstruating. The convenience of menstrual
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products is important, especially the ones that are sustainable and have health benefits.
For women to switch to reusable options, they need to understand the importance of it.
Thus, spreading more knowledge and awareness is highly required.

Chapter VIII talks about sustainability through transformative technologies:
Green banking and SDG-13.

The current scenario of environmental degradation is enforcing every individual to
focus on sustainability. Sustainability has become an increasingly common term in
the rhetoric surrounding business ethics and has been widely used by corporations
and government consultants pressure drops and academic alike. The study focuses
on Ggeen banking, its impact on the industries operating in India, and how
technologies have affected the overall productivity of Indian enterprises with their
approach to achieving SDG-13. Green banking aims to take proactive action
towards environmental protection. The banking industry has a vital impact on
society as this can impact our day-to-day life. The current study will focus on green
banking as a sustainable contributory solution for the future environment. After
facing many environmental disasters, every individual wants to contribute to
changing scenarios. Every organization runs its business for profit-making, and
hence it is necessary for an organization to know its profit before adopting any
changes for sustainability.

Chapter IX talks about managing employees in private organizations: Dilemmas
and strategies for managers.

In this chapter, the researcher highlights the challenging tasks of managing
employees is a very complex task as they have various order needs. This chapter
discusses the issues related with managing employees in private organizations.
Workplaces have a combination of personalities, and this factor creates various
types of dilemmas. Strategies to deal with the dilemmas are very essential to ensure
that every employee maintains focus on the organizational goals. The emphasis is
on the private sector employees as they have various insecurities and managing
them is a tough task for middle-level managers. With the help of various cases, this
chapter helps to point out that with the application of various strategies how
managers can cope up with situation that give rise to dilemma. Neglecting the need
for such strategies will result in the loss of goodwill of the organization along with
higher attrition rate that is not at all favourable for the organization’s success.
Therefore, any kind of dilemma should be managed timely.

Chapter X talks about the triple bottom line framework and sustainable practices.

The goal of this study is to close the framework comprising the 3 P’s: profit, people,
and the planet. Leading Indian businesses are increasingly aware of and committed
to taking steps to decrease their carbon footprints, such as using materials that were
sourced in an ethical manner, cutting back on energy use, and improving shipping
efficiency. The study has indeed been able to depict how well the Triple Bottom
Line model is implemented in most of the leading companies in India along with
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other Multinational companies from a global perspective, with a creative touch
sensing to social and environmental sustainability. Selection of top innovative
Indian companies was identified from various sectors randomly, keeping in mind
their contributions towards profits, people, and planet orientations under TBL
Scheme for Financial Year 2021. The latter selection of global companies was
based on the performance, brand loyalty, customer satisfaction, and corporate image
of such companies during the past few years.

Chapter XI talks about the impact of advertising on shopping behaviour.

Consumer behaviour (CB) is highly influenced when any market investor promotes
their products through different media outlets. The ad throughout the media has a
unique design that involves customers in a different practice. Digital inclusion has
prompted changes in buyer media practices. Therefore, a more profound
comprehension of promotions on various media stages and the impact on CB
should be assembled. Advertising efforts are targeted at the consumer and are in
control of everything available to the public. Spending in India is expected to
improve by 12.5% in 2018 from 9.6% last year. The present research focuses on a
variety of ad factors that affect the performance of each purchase. The people
interviewed in this study were college students. It is a well-known fact that the
youth of our country are the biggest buyers of smart phones. The conclusion of this
study is based on key data collected from students at various colleges in Delhi NCR.

Chapter XII talks about the importance of cost and financial accounting in
high-technology firms.

Managers in any industry, including those in the high-technology, are tasked with
making tough calls about the financial health of their companies. Financial goals
and constraints play a significant role in the day-to-day operations of a high-tech
corporation. Expense and revenue accounting are discussed from a general
perspective. Due to the breadth of accounting, this will introduce a few of the
most important cost and financial accounting concepts as a first step toward
recognizing the significance of accounting for management decision in high-
technology firms. A system for cost and financial management can boost the
automation and digitization of financial management while decreasing the amount
of human work performed by financial professionals. Applying this technology in
the real world can speed up the input of financial data and enhance the accuracy of
accounting records. High-tech companies’ financial management systems are highly
effective and convenient management solution that meets the majority of their
regular business requirements. The system was tailored to the needs of cutting-edge
corporations, which is why it excels in this sector.

Chapter XIII provides insights into Kaizen: A Philosophy for Survival and
Revival of SMEs after Covid-19.

Taking the theoretical framework from world war II, where Japan was devastated
badly and after the world war it was believed that the loss was fairly known to the
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world, many manifested that the fall of Imperial Japan and believed the loss would
be irrecoverable, which surely would have been true in case of any other country,
but soon after the trauma, Japan started bouncing back, and today Japan is famous
for its Quality, Delivery, and Price, especially one giant automobile company
named Toyota, which has set umpteen examples in the field of total quality
management. Many researchers have done all-encompassing study and research to
find out the magic formula. They found that “Kaizen philosophy” is the backbone
and plays a pivotal role in the success of Toyota. This chapter tries to explore the
Kaizen philosophy not to survive only but creating a culture of self-sustained
continuous improvement in difficult economic scenario after Covid-19, as a number
of companies had to be shut down due to losing its customers or suppliers that has
created immense pressure on manufacturing industries to work with limited
resources.

Chapter XIV instigates the study on Potential Electricity Production of
Roof-Mounted Solar PV Systems in a Row House Area in Sweden.

Sweden’s energy policy goal is to have completely renewable electricity production
by the year 2040; thus, alternatives such as wind and solar energies are being
investigated for electricity supply, where mainly solar energy has the potential for
small- and medium-sized systems for houses of private individuals and companies.
As a part of this development, the tenant-owner’s association, Stenbär, in the city of
Gävle in Sweden has considered installing solar PV systems, which has become the
basis for this research. The aim of this chapter is to investigate the potential areas
for a solar cell plant and how much electricity this could produce per year. The
simulations are performed by using the computer software IDA ICE 5.0 beta. It is
demonstrated that there is a good potential to produce a large amount of solar
energy in the area. As the system produces a surplus during the summer half of the
year, there is also the possibility of selling the electricity.

Chapter XV talks about the significance of AI in Industrial Revolution 4.0.

Fourth Industrial Revolution has transformed the economies at the global level. New
technologies like artificial intelligence have the potential to boost economic growth.
Advanced economies have reaped the benefits of technological advancements like
artificial intelligence by attracting more investment from poor countries. The chapter
aims to explore how artificial intelligence and Industry 4.0 play the role of a double-
edged sword in economic development. The chapter discusses how artificial
intelligence, the main driving force for Industrial Revolution 4.0, is impacting the
economies in general and identifies the factors contributing to both widening and
bridging the economic divide. Technological risk in the short and long term is
also highlighted, along with the severity of various risks at the global level and
insights into the technology-wise impact of Industrial Revolution 4.0 on various
organizations, especially the workers. The contribution of the countries in bridging
and widening the global economic divide is also mentioned. The chapter leaves the
scope for further research in this area.
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Chapter XVI talks about the importance of digitalization as a tool for bringing
developments and disputations.

AI-powered digitalization in the healthcare industry can be used to evaluate medical
pictures, support diagnosis and treatment, and enhance patient outcomes. Similarly, to
this, digitalization in finance can be used to spot fraudulent transactions, control risk,
and improve investment choices. AI-driven digitalization in the transportation sector
can be applied to traffic control, logistics optimization, and the creation of
autonomous vehicles. Digitalization is also used in manufacturing to automate
monotonous operations, boost productivity, and cut costs. While digitalization offers
numerous prospects for increased production and efficiency, it also has drawbacks.
The possible loss of jobs as automation rises is one of the key worries. The use of AI
raises ethical issues as well, such as the possibility of prejudice and the requirement
for accountability and transparency. To ensure that AI serves the interests of society, it
is our duty as academicians and practitioners in this area to develop and deploy it
responsibly and deliberately. The purpose of the chapter is to shed light on the
potential and difficulties brought about by digitalization, as well as the significance of
resolving any ethical issues that may arise.
Thus, this book intends to give a quality publication with unique insights and

methods of application for current scholars and users. This book offers a great
overview of how Sustainable Technology can be built for the futuristic Society
5.0. Its comprehensive coverage paves an interesting read for the users and
provides extensive coverage in implementing strategies for building sustainable
tech organizations.
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1 Technology
Transformation for
Sustainable Research
Pedagogy
An Indian Perspective

Madhuri Yadav and Pushpam Singh
Research Scholar, Department of Commerce, Indira Gandhi
National Tribal University (A Central University),
Amarkantak, Madhya Pradesh, India,

Sukanta Kumar Baral
Professor, Department of Commerce, Faculty of Commerce
& Management, Indira Gandhi National Tribal University
(A Central University), Amarkantak, Madhya Pradesh, India

1.1 INTRODUCTION

Today, education is a fundamental asset for achieving all types of potential of human
beings related to economic, social, developmental, cultural, equality in social justice,
and cyclic advancement of national education and cultural preservation in India.
Therefore, the Central Government of India has given more importance to a unique
National Education Policy-2020 (NEP-2020) and digital transformation of blended
learning through a strategic plan on teaching-learning pedagogy for providing a high
quality of educational opportunities to all from primary education to higher education.
In a variety of contexts across the nation, high-quality, individualized learning ap-
proaches are proving to show significant improvements in student performance.
Educators have access to a wide range of interactive learning resources and digital
learning tools on which to base their models. A growing portion of the most
impressive progress can be found in traditional school districts that are adopting
models created around their own educational needs in accordance with the require-
ments therein, as the transformative benefits and outcomes these programmes can
deliver are drawing more attention from the media, policymakers, and others.

Therefore, the aforesaid research title has encouraged us to acquire knowledge
and skill in various segmentations, where expected outcomes will be possible
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through meticulous planning and strategy, by which quickly and changing em-
ployment occurs in the country and world. This pedagogy of learning system must
evolve to make education more experimental, holistic, integrated, innovative,
learning centred, discussion based, and flexible in nature.

1.2 REVIEW OF LITERATURE

We concentrated on four key aspects of instructional design for blended learning in
this section of the literature review: A strategic and ongoing assessment and
evaluation of blended learning is required, as are (a) the thoughtful integration of
face-to-face and fully online instructional components, (b) creative use of digital
technology, (c) reconceptualization of the learning paradigm, and (d) a creative use
of digital technology. The goal of the first principle is to make the most of the
positive aspects of both environments and to better meet the requirements and
preferences of the diverse student body [1]. Any technology should be used in a
pedagogically suitable manner and for developing and maintaining socially located,
highly participatory learning because of the inventive uses of technology [2]. The
learning paradigm must be reconceived to include new pedagogies, learning the-
ories (e.g., social constructivism and student-centred learning), the development of
new understandings and knowledge through students’ social interactions with a
community of peers, and new roles for both students and teachers (e.g., mentors and
coaches) [3]. In order to guarantee the quality of education, the fourth principle of
persistent assessment and evaluation of blended learning solutions [4] is followed.
In this chapter, we are attempting to demonstrate how NEP-2020 can benefit from
a research pedagogy of blended learning and digital technology for the delivery of
quality education and the enhancement of one special education policy in India for
better employability prospects.

1.3 RESEARCH OBJECTIVES

We, the researchers, have taken the following objectives for enhancing the quality
of blended learning and digital technology transformation in teaching pedagogy as
related to NEP-2020:

• To study the role of research pedagogy of blended learning and digital
technology for transformation of a learning system related with NEP-2020.

• To study NEP-2020 and its teaching-learning pedagogy.
• To study the research gap between the current state of learning outcomes

and the requirement for future higher education in India.
• To find out the role of technological transformation in sustainable research

and its challenges.

1.4 RESEARCH METHODOLOGY

In this section, we have followed the research tools and techniques as other re-
searchers are followed previously such as Research Design, Method of Study,
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Hypothesis Testing, Result Analysis, etc. But we have proposed both the methods
of data collection as primary and secondary ways in order to get the information
from the respondents through the Google form shared online with them, and we
collected the response through a suitable questionnaire.

1.5 RESEARCH PROBLEM

The researchers have taken the research title “Technology Transformation for
Sustainable Research Pedagogy” now associated with NEP-2020 (India) for pro-
viding quality education from Primary to PhD through the NEP-2020 policy in
order to overcome the pitfalls in the education system at present and justify the
research work.

1.5.1 FORMULATION OF THE PROBLEM

1.5.2 PROBLEM 1

To find out the pitfalls and causes that are preventing an integrated education
policy in India and justify how an integrated and meticulous research peda-
gogy will execute NEP-2020 for providing quality education from primary
to PhD.

1.5.3 PROBLEM 2

To execute a research pedagogy of blended learning and digital technology for
transformation of learning through NEP on the basement of current teaching-learning
pedagogy for a sustainable and qualitative teaching-learning process adopted by
various universities in their curriculum.

1.6 HYPOTHESIS

In this section, the researcher has taken two hypotheses related to the aforesaid
research design and title.

1.6.1 NULL HYPOTHESIS-1(H0)

NEP-2020 is not required for the present teaching-learning process in India due to
diversity in language and culture.

1.6.2 ALTERNATIVE HYPOTHESIS-1(H1)

The teaching-learning pedagogy, as described by the Central Government related to
NEP-2020, will be highly impactful for enhancing a better quality of the education
system in India.
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1.7 WHAT IS BLENDED LEARNING?

As blended learning is concerned, it is a formal educational programme in which
students are participating through an online mode of delivery of instruction and
content apart from their professor, guide, teacher, and mentor in order to control the
student over time, Place, Path, and Pace are at least part of the guidance in the
supervised brick-and-mortar dorm.

1.8 BASIC DIFFERENCE BETWEEN BLENDED LEARNING AND
DIGITAL TECHNOLOGY LEARNING

The following are the basic differences between blended learning and digital
technology.

Basic Difference Blended Learning Digital Technology

a. On Class Room based
teaching

a. Blended learning is a
combination of learning at a
distance and the traditional
on-campus learning (in a
classroom). Basically, you will
have a (more or less) fixed
schedule where you will have to
attend a part of the classes on
campus.

a. Digital technologies are
changing why, what, and
how people learn.

b. On the basis of an
Approach

b. Blended learning refers to an
approach that combines
e-learning with traditional
in-person learning (think of
lectures, workshops, and
training sessions) and
independent study.

b. It is a new and digitally
enabled approach to learning
design and delivery,
including networked,
mobile, and social learning.
It is a learner-centred
approach to learning and
service design.

c. On the basis of
Training

c. A blended learning programme
can consist of monthly in-person
training days, weekly
assignments, and frequent – if
not daily – peer-to-peer
discussions on a digital
facilitation platform.

c. It is more practical strategies
and pathways for developing
your professional practice.

d. On the basis of
Hybrid Learning

d. Blended learning may be called
“hybrid learning” because it
studies 1) the environment(s) in
which learning takes place and
2) the nature of the learning
experience.

d. It will be applied to digital
learning approaches to
design and create premium
digital learning experiences.
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1.9 THE MEANING AND CONCEPT OF BLENDED LEARNING

With the development of digital technology, blended learning acquires new
dimensions and combines the most advantageous aspects of traditional in-person
instruction and online learning. It is challenging for educators to agree on a single
definition of blended learning given the framework for blended learning that exists
today, which is replete with many blends and models. Combining in-person edu-
cation with computer-mediated training to promote interactive and reflective higher-
order learning is the most typical description of blended learning.

1.10 ELEMENTS OF EDUCATION IN BLENDED LEARNING

According to the San Carlos, California-based Education Elements (http://www.
edelements.com), many of the top-performing blended learning schools in tradi-
tional school districts, public charter schools, and private schools across the nation
have been planned and implemented by Education Elements. They released a study
on student outcomes for 5,000 elementary and secondary education students in 9
partner school districts in 2014. These are some of the consequences for students:

• There are 25% growths in math on NWEA Measures of Academic
Performance (MAP) above national norms.

• There are 54% growths in reading on NWEA MAP above national norms.
• There are 87% of teachers who provide more differentiated instruction.
• Students in blended classrooms completed 1.5 years of course content in

one year.
• An education elements partner district, students in blended classrooms met

growth targets in reading (35% gain) and math (47% gain) above students
in non-blended classrooms teaching.

1.11 WHO NEEDS TRANSFORMATION LEARNING?

The idea of modernizing education with technology is not new – far from it [5].
Many people thought that the introduction of slate blackboards to schools in the
Great Plains and prairie states in the 1840s would revolutionize education [6]. In
reality, the modifications to teaching methods brought about by slate blackboards
still heavily influence many American classrooms today.

1.12 STRATEGIC BLENDING: A CONCEPTUAL FRAMEWORK

Yoon and Lim redefine blended learning as Strategic Blended Learning and
Performance Solutions in the current context of maximizing organizational per-
formance while engaging the learner. According to their explanation, this kind of
blended learning is a deliberate blending of delivery media (mostly face-to-face and
other technologies) to enhance learning/performance solutions that are generated
from the objectives and requirements of a business. Yoon and Lim created a con-
ceptual framework that takes into account five connected stages that strategically
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connect an organization’s demands, performance solutions, and delivery methods
(instructional and non-instructional).

1.13 THE FIVE PROCEDURAL PHASES

A. Strategy and needs analysis – These long-term business and human
resource strategies, tasks, employee requirements, work systems, expenses,
benefits, and the current technological infrastructure are all examined in this
phase.

B. Performance solutions – This part will take into account both instructional
and non-instructional methods of learning reinforcement. Techniques other
than education could involve resources, resources, rewards systems, or
institutional assistance. According to the organization’s or institution’s
performance goals, component display theory, and learning theories suggest
that a blended learning plan should balance the use of technology with face-
to-face interaction.

C. Delivery media – The precise e-learning/digital technologies and face-to-
face learning design methodologies are identified at this stage of the
process. To choose the best combination of strategies, the authors refer to
the e-learning structures identified by Driscoll and Rossett.

D. Strategic blending – At this stage, the effectiveness of the instruction, the
budget, the frequency of need, and learner expectations are taken into
account in relation to the performance objectives of the company.

E. Evaluation and improvement – In this stage, the strategic blended
learning activity’s inputs and outputs are assessed. Efficiency, effective-
ness, cost, and eventual achievement of the performance outcomes would
all be taken into consideration while evaluating the solution.

1.14 MODELS FOR THE BLENDED LEARNING MODEL

There are four types of blended learning models that are applied in the classroom
setting:

a. Rotation Model: This methodology is comparable to the learning stations
concept; the primary distinction is that in this model, students engage in
both in-person and online instruction from a teacher. There is a pre-
determined schedule for students’ virtual classes that are held in real life.

b. Flex Model: The foundation of the Flex Model is online learning; teachers
serve only as facilitators and offer support as needed when students switch
between learning activities on a flexible timetable. The teacher is still there
for most of the lessons, and students still learn in a brick-and-mortar
setting, but homework is now turned in online. This concept gives both
teachers and students the flexibility they both need by giving them more
say over how they spend their time.

c. Self-blend Model: The students are given flexibility over what and when
they learn under this paradigm, but only in addition to their normal classes.
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In addition to their typical in-class studies, students can take courses
online, giving them more control over what they learn. With their own
learning management system, schools can provide these courses, enabling
students to advance in their online classes during downtime.

d. Enriched Virtual Model: In this arrangement, students must travel to the
school, but all instruction takes place online in the school’s computer lab.
Although education is conducted remotely online, facility supervision and on-
site student assistance are provided by trained non-instructional specialists.
In this situation, technology isn’t just limited to computers; an online lab
model offers the chance to utilize the advantages of other cutting-edge
technologies, such as 3D printers, VR headsets, and more, in a virtual setting.

1.15 PRACTICAL APPLICATION OF BLENDED LEARNING

Almost 85% of businesses use blended learning for the development and/or delivery
of educational content, according to a 2013 study of “Blended Learning Best
Practices” by The Learning Guild [7]. More than 76% of respondents said that
blended learning was more effective than classroom instruction, and 73% said that
blended learning had a higher value for and influence on learners than non-blended
procedures. In their blended programme, more than 36% of respondents used six to
ten different components. Classroom instruction, interactive web-based training,
email communication, self-paced content, and threaded conversation were the top
five elements. The Learning Guild (2013) used a blend of learning applications.
According to survey participants, however, the top five challenges to implementing
blended learning were a lack of funding, not picking the appropriate approach, a
lack of support from senior management, the incapacity of developers and/or
trainers, and a lack of technological infrastructure [8].

1.16 RESPONSE MODEL OF BLENDED LEARNING AND DIGITAL
TECHNOLOGY-BASED LEARNING SYSTEM

The research has taken four groups of respondents – educational institution, uni-
versity, company, and offices – 200 respondents, each from 50 number of male and
female, and recorded their responses as per the responses apart from e-mail and
through a Google form. In some cases, a telephonic questionnaire was also taken.
The following responses have been recorded in Table 1.1.

1.17 HYPOTHESIS TESTING

In this section, the researcher has taken 200 respondents from four segmentations
such as educational institutions, universities, companies, and offices, and asked
which students and employees are in favour of blended learning and the digital
mode of learning. Most of the respondents responded positively to the research
pedagogy for blended learning and digital technology, which is so much more
useful for providing quality education in secondary and higher education. Due to the
response being high and positive, both the hypotheses are accepted.
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1.18 RESEARCH FINDINGS (OUTCOMES)

From the aforesaid research work, the researcher recommends the following:

• At present, the taken research pedagogy of blended learning has a great
impact on the traditional mode of teaching and learning process.

• Digital technology and e-learning are also playing a vital role in imparting
the virtual mode of education on an online and web-based learning plat-
form that is enhancing the quality of research activity and learning process.

• NEP-2020 is an excellent learning pedagogy for providing an integrated
learning system for primary to PhD, which enables nation building through
the education system through both modes of the learning system.

• Digital or online learning has a better application while transformational
learning is concerned, and it will be applied everywhere for providing
quality education in both (offline/online) modes of teaching.

1.19 CONCLUSION

In conclusion, the above discussions prove that a research pedagogy of blended
learning and digital technology for transformation of a learning system has a very
positive effect in execution of NEP-2020 in India. There are simply too many
unknowns in this landscape. In reality, because exceptional programmes view
themselves as very early adopters, controversy has arisen about the designation of
best practices in certain fields [9]. The majority of today’s top educators uphold
commitments to their instructional models‘ ongoing innovation and improvement.
Such dedication to continuous improvement is necessary for the new pedagogy of
individualized learning to reach its full potential [10, 11]. In businesses and edu-
cational institutions with established learning management systems, blended
learning is a popular and successful way of workplace training.
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2.1 INTRODUCTION

Employees’ state insurance is a social insurance programme that protects workers in
the organized sector (organizations with more than 10 employees) who make up to
Rupees 21,000 a month. It fully covers their medical expenses (as well as
unemployment benefits) in both government and corporate hospitals. As part of
social security, health insurance for employees and their family must be provided by
all employers in India by law. The implementation of internet-based technologies
and artificial intelligence for better healthcare in India has been significantly
impacted by the Era of Society 5.0, which offers opportunities and difficulties for
healthcare service providers in each healthcare unit (Bogutska 2013). By enhancing
functional effectiveness and creating and adopting innovative corporate models,
services, and products, Industry 4.0 changed manufacturing and production sys-
tems. The goal of Society 5.0 was specifically to increase the productivity and
sustainability of social systems. Further development is possible since the emphasis
was placed on both the digitization and the automation of healthcare systems.
The provision of healthcare faces a conflict between the requirement to maintain
quality and the need to lower costs for the average person in emerging nations like
India. Digital technology adoption can assist in finding a solution to these issues.
According, to the study’s findings, government effort ranks first, followed by
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empowered customers and financial investment (Baker 2009). These elements
produce a driving force so strong that it has a beneficial ripple effect. However,
globalization and lifespan expansion, developing economies, worldwide rivalry,
social and regional inequality, and other factors are further complicating the
problem. The necessity of the hour is for sustainability across industries, green
energy, climate control, and social innovation. The enormous potential of the
Industrial Revolution 4.0 is laying the groundwork for the world to embrace Society
5.0, the desired future that can support as a bridge to a prosperous, digital-
synchronized, Super Smart, human-centred society. Combining cutting-edge tech-
nologies like IoT, AI, robotics, Big Data, and advanced analytics, social innovation
aims to create a successful society that balances social progress and economic
growth. Initiating the development of Society 5.0, which converges cyberspace and
real space by collecting Big Data from many sources via sensors and gadgets,
persons, things, and systems are all interconnected. Big Data is examined by AI
capabilities, which can coordinate back into the physical realm, with the innovative
technologies through a variety of forms and media for individuals, businesses, and
industries to simultaneously advance economic development and find answers to
social issues (El Shafey 2020). In Society 5.0, the new value produced by social
innovation eliminates regional, age, gender, and linguistic barriers and makes it
possible to provide goods and services that are specifically tailored to each customer’s
needs and wants. It illustrates the capability to address several problems in numerous
industries, including mobility, healthcare, agriculture, food, manufacturing, disaster
management, and energy, among others.

2.1.1 TECHNOLOGICAL INNOVATION IN THE HEALTHCARE SECTOR FOR

SUSTAINABILITY WITH RESPECT TO SOCIETY 5.0

The Society 5.0 concept perfectly complements Hitachi’s idea of a “Sustainable
Society,” in which everyone can lead a secure and contented life. It is prepared to
create a blueprint along with the support of the government for the gradual shift to
Society 5.0 and assists in resolving many societal glitches through cutting-edge
digital technologies. Hitachi has a strong and comprehensive portfolio, diversity of
digital solutions, and integrated approach. As an important associate in the gov-
ernment’s “Digital India” initiative, Hitachi is aiding India in acknowledging the
demands of Society 5.0 in the coming era through mutual co-operation with the
government in the forte of railways, finance, agriculture, urban development, and
e-government.

2.2 TECHNOLOGIES THAT ARE BEST UTILIZED IN THE
HEALTHCARE SECTOR

2.2.1 INTERVENTION OF IOT IN THE HEALTHCARE SECTOR

The Internet of Things (IoT) offers an amazing arena to enhance communication
between people and various physical and digital things, including areas of indi-
vidualized healthcare. In Public health issues with chronic diseases brought on by
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risky infections like COVID-19 present the modern world with a few challenges.
Due to the increase in health difficulties and high costs of healthcare, everyone is
hopeful about adopting remote health management utilizing computer-aided tech-
nology, especially the old and disabled. The use of IoT potential, such as the
Internet of Medical Things (IoMT) technology, which uses connected medical
sensors or specialized medical equipment to give a personalized approach to
healthcare delivery, can also fundamentally transform the environment of health-
care (Mourtzis et al., 2022). The use of IoMT technology in healthcare systems, also
known as Healthcare Internet of Things (HIoT), brings through premium treat-
ment opportunities for patients by joining the healthcare devices with the Internet
and bringing forward services like the supervision of elderly people, tele-
monitoring, teleconsultations, and computer-assisted rehabilitation. However,
what is more, crucial is the identification and prognosis of chronic disease at the
initial stages. Systems for remote health monitoring made possible by the IoT
have several benefits over conventional systems. Although it is crucial to accu-
rately and efficiently collect raw data, what is more crucial is to explore and mine
the data to uncover additional, priceless information, such as connections between
goods and services.

Figure 2.1 depicts the role of IoT in the healthcare industry as it helps as follows:

1. It lowers the financial burdens on the patient and his or her family members.
2. It helps in maximizing better outcomes of treatments provided to the patients.
3. It also provides the best alternative methods of treatment.

Increased reliability
on Doctors

Efficient drugs
control

Proper maintenance
of medical devices

Better disease
controls

Better treatment
options

Reduced personal
visits

Better outcomes of
treatments

Lower financial
burdens on patients

FIGURE 2.1 Role of Internet of Things in the healthcare industry.
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4. IoT helps in reducing the personal visits of patients to the hospital.
5. It helps in proper maintenance of medical devices and builds strong trust in

medical professionals.

2.2.1.1 Artificial Intelligence in Healthcare
AI and nanotechnology, when combined together, can act as the best innovation in
the field of healthcare. It can act as early detection tools for any disease and assist
independent living elderly people to live without fear. But, this advancement
of technologies can face many difficulties in terms of moral values and privacy of
individual or institutions. Thus, the sole responsibilities lie on the shoulders of
policy makers and technology developers to be careful and responsible while im-
plementing these technologies in any sectors (Figure 2.2).

Healthcare systems are in danger of collapsing unless substantial structural and
transformative reforms are adopted. Larger staffing is also required for health systems;
however, not only do more healthcare workers need to be educated and hired, but it’s
also vital to ensure that they devote their time to patients, where it is most valuable.

AI plays a vital role in medicine manufacturing process and remote patients’
diagnosis. AI provides the strong basis for the smart health cities, which is the
major outcome of SDG goals 3, to provide better healthcare services with sus-
tainable development.

Nowadays, the technological intervention and integration of AI and IoT in the
field of healthcare help in curing serious ailments like cancer and genetic disorders.

2.2.1.2 Machine Learning and Healthcare
AI is a division of machine learning (ML). Prototypes built on ML can learn through
experimentation and natural learning without explicit programming. In other words,

Efffective and efficient diagonosis
of patients

Implementation of better
healthcare interventions

Support in building smart health
cities

Provide assistance to the health
care providers

FIGURE 2.2 Depicts the application of AI in healthcare.
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while explicit programming adheres to rules or a certain hypothesis, the learning
model learns based on samples. ML increases computing process reliability and
efficiency while lowering costs. Additionally, it can analyze data to develop models
quickly and accurately. However, tools for processing massive amounts of data that
are way above the capacity of human understanding are provided by ML. The
resources used in healthcare for data creation are shown in Figure 2.3.

2.2.1.3 Application of ML in the Health Sector
ML is widely used in the health sector for providing personalized medicine as per
the needs of the patients. It also provides electronic health records of the patients,
which helps in reducing the frequent personal visits of the patients to the hospital.
To elaborate its application, the diagrammatic representation shows the actual
application of ML, in Figure 2.4.

2.3 RECOMMENDATIONS AND CHALLENGES

1. Utilization of AI and nanotechnology in the clinical diagnosis of critical
patients helps in the effective management of disease without frequent
personal visits to the hospitals. Moreover, virtual diagnosis and drugs
delivery to the patients is one of the best advantages of AI, which the
whole world realized during the recent COVID-19 pandemics.

2. The outcome of decades-long processes is the primary cause of death
(heart disease, cancer, lung disease, and diabetes). These diseases can be
prevented or delayed using current understanding. Lifestyle decisions that
include a healthy diet, exercise, stress reduction, and vitamin supplements

Different
smart data
sources for
healthcare

Intervention
of ML in

healthcare

FIGURE 2.3 Intervention of ML in the health sector.
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can help with this. New genetic technology will enable people to create
individualized plans, and cancer and heart disease early diagnosis will
increase longevity. Moreover, the innovative green AI and green nano-
technology are totally based on environmentally friendly technology, which
is highly required.

3. There is a future scope for the herbal medicines and ayurveda where AI and
nanotechnology-based herbal medicines can be developed to treat diseases
like cancer and chromosomal mutations in human beings and animals.

4. The key difficulty for AI/Nanotechnology in biomedicine and healthcare is
not only creating unique, useful approaches but also making sure that they
are accepted in daily clinical practice in the actual world. We anticipate
that AI will soon become proficient at making diagnoses and therapy
suggestions based on imaging.

5. This study primarily provides an overview of the application of AI and
nanotechnology in the healthcare industry; however, we haven’t gone into
great details with other technologies like green AI and nanotechnology.

2.4 CONCLUSIONS

When it comes to real-world clinical trials, we are at a turning point in the evolution
of traditional healthcare practice and technological application. When it comes to
successful planning and treatment, higher accuracy and shorter turnaround times are
essential for diagnostic care. However, integration of AI and nanotechnology has a
vast and varied realm of data, analytics, neural networks, deep neural networks, and
visualization methodologies that are constantly expanding and updating to meet the
precise and accurate needs of the biomedical and health sectors. In addition, we

Smart health
records

Disease Predictions

Specified medical
treatment

Smart medical
imaging

Application of machine
learning healthsector

FIGURE 2.4 Depicts the application of machine learning in health sector.
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need adequate funding and investment to educate healthcare professionals about
the advantages and possibilities of the AI and nanotechnology-enabled healthcare
system. The latest version of AI/ML and data science should be able to update
extremely quickly and work with a small device in order to achieve high accuracy in
customized, predictive, and portable healthcare systems. However, the implemen-
tation of these technologies must adhere to certain norms for data access, evalua-
tion, validation, and ML, as well as for ethics, and privacy.

REFERENCES

1. Mourtzis, D., Angelopoulos, J., Panopoulos, N. A literature review of the challenges
and opportunities of the transition from industry 4.0 to society 5.0. Energies 2022,
15.17.

2. Bogutska, K., Sklyarov, Y.P., Prylutskyy, Y.I. Zinc and zinc nanoparticles: Biological
role and application in biomedicine. Ukr. Bioorg. Acta 2013, 1, 9–16.

3. Baker, J.R., Brent, B.W., Jr., Thomas, T.P. Nanotechnology in Clinical and Translational
Research. In Clinical and Translational Science; Elsevier: Amsterdam, The Netherlands,
2009; pp. 123–135.

4. El Shafey, A.M. Green synthesis of metal and metal oxide nanoparticles from plant
leaf extracts and their applications: A review. Green Process. Synth. 2020, 9,
304–339.

18 Sustainable Technology for Society 5.0
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3.1 INTRODUCTION

The last century saw a substantial improvement in the quality of life of individuals
and society in general, particularly in terms of access to services. Technology has
influenced this improvement many folds in the last few decades. Opportunities
bring challenges, and thus administrators, architects, and urban planners have faced
significant challenges as a result of the intense industrialization, introduction of
technology, and rising population in metropolitan areas. Smart cities have become a
future vision, which can be foreseen becoming a reality soon.

3.1.1 NEED FOR SMART CITIES

Smart cities are designed for optimum usage of space and resources along with an
efficient and optimumdistribution of benefits. They also aim to increase connectivity at
various levels among citizens, as well as between the administration and population.
They also originate in the 1980s prescriptions for managed, entrepreneurial cities –
whose speed and flexibility in adapting to global markets make them more efficient.
Themodel (Figure 3.1) of smart cities can be represented as a community of average
technology size, interconnected and sustainable, comfortable, attractive, and
secure. The landscape requirements and the solutions to local problems are the critical
factors. In order to best serve their residents’ present and future requirements, smart
cities maximize the use of technology in the planning, construction, and maintenance
of their structures and infrastructure. They must also take into account governance and
development, urban planning and infrastructure, the environment and natural
resources, society, and community in order to be really “smart.”

The world’s smartest cities were listed in the Smart City Index 2020, which
ranked them according to economic and technological facts as well as the opinions
of their residents.
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Singapore took the top spot in the ranking, demonstrating how a city can employ
technology to address issues like population growth, climate change, and poverty.
Helsinki, which is making efforts to lower its carbon dioxide (CO2) emissions and
enhance the quality of life for its citizens, came in second. The third position goes to
Zurich, a city that has the highest standards for quality of life and is supported by an
ecosystem of smart businesses that collaborate with many industries to introduce
new projects.

Due to the increased concentration of people in cities, smart cities are quickly
becoming a reality. The population of the world, which currently comprises 54% of
cities, is projected to grow by 1.5 times by the year 2050. However, this growth also
means a rise in energy use, which is bad for the environment; 60–70% of green-
house gas emissions are caused by energy use in cities. Therefore, it is crucial to use
energy efficiently in metropolitan settings. In addition, issues like increased traffic
congestion, air pollution, crime, and environmental degradation are brought on by
the concentration of people in urban metropolitan areas.

The priority for smart cities is the development of infrastructure, with the aim of
improving the economy, the environment, social, cultural, and urban development.
Therefore, cities should invest efforts in improving communication channels so that
various services such as housing, entertainment, and telecommunications, among
others, are interconnected.

3.2 STAGES OF THE IT INFRASTRUCTURE EVOLUTION

There are five key stages in the evolution of information technology infrastructure:

• The centralized mainframe.
• Personal computing.
• The client/server era.
• Enterprise computing.
• The cloud.

Core Infrastructure elements of a smart city 

.Sufficient Clean water supply  

Electricity supply 

Sanita�on including solid waste management 

Good transport facili�es 

Economic and sustainable housing facili�es 

Robust and secureIT connec�vity and digitaliza�on 

Be�er governance , e- govenrnance and ci�zen partcipa�on 

FIGURE 3.1 Core infrastructure of a smart city.
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People are at the core of IT. People play a vital role in most operational systems and
processes. Knowledge, skills, and attitudes often determine the quality and quantity of
system output. ICT in the smart city is not only used to enhance the quality, per-
formance, and interactivity of urban services, but also to reduce costs and resource
consumption, and to improve contact between citizens and city stakeholders.

When a public service organization uses automation, artificial intelligence, cog-
nitive computing, data sharing, analysis, and sensors effectively, it unquestionably
lowers various operating costs, with mobilization costs being abruptly streamlined.
Smart city components boost many aspects of the operation’s performance, en-
couraging efficiency gains of up to 80% for certain procedures and an average of 25%
gains throughout the entire physical networking. A speedy and confident management
technique is made possible by a quicker and more informed decision-making process.

A quicker and more well-informed decision-making process enables a swift and
confident management style.

By making more technology capable of communicating across platforms, Internet
of Things (IoT) generates more data that can help improve aspects of daily life. Cities
can identify both challenges and opportunities in real time, allocating resources more
accurately to maximize impact by isolating issues prior to their emergence.

Cities are getting smarter. As a result, they are becoming more responsive and
more livable – and today’s world is merely at the cusp of what technology could
eventually do in the urban environment. Indeed, across the world, we are seeing
increased interconnectivity and people who are technology dependent. In response,
a new wave of smart applications is changing how we approach everyday activities.
Perhaps in your own home, you have personal assistants like Amazon’s Alexa, an
intelligent refrigerator, or a smart home security system. These types of tech-
nologies create opportunities for more efficient living. Smart cities use digital
technologies and data to make better decisions, thereby improving the quality of
life. These devices generate massive amounts of real-time data. More compre-
hensive, real-time data gives agencies the ability to watch events as they occur,
understand how demand patterns are changing, and respond with lower-cost and
faster solutions.

• The question of how data from sectors like air quality metres, public
transportation, and energy generation can be combined and used effec-
tively arises when residing in a smart city.

• IoT solutions might contribute to the solution. Forbes claims that by es-
tablishing a network of intelligent objects, a variety of technological ad-
vancements become possible, such as accurate traffic reports, real-time
energy consumption data, and improvements to public transportation.

• IoT generates more data by enabling more technology to communicate
across platforms, which can assist to enhance elements of daily life. Cities
can recognize possibilities as well as obstacles in real time, allocating
resources more effectively to maximize impact by identifying problems
before they arise (Figure 3.2).

According to McKinsey, a smart city is created by combining three levels.
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3.2.1 TECHNOLOGY

The technology base is the initial layer, and it consists of a significant number of
sensors and smart devices connected by quick communication networks.

3.2.2 SPECIALIZED SOFTWARE PROGRAMMES

The second layer is made up of specialized software programs that convert
unprocessed data into alerts, insights, and actions. These programs need the
appropriate equipment, which is supplied by technology vendors and software
programmers.

3.2.3 USAGE

Usage by businesses, cities, and the general public makes up the third layer. Many
applications can only be effective if they are widely used and have the power to
alter behaviour by motivating users to use public transportation outside of peak
times, take alternate routes, use less energy and water (and do so at different times
of the day), and practice preventative self-care.

3.3 AREAS OF IMPROVEMENT IN THE URBAN QUALITY OF LIFE

According to McKinsey’s Global Institute Assessment about how smart city ap-
plications could affect various quality-of-life dimensions, including safety, time and
convenience, health, environmental quality, social connectedness, and civic par-
ticipation, jobs and the cost of living with some basic features are having the fol-
lowing effects:

Network

Consul�ng
and system
integra�on

Wireless and
wired assets

Virtual and
remote assets

Data centre
and storage

facili�es

So�ware

Hardware

Pillars of ICT
Infrastructure

FIGURE 3.2 Pillars of IT infrastructure.
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3.3.1 IMPROVING PUBLIC SAFETY

• By utilizing a variety of technologies to their full capacity, it may be
possible to reduce mortality from homicide, fires, and traffic accidents by
8–10%. Additionally, there may be a 30–40% reduction in the number of
assault, burglary, auto theft, and robbery events. The advantages of these
measurements are, of course, the comfort and mobility they would bring to
city dwellers. Agencies can use data to deploy employees and limited
resources more effectively when it comes to crime. For instance, statistical
analysis is used to draw attention to patterns in real-time crime mapping.
When crimes do happen, applications like home security systems, gunshot
detection, and smart surveillance can hasten the response of law enforce-
ment. Predictive policing can prevent crime from happening. However, the
implementation of data-driven policing must avoid criminalizing particular
neighbourhoods or demographic groups and must safeguard civil freedoms.
Furthermore, smart technology may streamline field work and call centres
when lives are on the line, and traffic-sign preemption can offer emergency
vehicles a clear way. Applications of this kind could reduce emergency
response times by 20–35%.

3.3.2 MAKING DAILY COMMUTES FASTER

• The daily commute is one of the key factors in raising quality of life. Cities
that use smart transportation apps may reduce commute times by 15–20%
on average by 2025. Of course, factors like the city’s density, people’s
commute habits, and the state of the transit system all play a role in this. In
general, programmes that streamline the experience for riders through digital
signs or mobile apps that give real-time information about delays benefit
cities with extensive, frequently used transportation systems. Additionally,
placing IoT sensors on physical infrastructure already in place might assist
technicians in resolving issues before they result in breakdowns and delays.
In cities where driving and taking buses are the primary modes of trans-
portation, apps that reduce traffic congestion are particularly useful. In
developing cities with high bus usage, intelligent traffic signal syncing has
the potential to cut average commute times by more than 5%. Drivers can
choose the quickest route with the help of real-time navigation alerts about
delays, and smart parking apps will direct them to open spaces.

3.3.3 BETTER PUBLIC HEALTH

• In the developed world, applications that support the monitoring, prevention,
and treatment of chronic illnesses like diabetes or cardiovascular disease
could have a significant impact. The health burden in high-income cities
could be reduced by more than 4% thanks to remote patient monitoring
technologies. These systems employ computerized gadgets to collect vital
readings, which are subsequently transmitted to doctors for evaluation
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elsewhere. The patient and doctor can use this information to determine
whether early intervention is necessary, which lowers problems and hospital
stays. Cities can also use data and analytics to pinpoint interventions by
identifying demographic groups with high-risk profiles. Health interventions
can deliver messages about proper hygiene, risk-free sex, immunizations,
and antiretroviral therapy adherence that could save lives. Data-based
interventions that are concentrated on maternal and child health in low-
income cities with high infant mortality rates could lower disability-adjusted
life years (DALYs) by more than 5%. An additional 5% reduction is feasible
if developing cities employ surveillance systems for infectious diseases to
keep up with rapidly spreading outbreaks. Finally, telemedicine, which is
becoming more popular in the wake of COVID-19, can be a life-saving
strategy used in low-income areas with a doctor shortage.

3.3.4 CLEANER AND MORE SUSTAINABLE ENVIRONMENTS

• As urbanization, industry, and consumption rise, environmental pressures
increase. Dynamic electricity pricing, some mobility apps, and building
automation technologies might all work together to reduce emissions by
10–15%. Tracking water use combines sophisticated metering with digital
feedback messages. In urban areas where residential water usage is high, it
can motivate people to practice conservation and cut consumption by 15%.
Water leakage from pipes is the main cause of water waste in the devel-
oping countries. It is possible to reduce these losses by up to 25% by using
sensors and analytics. Applications like pay-as-you-throw digital tracking
can cut the amount of solid waste generated per person by 10–20%. Cities
can save 25–80 litres of water per person per day and reduce unrecycled
solid waste by 30–130 kilos annually per person. Air quality sensors can
locate sources of pollution and serve as the foundation for further action on
the front of air quality health. Beijing achieved this reduction in harmful
airborne pollutants by about 20% in less than a year by continuously
monitoring the sources of pollution and adjusting traffic and development
accordingly. Furthermore, people can take preventative measures when
real-time air quality information is made available to the public via
smartphone apps. This can lessen harmful health effects by 3–15%,
depending on current pollution levels.

3.3.5 ENHANCE SOCIAL CONNECTEDNESS

• MGI conducted a study of urban inhabitants to ascertain the potential
impact of digital platforms like Nextdoor and Meetup as well as digital
methods for interacting with local government officials. According to
McKinsey’s estimate, these applications might almost triple the proportion
of citizens who feel linked to local government and double that proportion
to the local community. On the other hand, creating avenues for two-way
contact between neighbourhood organizations and the general public might
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increase the responsiveness of local governments. Many municipal orga-
nizations are engaged on social media, and some have created their own
interactive citizen apps. These platforms provide platforms for residents to
gather data, voice concerns, or provide input on planning issues in addition
to disseminating information. For instance, Paris has implemented a par-
ticipatory budget whereby anyone is invited to post project ideas, and then
online votes are held to determine which ones need funding.

3.3.6 SMART CITIES ARE THE FUTURE

• Urban centres will grow, and smart technology will advance, resulting in
their convergence. The infrastructure of cities can be improved by using
Big Data and other intelligent technology to make better judgements. Of
course, making better selections could have a big impact on the economy.

• As smart cities improve our quality of life, the potential cost savings and
enhancements to various public service systems will only serve to increase
demand for them. By focusing on the future, we can change how we
interact with the environment as a whole and how cities interact with us,
ensuring that we have access to the highest-quality options and use the
fewest resources possible.

• Embracing digital means different things to different businesses, which is
why Stefanini is here to assist you transform your particular firm.

• We provide a wide range of services to develop the ideal solution for your
company. Industry 4.0, Cybersecurity, Cognitive, Customer Experience
(CX), and other areas are among our specialties. We provide automation,
artificial intelligence (AI), and user experience (UX) help to boost pro-
ductivity and satisfy client requests.

3.4 ENGINEERING

It has traditionally been the responsibility of the civil engineer to take advances in
science and technology and put them to use practically for the good of society. It
has, out of necessity, been a deliberate, evidence-based strategy constrained by
codes of practice and legislation. These conventional working methods are now
being put to the test by the rapid advancements in information and communications
technology (ICT), particularly in the usage of computer hardware and software.

It is essential to make sure that city infrastructure is adaptable and future-proof
as urbanization rises and technologies that can enhance city efficiency and quality
of life develop at an accelerated rate. This is made worse by the requirement to
think about the effects of climate change and the requirement for both adaptability
and resilience.

The real benefits of technology only come about as a result of high-quality
engineering, not because technology is displacing the need for it. Engineers with
international experience and knowledge of how various environments and cultures
necessitate various solutions, the difficulties of new construction versus retrofit, and
the demands of shifting regulatory and fiscal policy are better equipped in terms of
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skills, experience, and flexibility to deliver forward-thinking, future-proofed solu-
tions for development and infrastructure projects.

Integral “layers of smartness” must be combined, including not only resource
efficiency but also the promotion of health, economic stability, a sense of shared
community, and the capacity to adapt to new challenges. This calls for a more
sophisticated and general solution – an integrated strategy for urban development,
finance, and governance in the language. The recent global economic downturn has
exposed numerous developments that disregarded social and economic needs in the
mistaken belief that any novel, audacious project with the guise of environmental
sustainability would draw in customers.

3.4.1 SOS ENGINEERING

This chapter addresses the engineering of the IoT and how they interact to build a
System of Systems, or SoS, in the complicated setting of smart cities. A use case
involving smart streetlights is taken into account for this. As a result, this study
elaborates on the building of a sophisticated SoS based on smart streetlight IoTs.

Model-based systems engineering (MBSE) is the SoS engineering methodology
(Micouin, 2014). A workable engineering process is required in order to enable an
organized approach to SoS engineering (Urgese et al., 2020; Delsing, 2017b). A
Service Oriented Architecture (SOA) perspective can be used to describe this
engineering process. Due to the use case architecture’s foundation in SOA/
microservices, it adheres to the main architectural trends in the field. An SOA
framework and implementation platform are used in further exploration of a smart
city engineering process. The engineering procedure is based on some fairly recent
advancements in SysML-based SOA modelling (Delsing et al., 2021; MagicDraw).
Thus, the Eclipse Arrowhead framework and implementation platform are used
to further describe and discuss the engineering process (Cosgrave, 2017; Delsing
et al., 2021).

3.5 DELIVERING BEST PRACTICES, PRODUCTIVITY, AND
EFFICIENCY

The link between applied technology and infrastructure, city planning, and urban
design must be made by engineers. They must give strong leadership within the
construction sector and mediate the best solutions to competing challenges.

The following are the essential elements of this strategy: Effective communi-
cation to decision makers of integrated benefits from conception through operation
and decommissioning; a clear understanding of how data function and are trans-
ferred between technologies and systems; a clear understanding of how data are
captured and used by decision makers and the social and security implications of
this; and a clear understanding of how technology can be used across functions to
create economies of scope and scale.

Regarding the last point, future-proofing and value for money present major
obstacles for potential clients, who must figure out how to guarantee that hardware
installed today won’t be outmoded in five years. Similar to the computer industry,
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real development and investment value are frequently best fostered through com-
petition brought about by an open architecture/ecosystem-oriented approach, an
approach driven by dynamic start-up businesses rather than the large, international
corporations that tend to only push cities to adopt their solutions.

3.6 CYBERSECURITY CONSIDERATIONS IN SMART CITIES

Cybersecurity means protecting systems, networks, and programs against digital
attacks. Cybersecurity protects computers, servers, mobile phones, and electronic
systems from malicious attacks, and its function can be summarized: protecting
the devices that people use, protecting the information on these devices, and
protecting the identity of the people who use this information (Uchendu et al.,
2021).

The smart city is a combination of smart devices, smart infrastructure, smart
architecture, smart government, and the IoT. The interconnectivity of all these smart
devices and the virtual and physical infrastructure that constitutes a smart city also
gives rise to significant cybersecurity risks. Rarely in this rapidly developing field is
security fully considered.

As a huge amount of sensitive data is exposed, despite taking all the security
measures, there is a high risk of cyberattacks. Some of the attacks that can impair
the working of smart cities are malware attack, phishing attacks, DDoS attacks,
spoofing, ARP poisoning, rail network, traffic signal jamming, remote execution,
replay attacks, eavesdropping, crypanalysis, tag killing, and ransomware attacks. It
can also lead to data leakage, which can result in the misuse of the population’s
personally identifiable information.

A threat landscape of a smart city (Lévy-Bencheton et al., 2015) is shown in
Figure 3.3.

A cyberattack in 2021 on the Florida water supply attempted to poison the water
by briefly changing levels of lye in the drinking water, which was a critical intrusion
into the infrastructure (Robles & Perlroth, 2021). Such cyberattacks on infra-
structure can lead to a shutdown of crucial services and lead to significant damage.

Confidentiality can be endangered and ruptured by a large number of practices
that are generally treated as intolerable; however, these are part of operations in a
smart city ecosystem (Nautiyal et al., 2019).

The first step in overcoming cybersecurity problems in smart cities and pro-
tecting citizens’ privacy is to identify cybersecurity challenges and threats to citi-
zens’ privacy. Without being aware of such challenges, and providing appropriate
solutions, one cannot expect successful design, implementation, and development
of a smart city (Kashef et al., 2021).

What can be done to help reduce cyberattack risk in a smart city (Das et al.,
2019):

• Risk assessment: Threat modelling to identify risks.
• Risk assessment: Review risks for mitigation and acceptance.
• Continous risk assessment and management.
• City leader education to support the management and priorities.
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• Resilience consideration.
• Establishing minimum baselines for security.
• Training the workforce extensively and continuously.
• Educating citizens about cyber risks.
• Apply national as well as international standards for sharing the information.
• Run test drills to test established security plans.
• Create a plan in case of an attack for the risks that couldn’t be mitigated by

creating incident response capabilities and processes.
• Create a Computer Emergency Response team.

Cybersecurity framework for smart cities: (Waheed & Shafi, 2019)
To manage and improve cybersecurity, metaphysics-based security instruments

are monitored, analyzed, and classified in this prescribed cybersecurity system.
The framework is comprised of three layers that deal with security.
Design time: It offers security through a service design and adaptation

methodology.
Run time: This requires monitoring the IoT environment’s network and pro-

cesses for threats and weaknesses.
Integration layer: This allows reasoning methods for delivering appropriate

security services that can be altered at design time, adapting to and acting with IoT
environments. It enables both run time and design time to deal with the data or
information about IoT security ontology (Duc et al., 2014) (Figure 3.4).

FIGURE 3.4 Cybersecurity framework.
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3.7 CONCLUSION

The implementation of smart cities is complicated and not just reliant on technology.
It must be supported by a carefully thought-out business case and incorporate inte-
grated urban design concepts that take into account the specific local context.
Collaboration between local and foreign consultants who are dedicated to extending
the bounds of best practice is necessary. According to the most recent research on
smart cities from IoT analytics, successful smart cities differ in seven ways. Inclusion
of citizen empowerment, facilitation of public–private collaboration, and alignment
with government initiatives are among the seven success factors.

There aren’t many smart city implementations in existence today. International
planners, designers, and engineers who have worked on developments around the
world that are future-proofed and who use evidence-based approaches to urban design
must provide developers and municipalities with enough assurance that the concept is
feasible. Smart cities have come to light as a potential remedy for sustainability issues
brought on by rapid urbanization. They are thought to be necessary for a sustainable
future. Also, the Smart Green Cities is a collaborative hub connecting industry,
government, researchers, and community to create liveable urban environments by
inspiring change through evidence-based problem solving. Cities are dynamic and
complex by their very nature. As a result of providing a secure environment for the
infusion of capital, smart cities are appealing to investors and entrepreneurs in
addition to their residents.
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4.1 INTRODUCTION

Artificial intelligence (AI) is generally referred to as “augmented human intelligence”
(Romero-Brufau et al., 2020). One of the current and emerging trends in AI is the
use of “chatbots,” which are software programs that converse with users. The use of
chatbots has grown in prominence recently as a means of customer interaction
(Johannsen et al., 2021). Online interactions are now a popular way for businesses and
customers to communicate (Steinhoff et al., 2019).

The chatbot agents assist organizations in enhancing customer experiences and
exceeding expectations by interacting with customers (Yen & Chiang, 2021). The gap
in the literature is filled through this present research. The present study determines
the impact of credibility, openness, and capability of chatbot communication on the
brand experience of customers. A number of the studies ignored this aspect. Sung
et al. (2021) observed that AI technology increases customer engagement and, also
has a favourable effect on intentions to share brand experiences with social groups.
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Interactive AI technology opens up new potential to improve customer interaction.
Følstad and Brandtzaeg (2020) opined that the users must find chatbots to be helpful
and enjoyable. The current study is important because live chat interfaces are
becoming an increasingly common way to offer real-time customer care on many
e-commerce platforms. Conversational bots now frequently assume the responsibil-
ities of human chat support agents. Businesses are using chatbots more frequently for
customer assistance (Fotheringham & Wiles, 2022).

Although there is a lot of literature on AI, there is little knowledge of its connection
to brand experiences. There is limited research on chatbot communication quality
(credibility, openness, capability) and how they affect the brand experiences of
customers. The researcher used theoretical information from the multidisciplinary
literature on chatbots to fill in the aforementioned study gaps and advance the mar-
keting field. This study aims to ascertain whether a chatbot agent’s communication
quality has any effect on the brand experiences of customers. The effect of chatbots on
brand experiences could be positive, negative, or neutral. The organizations will
benefit from this study by being able to evaluate the impact of the communication
quality of chatbots on the brand experiences of customers. The remaining part of
the chapter is structured as follows: Researchers start with a brief explanation
of the literature that has already been published on the significance of chatbot agents,
the gaps in the literature, the methodology used, and the in-depth analysis followed by
conclusion and limitations.

4.2 LITERATURE REVIEW

AI is evolving rapidly, and this offers interesting potential for academic and
practical marketing research (Mustak et al., 2021). AI may imitate people and carry
out tasks in an “intelligent” way, according to an expanding body of research on AI
in marketing (Vlačić et al., 2021).

The extensive utilization of information and communication technology, such as
AI, Internet of Things (IoT), and blockchain technology, is accelerating the global
technological and Industrial Revolution. Government, business, and academia have
all given AI a lot of attention. AI requires not only rational reasoning and imitation
but also an essential component of emotion. The next development in AI tech-
nology may enable computers to express emotion as well as increase their capacity
for logical reasoning. Shortly, machine intelligence may surpass human intelligence
(Zhang & Lu, 2021). The chatbots have evolved into useful tools for providing
automatic, logical, and accurate responses to customers’ inquiries. It has been noted
that chatbots have offered users all over the world a variety of services, such as
placing orders for food, recommending goods, giving insurance policy advice,
providing customer support, providing financial assistance, scheduling meetings,
etc. Marketing managers and researchers increasingly place a high emphasis on
managing the brand experience of customers through technology (Witell et al.,
2020). The use of AI in marketing is currently on the rise as a result of rising
computing power, falling computing costs, the accessibility of massive data, and the
development of machine learning techniques and models (Huang & Rust, n.d.-b). In
recent years, a wide range of marketing researchers has shown considerable interest

Chatbots Communication Quality Impact 33



in AI (Kopalle et al., 2022). Both practitioners and academics agree that AI has the
potential to offer considerable advantages (Grewal et al., 2021). AI is changing how
businesses and customers interact. However, contemporary AI marketing re-
presentatives are frequently viewed as frigid and heartless and can be inadequate
alternatives to human-based engagement (Liu-Thompkins et al., 2022).

Since the widespread use of voice assistants powered by AI in our daily lives,
voice shopping is growing in popularity among consumers (Bawack et al., 2021). But
companies do not even fully utilize AI’s capabilities and most common techniques.
This is particularly the case with marketing, as its potential application goes beyond
simple decision making, customization, and segmentation (Volkmar et al., 2022).

There are a large number of B2B companies that have used chatbots powered by
AI to offer human-like service contact at various customer touchpoints. The contin-
uous provision of an improved, live-channelling-channel customer experience is one
of the goals behind the implementation of this technology. A wide range of industries,
including customer service, health, education, and marketing are rapidly adopting
chatbots as key entry points for digital services and information (Oh et al., 2021).

The retail market is also being disrupted by AI. As one of the most widely used
AI technologies, digital voice assistants have the potential to completely transform
how consumers purchase, but our knowledge of how they may improve the brand
experience is still limited (Aw et al., 2022). In the future of retail, smart technol-
ogies have the potential to significantly improve the brand experience. The retailers
are increasingly using technology-enabled personalization techniques to improve
the in-store customer experience (Riegger et al., 2022). AI has advanced the retail
industry in numerous ways in recent years, including by making Big Data available
for prediction, supporting more educated purchasing and consumption decisions,
enabling visual goods displays, and fostering consumer engagement (Huang &
Rust, n.d.-a). There is a huge amount of scope for experimenting with various
methods employing AI-powered digital assistants to create a genuinely enjoyable
social environment in-store. The retailers who engage in new AI in-store technol-
ogies might notice that it contributes to small but steady improvements in customer
experience and a more noticeable impact of technology on customer experience
(Moore et al., 2022). The customer experience will determine whether chatbots are
used for customer service and marketing. The user experience for these chatbots is
particularly concerned with whether the user receives appropriate responses to their
questions and whether their engagement with the chatbot advances their quest for a
solution (Følstad & Taylor, 2021).

Therefore, businesses need to reconsider their branding strategies and incorpo-
rate technology, especially those selling goods in low-involvement industries. They
must take into account how rivals choose a voice tactic instead of a visual brick-
and-mortar one (Klaus & Zaichkowsky, 2022).

Brand experience is a crucial component of achieving a competitive advantage
in marketing management, particularly for service-based and B2B businesses
(Kushwaha et al., 2021). Brands are looking for innovative and meaningful ways to
engage consumers (Pallant et al., 2022). The objective of this present study is to
determine the impact of the credibility, capability, and openness of chatbots on brand
experiences. The researcher conducted a thoughtful study to attain these objectives.
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4.3 RELATED LITERATURE AND HYPOTHESIS DEVELOPMENT

4.3.1 CREDIBILITY AND BRAND EXPERIENCES

The credibility of communication sources affects consumers’ purchase decisions
(Qi & Kuik, 2022). Given that all decisions are based on information, the value of
information credibility in society cannot be ignored (Alrubaian et al., 2019).
Chatbots received increased power to serve as a communication tool that dissem-
inates information and upholds customer experience. The findings of the study
demonstrated that knowledge of communication credibility is important in de-
termining customer satisfaction and brand experiences. As a result, communication
credibility is crucial for promoting customer satisfaction and brand experiences
(Jansom et al., 2022). Further, businesses can get a competitive edge and achieve
market success by having a strong brand image that encourages customers to pay
higher prices. Oral communication is less effective in creating a strong brand image
than online reviews, blogs, and texts on brand experiences. Hence, it is observed
that credibility of communication impacts brand experiences of customers
(Chakraborty & Bhat, 2018).

H1: Credibility positively affects brand experiences of customers.

4.3.2 OPENNESS AND BRAND EXPERIENCES

The informal coordination in the form of communication between the human and
the electronic brain has made significant progress. For the development of logical
language and terminologies, electronic brain protection systems are frequently used.
A chatbot functions as an electronic brain that enables human interaction by using
logical language (Yadav & Dhanda, 2023). Further, by using open, affective, and
coherent communication, chatbots have proved to encourage students (Huang et al.,
2022). The number of consumer–chatbot service interactions has been growing, and
chatbots are taking over more and more of the online retailing market (Xu et al.,
2022). Interestingly (Meichan & Rui Wang, 2023), when the chatbots adopt an
informal language in comparison to formal language style, customers’ continuance
usage intention and brand attitude increase.

H2: Openness of chatbots has a positive impact on brand experiences.

4.3.3 CAPABILITY AND BRAND EXPERIENCES

An artificial agent and humans can communicate with each other through chat-
bots, which are computer programmes (Alsubayhay et al., 2022). A conversa-
tional agent known as a chatbot uses text or voice communications to replicate
human communication (Khadija et al., 2021). Similar to a digital assistant, a
chatbot can be programmed or can learn on its own. It may be taught to com-
prehend user inquiries and react in the user’s native language during a discussion.
Due to its capability to use natural language processing, chatbots can actively
assist humans in participating in online conversations (Balaji & Yuvaraj, 2019).
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In the future, chatbots’ increasing capabilities will become increasingly essential
(Camilleri & M.A, 2022).

H3: Capability positively influences brand experiences.

4.3.4 RESEARCH GAP

Marketers have used chatbots to encourage relationship building as firms increas-
ingly include AI-enabled automation as part of their communication efforts. Further
research is necessary to determine how particular aspects of communication quality
influence the brand experience of customers. There is a need to understand the
impact of communication quality dimensions, specifically credibility, openness, and
capability of AI technology-powered chatbots on the brand experiences, but no
research has attempted to conceptually and empirically investigate the phenomena.
There are no studies, in particular, that link the communication quality of chatbots
to brand experiences. Because of this, it’s critical to comprehend what influences
customers’ brand experiences. Research on AI-powered chatbots in marketing is
essential to advancing the state of AI technology’s current applications.

4.3.5 METHODS

The current study aims to investigate the effect of communication quality (credibility,
openness, capability) of chatbot agents on brand experiences and inclinations to use
their recommendations. A thoughtful study is designed to accomplish these goals.

4.3.6 SAMPLING FRAMEWORK AND QUESTIONNAIRE DESIGN

The sample population for this study consists of Indians, specifically Delhi NCR area
customers. To add variety to the data, the respondents were from various demographic
profiles. The participants were between the ages of 18 and 51 above, had a good mix
of genders, and represented a wide range of backgrounds and qualifications in terms
of education and employment. In the present study, 221 respondents participated in
an electronic survey that collected the data for this investigation. Two sections make
up the survey. The first section of the questionnaire included questions about the
respondent’s demographic profile, while the second section asked questions to
determine how independent variables impacted the dependent variable. In the study,
brand experience is the dependent variable, whereas communication quality (credi-
bility, openness, capability) is the independent variable (Figure 4.1).

4.3.7 MEASURES

The measurement of constructs by measurement scale is a crucial aspect of
research (Ringle & Sarstedt, 2016). Based on validity and reliability, a measure-
ment scale’s usefulness can be assessed. Based on previous literature, researchers
developed 15 items to measure the communication quality of chatbots (Haugeland
et al., 2022; Baabdullah et al., 2022). To measure brand experience, researchers
developed 11 items after extensive literature review (Schmitt et al., 2008).
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Researchers measured these items using a 5-point Likert scale (1 = “strongly
disagree,” 5 = “strongly agree”).

4.3.8 RESEARCH TOOLS AND TECHNIQUES

The construct reliability was measured by using Fornell and Larcker criterion,
Furthermore, CR value should be 0.7 or more, which shows an acceptable level of
reliability. Additionally, AVE was used in the study to assess the convergent validity;
AVE(average variance extracted) value should be above0.50. The cross-loading values
of the latent variables were used to obtain discriminant validity. The cross-loading
values in corresponding variables should be higher in comparison to the loadings of
other constructs. Further, to assess the suitability of the scale items, a measurement
model has been employed. Moreover, to gauge the model’s prediction accuracy, the
coefficient of determination, or R2, was used by the researchers (Hair et al., 2019).

4.3.9 ANALYSIS OF THE MEASUREMENT MODEL

The overall results for the measurement model were acceptable, with an NFI = 0.86
and SRMR = 0.03. In order to assess the convergent and discriminant validity of the
observed variables, the researchers examined the measurement model. Accordingly,
loading values, AVE values, and CR values must all be above 0.6, 0.5, and 0.7, as
prescribed by the researchers (Hair et al., 2019). The fulfilment of these require-
ments assures a model’s fitness. In Table 4.1, the measuring features of the con-
structs are described in detail.

4.3.10 ANALYSIS OF STRUCTURAL MODEL

The results of the structural model show the model’s goodness of fit as well as
predictive validity. The results show that perceived capability has a positive impact
on the brand experience of customers (β = .745, p < .001), as well as openness (β =
0.174, p < .001), whereas credibility has less influence on the brand experience of
customers (β = 0.075, p < .001). Since NFI = 0.861 and R2 = 0.956. Thus, H1, H2,

and H3 were supported (Figure 4.2).

H1

H2 BBBBB

H3

Credibility

Openness

Capability

Brand Experiences

FIGURE 4.1 Research framework developed by researchers.
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TABLE 4.1
Constructs, Factor Loadings, Cronbach’s Alpha, Composite Reliability,
Average Variance Extracted

Constructs Factor
Loadings

Cronbach’s
Alpha

CR AVE

Credibility

I believe the chatbot agent replies to
me sincerely.

– – – –

I believe the chatbot agent replies me reliably. 0.889

I believe the chatbot agent treats me fairly and justly. 0.959

I believe chatbot agents are trying to make a long-term
commitment.

0.921

I believe whenever chabot agents make an important
decision.

0.925 0.978 0.978 0.862

I know it will be concerned about me.

I feel the chatbot agents reply to me timely. 0.947

I believe the chatbot agent replies to me accurately. 0.933

I believe the chatbot agent answers me completely. 0.924

Openness

I can easily have a conversation with chatbot agents. 0.924

I can easily express what I wanted to express with
chatbot agents.

0.904 0.954 0.954 0.837

I can understand the answers from chatbot agents. 0.932

I believe the chatbot agent attitude is friendly. 0.900

Capability

I believe this kind of chatbot agent can deal with
complicated problems more efficiently than offline
stores.

0.947

I believe these kinds of chatbot agents can deal with
complex problems efficiently.

0.933

I believe this kind of chatbot agent usually saved my
decision-making time.

0.914 0.972 0.972 0.874

I think the chatbot agent can solve the problem very
well.

0.932

I believe chatbot agents make the good purchase
decision based on my interactions.

0. 947

Brand Experience

When I come across the brand on the advice of the
chatbot agent, I do a lot of thinking.

0.942

The brand communicated by chatbot agents induces my
feelings and sentiments.

0.930

The brands generally communicated by chatbot appeal
to me in a sensory way.

0.874 0.966 0.966 0.824
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4.4 CONCLUSION AND IMPLICATIONS

Businesses increasingly use chatbots as virtual customer service representatives on
their websites and mobile applications but little academic research has been done on
the branding consequences of such practices. A model was developed to assess their

TABLE 4.1 (Continued)
Constructs, Factor Loadings, Cronbach’s Alpha, Composite Reliability,
Average Variance Extracted

Constructs Factor
Loadings

Cronbach’s
Alpha

CR AVE

My visual sense and other senses are greatly affected by
the brand that chatbot agents represent.

0.889

The brand usually communicated by chatbot agents
entices my interest and helps me think critically.

0.922

The brand usually communicated by chatbot agents is
an emotionally engaging brand.

0.887

FIGURE 4.2 Results structural model.
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relationships realistically. The findings of this study show that the communication
quality (credibility, openness, capability) of AI-based chatbots positively influences
the brand experiences of customers. The gap in knowledge regarding the role of
communication quality of AI-based chatbots in the context of brand experiences, an
essentially complex and socially integrated activity, served as the driving force for this
work. This study contributes to increasing the understanding of the impact of chatbot
communication quality on brand experiences, a mostly unexplored research topic. The
findings offer useful information that can help marketing practitioners by improving
the communication quality of chatbot marketers would enhance the brand experiences
of customers. The current study has strengthened the theory by demonstrating how the
communication quality (credibility, openness, capability) of chatbot agents influences
the brand experiences of customers. Brand managers and chatbot developers must pay
particular attention and continuously strive to improve the communication quality of
chatbots because message interaction increases the brand experience.

For practitioners and marketers across the globe, this research offers insights.
The current study’s empirical findings have produced several suggestions that could
aid practitioners, system developers, and marketers in enhancing chatbot commu-
nication quality to provide a pleasant brand experience to customers. Researchers
urge marketing experts to further increase their usage of AI-powered chatbots with
good communication quality in marketing and customer service to enhance the
brand experiences of customers. The researchers advise employing AI not only to
enhance internal procedures but also as a tool (e.g., chatbots) to enhance customer
service for low-complexity tasks, shifting people’s resources to other business
activities. Further, the brand name must be ingrained in consumers’ minds by
manufacturers so that when they ask for aid, they will remember to include it in
their inquiry from an assistant virtual.

The theory has been strengthened by the current research, which discovered that
the communication quality (credibility, openness, capability) of chatbots can
increase the favourable brand experiences of customers. The usage of AI-based
chatbots, for enhancing brand experience, will have helpful implications for busi-
nesses. However, several topics have not been thoroughly covered in the current
study and may be considered in subsequent research.

4.5 LIMITATIONS

It’s crucial to keep in mind that there are limitations to any study that offer interesting
directions for further research. The economics, privacy, and democracy could all be
harmed by digital helpers. Even if the technology exists for a neutral virtual assistant,
if market forces and dynamics go unchecked, they may produce a powerful and
dishonest digital assistant. To reduce the risks and protect the freedom and interests
of consumers, regulators and legislators are taking action. This study was time and
money constrained, despite the significant discoveries and insights it provided for the
field of marketing. While there are many opportunities for AI to enhance people’s
lives and the growth of economies and communities, it also presents several tech-
nological concerns. Future researchers could investigate the connection between
brand chatbot usage and actual consumer purchases.
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5.1 INTRODUCTION TO FRUGAL INNOVATION

Many manufacturing sectors have taken an interest in the idea of frugal innovation
because they want to offer straightforward and affordable products to developing
markets where consumer needs differ greatly from those of developed nations. In
order to provide new, practical insights for practitioners, the following requests
have been made for the field of global business research beyond Western indus-
trialized economies to include emerging and underdeveloped economies.

Innovation is characterized as the application of concepts to the creation of goods
or services (Schumpeter & Backhaus, 2003). It is critical to generating economic
growth, and even a modest rise over time can produce income differences that are
very visible (Ahlstrom, 2010). Companies are putting more emphasis on creating
solutions for clients with limited resources (Viswanathan& Sridharan, 2009). The key
to satisfying underserved clients is to use integrated design solutions and integrated
economical innovations to address their unmet demands.

The increase in inventions coming from growing countries in the recent past
dispels misconception that only ideas originate in the West and then spread to the
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rest of the world (Petrick & Juntiwasarakij, 2011). Perhaps the most recent idea to
be discussed in the management research of such a model is frugal innovation
(FI). FI is regularly cited by researchers as a potential option for helping
the underprivileged who cannot afford conventional products (Hossain & Sarkar,
2021). The benefit of frugal innovation is that it makes moderate customers
active purchasers rather than passive recipients of contributions (Vadakkepat
et al., 2015).

Frugal innovation, also referred to as Jugaad innovation and Gandhian inno-
vation, is defined as “a resource-scarce solution (i.e., product, service, process, or
business model) that is designed and implemented despite financial, technological,
material, or other resource constraints, whereby the outcome is significantly less
expensive than competitive offerings (if available) and is good enough to meet the
basic needs of customers who would otherwise remain underserved” (Hossain
et al., 2016). The term “bottom of the pyramid” (BoP) refers to those with daily
incomes significantly lower than $2.50; nevertheless, the terms “Jugaad” and
“Gandhian” innovation are geographically exclusive to India. BoP has the stron-
gest connection even though it is a more particular idea than frugal innovation
(Hossain, 2018). The Hindi word “jugaad” refers to a creative upgrade that calls on
talent and imagination (Radjou et al., 2012). In addition, jugaad describes im-
provization and innovative approaches to common problems that make use of
fresh applications of the resources at hand. Constrained-based innovation, which
is even more encompassing than “frugal innovation,” also encompasses ideas
like “reverse innovation,” “blowback innovation,” and “trickle-up innovation”
(Agarwal et al., 2017).

Frugal innovation, which is sometimes referred to as “frugal engineering,” is a
process where the complexity of a product is decreased along with the price of a
good and its production. Recently there has been an increase in the importance of
frugal innovation throughout the world, particularly in emerging or developing
nations where people have less purchasing power and seek affordable, high-quality
utilities. People in underdeveloped nations prefer to choose more affordable goods
over more expensive ones. Frugal innovation is therefore extremely important in
these nations. The phrase “frugal innovation” simply describes a method whereby
an innovation’s complexity is minimized in order to lower production costs and
offer items at lower prices in a high-volume market.

Frugal engineering goes beyond simply using “cheap” engineering to increase
profits through supplier negotiations. Instead, it is a way of thinking that breathes
new life into the idea of product development. Cost control is crucial to the
process, but frugal innovation attempts to eliminate wasteful spending during the
design stage rather than just reducing current expenditures. This strategy recog-
nizes that simply taking away features from current goods to reduce their price for
growing markets is ineffective since consumers in these regions have particular
requirements and desires that cannot be satisfied by only altering some attributes.
Additionally, the upfront costs of items manufactured in advanced nations
are frequently over expensive for permitting competitive pricing in developing
markets (Figure 5.1).
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5.2 INDIA AND FRUGAL INNOVATION

India, a country with a population of over 139.38 crores (1.39 billion), has a
longstanding culture of maximizing the use of limited resources through re-
engineering. The phrase “jugaad,” which essentially means finding a simpler
solution to a problem, is frequently used to describe frugal innovation in India. India
stands 46th among the 132 economies featured in Global Innovation Index. While
addressing the Indian diaspora in Germany, Prime Minister Narendra Modi said
India has made significant progress and is the global leader in the “Way of
Innovation.” Atal Innovation Mission was launched in 2016; the plan was devel-
oped to promote innovation by developing new programmes and policies to assist
growth in a number of economic sectors. It offers a platform for the collaboration of
numerous entrepreneurs. India, which has a total of 25 innovation centres, has been
ranked second in the world and first in Asia for the establishment of new innovation
centres. In addition, the Commerce and Industry Ministry reports that as a result of
the Indian government’s efforts to improve the nation’s intellectual property rights
(IPR) system, the total number of patent applications in India increased from 42,763
in 2014–2015 to 66,440 in 2021–2022.

Even well-known businesses like Godrej, Tata, and Nokia have employed frugal
engineering to build products that have found success in the Asian markets. Asian
nations have inserted frugal innovation as a vital component of their extremely
stimulated industrial industries. Spandan, Sewage Pipe Homes, Multi-Harvester,
Tupik Bed AC, Mitti Cool, Jaipur Foot, and Voice Box are a few unusual tech-
nologies from the past ten years that have improved and safeguarded people’s lives.
Companies like HUL and P&G have been selling shampoo and laundry detergent in
tiny packets in urban India for more than 20 years in an effort to appeal to cus-
tomers who were on a low budget. This may have been the start of the thrifty
innovation trend. The introduction of sachet packs, not only increased the avail-
ability of these products on the market, transforming the FMCG sector, but they

FIGURE 5.1 Describes the approach of frugal innovation with problem and solution
context.

Source: Design Your Thinking by Pawan Soni.
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also made it possible for businesses with constrained space to store merchandise
more efficiently without having to add extra space for shampoo bottle displays.

5.3 TATA NANO

Globalization has made the world a smaller place since liberalization in 1991.
Markets prioritize industrialized goods while ignoring innovation. The Tata Nano,
manufactured by India’s largest automaker, stands out as an exception in this sit-
uation. The car is the most reasonably priced in the entire world and best satisfies
the needs of the middle- and lower-income families that make up the majority of the
Indian market. It was developed using the frugal innovation technique. This car is a
perfect example of modern India’s ingenuity. This was made possible by the
company’s understanding of the needs of its customers in the current business
climate and its prudent fulfilment of those needs through significant R&D in the
creation of the Tata Nano automobile.

The demand for inexpensive vehicles was expanding when the Tata Nano
debuted in 2009. Even though there was a sizable middle class and about 50 million
people who rode motorcycles as their major mode of family transportation, indi-
vidual automobile ownership was still uncommon. The Tata Group’s chairman,
Ratan Tata, asserts that he was motivated to create an affordable vehicle for every
Indian after witnessing a family with children travelling through congested traffic
on a motorcycle. The $2,000 Tata Nano automobile and the cheapest water filter in
the world, the Tata Swach, that doesn’t need energy or running water, are just a
couple of the company’s famously affordable products. Ratan Tata, the group
chairman, created the Nano with the intention of giving families and small businesses,
who traditionally relied on auto-rikshaws and railroads, a means of transportation.
The Nano was at the time India’s most affordable automobile, costing INR 1 Lakh, or
around $1,400. The Tata Nano research team’s five-year R&D project, which began
in 2003, produced the Nano. While upholding the quality of every component used in
the construction of the car, such as the gear shifter, windscreen washer system,
steering wheel, wheels and tyres, etc., Tata Motors and its suppliers consistently
fought to keep prices low. Engineers were required to stick to the low-price guarantee
by being as frugal as they could while designing.

5.3.1 TACTICAL METHOD

Tata Motors made engineering advancements while creating the Nano that had an
impact on both the finished vehicle and the entire organizational ethos. Creating a
high-quality car for Rs. 1 lakh (about $1,400) that would appeal to bourgeois
households and eventually supplant market for two-wheelers was the goal of the
entire process, from team formation to product delivery. Before production could
begin, It took over four years to complete the development plan. Under the direction
of design leader Girish Wagh, the engineering team swelled to 500 individuals, with
each engineering team responsible for a different Nano component. Ultimately, a
20-person production team was put together after a rigorous assessment and
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interviewing procedure. To build a diversified workforce that would produce
original and innovative ideas, Tata Motors hired apprentice engineers from IIT
Kharagpur, Jadavpur University, and other institutions.

Tata Motors was willing to take risks, try new approaches, and involve its business
partners in the product design process for the Nano. The management group opted to
carry out “concurrent engineering in real time” rather than just giving them technical
specifications; early product development should involve component suppliers.
Suppliers were urged to review the current work and make their own insightful
recommendations that could help further encourage a frugal outlook.

For instance, Tata Motors and the German business Bosch worked together to
develop a new engine control system (EMS). By removing pointless activities,
Bosch was able to shrink the programme’s size and expand the amount of micro-
controller computing power that was accessible. To resist the rigours of Indian
roads, the Madras Rubber Factory in India created harder rear tyres. Additionally,
Tata collaborated with Japanese auto component producer Denso to create a novel
windscreen a single-wiper system as opposed to two-wiper systems, saving the
Nano team extra expenses. In order to get access to additional revenue streams,
more than half of the supplied components were given permission to be enhanced as
patented technology of the specific provider.

5.3.2 PRACTICAL METHOD

In an effort to maintain a strong feeling of thriftiness and question conventional
vehicle manufacturing processes, Tata’s efforts to produce an economical car
included leaving out equipment such as radios, power steering, power brakes, and
air conditioning. The Nano may be distributed, assembled, and serviced by local
business owners as kits since it is made up of parts that can be sent separately to
various locations and installed there. Tata Motors was able to submit 34 patents for
the creation of the Nano, which was intended to redefine economic quality in the
automotive industry, thanks to Ratan Tata’s foresight and a group of committed
engineers.

5.3.3 MOUNTING AND SMALL WHEELS

The Nano’s small, lightweight wheels were specifically intended to enhance per-
formance, economy, and riding comfort. It employed press-steel “style-in-steel”
wheels, which look like alloys but are almost as expensive as standard steel wheels.
As designers tried to review and enhance options that had been customary in the
building of cars, in order to reduce expenses, these wheels were likewise attached
with just three lugs. Due to the car’s modest weight and small wheels, power
steering is probably not going to be necessary, which further minimizes complexity
and expenses. The design team kept the driving wheels thicker while giving the
front wheels a somewhat thinner specification. The automobile should have a tiny
understeer at the limit because of the wider track up front, which changes the effect
and serves as a safety element. To put it simply, the engine of the Nano causes a
weight bias toward the rear. This alone can be a problem when cornering quickly
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because the rear end starts to act somewhat pendulum-like, tugging the car off the
line. Depending on how well the design is prepared, the engineered understeer
should balance and neutralize the automobile. The smaller tyres also resulted in
cost savings on extra rubber. Not to mention the closed hatch, which means there
won’t be any beading, hinge, or lock costs, and the entire panel can be a rea-
sonably affordable addition to the monocoque, improving the chassis’ strength
without costing more. Non-opening hatches also saved money on beading, hinges,
and lock.

5.3.4 ENGINE

The 624cc four-stroke parallel-twin engine is covered by ten of Tata’s patents from
the Nano project. Together with Tata, the German manufacturer Bosch created a
new engine management system. The motor with a single counter balancer has been
dubbed a world first for an automobile application. The four-speed transaxle is
coupled directly to the engine, which is positioned transversely behind the back
seats and in front of the rear axle line. Nano is similar to the original Fiat 500, which
has a rear-mounted engine to aid maximize cabin space, making it another illus-
tration of a technologically sophisticated economic car. The driveshaft is removed
with the rear-engine, rear-wheel drive configuration, which reduces costs.

After testing over 32 different versions of the best driveshaft for a year, GKN
Driveline India, a division of the world’s largest auto parts manufacturer GKN,
produced the driveshaft. The company enlisted designers from its French and Italian
subsidiaries to create a simple and affordable design. For Nano’s rear-wheel drive
system, GKN developed a smaller diameter shaft, which made it lighter and utilized
less material. Additionally, the powertrain is located beneath the back seats rather
than in the front. Because the hatch does not open, the back seats must be moved
forward in order to reach the engine. Tata may have intentionally designed an
engine that is relatively practical and efficient considering the difficulty of access to
it due to the layout.

5.3.5 INTERIOR

The Nano’s design is focused on comfort and usability. After going through mul-
tiple versions to cut costs, the seating was eventually created as a traditional seat
with a metal structure and a headrest built into the seat. It also features a centralized
instrumentation that is easily visible to all passengers, creating a more open feeling
in the car. The large plastic component does not need to be adapted for left- and
right-hand drives thanks to the central metre set. It includes a basic set of lights, an
analogue speedometer, an odometer, and a digital fuel gauge.

Customers had the option to add features like airbags, anti-lock brakes, a radio, and
air conditioning to their models, but these features were not included as standard. Not
including these non-essential features reduced the average cost for the basic models.
The smooth curves, two large storage compartments, and ample storage space make
the cabin feel light and spacious, and they do away with the requirement of a glove
box. The curving edges might also increase collision protection.
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5.3.6 EXTERIOR, SIZE, AND TRANSMISSION

The whole body of the Nano is steel. Instead of being painted, it has a straightforward
steel platform and steel body panels. Under the nose is where you’ll find the filler cap.
This saves the cost of drilling a hole in the body for a filler cap, and drivers are already
familiar with these because they are the typical filling procedures for CNG and LPG
vehicles. The Nano does not include a left-side mirror. The Maruti 800, the next
smallest car marketed in India, is a little over ten feet longer than the Nano, which is
about 20% smaller overall. However, the Nano has a larger cabin than the Maruti.
Reduced cost and weight resulted from fewer parts and weights. It came as a small
shock that the Nano features a four-speed manual transmission. The CVT is small,
straightforward, and makes efficient use of the engine’s power.

5.3.7 PATENT

Tata Motors has applied for 31 design patents and 37 technology patents with an
emphasis on the technological development of the Tata Nano. The technologies
covered by the patents include material technology, manufacturing technology, and
vehicle technology. Tata Nano has cutting-edge technologies, as shown by these
patents. The technologies are designed to produce goods that are incredibly affordable
and highly reliable (Figure 5.2).

5.4 TATA NANO AND THE INTERNATIONAL MARKET

Data from the World Street Journal indicate that the U.S. market has a lot of
potential for small and environmentally friendly automotive manufacturers. The
global financial crisis and growing awareness of the challenges posed by large cars
have impacted consumer behaviour in the U.S. market. Customers bought cars at
reduced prices as a result of the recession, and this factor encouraged tiny car

FIGURE 5.2 Patents of Tata Nano.
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manufacturers to enter this market. Tata Motors would therefore find it simple to
take a sizable market share of the U.S. auto markets with their Tata Nano model.

According to Noronha (2005), Tata Motors would have a competitive advantage if
it established a distribution channel for the Tata Nano as the Tata Group has a long
history of integration with the U.S. market dating back to the early 1900s and offers a
wide range of goods and services. The company’s stock is traded on the New York
Stock Exchange and has 80 offices across the country with 10,000 employees.
However, Nano’s main competitive edge is its ability to minimize costs, which will
enable the business to grow in the post-recessionary period. It’s likely that the firm
may upgrade the electric version of the vehicle, making it the least expensive electric
vehicle with a 130 km range and lithium-ion batteries.

5.5 FRUGAL INNOVATION AND THE WORLD

Innovations are typically created in developed nations and subsequently exported to
underdeveloped nations. However, there has been a noticeable rise in creativity
recently in situations with limited resources, notably in developing nations.
Consumers in developing nations are a new target market for global firms because
of their reduced purchasing power and distinctive shopping habits. In order to create
goods that address local needs, Western firms frequently work with their affiliates in
developing nations. This collaboration enables them to combine cutting-edge
knowledge with local expertise to provide effective solutions. Although there is
little research on how to establish innovation capabilities for these clients in
developing nations, there is a potential for a new market in developing countries by
creating innovations for customers who have previously been underserved.
Innovation plays a major role in driving economic growth, which can lead to sig-
nificant income differences over time, even if the economic growth seems small at
first. Innovation is seen as a crucial engine of economic growth, and over time, even
slight differences in economic growth can lead to significant differences in income.

5.5.1 EXAMPLES OF FRUGAL INNOVATION AT THE GLOBAL-LEVEL LOGIQ BOOK

Another famous instance of a low-cost innovative, the portable ultrasound machine,
is the product made by GE called the Logiq Book, which was created with rural
China in mind. While having fewer functions than traditional ultrasound devices,
this computer-based laptop gadget offers further benefits that are essential to its
rural target markets. The Logiq book is substantially lighter, smaller, and only
offers the most basic capability, despite the fact that the cost of conventional
ultrasound systems has been cut by almost 80%. Due to its portability, it saves rural
patients the trouble of travelling to distant cities for diagnosis and treatment.

5.5.2 NOKIA 1100

One well-known example of thrifty innovation is the Nokia 1100. It was released in
2003 as a mobile phone for developing countries and is regarded as one of the most
popular models worldwide. Nokia reduced the device’s components to the bare
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minimum required by low-income consumers in order to keep the price as cheap as
possible while also adding helpful features like a flashlight and a potent battery that
made it durable and dustproof. Despite being basic and only capable of doing
necessary chores, it was highly regarded by customers.

5.5.3 M-KOPA

It is a pre-configured solar energy system for homes. What most intrigues me,
though, is the device itself and the unconventional business strategy employed to
keep costs low for all clients. The target market for the product, Kenyans, would not
be able to afford the $200 price tag. What makes it so special is that anyone may use
a mobile phone to make daily micropayments of 45 cents for as little as a $25
commitment. However, they were developed through frugal innovation using a
mobile payment system.

5.5.4 OGGUN TRACTOR

Cleber, a small company based in Alabama, used the use of frugal innovation ideas to
meet Cuba’s agricultural demands. In Cuba, small and cooperative farmers cultivate
the majority of agricultural land and face challenges such as a lack of resources,
outdated equipment, and inefficient distribution and transportation. Additionally, the
low average monthly salary of Cuban customers, combined with an increase in
tourism and demand for high-quality products, made these problems worse. Cleber
recognized that the influx of American tourists could have negative consequences for
Cuba, and wanted to offer competitively priced, easy-to-use products as an alternative
to current Cuban products. To achieve this, the company developed the Oggun tractor,
a compact and lightweight zero-turn tractor powered by a 22-horsepower gasoline
engine. The tractor was designed to be easy to use and efficient, with an open
operator’s seat that provides unobstructed views of the ground.

5.5.5 JAIPUR FOOT, KNEE, AND LIMB

Approximately 100,000 amputees worldwide now live better lives thanks to Jaipur
Foot, Knee, and Limb, which has provided many people freedom of movement and
dignity. Their plan was simple, and the price for a flexible prosthetic foot was a
mere $45 (USD). However, the “Jaipur Foot,” as it was known by some of the most
marginalized members of society, had amputees for the first time who lowered the
cost of prosthetics. In contrast to the majority of prosthetics created at the time,
which were made of carbon fibre, the “Jaipur Foot” was made of rubber, plastic,
and wood. Employees could finally purchase prostheses since the production cost
was reduced to $45 as a result. As a result, manufacturing costs sharply decreased.
They were not only far more versatile and less expensive than their western
counterparts, but also did not call for the use of shoes. They are much more
comfortable and practical for daily activities because many people wear them
when walking barefoot.
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Frugal innovation, which involves developing products or services that are
affordable and efficient, has become increasingly important in resource-limited
situations, such as during the COVID-19 pandemic. While several approaches to
frugal innovation focus on sustainability, there is no widely accepted theory or
dominant paradigm in this area of research, which is still relatively new and
requires further study. There is also a significant potential for frugal innovation to
target underserved markets, including customers with modest incomes in both
developed and emerging countries, as income inequality and poverty rates con-
tinue to increase.

5.6 SCOPE OF FRUGAL INNOVATION AT THE GLOBAL LEVEL

Frugal innovation has a wide range of global applications, including in the fol-
lowing areas:

• Healthcare: Frugal innovation can be used to develop affordable healthcare
technologies, such as portable diagnostic devices and telemedicine plat-
forms, which can improve access to healthcare for people in underserved
markets.

• Clean energy: Frugal innovation can be applied to the development of cost-
effective clean energy sources like wind turbines and solar panels, which can
help to reduce greenhouse gas emissions and address climate change.

• Education: Frugal innovation can be used to develop affordable educa-
tional technologies, such as online learning platforms and low-cost
tablets, which can improve access to education for people in underserved
markets.

• Transportation: Frugal innovation can be used to develop affordable and
efficient transportation solutions, such as electric bikes and shared mobility
platforms, which can help to reduce congestion and improve access to
transportation in urban areas.

• Agriculture: Frugal innovation can be used to develop affordable and
sustainable farming technologies, such as precision irrigation systems and
low-cost greenhouse systems, which can improve food security and reduce
water use.

• Social issues: Frugal innovation can be used to create cost-effective
solutions for social problems, such as homelessness or food insecurity, in
developed countries.

5.7 GLOBAL IMPORTANCE

First, it can help address global challenges related to access and affordability. By
developing products and services that are accessible and affordable to people in
emerging markets or with limited resources, frugal innovation can help to narrow
the divide between the wealthy and the impoverished and improve the quality of
life for people around the world. Second, frugal innovation can drive economic
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growth and development in emerging markets. By developing new offerings that
address the needs of groups that have previously been neglected, frugal inno-
vation can help stimulate local economies and create new opportunities for
economic development.

Third, frugal innovation can help address global sustainability challenges. By
designing products and services that use fewer resources and have a smaller en-
vironmental footprint, frugal innovation can help reduce waste and resource con-
sumption and contribute to a more sustainable future. Overall, frugal innovation has
the capacity to significantly impact positive effect on global challenges related to
access, affordability, economic development, and sustainability.

5.8 CHALLENGES AND ACTION

Tata encountered numerous obstacles on the route to developing Nano, which was
not an easy journey. Tata’s initial proposals to locate the factory in West Bengal
were rejected by opposition parties, leading to a last-minute change in location to
Sanand. When the company first started operating, there weren’t enough auto-
mobiles being produced to satisfy the influx of requests. The orders eventually
stopped. Additionally, the safety of Nano was questioned after a few cars caught
fire, which negatively impacted consumer opinion. Moreover, the sales continued to
decline amid a downturn in the Indian auto industry brought on by rising loan rates
and gasoline costs. Tata Motors needed to design a car that could serve as a true
family vehicle with four doors, rather than just a motorized quad bike. In order to
compete with the Maruti 800, which was the most inexpensive car available at the
time, they also set a target selling price of around $1,400.

Nano received a makeover from TML with the launching of variants with
stronger and more fuel-efficient engines. The new Nano versions are priced between
Rs 1.75 lakh and Rs 3.25 lakh due to a restructuring of the pricing. Instead of just
selling a cheap car, they are now thinking of selling the entire vehicle. Tata plans to
offer a range of additional features, such as four engine options, two glove com-
partments, keyless entry, a dashboard audio system with Bluetooth connectivity, a
larger steering wheel, and remote central locking, for an additional cost. The launch
of the power steering and AC variant accounts for 60% of Nano sales. To cater to
younger clients, Tata has also redesigned Nano’s appearance by offering it in a
variety of vivid colours. The Nano is still relatively inexpensive in the business
hatchback market even with the addition of extra features to boost value, with a
starting price of 1.75 lahks (about $2,400).

And as for frugal innovation challenges, one challenge is the lack of access to
resources and funding. Many emerging markets and low-income communities
may have limited access to financial resources, technology, and expertise, which
can make it difficult to develop and implement frugal innovations. Another
challenge is the need to balance affordability and quality. Frugal innovations are
designed to be affordable and accessible to people with limited resources, but
they also need to be of high-enough quality to meet the needs and expectations of
users. Striking the right balance between affordability and quality can be chal-
lenging. In addition, frugal innovations may face challenges related to cultural
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and social norms. For example, some frugal innovations may not be accepted or
adopted in certain communities due to cultural or social barriers. Finally, frugal
innovations may face challenges related to regulatory and policy environments.
For example, some countries may have regulatory barriers or lack the necessary
infrastructure to support implementing and scaling frugal innovations.

Overall, these challenges can make it difficult to develop and implement frugal
innovations at a global level, but with the right strategies and approaches, it is
possible to overcome these challenges and drive meaningful impact and innovation.

5.9 CONCLUSION

The Tata Nano is an idea that can only be realized if it is supported by a sincere
foresight. The creation of Nano reinforced the notion that frugal innovation involves
not fundamentally altering a product’s engineering but also fundamentally altering
organizational culture to provide more for less money. After the car’s market debut,
critics who had initially expressed doubts about the project’s success gave Nano a
favourable review.

The Nano rapidly became known as one of the most outstanding cases of
innovative cost-effectiveness. The Ford Model T and Renault’s “Logan” were the
first to promote the idea of a cheap, environmentally friendly car to the automotive
industry, but the Nano ultimately outperformed both of them in terms of low-cost
engineering and market appeal, becoming the world’s cheapest commercial vehicle.
Tata made a significant achievement in manufacturing with the creation of the
Nano, which was made from modular components that could be shipped separately
and assembled at various locations. This modular concept has revolutionized the
automotive industry and inspired many other car manufacturers to adopt innovative
engineering techniques.

The Nano’s success in engineering and economics has provided a foundation
for the development of new products and the expansion into new markets. After
clearing the European crash testing with flying colours, it intends to reach the
African market. Given Nano’s early success with cost-effective engineering, it
has been rumoured that Tata is also developing hybrid and all-electric Nano
models. The Nano has modernized its image while keeping its fundamental form
in order to appeal to urban youngsters. With features including radio, Bluetooth,
and air conditioning, Tata has introduced upgraded models such as the Nano
Twist and Nano Max.

When it comes to solving global issues like access, affordability, economic
growth, and sustainability, frugal innovation is a potent tool. It entails using the
least amount of materials and financial resources possible to provide goods and
services that are accessible and cheap to people in developing countries or with low
resources. Frugal innovation has the potential to have a big positive impact on
global concerns, but it also faces difficulties with funding and resource access,
balancing affordability and quality, cultural and social norms, and regulatory and
legislative contexts. Frugal innovation must be carefully planned and put into
practice while taking into account the unique needs and difficulties of the target
market to be successful on a global scale.
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6.1 INTRODUCTION

6.1.1 INTRODUCTION TO A NEW TYPE OF INDUSTRIALIZATION: INDUSTRY 4.0

Industry 4.0 is reinventing the way companies produce, enhance, and distribute their
products. Manufacturers are integrating the latest technologies, i.e., the Internet of
Things (IoT), cloud computing, analytics, and artificial intelligence (AI).

• IoT – IoT refers to the collective network of connected devices that
facilitates communication between devices and the cloud, e.g., smart grids
or activity trackers.

• Cloud Computing – Cloud computing works by enabling devices over the
Internet from remote physical servers, databases, and computers.

• Analytics – Analytics is the process of discovering, interpreting, and
communicating significant patterns in data.

• Big Data – Big Data refers to the data with great variety, arriving in mass
volumes with fast velocity.

• AI – Artificial intelligence refers to systems or machines that mimic
human intelligence to perform tasks and can improve themselves based on
the information they collect.

6.1.2 AI IN E-COMMERCE

AI in commerce is used to offer personalized recommendations based on past cus-
tomer behaviour and lookalike customers. It is also being used to improve the
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relationships between the sellers and customers using virtual assistant and chatbots,
e.g., Amazon.

The main factor of Industry 4.0 is the involvement of AI in the digital
industrialization, industries are focusing on improving their product consistency
and productivity while trying to reduce their operating cost. In this chapter, we
will focus on studying the relationship between humans, machines, and AI, and
how this relationship can be used to enhance productivity with the available
resources.

6.2 REVIEW OF LITERATURE

6.2.1 ARTIFICIAL INTELLIGENCE IN ER – METROPOLIAV

The main goal of this thesis is to study AI and how it is used in Enterprise Resource
Planning (ERP). They used the existing literature and analyzed different publica-
tions and web articles about AI in ERP, i.e., sales forecasting from the historical
data with the help of an SAP cloud application (SAC). (SAC is a data analysis tool
that combines business intelligence, visualization, planning, and predictive func-
tionalities in one solution.) They conclude that with the help of AI, companies can
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reach a new level of analytical productivity, i.e., customer service, sales forecasting,
and predictive analysis.

6.2.2 ARTIFICIAL INTELLIGENCE IN DATABASE MANAGEMENT – IDEAS

According to this thesis, the integration of AI and database management systems
(DBMS) play a crucial role in data processing. They counter the ever-growing data
volumes and the need for fast analytical data processing. This integration needs
access to large amounts of data for data processing, efficient management, and
intelligent processing of data. The same model is being opted by the IT industries to
create autonomous hardware and the first autonomous databases. In this thesis, they
expect that by using methods of machine learning and sophisticated programme
algorithms most of the maintenance will be done automatically. They also observe
significant improvements in the hardware and software of complex engineered
database machines.

6.2.3 AI-DRIVEN CYBERSECURITY – SPRINGER LINK

According to this thesis, AI is one of the key technologies of Industry 4.0 that can
be used for the protection of Internet-connected systems. It uses deep learning,
machine learning, the concept of natural language processing (ability to understand
text and spoken words), knowledge representation (representing information about
the world in a form that a computer system can use to solve complex tasks), or rule-
based expert systems (prescribed knowledge-based rules to solve a problem) to
prevent cyber threats, attacks, or unauthorized access. This security intelligence
model can make the cybersecurity computing process automated and more intel-
ligent than the conventional security systems.

6.2.4 ARTIFICIAL INTELLIGENCE IN INVENTORY MANAGEMENT – SCIENCE DIRECT

According to this thesis, reducing the wastage of goods and resources, and
therefore cost, within a supply chain is a very challenging task because of the
multiple variables involved. They reveal that unnecessary wastages are due to
unnecessarily high inventory costs and shortage costs that are caused by errors in
demand forecasting. These wastages can be avoided by using an artificial neural
network that accurately forecasts demand. This model works on a multilayer
feed-forward neural network (an interconnection of perceptron in which data and
calculations flow in a single direction, from the input data to the outputs) with
back propagation (algorithm that is designed to test for errors working back from
output nodes to input nodes).

6.2.5 AI IN SUPPLY CHAIN MANAGEMENT – TANDFONLINE

In this thesis, they show how AI has shown great promise in improving decision
making and analyzing business patterns, seeking information, and learning business
phenomena to increase productivity. They think that AI has seen limited application
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in supply chain management (SCM). They explore the various fields in AI to solve
the practical problems in SCM, such as managing customer experiences, managing
supplies, maintaining quality, etc.

6.2.6 AI IN ADVANCED MANUFACTURING – ASME DIGITAL COLLECTION

According to this thesis, the manufacturing processes are becoming increasingly
complex, and connected. Recent developments have shown that AI and machine
learning can help counter these problems by using advanced research tools that
process vast amounts of manufacturing data (Big Data). This kind of model con-
siders a wide variety of data from quality, process monitoring, diagnosis and
prognosis, and supervisory control in human–robot relations.

6.2.7 AI IN DISTRIBUTION OF GOODS AND SERVICES – SCIENCE DIRECT

According to this thesis, the efficiency of the process of distribution of goods and
services can be improved by using a data-driven machine learning system. This
data-driven machine consists of a geocoding algorithm (i.e., precise calculation of
the delivery address based on the transmitted information), a route calculation
algorithm (solving the vehicle routing problem with time windows (VRPTW)
with a random probability distribution), and distribution region optimization
algorithms. These machines also monitor vehicle traffic using smart tracking
devices.

6.2.8 AI IN SALES AND PROCUREMENT – INFORMS PUB ONLINE

In this thesis, they talk about the ways in which AI affects sellers in selling and
buyers in procurement. They talk about the impact of automation, i.e., buyers using
a chatbot to inquire about prices instead of asking in person. They also talk about
the two unique abilities of AI: Automation and Smartness, under which the hard-
ware and software run more effectively and efficiently. They use a case study to
explain how there is significant price discrimination when using a chatbot or not.
According to their research, the wholesale price quotes are significantly more in
case of chatbots and AI. The reverse is also true where buyers can use a smart
recommendation system to get the most value, which can effectively reduce sup-
pliers’ price quote. This implies that automation isn’t very valuable without
smartness, which in turn suggests that building smartness is necessary before
considering high levels of autonomy.

6.2.9 AI IN E-COMMERCE AND FINANCE – HAL THESES (ABES STAR)

According to this thesis, AI has brought revolutionary changes to various sectors,
including e-commerce and finance. In this thesis, they present the four applications
of AI that greatly improve goods and services, enable automation, and greatly
increase the efficiency of many tasks in all sectors. They start by improving the
product search service by assessing a search query and then building a predictive

60 Sustainable Technology for Society 5.0



model on daily sales to rank products according to the number of sales, in order to
maximize the revenue of the company. Next, they organize the products using a
classification algorithm according to the rankings and the forecasting. They then use
this time-based sales prediction and the classification to predict one of the most
difficult facets of commerce: Stock.

6.2.10 CLOUD COMPUTING WITH AI FOR BANKING AND E-COMMERCE –

SPRINGER LINK

In this thesis, they researched AI in e-commerce and proposed guidelines on how
information systems (IS) research could contribute to the research stream. They did
a bibliometric analysis by taking bibliometric data from 4,335 documents and 229
articles. This analysis revealed that the core research themes were based on senti-
ment analysis, trust, personalization, and optimization. This chapter helped prac-
titioners by providing them with an organized source of information on how AI can
support their e-commerce endeavours.

6.3 RESEARCH METHODOLOGY

6.3.1 GENERAL GOAL

The goal of this chapter is to find out the impact of AI in revolutionizing the
industries.

We are also trying to find what problems can be solved in commerce with the
help of AI.

6.3.2 RESEARCH TYPE

We will be using the secondary data with the help of the previous published articles
and charts.

We will be taking a theoretical approach by using the qualitative point of view.

6.3.3 POPULATION AND SAMPLE

The population of the proposed research is taken from the previous articles and
statistics available on the web related to the impact of AI in industrialization.

6.3.4 METHOD AND TECHNIQUES

We will be reviewing the previous articles related to our topic and drawing our
analysis on the basis of it.

We will then compare the data from before the implementation of AI in
industries and after it was implemented, with the help of graphs.

We will then talk about the current problems that the industries face and how
they can be solved with the help of AI.
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6.4 ANALYSIS AND INTERPRETATION

6.4.1 GLOBAL AI IN ENTERPRISE RESOURCE PLANNING APPLICATIONS

Source: Statista.

We can see exponential growth of AI in enterprise applications globally over the
period of ten years (2016–2025). We also see that there is a significant change in the
total revenue generated when compared to the resource planning with or without AI.
This shows the importance and impact of AI in effective resource planning.

Companies are opting for smart planning to preserve precious resources. The
same can be seen from the graph (4.1).

Source: Select Hub.
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6.4.2 AI IN CYBERSECURITY MARKET, BY REGION (USD BILLION)

Source: Markets and Markets.

We can see a linear growth in the graph of AI in the Cybersecurity Market for
North America and Europe, whereas exponential growth in the Asia Pacific region.
This may be because North America contains more developed countries, e.g., the
USA, whereas the Asia Pacific region is made up of developing countries, e.g.,
India and China, so North America adopted the latest technologies a bit earlier
compared to the Asia Pacific.

Companies in Europe and North America have very strict cyber policies because
of privacy laws; thus, they have to use smart and effective AI technologies to
prevent data breaches. That is why AI plays a very important role in cybersecurity.
The same can be seen from the graph (4.2).

Source: Payatu.
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6.4.3 AI IN INVENTORY MANAGEMENT MARKET GLOBALLY, FROM 2012 TO

2025 (USD BILLION)

Source: Statista.

We can see a gradual shift in the graph for AI in the Inventory Management
market. This shows how the integration of AI in Inventory not only makes the
inventory system more efficient but also generates more revenue because of the cost
reduction in manual labour. Companies are starting to implement AI in inventory
management systems to solve complex tasks and reduce workloads. This system
also reduces the risk of human error. The same can be seen from the graph (4.3).

Source: Altamira.
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6.4.4 IMPACT OF AI IN SUPPLY CHAIN AND LOGISTICS

Source: Oodles Technologies.

We can see that there is a very significant impact of AI on supply chain and
logistics, especially in demand management, identifying problems, and finding real-
time updates. AI can help in quality control, minimizing disruptions, and robot-
assisted production. Companies are starting to use supply chain management sys-
tems, which are powered by AI, to improve customer experience by providing them
with real-time updates and timely deliveries. They also manage demand by using
sales forecasting with the help of smart AI. This not only reduces wastage of goods
and services but also prevents shortage of goods. The same can be seen from the
graph (4.4).

Source: Solution Dot.
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6.4.5 AI IN THE MANUFACTURING MARKET, BY REGION (USD BILLION)

Source: Appventurez.

We can see exponential growth of AI in the manufacturing market. This graph not
only shows the dependency of effective manufacturing on AI but also shows how
significantly it can increase the revenue of a company by making decisions
by themselves as well as finishing repetitive tasks set by the machine learning
algorithm. These algorithms also learn over time thus handling the assigned processes
better. These AI algorithms also don’t need any breaks and aren’t susceptible to
human errors. Companies are using smart manufacturing systems to increase pro-
duction while maintaining the overall quality of the product. These systems are time
efficient, thus preventing costly delays and hence increasing the overall revenue.

Source: 10xDS.
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Source: Markets & markets.

It is estimated that AI in the manufacturing market is expected to grow by 16.3
USD billion by 2027, and this is because of the availability of Big Data and
automation technologies. The usage of these technologies enhances the operational
efficiency of manufacturing units, which in turn enhances the productivity.

6.4.6 AI IN BANKING INDUSTRY WORLDWIDE, FROM 2018 TO 2030
(USD BILLIONS)

Source: Statista.

We can see a significant growth of AI in the banking industry. The involvement
of AI in the banking sector reduces the complexity of the problems, e.g., investment
evaluation, fraud detection. Companies are also investing in AI technologies
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because of their low operational costs and risks. AI can also calculate the best loan
and facility evaluation that is comfortable for both the customer and the banker.

Source: ESD.

Introduction to Industrial AI: ABCDE
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A. Analytical Technology – It is a system designed for analyzing and con-
trolling the manufacturing processes, i.e., measuring quality parameters
and performance attributes.

B. Big Data – The definition of Big Data is data that contain greater variety,
arriving in increasing volumes and with more velocity.

C. Cloud Technology – It gives users access to storage, files, software, and
servers through their Internet-connected devices.

D. Domain know-how – It is the knowledge of a specific, specialized dis-
cipline or field, in contrast to general (or domain-independent) knowledge.

E. Evidence – It consists of both information that supports and corroborates
management’s assertions regarding the financial statements.

6.4.7 COMPARISON OF INDUSTRIAL AI TO OTHER SYSTEMS

Source: Science Direct.

We can see a very important comparison between industrial AI and other
learning systems. It shows how AI can overtake other systems in performance and
efficiency.

Expert Systems – Expert Experience systems are based on the extent of the
knowledge of the expert. The extent of their knowledge cannot cope with the latest
technologies. That is why these systems are outdated. They also have a lower output
and take a lot more time to solve complex problems. The graph dips when these
outdated systems can’t handle the complexity of the problems.

Expert Systems (Rule-based) – These systems are a bit better than the expert
experience systems since they work on a set of defined rules that make autono-
mous decisions on the basis of these protocols. These systems also need to be
updated regularly to deal with the increasing complexity of problems; that is why
the graph dips.
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Industrial AI – These systems have machine learning algorithms that help the
system to learn from its experiences; that is why they can keep up with the latest
trends. They also have the ability to make autonomous decisions, which helps them
to predict problems before they surface.

The impact of Industrial AI – from solving visible problems to avoiding invisible
ones.

Source: Science Direct.

This graph shows how AI can drive us from visible space to invisible, and from
solving problems to avoiding them before they surface.

6.5 CONCLUSION

“Anything that could give rise to smarter-than-human intelligence – in the form of
Artificial Intelligence, brain-computer interfaces, or neuroscience-based human
intelligence enhancement – wins hands down beyond contest as doing the most to
change the world. Nothing else is even in the same league.” – Eliezer Yudkowsky,
American computer scientist.

We can already see from the analysis and the findings how big the sectors with
AI are. They are significantly reducing the labour costs and complex manual tasks.
They also increase the efficiency and effectiveness of the production. It can manage
all the sectors of any industry from primary to banking sectors.
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Source: Science Direct.
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7.1 INTRODUCTION

Women and young girls must be using the right menstrual products that are good for
their health. It is also important to switch to a more sustainable and environmentally
friendly option as these reusable menstrual products are a much healthier option as
well. Bangladeshi women and young girls still face many social stigmas regarding
menstruation, and Youth’s Voice aims to spread knowledge and awareness about
menstruation. For the betterment of society, it has launched the Safepad Project,
which aims to provide a sustainable and healthier option for menstrual products.
This campaign aims to reduce the stigma associated with menstruation.
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WASH model of menstrual health hygiene is an approach to the prevention, pro-
motion, and elimination of menstrual hygiene product-related diseases. This model
addresses women’s social, cultural, and economic rights at multiple levels. It focuses on
empowerment of individuals to take control over their personal lives and the reduction of
inequalities between the sexes in society. They are focusing on the need for appropriate
management of menstruation in women. The WASH model includes four components:
communication, provisioning/production/use, sanitation, and servicing/service delivery.

To provide high-quality care to avert and combat infection in health systems, services
for WASH must be available. Universal, affordable, and sustainable access to WASH is
a key public health issue within international development and is the focus of the SDGs.
The menstrual hygiene management (MHM) pathway to help attain SDG 3.7 (universal
access to sexual and reproductive healthcare services) and SDG 6.2 (access to adequate
and equitable sanitation and hygiene) was proposed by the United Nations.

Good menstrual hygiene is significant. WASH is a crucial component of health.
What is considered a basic human right, and what is not varied around the globe.
Whether the government can afford to provide its inhabitants with the basic essential
needs of amenities, services, and products for free is also a concern (Ahmed et al., 2022).

The use of pads is a public health win in a nation where women have historically used
cloth scraps to absorb menstrual blood. However, sanitary pads present an environmental
waste problem that has prompted a growing movement in favour of alternative products
such as reusable menstrual pads (D’souza, 2022). Sanitary napkins and other menstru-
ation products produce trash that affects the environment, human health, and a com-
munity’s well-being once discarded. This is shown to be unsustainable now (Murthy,
2015). Nowadays, most companies are producing menstrual pads in the market, but
instead of getting alleviated, the problem of environmental pollution and carbon foot-
prints is on the rise as these are mostly made of plastic. Conventional menstrual pads are
made up of three main layers having their specific functional properties: the top sheet,1

absorbent core, and barrier sheet (Balda et al., 2021). In her lifetime, the average woman
is said to use more than 11,000 feminine hygiene products – just one woman, that is. It is
undoubtedly a significant waste of time and cash (Tiku, 2020). Every day, sanitary
napkins are flushed down toilets or wind up as street trash. Given the overflowing
landfills, disposing of solid waste is a significant difficulty for many local administrations.
Pads stay in the same condition in a landfill for a very long time (Murthy, 2015).

A disposable uses throwaway plastics, which take around 700 years to decompose.
This is a significant threat to the environment because disposable sanitary napkins produce
about 200,000 tonnes of imperishable waste around the globe in a year (UNDP, 2022).

7.2 REUSABLE MENSTRUAL HYGIENE PRODUCTS

In underdeveloped nations, unhygienic reusable or temporary pads are still used to collect
menstrual blood. Women in these nations frequently revert to using old fabric, old
mattress foam, or even infection-causing materials like leaves, husks, discarded cement
bags, etc., when they are menstruating. Women and teenage girls all across the world
suffer from a lack of access to feminine hygiene products. Depending on the product’s
availability and price, girls and women use several different products on the market to
regulate their monthly bleeding. Since many women are still unable to even get the items
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in rural areas, the safety and dignity of utilizing these products are secondary (Pednekar
et al., 2022). Rural women use reusable clothes, but they have a limited capacity to absorb
moisture for usual usage durations and are seen as unsanitary (Achuthan et al., 2021).

Most menstrual hygiene products manufactured worldwide are disposable, and the
remainder can be reused. “Cloth pads, menstrual cups, and menstrual underwear are
the top trends among women’s views toward environmentally friendly menstruation
goods, although menstrual pads and tampons make up the majority of menstrual
product sales” (Tu et al., 2021). There are three different types of reusable hygiene
products: reusable and washable fabric pad, menstrual cups, and menstrual under-
garments (as shown in Table 7.1).

7.3 REUSABLE AND WASHABLE CLOTH PADS

Soft and breathable fabrics are used to make cloth pads, promoting airflow. This implies
that when women use reusable cloth pads, there will be less burning, discomfort, and
stinging. Wearing cloth pads reduces the risk of developing a yeast infection since some
women are susceptible to the bleaching chemicals used to achieve the pure white
appearance of disposable pads. Changing to cloth pads is a huge relief for many people
(Tiku, 2020). However, these reusable sanitary clothes need to be cleaned very carefully

TABLE 7.1
Reusable Menstrual Products on the Market

Type Strengths Weaknesses Cost (USD)

Cloth menstrual
pads

• Reusable, eco-friendly
• Breathable and

convenient to use
• Menstrual blood noticed

easily when washing

• Time-consuming cleaning
method is troublesome and
unhygienic

• Blood overflow if not
changed timely

USD 10/piece

Menstrual cups • Reusable, eco-friendly
• No irritation when worn,

convenient to use
• Blood overflow is not a

matter of concern
• Menstrual blood noticed

easily when washing

• Time-consuming cleaning
method is troublesome and
unhygienic

• Prone to infection due to
prolonged usage but less
frequent than tampons

• Need to understand how to
use and adjust to it

USD 20/piece

Menstrual
underpants

• Reusable, eco-friendly
• No irritation when worn,

convenient to use
• Blood overflow is not a

matter of concern
• Does not need to adapt to

new changes

• Time-consuming cleaning
method is troublesome and
unhygienic

• Requires alternative sanitary
products during heavy flow

USD 20/piece

Source: Tu et al. (2021); p. 5 (modified and reduced contents).
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and dried in the sun to maintain hygiene, even though these reusable pads are en-
vironmentally friendly. The sun is a natural sterilizer, thus drying the cloth pad in the sun
sterilizes it for later use. The reusable cloth pads are economical, conveniently acces-
sible, and sustainable. The cloth pads need to be stored in clean storage to prevent any
sort of contamination (Kaur et al., 2018).

7.4 MENSTRUAL CUPS

Menstrual cups are a reusable product with the potential to improve menstrual
management among poverty-period women and girls in developing countries
(Madziyire et al., 2018). Menstrual cups are an innovation for underprivileged
women and a great alternative to tampons and sanitary pads. These cups resemble
silicon rubber cups, which makes them simple to fold and put inside the vagina for
menstrual blood collection. Depending on the quantity of menstrual flow, they can
be worn for up to 6–12 hours, requiring less frequent removal and cleaning. They
are safe for the environment and reusable. It provides a practical, affordable, and
sustainable option for poor sanitation conditions (Kaur et al., 2018).

7.5 MENSTRUAL UNDERPANTS

Menstrual underwear is made up of three layers: an absorbent material that can
contain the equivalent of one to two tampons’ worth of flow; a moisture barrier to
keep the user comfortable; and a layer intended to stop any leaks or stains (Grove
Collaborative, 2022). Since a lot of bacteria exist between clothing and human skin
and are hazardous to people, underwear clothing must include antibacterial char-
acteristics (Shanmugasundaram and Gowda, 2011).

7.6 SAFEPAD: AN OVERVIEW

7.6.1 BACKGROUND

In 2011, Youth’s Voice was launched by a college student, Tahmid Kamal
Chowdhury, who is also the CEO of Safepad Bangladesh. Youth’s Voice is the
youth branch of Youth Worldwide Foundation (YWF), a non-profit organization
that promotes education in Bangladesh’s rural areas. Tahmid and his colleagues
concluded that experience that Bangladeshi culture, particularly in rural regions,
severely disregards MHM. This encouraged him to put this on the YWF agenda. In
addition to launching MHM programmes in Bangladeshi schools, YWF began
providing disposable sanitary products in 2015 as well.

7.6.2 INITIATIVES AND OBJECTIVES

In Bangladesh, 50% of adolescent girls and 64% of adult women do not have access to
proper sanitary napkins during menstruation due to poverty and social taboos. They use
unclean and unsanitary old rags during the menstrual cycle, which results in illness,
absence from school, and gender and social injustice (Cordaid, 2022). The purpose of this
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initiative is to end the taboo around menstruation, dispel common beliefs and mis-
conceptions, educate boys and girls about menstruation, and provide sanitary products to
underprivileged girls who are menstruating. The project wants to broaden its reach into
underprivileged areas and provide teenagers with the skills they need to understand and
manage menstrual safety. By using safe, hygienic, and reusable sanitary pads, Safepad
hopes to increase the percentage of young girls managing their menstrual hygiene in a
sustainable, environmentally friendly, and correct manner. Safepad, an anti-microbial
fabric-made reusable sanitary napkin, has been distributed in 37 districts for adolescent
girls and women starting in 2019. In addition to pads, the team has been trying to increase
knowledge of menstrual hygiene management among teenagers and their parents.

7.6.3 PRODUCT AND PROCESS

Reusable Safepad sanitary pads protect against the danger of infection associated
with reusable sanitary pads due to a permanently bonded anti-microbial technology
that eliminates bacteria, fungus, and other disease-causing microorganisms and also
enables the sanitary napkins to have maximum absorption capacity (The Business
Standard, 2022) (Figure 7.1).

The pad is constructed of three layers: a top layer of fuchsia microfiber fabric; three
layers of white microfiber fabric in the centre; and a polyurethane laminate anti-leak
security layer at the base. Microfiber fabric makes up the outer layer, which is the

FIGURE 7.1 Safepad product.

Source: Safepad Bangladesh Facebook page, 2020.
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area in touch with the genitalia. The softness of this fabric makes it pleasant to wear
and conveniently clean, which prevents traces of blood from adhering to it. White
microfiber fabric makes up the core portion. There is no additional odour or water-
soluble colouring in this layer. A layer of polyurethane laminate has been added at the
bottom to stop the blood from spilling out. This was challenging since laminate may
melt at high temperatures. However, since it is a reusable napkin, the users mostly like
going to wash it with warm water.

The process for producing the pads includes four steps – laser cutting, assem-
bling, quality check, and packing. These are done in three different factories.

The fabric that is used to construct the pads is imported from India. After pro-
ducing and assembling the product, it is sent to the headquarters where quality
control check is carried out. When all the quality requirements are fulfilled, the
products are sent to the inventory and distributed to different locations to raise
awareness among the population (The Business Standard, 2022).

7.7 SAFEPAD SIZE AND PRICE

For days with strong flows and days with regular flows, Safepad provides two sizes.
The pads come in a colourful recycled fuchsia paper package. The regular pack has
four pads (one heavy flow and three normal flows), which costs BDT 360, whereas
the economy pack only contains two pads (one heavy flow and one normal flow),
costing BDT 190. The price of the Safepad may appear to be somewhat greater than
that of other brands that sell 10 disposable pads in packets costing BDT 170–180.

7.8 COMMUNITY ENGAGEMENT

In addition to offering reusable pads, Safepad has reached out to Rohingya women2

and has provided a means of employment so that women like Tayeba may learn how
to produce and sell pads in their neighbourhood. Only women are employed to make
these pads in their official factory in Chattogram.3 Additionally, they have donated
sewing machines for the Rohingya women to learn how to create the pads in their skill
development centre in the Balukhali Rohingya camp in Cox’s Bazar,4 Bangladesh.
There are now 54 women learning to create pads in two sessions.

Furthermore, Real Relief partnered with Forum for Public Health to set up a
Safepad production centre in Kutupalong Rohingya refugee camp in Cox’s Bazar5

as a part of the UNHCR Self Reliance Project Activities. The production centre
seeks to improve the livelihood of the Rohingya women and to make them inde-
pendent so that they are able to attain their civil, cultural, economic, and social
rights. This project aims to amplify women’s empowerment and gender equality
while at the same time contributing to long-term economic growth and societal
development. In 2020, the refugee women sewed, finished, and packaged the first
128,000 Safepads. The success of Safepad’s reusable sanitary napkin production
will help mitigate poverty through sustainable production practices and the creation
of jobs for underprivileged women (Real Relief, 2020).

Moreover, during the devastating flash flood of 2022, where an estimated 7.2
million people were severely affected, Safepad Bangladesh reached out to the flood-
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affected women in Sylhet with reusable sanitary napkins they could use during the
difficult times (Safepad Bangladesh, 2022).

Additionally, in 2019, Safepad participated in the “Menstrual Health Management
Walk” organized by Youth Worldwide Foundation to raise awareness about men-
struation and break the taboo. A vast number of participants gathered, most of whom
were females. One participant mentioned the campaign being “Impactful along with
Successful” as the passersby were curious about the purpose of such a huge assembly
(Safepad Bangladesh, 2019).

On top of that, in 2021, Safepad Bangladesh participated in the virtual trans-
national “Kick Off the Dialogue Campaign” to celebrate International Menstrual
Health Day on May 28. The aim of this campaign was to inform people about
menstrual hygiene and health and tackle stigmas surrounding these topics. Real
Relief, Global Goals World Cup, UNYA Denmark, and Safepad joined together to
discuss some of the challenges related to menstrual health and hygiene in different
countries. The countries together “symbolically kicked off the Sustainable
Development Goal (SDG) football from country to country” to give a glimpse of the
SDGs that the individual countries have met by providing reusable sanitary napkins
to the female population of their respective countries (Safepad Bangladesh, 2021).

The 4A framework consists of four key concepts: Affordable, Available, Awareness,
and Acceptability. Affordability is affordability in terms of price paid. Availability is
whether or not the product can be purchased by a population. Awareness is why
someone buys the product and its acceptance by buyers. According to Ladefoged and
Hargadon, “Affordability encompasses issues such as affordability at multiple price
points and perceptions about the willingness to pay for alternative products.”

7.9 4A’S MENSTRUAL HYGIENE

There is a sizable market for goods and services provided to the world’s underprivileged.
More than 4 billion people are consumers at the very bottom of the economic pyramid
(BOP), defined as those with per capita incomes of less than $1,500. The creation of a
strategy that meets the 4As – availability, affordability, acceptability, and awareness – is
at the core of almost all of these organizations’ success (Anderson and Billou, 2007).
The 4As model of service delivery (as shown in Figure 7.2) provides a useful way of
thinking about the issues involved (Ahmed et al., 2019).

7.9.1 AVAILABILITY

Due to a lack of access to appropriate information and sufficient understanding, the
majority of women and girls frequently have difficulties with menstrual hygiene
(Dutta et al., 2016). There are many taboos regarding menstruation in society.
Women and girls face many problems regarding this. The world has become much
more progressive in many matters. However, in third-world countries, women and
girls still feel ashamed to carry and purchase their menstrual products openly.

Disposable sanitary pads are available almost everywhere, as they are considered
essential for women. It’s easily available even in neighbourhood retail stores or
pharmacies. However, this is the case in urban areas, not in rural areas. As these
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sanitary pads are quite expensive for rural women, they don’t buy them very often,
so there is no market for these pads there, leading to less availability.

The concept of using reusable sanitary pads is still very new in Bangladesh,
whereas in western countries people have started to understand the importance of
reusable pads, and many are shifting to menstrual cups as they are reusable. Thus,
reusable sanitary napkins are not easily available in any store. Many shops may not
want to keep them in there as they know women may not buy them, and advertising
them on the spot to the customer may not be comfortable. This is due to the lack of
awareness about the importance of sustainability.

7.9.2 AFFORDABILITY

The low socioeconomic position makes it more difficult to get period care items
at reasonable prices (Madziyire et al., 2018). Disposable sanitary napkins are
quite hard for many lower-income households to afford. The foreign brands cost
quite a lot, ranging from BDT 300–500, while the local brands cost a minimum of
BDT 100. The government also imposes tariffs on these sanitary napkins, leading
to an increased price and making them more expensive. According to World Bank
national accounts data, in Bangladesh the per capita income over has risen to
USD 2,503 (World Bank, 2022); this progress has not been diffused among the
entire population (Ahmed et al., 2019). It is hard for women in rural areas to

FIGURE 7.2 The 4A framework.

Source: Authors’ own creation based on Anderson and Billou (2007).
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afford these disposable sanitary napkins as well, so they reuse clothes, which
aren’t suitable and are kept in an unhygienic manner. The reusable sanitary
napkins, such as Safepad Project, are a bit expensive for 4–6 packs in each.
However, these are reusable and hygienic, thus buying them once means women
and girls can use them quite a few times. Using reusable pads can save money
each month, rather than buying sanitary pads each month, which can total BDT
500. Buying reusable sanitary products once, ranging from BDT 190–360, can be
used for a few months as a period.

7.9.3 ACCEPTABILITY

Women are using disposable sanitary napkins quite a lot, especially women in
urban areas. As it’s disposable, there is no hassle in washing; it’s more hygienic.
The concept of reusable sanitary napkins is still quite new, as they have to be
washed, then carefully dried, and stored in a very clean place. Women who use a
disposable sanitary pad may be very skeptical about using these reusable sanitary
napkins, as they are uncertain about how much these reusables may restrict blood
flow. Many may consider reuse very unhygienic.

7.9.4 AWARENESS

Indeed, there is a lack of awareness about the importance of sustainability. Taking
care of health is crucial. Disposable sanitary napkins may be easier and more
comfortable to use, but they do have consequences for health and the environment.
Disposable sanitary napkins may contain heavy blood flow, but these pads have
chemicals that may harm the woman in the long term. Wearing these pads for a long
time may also cause many health issues. Disposing of plastic has been a huge
concern and has been quite difficult. Changing to reusable pads will have a better
effect on the environment and health. Women and young girls need to understand
the importance of reusing these pads both for the environment and their health. The
awareness and knowledge regarding how important it is to shift the habit of using
disposable pads to reusable pads.

7.10 SETBACKS AND CHALLENGES

Women and girls face numerous difficulties caused by stigmas and taboos sur-
rounding menstruation. They are subject to cultural constraints, which must be
lifted since they affect how women efficiently manage their periods. Women have
logistical difficulties when using menstrual products, such as the need for proper
facilities that are female-friendly and the secrecy surrounding the purchase of
sanitary goods. Women had a hard time buying menstruation products to control
their periods, and women were particularly affected by the pandemic since they
could not purchase or receive menstrual pads (Pednekar et al., 2022).

Different cultures have different views regarding menstruation, and these taboos
are still believed and followed. From developed to developing countries, young
girls skip school due to their menstruation. Part of it is due to the embarrassment
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they may face if anything goes wrong, and sometimes due to the unwellness caused
by menstruation. In parts of the world, women and girls are expected to stay in their
rooms during menstruation and not come in front of other men. Sometimes during
menstruation, touching anything means it becomes impure. The notion that women
are impure, unpleasant, or immoral while menstruating is among the most prevalent
period taboos.

In Bangladesh, most schools lack the understanding of how to educate students
regarding reproductive systems properly. The “menstruation” topic still seems to be
very sensitive to talk about, so people aren’t comfortable talking about this in front
of boys or men. However, knowledge regarding menstruation is universal; both men
and women should have adequate information.

The operation manager of Safepad, Akil Mustaseem, said that the teachers and
guardians were not comfortable talking about periods and women’s reproductive
organs. They were told to remove any part of the presentation that shows women’s
reproductive systems and how menstruation works. They were asked to follow as
instructed by the teacher; if not, they would be removed from presenting anything to
the school.

7.11 FUTURE PERSPECTIVES

The organization’s team will work together with the administrators of the targeted
schools. They will work with community organizers, community health volunteers,
and locally run organizations to connect with out-of-school teenagers. The project
team will then concentrate on educating the users and other stakeholders and
provide the participants with informational pamphlets and surveying tools. Teenage
girls will also get a donation of one pack of reusable pads, which has four pieces. In
addition, the project team will establish varying degrees of collaboration with the
government of Bangladesh to support sustainable development.

Women’s health, adequate facilities, equity, dignity, and respect can result in
disregard if there is a lack of knowledge, even at the policy level. Focused infor-
mation about reusable menstrual products, replacement schedules, and disposal is
urgently needed. To enhance excellent MHM practice from childhood, it is essential
to increase teaching and knowledge about menstrual hygiene at school even before
early puberty. Sanitation, education, and sanitary facilities should all be expanded
and improved with assistance from the government and private organizations.
Teaching young girls about cleanliness, menstruation, sanitation, and physiology is
essential to lower menstrual sickness rates (Pednekar et al., 2022). The Safepad
Project offers instant responses to several issues that girls in poor environments face
when they are in menstruation. The Safepad offers a long-term solution to issues
including the usage of unhygienic materials and an increase in school dropout rates
(Project Proposal – The Safepad Project, n.d).

To make Safepad more accessible to students, they plan to install an IoT-based
vending machine in the school through which reusable pads can be easily pur-
chased. The basic idea is to give students a card with a brash or rocket number,
which they may recharge to enable them to purchase and retrieve pads from vending
machines.
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NOTES

1 Top sheet frequently transfers the fluid to the inner layers. Next to the top layer, the
absorbent core is made up of SAP and wood pulp. Barrier sheet is fluid impermeable film
made up of polyethylene (Woeller and Hochwalt, 2015).

2 Rohingya women are females of the ethno-religious minority group originating in Rakhine
State in Myanmar (Kojima, 2015). An estimated 745,000 Rohingyas are living as refugees
in Cox’s Bazar, where 52% of them are women and girls (ISCG, 2019).

3 Chattogram, an administrative zone of Chittagong division, is a district in south-eastern
part of Bangladesh. It is a geographically diverse region comprised of hills, sea, valleys,
and forests (Government of Chattogram, n.d.).

4 Balukhali Rohingya camp is a refugee camp situated in Cox’s Bazar, Bangladesh.
5 Kutupalong Rohingya refugee camp, located in Cox’s Bazar, is presently the largest

refugee camp in the world. It shelters about 800,000 refugees who escaped the violent
tyranny of the Myanmar government (Malteser International, n.d.).
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8.1 SUSTAINABILITY: GREEN BANKING: A KEY GOAL FOR
THE FUTURE

The most serious problem human beings are facing during present times is man-
made environmental degradation. Along with the new challenges of globalization,
there has emerged considerable interest towards the development of new ways of
addressing the diverse impacts of business and society (Crane & Matten, 2010).
Many of these impacts are far-reaching and profound. To mention just a few, one
needs to think of impacts such as,

• Environmental pollution, in particular the effect on climate change caused
by the production of transportation, the use of products such as cars,
refrigerators, or newspapers.

• The ever-increasing problems of waste disposable and management as a
result of excessive product packaging and the dominance of the throwaway
culture.

• The erosion of local cultures and environments due to influx of mass
tourism in places.

Hence, there have been continuous endeavours across the globe to measure and
mitigate this problem caused by human activities. At a time of soaring energy costs
and fragile financial markets, executives are increasingly looking toward sustain-
ability strategies to save money, cut emissions, and as many claims, simply do the
right thing. Faced with such problems, it has been suggested that goals and con-
sequences of business require radical rethinking. Following the Rio Earth Summit
of 1992, one concept, in particular, appears to have been widely promoted as the

86 DOI: 10.1201/9781003365525-8



essential new conceptual frame for assessing not only business activities especially,
but industrial and social development more generally, the concept of sustainability
(Crane & Matten, 2010). But sustainability can be a big part of the solution. SDG-13
includes five targets: strengthen resilience and adaptive capacity to climate-related
disaster, integrate climate change measures into policies and planning, build
knowledge and capacity to meet climate changes, implement the UN Framework
Convention on Climate Changes, and promote the mechanism to raise the capacity
for planning and management. In addition to data centre optimization and other
operational issues such as teleporting, companies are now leveraging IT capabilities
to facilitate sustainability initiatives across the enterprise in new areas, including fleet
management, paperless billing, and construction and facility management, among
others.

Banks as responsible corporate citizens are more concerned about social and en-
vironmental aspects because economic performance of a company is no longer
considered to be the only factor for corporate success. The sustainability assessment
focuses mainly on management processes rather than on actual sustainability of the
company or its products. Evidence of policies and management tools feature more
prominently than concrete omission data or resource consumption. It has been proved
that the index does not identify sustainable companies, but rather those making
process progress towards addressing the issues. Now organizations understand that if
they will not focus on sustainability, they have to pay for it in the form of tangible or
intangible costs. For creating a balance between businesses and the environment,
green practices came into existence. Banks have started going green. Going green
refers to adopting knowledge and practices that are environmentally friendly as well
as ecological policies and procedures that cannot harm the environment and will
sustain a business as well as natural resources for current and future generations.
Some of the prominent green banking products available are,

Specialized
Instruments

Environmental Rights
Financing

International Green Credit Lines

Loans

Solar Power Environmental Credits ADB Green Building Programme

Energy Efficiency

Waste Management Emission Allowance IFC Energy Programme

Green Bonds AFD Energy and Renewable
Programme

Banking Securities Carbon credits KFW Green Energy Programme

Source: Climate Policy Initiative.

After the Industrial Revolution in 1991, environment degradation has been
increasing day by day. The whole world is concerned about environmental issues.

There is no universally accepted definition of green banking (Alexander, 2016),
and it varies widely between countries. However, some researchers and organizations
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tried to come up with their own definition. The Indian Institute for Development and
Research in Banking Technology (IDRBT), which was established by the Reserve
Bank of India, defined green banking as an umbrella term referring to practices and
guidelines that make banks sustainable in economic, environmental, and social
dimensions (IDRBT, 2013). These concerns are arising as green management is
applying eco-friendly practices in organizations. As businesses are going globalized,
organizations are shifting their structure from financial status to sustainable
efficiency-based organizations. Employee development towards going green con-
tributes a vital role in suitability of an organization. Banks and financial institutions
should adopt strategies and practices that could help in reducing carbon emissions.
Green banking is similar to the concept of ethical banking, which starts with the aim
of protecting the environment, as it involves promoting environmental and social
responsibility while providing excellent banking services (Bihari, 2011).

Green banking affects both internal and external customers of an organization
and helps in reducing internal carbon footprints as well as external carbon emis-
sions. The internal footprint can be reduced by eliminating the use of heavy
lighting, air conditioning, and high paper waste and by using automation, a water
consumption mechanism, and renewable energy. External carbon emission can be
reduced by financing those companies and projects that are working toward pol-
lution reduction. Banks offer various channels to access their product and service
through ATMs, mobile banking, E-wallets, Internet banking, etc. Banks are com-
fortable in providing loans to organizations that follow the rules and regulations of
environmental protection; such organizations have less chance of being a victim of
natural calamities and bad goodwill risk.

The banks operate on a long-term return basis on their investment and credit, due
to the environmental reasons, and there is always a risk of non-payment and the
reduction of value in credit extension and investment. So, it is vital for the banking
sector to adhere to certain safe procedures for the environmental assessment of the
projects before providing them funds. There are some researches in the past that
have proven a positive correlation between financial performance and environ-
mental performance (Hamilton, 1995). Thus, it is more important for the banks and
other financial institutions in the context of environmental performance whether to
invest in companies or advise the client to do so. The environmental management
has to follow different rule formation for conservation of the resources like the
Clean Water Act, Toxic Substance Control Act, and Clean Air Act. All these are
recent environmental liabilities for a banking institution. Adopting all these prin-
ciples will be beneficial for the banking sector and to the financial institution as well
as to consumers and also their stakeholders.

8.2 STUDY RATIONALE

Earlier also the environmental sciences existed and society had environmental con-
cerns at large. They took into consideration whether they were degrading the en-
vironment or not. The role of environmental sciences changed with the realization that
humans induced stresses on various environments and indulged in taking a dangerous
toll: Some types of human activities were understood as not being sustainable.
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However, in some situations – and with some research questions – it can be
harder to see the links between the two. These gaps become particularly apparent in
reflecting on the role played by humans and their impacts on the environment.
Knowing how current human activities dynamically affect tomorrow’s environment
is a key focus of study. In this perspective, sustainable development is the end goal,
and environmental protection is a subsidiary goal. Many environmental experts
focus their work on understanding environmental issues with little or no research
focus on (human) development of any kind. Hence, environmental practices must
be included as one of the top agendas in modern-day society.

Green banking entails banks encouraging environmentally friendly investments
and giving lending priority to those industries that have already turned green or are
trying to go green, thereby helping to restore the natural environment. The United
States suggests if every household were able to switch to paperless bank billing, this
would save an estimated 16,500,000 trees per year and gain almost 2,145,000
tonnes of oxygen per year. International Institute Sustainable Development Bulletin
(IISD) explains that by taking these measures, the health impact, like damage to
nervous, immune, and reproductive systems and abnormalities in infant and child
development, can be prevented.

Environmental viability is not very independent from commercial viability. That
is why some banks have begun considering environment viability along with
commercial viability while deciding on lending decisions. The reason being that if a
debtor company goes out of business due to environmental issues, the bank is
exposed to credit, legal, and reputational risks that hinder the commercial viability
of the project as well. However, unlike the foreign banks, Indian banks have a long
way to go in this area. Banks have started using renewable energy, which also
contributes to employment as IRENA Renewable Energy and jobs. Annual Review
2015 reported that the green energy industry employed 7.7 million people in 2014,
up 18 percent from 2013.

The primary objective of study is to study the concept of sustainability through
green banking and its impact on the environment

8.3 METHODOLOGY

This study is based on secondary data. For the fulfilment of the above-stated
objective, a literature review has been done about the impact of green banking on
customers, employees, and the organization. This study helps in understanding the
relationship of how organizational things are connected with society.

8.4 INDIA’S ROADMAP FOR SDG-13 IN COLLABORATION WITH
THE GREEN BANKING MISSION

According to a survey by Futurescape, 60 percent of India’s topmost hundred
companies comprise Sustainable Development Goals in their long-term strategic
plans, and primarily the top ten organizations align their business goals with
International Goals. Green banking mission by the Government of India is a major
component of India’s overall mission for banking activities. The Government of
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India launched various schemes under the green banking mission, which made the
lives of the citizens a lot easier when it came to keeping track of the things they
need to be aware of. Initiatives include going online, card-based transactions, green
finance, green infrastructure, and use of power-saving equipment.

Green banking initiatives by Indian banks:

A. Public sector banks.
1. State Bank of India.
2. Bank of Baroda.
3. Punjab National Bank.

B. Private sector banks.
1. ICICI Bank.
2. HDFC Bank.
3. Axis Bank.

Green banking optimizes costs, reduces the risk, enhances the bank’s reputation,
and contributes to the common good of environmental sustainability. So, it serves
both the commercial objective of the bank as well as its social responsibility. Indian
Banks can adopt green banking as a business model for sustainable banking. SDG-
13 has facilities to strengthen resilience and adaptive capacity to climate-related
hazards and natural disasters in all countries; integrate climate change measures into
national policies, strategies, and planning; improve education, awareness-raising,
and human and institutional capacity on climate change mitigation, adaptation,
impact reduction, and early warning; implement the commitment undertaken by
developed-country parties to the United Nations Framework Convention on Climate
Change to a goal of mobilizing jointly $100 billion annually by 2020 from all
sources to address the needs of developing countries in the context of meaningful
mitigation actions and transparency on implementation and fully operationalize the
Green Climate Fund through its capitalization as soon as possible, and promote
mechanisms for raising the capacity for effective climate change-related planning
and management in least developed countries and small island developing states,
including focusing on women, youth, and local and marginalized communities. The
key feature of SDG-13 is improving education, awareness-raising, and increasing
human and institutional capacity for climate change mitigation, adaptation, impact
reduction, and early warning.

8.5 LITERATURE REVIEW

In this present scenario, environmental management should be the first aim of every
organization. Banks have great control of any economy. They can lead businesses,
production, as well as the day-to-day life of people. That is why it is becoming more
important for banks to adopt green practices. For achieving sustainability, banks
should not only make their products green but also adopt environmentally friendly
practices in their operations (Ginovsky, 2009). Green banking is an umbrella that
covers economic, environment, and social dimensions. Green practices encourage
innovation and improve resource utilization (Menon & Shivdas, 2017); therefore,
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banks are introducing a paperless and technology-oriented process for most of their
operations while not losing present customers (Perryman et al., 2016). According to
RBI (2014), green banks are those who are using their physical and IT infrastructure
to the fullest by having a minimum impact on the environment. Banks are also
getting ratings by RBI on the bases of their carbon footprints, recycling, and reuse
of materials. Banks should not only make a budget for green finance, green projects,
green marketing, and capacity building but also ensure their application. Banks
should prepare a green banking and sustainable report, which includes past per-
formance, present development, and future plans. With the underlying notion of
sustainability being the ability to meet the needs of today while protecting and
enhancing opportunities for the future, the industry needs to focus further on
achieving more sustainable practices (Dickson, 2010). Consumption of natural
resources adds pressure on the environment because banks have an association with
the majority of the population of a country. Banks have a specific contribution to the
sustainability development of society as they hold an intermediation position between
depositors and borrowers. The financial sector invests capital in other sectors, which
will impact the environment by producing waste as well as society and the economy
by inefficient use of resources. Sudhalakshmi and Chinnadorai (2014) present the
status of Indian Banks with respect to green banking and state that though the going
green mantra is essential for emerging economies like India, significant efforts have
not been taken. Banks are required to include their green aspect in the lending
principle. Every step taken today will mean a better global environment in the future.
So, a policy measure to promote green banking is needed in India.

Indian banks are running behind time in adoption of this green phenomenon.
Serious steps are required to be taken in this regard.

According to RBI, green banking will make the internal bank processes, physical
infrastructure, and IT infrastructure as effective and efficient as possible, with zero
or minimal impact on the environment. They introduced green rating standards for
Indian banks, which are termed Green Coin Ratings. Under this rating system,
banks are judged on the basis of carbon emissions from their operations and on the
amount of recycling, refurbishment, and reuse material being used in their building
furnishings and in the systems used by them like servers, computers, printers,
networks, etc. They are also being judged on the amount of green projects financed
by them, and rewards or recognitions are given to borrowers for turning their
businesses greener.

Furthermore, climate-related risks are causing physical and transitional risks for
the financial sector. To mitigate the negative impacts, central banks, supervisors,
and policymakers started undertaking various green banking initiatives, although
the approach taken so far is slightly different between developed and developing
countries (Park & Kim, 2020). Banks’ practices have a direct impact on the en-
vironment through effective use of resources and energy (Ercumen et al., 2017).
Going green means a bank needs to adopt sustainable practices in all parts of life.
Green banking focuses on all stakeholders as it works with government, NSOs, the
central bank, customers, and business communities (Bennon & Sharma, 2018).
Though the banking industry has never come up in the polluting industry, at present
increasing customers and physical facilities like air conditioner is increasing the
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pollution level in banking. Now, this is the time banks need to take proactive actions
regarding their sustainable development (Bhardwaj & Malhotra, 2013). Banks
should focus on both internal and external stakeholders. Banks should give pref-
erence to green projects before granting loans and other funds.

The study also showed that a barrier to green growth could be the slower rate of
technology advancement, financial innovative products, and widespread lack of
social and ecological conscience among banking firms. Volz (2018) found sus-
tainable banking where investment and lending decisions are made based on en-
vironmental monitoring and risk assessment to fulfil sustainability criteria along
with insurance services that address environmental and climatic risk which are
significant components of green finance. Bukhari, Hashim, and Amran (2020),
while pivoting on a green banking adoptions model based on environmental and
social governance, considered where affinity of variables impacted environmental
sustainability. This study found that the process is influenced by a variety of en-
vironmental factors, and banks can wangle the adoption by applying certain oper-
ations in a consecutive and analogous manner. Alsayegh, Abdul Rahman, and
Homayoun (2020) claimed that the idea of sustainable banking entails using
green banking techniques to take ethical, social, and environmental concerns into
account. Khairunnessa, Vazquez-Brust, and Yakovleva (2021) described that the
Bangladeshi banks, through their investments in numerous environmentally friendly
projects, lessen the negative consequences of climate change and play a vital part in
the nation’s economic sustainability. Additionally, banking institutions play a sig-
nificant role in financing numerous industrial projects that could have significant
detrimental social or environmental effects. Zheng, Siddik, Masukujjaman, outlined
that green financing is seen as a crucial component of sustainable banking, having a
significant influence on the growth of an eco-friendly economy and the industry
generally. Therefore, it can be said that in enhancing the sustainability practices of
the financial sector, the banking sector should focus on ensuring funding for
environment-conscious projects through financially viable banking in order to en-
hance the competitive edge of banks, generate more earnings, improve existing
assets, and save on invested capital and other costs. Until recently, green banking
appeared to be merely an idea, and environmental concerns did not appear to be
particularly relevant to a bank’s operations. Initially, a bank evaluating a client’s
environmental suitability would have been regarded as intruding into their private
affairs. As a result, there is a dearth of literature pertaining to green banking in India
(Sharma & Choubey, 2022). Not much research has been conducted on the role of
green banking in SD overall, green banking practices by SBI (India), Maybank
(Malaysia), and the contribution to achieving UN SDGs for the country. Maybank
of Malaysia has been first in line for the study due to its top commercial activities in
Malaysia, and the State Bank of India is preferred for this review owing to being the
first bank to focus on green banking initiatives. Kaur and Sandhu (2019) said most
of the studies conducted on green banking predominantly concentrated on green
banking practices or on perception of customers or bankers. This gap justifies the
need to investigate the problem stated. Therefore, the present study is an endeavour
and an attempt to fill the research gap in this regard.
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8.5.1 GREEN BANKING PRODUCTS AND SERVICES

1. Green Deposits: Banks can offer higher rates on CDs, money market
accounts, checking accounts, and savings account if customers opt to
conduct their banking activities online.

2. Green Mortgages and Loans: A bank can offer green mortgage with
better rates or terms for buyers of energy-efficient houses. Some green
mortgages allow home buyers to add as much as an additional 15 percent
of the price of their house into loans for upgrades including energy-
efficient windows, solar panels, geothermal heating, or water heaters. The
savings in monthly energy bills can offset the higher monthly mortgage
payments and save money in the long run. An Energy Efficient Mortgage
(EEM) is a type of HUD-approved green mortgage that will credit you for
your home’s energy efficiency in the mortgage itself. Many home
improvements also qualify for the energy tax credit. Anyone undertaking
an energy-saving house project should shop around for a bank that offers a
special rate for a green mortgage or loan.

3. Green Credit Cards: A green credit card allows cardholders to earn
rewards or points that can be redeemed for contributions to eco-friendly
charitable organizations. These cards offer an excellent incentive for
consumers to use their green card for their expensive purchases. Imagine
the millions of dollars that could be raised for worthwhile environmental
groups if green credit cards really took off.

4. Green Rewards Checking Accounts: Rewards checking accounts may
pay a bonus rate for customers who go green. Customers can earn higher
checking account rates if they meet monthly requirements that might include
receiving electronic statements, paying bills online, or using a debit or check
card. With this type of banking product, higher rates and eco-friendly living
go hand-in-hand.

5. Mobile Banking: By using it, customers can check balances, transfer
funds, or pay bills from the phone. It also helps to save time and energy of
the customers.

6. Online Banking: It means customers can perform most of their banking-
related functions without visiting the banks personally. For this, the cus-
tomer must possess an Internet banking ID and a password provided by the
bank in which the customer has an account. Online banking includes the use
of credit cards, debit cards, online bill payment, and electronic fund transfer.

7. Green CDs:With a Green Bank CD, customers can earn a guaranteed rate
of interest over a term that the customer can choose. Banks offer a wide
variety of certificates, ranging from seven days to five years. Interest on
these accounts can be compounded quarterly, paid monthly by check, or
transferred to a green banking deposit account.

8.5.1.1 Green Banking and the Customer
Green banking is beneficial for the customer because the customer can save time,
fuel, energy, paper, water, and money. Environmental practices like Internet banking,
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e-statements, online bill payments, etc. (Rahman & Perves, 2016) help the customer
to make a contribution towards the environment by reducing their carbon emission
while performing banking tasks (Islam & Das, 2013; Sudhalakshmi & Chinnadorai,
2014; Deka, 2015; Rahman & Perves, 2016). Green banking helps by improving the
operational process, increasing the use of technology, and making customers
familiar with this (Biwas, 2011). Even the people who are using technology for their
day-to-day banking practices are not aware of green practices. Many times, when
customers were asked about green practice, they just knew about online transactions.
They were not aware of other practices like solar energy, bonds on environmental
protection, and government relaxation for green practices. In a traditional way, banks
were using a lot of paper in cash deposit, payment in the form of cheques, and other
forms. Now, banks are using various technology like mobile banking, Internet
banking, etc., for their services. These services make the banking process fast and
flexible with the reduced use of paper and cost reduction (Vijayasarathi &
Velmurugan, 2016). When the customer goes for banking services, after looking for
a safe and secure place, they are also a bank found more responsible towards society
and are involved in contributing toward society development Amirul (Muhamat &
Nizam bin Jaafar, 2010).

Various studies found that green practices in any organization lead towards
customer satisfaction and loyalty. It was also found that organizations incor-
porated green practices due to market pressure, to gain market share and com-
petitive advantages, to improve brand image, and to add more value to their
products. Green banks are the banks that are more reliable in terms of safety,
providing value-based services, and being environmentally responsible
(Muhamat et al., 2010). Various studies found that green banking practices help
reduce risks for the customer and banks (Dharwal & Agarwal, 2013). Banks are
adopting green practices for reducing risk by the use of technology and gaining
more profit for investors. With such aims, banks try to implement more and more
green practices, which would make services easier through the use of technology
to attract more customers and investors (United State Department of Energy
Report, 2017). Green banking contributes in various terms to the economy like
spreading renewable energy to consumers and creating employment, and also
there are various tax relaxations that are given to businesses who are operating
green practices. When the organization uses the environment with their mar-
keting practices, this with help in attracting customers and creating customer
loyalty. Green banking not only helps in sustainability of the economy and
environment, but also improves the image of banks in the eyes of customers.
Post-purchase behaviour of the customer is affected by the image the customer
perceives about the organization and product, which will lead to customer
loyalty. A Study on Effective Utilisation of Green Channel Counter with Special
Reference to City Union Bank Pvt. Ltd, Vellore Branch.

In banking, the most important operations, like cash deposit, cash withdrawal,
and inter banking transfer, can be done by the way of writing channels and using
cheque leaves. The banks have implemented certain technology services to cut
down the usage of more paperwork and reduce transaction costs. Green Channel
Counter avoids as much paperwork in their banking transactions as possible. It
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adopts and implements environmental standards for lending, which is really a
proactive idea that would enable eco-friendly business practices that would benefit
future generations. The customers felt that the cash handling charges were collected
and even remit cash to the Xpress Desk. The Green Channel Counters help the
customers to have convenient and comfortable banking transactions. Sustainable
Development Goal 13 (SDG-13, or Global Goal 13) is about climate action and is
one of 17 Sustainable Development Goals established by the United Nations
General Assembly in 2015. The official mission statement of this goal is to “Take
urgent action to combat climate change and its impacts.”[1] SDG-13 has five targets,
which are to be achieved by 2030. They cover a wide range of issues surrounding
climate action. The first three targets are “output targets”: strengthen resilience and
adaptive capacity to climate-related disasters; integrate climate change measures
into policies and planning; build knowledge and capacity to meet climate change.
The remaining two targets are “means of achieving” targets: to implement the UN
Framework Convention on Climate Change and to promote mechanisms to raise
capacity for planning and management. Along with each target, there are “in-
dicators” that provide a method to review the overall progress of each target, along
with SDG-13 as a whole. The United Nations Framework Convention on Climate
Change (UNFCCC) is the primary international, intergovernmental forum for
negotiating the global response to climate change.

8.5.1.2 Green Banking and Employees
Implementation of green practices depends on the day-to-day practices of em-
ployees. The workplace should have environmentally sound policies, and em-
ployees should work with full efficiency of resources. This also means that
organizations should maintain a good human resource department that can help in
developing employees’ attitude towards green practices. Green baking is not only
important for the environment but also for reducing daily work pressure and
reducing stress that leads to better work quality. Green practices related to em-
ployees have a significant impact on the bank’s environmental performance, and
they will help in creating organizational citizenship (Shaumya & Arulrajah). Green
initiatives in the organization would make everyday life of employees easy and less
loaded and also provide greater efficiency, lower costs and help in making good
relation among employees that result in for of better organization performance
(Mathapati, 2013). HRM is the most effecting function for an organization. The HR
manager as a stakeholder of the organization understands their duties towards the
environment, but it is not an easy task to incorporate green practices in every
employee (Fenwick & Bierema, 2008).

Due to these conflicting situations, green HRM has come into existence for
taking proactive actions towards the environment and saving us from future disaster
(Bhatti et al., 2012). Increasing environmental issues like climate change, green-
house effect, etc., bring everyone’s attention towards green practices, and for
adopting green practices it is necessary that each and every employee of the
organization should be involved in environmental practices not only at the work-
place but in their personal life also. Many studies have found that organizations’
productivity and financial performance are directly affected by their HR practices.
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Banks can go green by just adopting a few environmentally friendly practices in
day-to-day life through going online and reducing paperwork. These practices also
include doing e-recruitment, e-training and development, creating employee
awareness towards environmental practices, and also doing green practices like
planting trees as a social responsibility (Miah et al., 2020). These practices result in
improving the effectiveness, efficiency of organization, and also improve per-
formance of employees, improve work-life balance, reduce the cost and wastage of
operating, and also reduce the turnover ratio of the organization. Green banking also
helps to reduce carbon emission of every employee as well as comfort in the job by
practicing electronic filing, job-sharing, teleconferencing, audio-video confer-
encing, work flexibility, etc.

8.5.1.3 Green Banking and Organization
Green banking involves the process of implementing environmentally friendly
practices like online channels, providing green loans, and other CSR activities, etc.
Green financial product and carbon reduction policies include paperless office,
energy saving, mass transportation and no transportation practices, green building,
and CSR activates (Sarita, 2012). Green loans, green projects, and environmental
training posed substantial impact on Bank’s environmental performance. Banks and
government initiatives for green practices are important for banks reputation and
customer awareness. Organizations have started conducting energy audits, surveys,
recycling the resources, reduce transportation, save water, and other environmental
practices that will result in cost reduction, increasing market shares, and also sat-
isfied all stakeholders. To safeguard and accelerate the growth rate of the economy,
banks need to adopt a proactive nature towards the environment. Green practices
help in attracting customer, build market image and get greater legitimacy. Making
a green Initiative not only is good for nature but also beneficial for the organization
as it helps to earn carbon credits, decrease costs, and give a competitive advantage
(Yadav & Swaroop Pathak, 2013). It also helps in gaining efficiency in operation,
lowering vulnerability, and reducing costs. Go Green is a wide concept that would
lead the growth, variation, and innovation in an organization (Sudhalakshmi &
Chinnadorai, 2014). Green banking is beneficial for both customers and banks
because customers can save their time, fuel, energy, paper, water, and money.
Similarly, banks have to bear less cost and reduce workload (Deka, 2015). Green
practices also build a positive image in the market (Shaumya & Arulrajah, 2018).
Organization performance is directly affected while practicing green banking
(Bhardwaj &Malhotra, 2013). That is a great motivation for banks; they should go for
green banking and save our ecosystem (Sahoo & Nayak, 2007). Green practices in
banks will not only improve environmental conditions but also improve the opera-
tions: reducing error, reducing deception, and also reducing the cost of operations.
Green practices are not a cost for environmental protection but in the long run, green
practices will be beneficial for businesses, banks, and the economy (Biwas, 2011). As
a part of society, organizations have some responsibility towards society and the
environment. When organizations make their decision with consideration of the en-
vironment and society, they are not only doing their responsibilities but also making
their operations smooth and effective. Through the use of mobile, Internet, and other
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technology banks can improve the quality of assets and can reduce their credit risk
and liabilities risk. Although there are various researches that are focusing on the
customer perspective towards green practices, very few researchers have focused on
the banker’s perspective (Aizawa & Yang, 2010; Fernando & Fernando, 2016).

Environmentally friendly practices related to employees have a significant
impact on organizational environmental performance and will help in creating
organizational citizenship (Shaumya & Arulrajah). Environmental and sustainable
initiatives in the organization would make the everyday life of employees easy and
less loaded and also provide greater efficiency, lower costs, and help in making
good relations among employees that result in better organization performance
(Mathapati, 2013).

8.5.1.4 Organizations Towards Self-Reliance through Environmentally
Sustainable Methods

Implementing environmentally friendly practices like online channels, providing
green loans, and other CSR activities, etc., are some of the activities organizations
can adopt at their level to meet the goals. Organizations have started conducting
energy audits, conducting surveys, recycling resources, reducing transportation,
saving water, and other environmental practices that will result in cost reduction,
increasing market shares, and also satisfied stakeholders (Ayeswarya, 2017). To
safeguard and accelerate the growth rate of the economy, organizations need to
adopt a proactive nature towards the environment. Sustainable practices help in
attracting customers, building market image, and getting greater legitimacy (Zhixia,
Husan, Mujafary, & Begum, 2018). Taking Environmental Initiative is not only
good for nature but also beneficial for the organization as it helps in earning carbon
credits, decreases costs, and gives a competitive advantage (Yadav & Swaroop
Pathak, 2013). It also helps in gaining efficiency in operation, lowers vulnerability,
and leads to cost reduction. Go Green is a wide concept that would lead the growth,
variation, and innovation in an organization (Sudhalakshmi & Chinnadorai, 2014).
Sustainable practices are not cost for environmental protection, but in the long run,
these practices will be beneficial for agriculture, the economy, business, and
industries (Biwas, 2011). As a part of society, organizations have some responsi-
bility towards society and environment. When organizations make their decision
with the consideration of the environment, sustainability, self-reliance, and society,
they are not only doing their responsibilities but alsomaking it’s operations smooth and
effective (Bihari & Chandra, 2010). The full text of Target 13.a is: “Implement the
commitment undertaken by developed-country parties to the United Nations
FrameworkConvention on Climate Change to a goal ofmobilizing jointly $100 billion
annually by 2020 from all sources to address the needs of developing countries in
the context of meaningful mitigation actions and transparency on implementation and
fully operationalize the Green Climate Fund through its capitalization as soon as
possible.” This target only has one indicator: Indicator 13.a is the “Amounts provided
and mobilized in United States dollars per year in relation to the continued existing
collective mobilization goal of the $100 billion commitment through to 2025.”
Previously, the indicator was worded as “Mobilized amount of United States dollars
per year between 2020 and 2025 accountable towards the $100 billion commitment.”
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This indicator measures the current pledged commitments from countries to the
Green Climate Fund (GCF), the amounts provided and mobilized in United States
dollars (USD) per year in relation to the continued existing collective mobilization
goal of the US$100 billion commitment to 2025.

Currently, according to the United Nations, data for this indicator are not yet
developed. Regarding funding, by December 2019, 81 countries submitted 83
proposals totalling $203.8 million, requesting support from the GCF. There was an
increase of $681 billion from 2015 to 2016 with regard to global climate
finance.[11] Renewable energy received high levels of new private investment. This
represents the largest segment of the global total.[11] These financial flows are
relatively small in relation to the scale of annual investment needed for a low-
carbon, climate-resilient transition. In April 2018, 175 countries ratified the Paris
Agreement, and 168 parties had communicated their first nationally determined
contributions to the UN framework convention on Climate Change Secretariat.[42] As
of March 2020, 189 countries had ratified the Paris Agreement, and 186 of them –

including the European Union – have communicated their Nationally Determined
Contributions (NDC) to the Secretariat of the United Nations Framework Convention
on Climate Change.

8.6 DISCUSSION

This study takes a more comprehensive assessment of sustainability survey
research, although there have been other articles published with a similar objective.
In this study, the attempt has been done to discuss various literature about green
practices in the banking industry and its impact on customers, employees, and the
organization. Every organization is a part of society, and they have some respon-
sibility towards society. The world is burning in fires of pollution. Now an organi-
zation’s first duty is creating sustainability in the environment, society, and businesses
also. Adopting environmentally friendly practices not only makes our environment
sustainable but also contributes to the goodwill of banks. Green practices help banks
in reducing the cost of operation, help in attracting more customers and investors, and
also create loyalty in the eyes of customers. These technology-oriented practices also
help in customer services like online banking and mobile banking. Due to the ease of
the process, customers feel more satisfied as well as safe and secure. These processes
are reducing customers’ costs and processing time. Customers also feel proud to be
associated with the banks, which is having a good image in the market.

Green banking is not only beneficial for the organization and customer. Even the
banks’ employees feel proud while working in a reputed organization. These green
practices also reduce the workload of employees and help reduce stress of record
maintenance and occurrence of errors in work as automation makes it more secure and
reliable and reduces the risk of credibility. From the literature and secondary data
from published sources, it is found that saline soils are going to increase by 50 percent
up to 2050, and land degradation has affected almost every country of the world.

The Intergovernmental Panel on Climate Change’s (IPCC’s) fall 2018 report
finds that to meet the goal of limiting global warming to no more than 1.5 degrees
Celsius, investments in low-carbon energy technology and energy efficiency will
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need to increase by roughly a factor of five by 2050 compared with 2015 levels.
This will require an unprecedented mobilization and redirection of domestic and
international capital. In short order, successful strategies will have to be adapted
and scaled, and new financial instruments will have to be deployed to apportion risk
in novel ways.

8.7 CONCLUSION

Environment degradation is increasing day by day; so are concerns towards the
environment increasing in everyone’s mind. Environmental degradation is a big
concern for not only our generation but also for upcoming generations. Climate
change is expected to accelerate and is no longer considered only an environmental
threat because it affects all economic sectors. This concern has become the first
priority of every country. Banks are having a large participation in any economy as
they can affect everything from the common man to large businesses. The banking
industry has a direct influence on every single individual, whether they are from
inside of the organization or outside the organization. Policymakers are realizing the
importance of adopting green banking practices as an intervention measure for
environmental sustainability. The efforts can only be successfully implemented if
the code of conduct for the same is practiced as a regular approach. This study
attempts to analyze green practices in banks and also attempts to identify motivating
factors for the customer, employee, and organization to practice these green prac-
tices. Many banks have themselves started practicing green standards, and this is
one prime step to strategize environmental and social reforms. These motivating
factors can contribute to improving the lifestyle of every individual, economy,
society, and environment with standards that need to be developed to measure green
banks’ performance for a major change in climate.
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9.1 INTRODUCTION

Imagine a case where your child has been kidnapped and you are chasing the kid-
napper. You are driving carefully, but somehow you hit a pregnant woman crossing
the road. Who are you going to save: your child or the lady alongside the road?

Now assume another case in the context of a workplace. You are working as a
manager in a renowned company and leading a team of ten members. Among those
ten members, there is one female and nine males. The female member of your team
is regularly bullied by the male members. Even though you have noticed the be-
haviour of other members towards her, you have not taken any action as the female
member didn’t complain to you on this matter. You do not want to highlight this
matter because you are about to reach your monthly target. What will you do?

Imagine another case at work. Your firm is not doing well due to COVID, and
you are a manager leading a team of ten well-qualified and experienced profes-
sionals who have been working with the company for a decade. You are advised to
condense your team into five members only. Your team has worked exceptionally to
reach the goals and contributed to the firm’s development. Now every single team
member has his or her own reasonable personal challenge, like one is divorced with
two children, one has lost his father, another one’s parent is ill and hospitalized,
and several have their home affected by the same kind of genuine problems. But the
management does not have enough funds to maintain a big office now. So, among
them, who are going to keep with you?

These kinds of situations are very normal in our daily life. All people deal with
the process of decision making in their life when a number of choices are available
to them and the best alternative should be selected. Our ordinary behaviour patterns
and our professional behaviour frequently diverge. In situations where we might
lose our temper outside of work, we must be amiable and polite instead. We
generally keep our feelings (and occasionally our ideas) to ourselves at work, and
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approach situations with more professionalism at the workplace. These types of
conditions generate a number of dilemmas. When it comes to a workplace, the
managers are responsible for handling these situations accordingly. According to
Van Gramberg and Teicher (2006), managers are important to resolve the conflicts
between employees. So, the managerial role is crucial in any organization to deal
with dilemmas.

A dilemma is generally defined as a study of a certain kind of predicament,
which is experienced by each and every person at some point in time in his or her
life. This happens when making a decision is difficult, and occasionally impossible,
when the important options we have or the important commitments we must fulfill
seem to be so evenly balanced. It originally referred to two and only two options,
each having undesirable outcomes, and having a clear meaning.

Wallace (2015) defined the term dilemma as “a conflicting state.” Cambridge
Dictionary defines dilemma as “a situation in which a difficult choice has to be made
between two different things you could do.” This word is a combination of the Greek
words “di” and “lemma.” The former denotes “two,” and the latter, “proposition.”
This phrase is described as “a scenario in which a difficult choice must be made
between two or more alternatives, especially ones that are equally disagreeable” by
the Oxford English Dictionary. Common usage may emphasize unfavourable or
negative alternatives, whereas innovation-related decisions are more frequently made
between two positive options. Individual against group, small details versus the big
picture, control versus cooperation, and constancy versus change are a few examples
of common conundrums.

People deal with the decision-making process every day, whether it is in their
personal or professional lives. They typically have a few options to choose from.
Individuals must therefore make a choice as a result. The objective is to choose the
best candidate, yet what constitutes the finest varies for numerous individuals,
organizations, and countries. Additionally, it can be challenging for the decision
maker to decide which option to choose because the possibilities usually conflict.
Every enigma, in essence, contains an ethical conundrum (ED), i.e., whether the
choice is ethically good or awful, fair or unfair.

Cuban (1992) distinguished between two types of conflicts based on how soon
they can be handled: “dilemma” and “problem.” In contrast to a dilemma, which
arises when one must choose between two “rights” or “wrongs,” a problem is “any
situation in which one must make a decision between right and wrong.” In other
words, by making the proper decisions, situations of any complexity and ugliness
can be resolved. Dilemmas, on the other hand, are unsolvable since they call for a
decision between two or more desired but conflicting values. Since problems that
may be solved simply are not dilemmas, they are also defined as “cognitive knots.”

Educational experts have defined the word “dilemma” in a variety of ways.
Instead of listing definitions, it would be better to concentrate on the concepts that
underlie these definitions in this instance. Nearly all definitions identify a dilemma
as having one or more of the following three traits: The dilemma presents a decision
between two values that are, or appear to be, mutually exclusive (Wallace, 2015).

This article discusses the essence of dilemmas, different kinds of dilemmas in the
workplace, and some rules to resolve dilemmas. With the help of two real-time
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cases, it has been shown that dilemma is constantly present in experiences that can
occur at any time when you are confused to say yes or no to any event or to choose
between right or wrong.

9.2 ESSENCE OF DILEMMA

The phenomenon of management dilemma is briefly described in a small number of
publications in the discipline of management. Some, like Neuberger, illustrate the
duality of leadership between conflicting objectives on the part of management and
personnel. These imply areas of friction between a social system’s task-oriented and
personnel-oriented design (Neuberger, 1995).

According to Fontin, a dilemma is a particular type of logical conclusion. First of
all, a constructive dilemma is a challenge of decision making in which a goal can be
accomplished in two different ways, but there is no compelling argument for
choosing any one particular method over the other. Second, a destructive dilemma
makes choosing between two options impossible. Every alternative is a sensible
decision. However, their simultaneous implementation is not possible due to the
current management scenario and its circumstances. A circumstance where a
decision must be made and where there are two reasonable possibilities with equal
but opposing supporting evidence is referred to as a dilemma. It is illogical to draw
any conclusions or make a rational decision between these options (Fontin, 1997).

9.3 TYPES OF DILEMMAS IN THE WORKPLACE

Workplace dilemmas can be of different types. It totally depends on the situation an
employee is going through at his or her workplace. Employees can experience
different kinds of dilemmas, but the ethical dilemma is the most observed dilemma
in the workplace. For example, do you say yes or no to a particular job, report an
inappropriate event, or lie to senior managers? What do you do when you do not
agree with the manager’s point but can’t say no? When you are not keeping a
balance between work and home? These dilemmas can influence the work culture
and overall efficiency of the employee.

When presented with a decision that has the “horns of a dilemma” (Peters, 2012),
managers frequently have to choose between two logical but seemingly incongruent
options that each have pros and downsides (Hülsmann & Berry, 2004). Typically,
these options are presented in either/or terms, with either option being able to be
argued rationally (Peters, 2012). These managerial conundrums frequently have two
seemingly incompatible situations, which are intrinsically paradoxical.

Such conflicts include, for example, those involving exploitation and exploration
(Andriopoulos & Lewis, 2009), employee autonomy and managerial control (Gilbert
& Sutherland, 2013), organizational stability and transformation (Farjoun, 2010), and
working with rivals (Chin, Chan & Lam, 2008). According to Johnson (2012) and
Peters (2012), dilemmas are usually described as having two extreme solutions that
would result in opposing gains. According to Hülsmann and Berry (2004), man-
agement conundrums can arise in circumstances where there are conflicting standards
for evaluating success inside the organization. According to Smith and Lewis, the
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choice will result in a trade-off with potentially unforeseen effects because each horn
of the dilemma reflects a separate set of costs and rewards.

Dilemmas can fall under two main categories: one is moral dilemma (doing
something for the common good, for personal interest, and for the interest of others)
(Rossouw & Van Vuuren, 2006), and another is ethical dilemma (emerging from
rights, principles, values, and duties).

9.4 IS THERE ANY RULE TO SOLVE A DILEMMA?

There are some points that one can keep in mind and follow accordingly to find
the solution to a dilemma. One can consider the consequences of one’s actions before
deciding on anything. This process is known as ends-based thinking. Another rule
says that one should do what is going to help the greatest number. An action is said to
be the right action if it is a universally acceptable moral rule. This is known as rule-
based thinking. The next rule says that one should empathize with others in such a
way that one wants to be empathized by others, known as care-based thinking.

These three are known as decision-making principles and are helpful in resolving
ethical dilemmas that emerge at the time of clashes of two values.

The rule of hierarchy and the rule of choice can also be used to solve ethical and
moral dilemmas in which priority to each available alternative can be given to the
conditions and the top-most solution would be the solution or greatest option.
However, choosing between options is typically influenced by feelings and other
factors. The two components of emotions are cognitive and empirical. In cognitive
emotions, there can be a positive or negative experience that an actor acquires in
addressing ethical difficulties, while empirical emotions are the beliefs regarding
the process of resolving ethical dilemmas. These choices will also differ on the
basis of urgency of the situation. There can be a difference also why to choose the
rule of hierarchy and why choose the rule of choice if it is not getting fruitful
results. Rules for resolving the dilemma can be straightforward and complex also
(Steps to Solve an Ethical Dilemma, 2008).

9.5 SOME REAL-TIME CASES OF DILEMMAS

9.5.1 CASE 1

“I will talk to you later on. It’s already 9.15 am. I have to reach my desk; otherwise,
I will be in trouble.” Kartik told one of his colleague, heading towards his office.

Kartik was late again for work. “This is the third time you are late in a week. If this
is the way you will do the work, you can’t continue for a longer period,” the HR
Manager said.

“You know that I have to travel a long way to come to the office. Moreover, due
to my leg I can’t walk faster. You have to understand and should empathize with my
situation. I am only 15 minutes late, and I try all efforts to come on time, but
sometimes the situation is not in my hand,” Kartik argued.

The HR Manager replied, “I understand, but you have to follow the norms of the
organization as you are a part of that. As per the policy of the organization, after
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being late for 15 minutes three times a week, half leave will be marked, and we
have to follow that.”

The HR Manager had already warned him several times about coming late.
Besides coming late to the office, he was also not active at his job. He had a
problem in his leg. Due to that, he was not able to walk properly. At the initial stage,
the HR manager had sympathy with him, but now this was affecting the work, and
his productivity was going down. The employees were in favor of Kartik, and they
asked the HR Manager if he should be given some privileges.

Amit had been working in the organization for eight years and held a dominant
position among the employees. The employees always gave consensus for their
opinion. John was a bit soft towards Kartik as he considered him a man with a lot of
misfortune. He fought with the HR manager for him and said that management has
to support him otherwise all the employees will revolt.

“How can the organization differentiate among employees? If special treatment
would be given to him, then some of you will come to me and complain for the favor
that Kartik is getting,” the HRManager kept his viewpoint. But as the employees were
adamant, they further argued that he is the sole earner, and he has a joint family to take
care of. He has two younger brothers and old parents.Whenever anyone has any issue,
he has to look after that. Moreover, he lives very far away. If the organization will
provide him with a place to stay on the organization premises, it would be very
convenient for him, and he can come on time as well as his work will also not suffer.

“Office apartments are for senior profile executives, and giving a stay to the
junior employee is against the policy of the organization. Taking such a step would
not be beneficial for the longer term as other employees can also demand it by
giving various other excuses and the apartments are quite expensive to afford as
they are being provided at the time of negotiation and as a perk for the senior level
of management,” the HR Manager responded in a irritating tone.

Amit immediately replied, “We are not demanding apartments that are for senior
managers, but two room sets are also there that are constructed for staff members.
That can be given to him, and some amount can be deducted from his salary for that
as it will not affect him as he is also paying rent for his house.”

The HR Manager now is in dilemma with how to cope with this situation as
management can hire a better candidate in place of Kartik, but the employees are on
his side.

9.5.2 CASE 2

Leena was not able to sleep properly. Ambiguity in her thoughts was making her
restless, and she was thinking again and again whether she was making the right
decision.

Leena was working as Marketing Head in XYZ Corporation. She had devoted
15 years to the same organization. She was getting a handsome salary and other
benefits, along with having supportive team members to lead. Conditions were fa-
vourable, and everything was going well, but this phase couldn’t last any longer due to
a downfall in sales, increasing competition, and customers shifting to other rival
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companies. Management decided to stop raises. They committed that when the
conditions improved, everyone would get a raise.

Five years had passed, and conditions were improving slowly, but there was no
sign of increases in salary. One thing that was stopping everyone from leaving the
organization was the healthy working environment and good team members. As
Leena was the Head, every member of her team followed her instructions. A cordial
atmosphere with good working conditions was binding every member of the
organization to each other. In spite of no raise for five years, the retention rate was
very high. Leena was respected and was getting proper recognition in all the events
and programs of the organization.

Leena was very confused and told her husband, “I don’t know what to do. I am
satisfied and happy in this organization, but financial growth is also very important.
I got an offer from a rival company. They are offering me a 40% raise in the current
salary with other perquisites and high designation.”

Her husband said, “I will support your decision, but I think a 40% raise is a good
one. You should think about this offer.”

Leena replied, “I have enquired about the company. A lot of work pressure is
there. No doubt this offer will give me growth, and this is a good opportunity to
grab as the company is more diversified and will be a learning experience for me.”

The next morning, Leena knocked on the door, “May I come in?”
The Managing Director Mr. Rao was having his coffee. “Come in, Leena. How

are you?”
“Want to have coffee?” he asked.
“No sir,” Leena replied.
“Tell me what I can do for you,” he asked, having a sip.
Leena said, “Actually, sir, this is my resignation letter. This organization is like my

home, and after spending 15 years of my life here, it is very difficult to make this
decision, but I have to make it because if today I don’t make it, then for the rest of my
life I will not be able to do it. I got a very promising offer from another company, and
they are giving me a raise of 40% as well as promoting me to a senior level.”

Mr. Rao was shocked to hear that as he knew Leena since the time of her joining
and he had always appreciated her sincerity, dedication, and commitment level
towards the organization.

He replied, “I understand that due to financial constraints management was not
able to give raises in salary, but soon everyone will get that as the conditions are
getting better. I know whatever offer you are getting is good, and that much raise
we cannot give, but you yourself know that this organization is a great place to
work. You are already well acquainted with the culture; every employee has a
favourable opinion about you. Management treats you as an asset to the organi-
zation. You have to think again before making a final decision, as money doesn’t
matter. We must consider other factors as well.”

It was 11 pm, and Leena was puzzled what to do. Making decisions was not as
easy as she thought.

The next morning, Mr. Rao had a discussion with other members of the board.
Mr. Rao said, “She is an asset for the organization and having her go is not good

for the department health. I think we have to stop her and must provide at least 30%
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increase in the salary.” Though all the board members were well aware about
Leena’s capabilities, they were not sure about this much of a raise.

One member of the board argued, “If we give an increase on the grounds that the
employee has given a resignation and we are raising her salary so she won’t leave,
we will set an example in front of other employees that we can also increase their
salary if they give a resignation. I think we should not start this trend.”

Other members of the board nodded their heads, showing their consent on this
point.

Mr. Rao now had a dilemma of what to do as he didn’t want a good employee to
go, but whatever the board had decided was also important.

9.6 CONCLUSION

Dilemmas are a reality for organizations and should not be avoided by managers. A
healthy working atmosphere can be created with the condition that dilemmas should
not affect the mental health of the employees. If such a problem is identified, there is a
requirement to implement a proper system so that such conditions can be managed.
With the help of the above-mentioned cases, it can be easily observed that all sectors
are facing such issues, and if these are not resolved at the right time, organizations can
suffer. This article has focused on the various aspects of dilemmas, including the
creation of such conditions with the help of various cases and also the rules so that the
individual can choose the right alternative and solve the dilemma.

Dilemmas create complexity and conflict in the mind that makes individuals
incapable of making quick decisions. Managers have a tough challenge because if
employees are not relaxed and satisfied, this can hamper the normal functioning of
the organization. Proper codes of conduct should be discussed with the employees;
this can give guidelines to the employees whenever they are confronted with any
kind of dilemmas. Moreover, providing proper training programs for the employees
can also be a solution for managing the dilemma as employees can have brain-
storming sessions, and they can develop a proactive approach for evaluating al-
ternatives and the consequences of the decisions.
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10.1 INTRODUCTION

The term “Triple Bottom Line” (TBL), which John Elkington first used 28 years
ago, has been gaining traction as a sustainability-related idea. Studies emphasize
clarifying what sustainability actually is, establishing specific, attainable goals,
and developing ways to meet those goals. In the middle of the 1990s, he worked
to quantify sustainability by including a new accounting framework, which led to
the TBL Model. Profits, People, and the Planet are the three Ps most emphasised.
The Brundtland Report and George’s 1879 concept known as “spaceship Earth”
are where sustainability first emerged more than 130 years ago (Brundtland, 1987,
p 43). Through its foundation in sustainability, TBL provides a framework for
rating an organization’s success on three fronts: financial, social, and ecological
(Goel, 2010). Although there are differences in how the applications of TBL large
corporate houses and non-profit organizations are driven by the concepts of
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economic, environmental, and social sustainability. Every businessman feared
that during the COVID pandemic’s recessionary period, they could turn to eco-
nomic imperatives rather than TBL. Corporate social responsibility, meantime,
grew in popularity as a result of the Internet’s availability of empowering
knowledge on the shift from a “me” to a “we” society and from ostentatious to
conscientious consumption.

Large family-owned businesses in India, including Tata, Birla, Ambani, etc.,
have historically built hospitals, temples, and schools as investments in the
welfare of the local population. Banking institutions in India are engaged in
microfinance due to the success of the Grameen Bank in Bangladesh. With the
help of various Indian companies, Shell and Pratham have concentrated on pri-
mary education. In order to combat malnutrition, Unilever India and Infosys are
involved. In addition, ITC provides technology to farmers so they may buy, sell,
and harvest their crops with greater knowledge. As a result, social consciousness
is considered crucially popularised and becoming a crucial component of today’s
companies that are revolutionizing sectors and protecting the environment at the
same time.

The TBL agenda proposed by Elkington (1997) discusses seven drivers towards
sustainability, which is evident from Figure 10.1, shown below:

The paradigm shifts embarking on sustainable capitalism transitions negotiate
for business discussions driven by competition; softened values; openness and
transparency in communication; process-based life cycle; symbiotic partnerships;
and inclusive governance over a longer time period. It is evident from Figure 10.2,
shown below:

FIGURE 10.1 Showing seven drivers of sustainability.

Source: Seven Sustainability Revolutions (Elkington, 1997) modified for the study.
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10.1.1 THREE PRESSURE WAVES WITNESSED BY ELKINGTON SINCE 1997

Since 1960, the environmental agenda has been moulded by three distinct waves of
popular pressure. Governments and the public sector have adapted their roles and
responsibilities in response to each of these three waves.

• WAVE 1 increased awareness of the need to limit environmental impacts
and demands on natural resources, which led to the first wave of en-
vironmental legislation. At its best, the corporate response was defensive
and compliance-focused.

• WAVE 2 increased awareness that new product types and production
methods may be required, leading to the need for sustainable development
processes. The response from the business world started to heat up.

• WAVE 3 emphasized the growing recognition that sustainable development
would necessitate significant reforms to corporate governance and the entire
process of globalization, putting the spotlight back on the government and
non-profits. Now, the corporate response would need to concentrate on
market creation in addition to the regulatory and competitive dimensions.

According to Elkington (1997), the secret to creating environmental regulations is
to ease the transition towards sustainability and recognize that the four various types
of organizations require diverse roles from the government.

10.1.1.1 Corporate Locusts
Many businesses carry out detrimental activities continuously, while others just
periodically act in a destructive manner. The social and environmental value is
being destroyed by corporate locusts, who are also weakening the basis for future
economic progress.

The following are some additional characteristics of a corporate locust, ac-
cording to Elkington (1997):

• ecological, human, social, and economic capital destruction;
• a business model that can’t last;

FIGURE 10.2 Showing paradigm shifts in sustainability revolutions.

Source: Paradigm shifts in Sustainability Revolutions (Elkington, 1997) modified for the
study.
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• and swarming tendencies (think gold rushes), which exceed the carrying
capacity of the ecosystem.

10.1.1.2 Corporate Caterpillars
Caterpillars typically are more difficult to see than locusts because of their more
restricted effects. The degenerative effects of a corporate caterpillar may make it
difficult to realize that these businesses have a sizable potential for transformation if
we live or work directly next to one.

Corporate caterpillars typically:

• show laser-like concentration on the immediate goals of the company;
• rely on a high “burn rate,” yet typically with renewable forms of financing;
• rely on an economic model that falls apart when scaled up to a more

equitable world of 8–10 billion people.
• build on proven business principles and can evolve into a more en-

vironmentally friendly form.

Elkington (1997), however, assessed the government’s efforts and suggested a
number of improvements:

• green purchasing,
• public–private partnerships,
• and reforms to the ecological tax system are all examples of how we may

help the environment while also improving the economy.
• the end of inefficient subsidies

10.1.1.3 Corporate Butterflies
Despite the fact that the majority are rather little, corporate butterflies are simple to
recognize. They are frequently highly noticeable by nature, and in recent years, the
media has covered them extensively. They serve as models for honeybees to imitate
and, most importantly, scale up new strategies for generating sustainable prosperity.

Their key characteristics are:

• Inclusion in the Global Competitiveness Report;
• company-wide dedication to CSR and SD initiatives;
• a propensity for articulating its place in terms of insects like caterpillars

and locusts;
• a vast network, although not among honeybees or caterpillars;
• and a financially viable business model, though the latter may become less

so as success fuels growth, expansion, and an ever-increasing reliance on
financial markets and large corporate partners.

10.1.1.4 Corporate Honeybees
In the ensuing decades, an increasing number of governmental organizations,
inventors, businesspeople, and investors will turn to this field. A thriving global
economy buzzes with the efforts of corporate honeybees and their colonies.
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Although bees may swarm frequently, much like locusts, their impact is long-lasting
and immensely restorative.

Elkington (1997) identified the following as the essential traits of the corporate
honeybee:

• the ability to sustainably produce natural, human, social, institutional, and
financial resources;

• a method of doing business that relies on ongoing innovation;
• an established and applicable code of corporate ethics;
• the ability to socialize and evolve powerful symbiotic partnerships.

The above explanations have been precisely summarized in the form of Figure 10.3,
as shown above.

10.2 LITERATURE REVIEW

10.2.1 TRIPLE BOTTOM LINE (TBL)

Elkington coined the TBL framework, which has been called “a smart and far-
reaching metaphor”. Before the late 1990s, the expression was largely unknown. By
bringing together the economic and social dimensions, TBL demonstrates how the
environmental agenda can be expanded (Elkington, 1997). It provides a framework
for assessing an organization’s impact across economic, social, and environmental
dimensions (Goel, 2010). Another name for this concept is the sustainable develop-
ment framework. Targeted at businesses, the TBL agenda uniformly and equitably

FIGURE 10.3 Showing corporate characteristics based on animal spirits.

Source: Corporate Characteristics (Elkington, 1997) modified for the study.
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highlights the contributions of firms to economic growth, social welfare, and en-
vironmental protection.

When discussing the TBL framework, the term “economic line” is used to describe
the influence of the business’s operations on the economyas awhole (Elkington, 1997).
As a part of the sustainability framework, it deals with the economy’s ability to persist
and grow in the future, so that it can provide for future generations. The organization’s
ability to promote economic growth is represented by the slope of the economic line,
which is a function of how closely the organization’s growth tracks with economic
growth. As such, it highlights the ways in which the company improves the environ-
ment economically, hence increasing its viability for future generations.

The social line of TBL is exemplified by a company’s commitment to and
implementation of socially responsible and mutually beneficial community, labour,
and human capital management practices (Elkington, 1997). The idea is to help the
community and “give back” to those who have helped you.

The TBL’s environmental line emphasizes safeguarding the planet’s natural
habitats and resources for the benefit of future generations. Reduced energy con-
sumption, reduced emissions of greenhouse gases, reduced ecological footprints,
etc. are all aspects of this concept (Goel, 2010). The social aspect of TBL, like
environmental activities, affects the long-term viability of businesses. The financial
benefit is the result of lower operational costs and higher profits from the devel-
opment of innovative green products (Kearney, 2009).

10.3 3 P FORMULA FOR SUSTAINABILITY

The purpose of the 3Ps in sustainable development is to secure and maximize their
advantages. Sustainability projects prioritize humanity. By respecting the planet’s
precious resources and seeking to make a profit without wasting anything, they
acknowledge the requirements of the planet.

10.3.1 PROFITS

The bottom line or the amount of money returned to investors, is the ultimate yard-
stick of corporate success. The key choices and planning activities of a corporation are

FIGURE 10.4 Showing reviews of previous literature works on sustainability.

Source: Created by the Authors using EdrawMind Wondershare tool software ©.
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meticulously developed to maximize profits while minimizing costs and risks.
Leaders with a sense of purpose know they can make a positive difference in the
world through their businesses without compromising on profits.

10.3.2 PEOPLE

In order to maximize their own value, large firms have traditionally focused on
increasing their stockholders‘ wealth. More and more companies are realizing the
importance of incorporating sustainability into their operations, and as a result, they
are shifting their focus to creating value for all stakeholders (customers, employees,
and the local community) through fruitful strategic alliances with non-profit orga-
nizations that have a similar mission.

10.3.3 PLANET

Since the beginning of the Industrial Revolution, big businesses have produced an
incredible amount of environmental pollution, a key contributor to climate change.
The latest data from the Carbon Majors Database shows that only 100 energy-
related corporations are responsible for roughly 71% of all industrial emissions. But
historically, companies have been the primary contributors to global warming. They
have begun making substantial contributions to society, the environment, and the
economy after realizing their mistakes and assuming responsibility for these issues
(Figure 10.5).

FIGURE 10.5 Showing the 3 P’s in sustainability (outlined under the Triple Bottom Line).

Source: Modified by the Authors based on works of Elkington, 1997.
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10.3.3.1 Triple Bottom Line Business Operations in India
In 2021, 80% of the top 100 companies in terms of sustainability and CSR will
incorporate Sustainable Development Goals (SDGs) into their responsible business
practises by 2030. The top 25 firms on Futurescape’s ranking of the best for sus-
tainability and CSR in 2021 also map their corporate objectives to the SDGs.

The table below summarizes several conclusions about their practices based on
the sustainable and TBL operations of top leading firms in India:

Company
Name

Profit Orientation People Orientation Planet Orientation

Godrej
Consumer
Products
Ltd.

Funded CSR projects
to the tune of
Rs. 34.08 cr. in FY
2020–21.

Helps over 9000 people who
own Nano businesses by
implementing medium- to
long-term livelihood
rehabilitation programmes.

Approximately 2.77 million
people from low-income and
other marginalized
communities benefited from the
company’s CSR programmes.

During the previous fiscal
year, we were able to
achieve water positivity
and send no trash to
landfills.
The fulfilment of all of
Extended Producer
Responsibility’s
requirements.

Infosys Ltd. Invested Rs 325.32
billion in community
service projects

Sustainable development,
institution-building, and
community-wide
improvement projects.

Infosys’ ESG Vision 2030
called for the rollout of a
comprehensive digital skills
programme, and so the
company launched Infosys
Headstart.

By 2025, more than 10 million
people will have been trained
in digital and life skills.

Putting an emphasis on
environmentally
responsible and socially
just business practises.

Wipro Ltd. The amount allotted for
CSR was Rs 251
billion.

Has funded over 1,561 projects
that have helped over
10 million people as part of its
COVID-19 response. These
projects include those that
provide humanitarian aid,
integrated healthcare support,
and livelihood regeneration.

contributed to the economic
recovery of over 8.2 million
individuals and the operations
of over 500 charities that
deliver humanitarian and
medical help.

Product sustainability and
effective electronic waste
recycling.

(Continued )
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Company
Name

Profit Orientation People Orientation Planet Orientation

Tata
Chemicals
Limited

CSR spending for the
21st fiscal year came
to Rs. 21 crores.

Over the course of 6878 online
and face-to-face interactions,
farmers received assistance
with livestock management,
field demonstrations, and skill
development.

Okhai’s rural women artisans
were given a helping hand,
and the region was
transformed into a bazaar that
attracts customers and 25,190
artists from all over India.

In order to preserve
Mithapur’s native flora,
the city’s foremost
sustainability champions
planted 1.15 million
mangrove trees in a wide
variety of sites.

ITC Ltd. In the 2020–21
financial year, the
corporation budgeted
Rs 353.46 crores for
CSR initiatives.

During the year, 640 individual
household toilets were erected
in 28 districts, while
vocational training
programmes helped 12,470
youth.

It is estimated that the
Social Forestry
Programme has improved
the quality of life on
30,439 acres of land.
About 70,900 metric
tonnes (MT) of dry waste
were collected from 1,067
wards by ITC‘s “Well
Being Out of Trash
(WOW)” waste recycling
project.

Jubilant Life
Sciences
Ltd.

Invested Rs 5.83
billion in community
service initiatives.

Nearly 6.5 million people in
240 communities have
benefited from these
initiatives. These programmes
focus on health, education,
sustainable livelihoods, and
social entrepreneurship.

Initiatives to improve
livelihoods include Samridhi
(Self-Help Group and Micro-
Enterprise Promotion) and
Jubifarm (Sustainable
Agriculture Program).

Uses the Jubilant Bhartia
Foundation as the vehicle
for most of its corporate
social responsibility
activities.

Hindustan
Lever
Ltd. (HUL)

Make a monetary
commitment of
Rs. 100 crores
($1 billion) to social
causes in order to
supplement the

Through a collaboration with
the government and other
NGOs, over 2 crores’ worth
of supplies were donated
to frontline medical
professionals, police officials,

Its “Water for Public
Good” programme was
founded on the principle
that water resources
should be controlled at the
community level.
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Company
Name

Profit Orientation People Orientation Planet Orientation

government’s efforts
in dealing with
Covid-19.

sanitation workers, and
vulnerable inhabitants of the
country.

They collaborated with
healthcare providers to
provide 75,000 test kits to the
public. Near our facilities and
offices, public health officials
from many states worked
together on this initiative.

Collaborated with the State
Bank of India, OYO, Lemon
Tree, and Apollo Hospitals to
set up isolation wards with
medical monitoring in major
cities to reduce stress on
existing medical facilities.
The company and the
government in Haridwar and
Nasik also opened an isolation
hospital with 30 beds in the
previous year.

keeping up the call for
people to embrace three
healthy habits (or
“Swachh Aadat”):
washing hands five times
a day, defecating in
designated areas, and
utilizing safe water
practices.

Apollo Tyres Invested Rs. 12,9
billion.

Offers care for a wide range of
conditions, including HIV/
AIDS prevention and
education, eye care,
tuberculosis integration, and
the management of non-
communicable diseases like
diabetes and hypertension.

Used tires served as the
initial inspiration for the
ELT Playgrounds
initiative. Tire-based play
structures help kids get in
shape and fit while also
teaching them about
recycling and reusing
materials.
Due to the establishment of
another ELT playground
in the fiscal year 2021 at
the Karanja, Maharashtra
site, there are now a total
of 14 such playgrounds
around the country.

Hero Motor
Corp.

CSR spending for
2020–21 was
Rs 99.73 cr.

A total of 23 million meals,
34,000 ration packages,
37,201 litres of hand
sanitiser, 44,000 masks, and
44,000 personal protective
equipment kits were
distributed to government

During the lockdown, a
small number of
motorbikes were modified
into “First Responder
Vehicles” (FRVs) to help
the medical community
and mobilize staff.

(Continued )
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Company
Name

Profit Orientation People Orientation Planet Orientation

hospitals, police departments,
and other agencies to combat
the spread of COVID-19.

Sixty FRVs, all different
makes and models, were
donated to the
government for use as
ambulances.

Maruti
Suzuki
India Ltd.

A total of Rs 140.940
Cr was allocated to
CSR projects during
the 2020–21 fiscal
year.

Community development
activities focusing on water,
sanitation, health, education,
and shared community
resources were prioritized in
the 26 villages surrounding its
facilities in Gujarat and
Haryana.

Potable water ATMs, water
supply infrastructure,
individual toilet
construction, and sewer
line development.

10.3.3.2 Triple Bottom Line Practices from a Global Perspective

10.4 IMPLICATIONS OF THE STUDY

The study discussed here included different cases from both India and globally,
encrypting various reasons for how they move forward the Triple Bottom Line
framework and sustainable practices as a lucrative strategy in the modern era. The

FIGURE 10.6 Showing the bird’s eye view of Global Companies’ TBL Strategies.

Source: Designed by the Authors based on case histories of Global Companies on TBL
Strategies.
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findings from various studies summarize the fact that such companies raise
transparency by mitigating their shareholders’ concerns of concealed information;
involving accountability of their day-to-day actions; delivering growth; and
maintaining economic stability for the company itself. Moreover, these corporates
have managed to give a competitive advantage over their industry peers by
strengthening their business objectives, paving ways to betterment at the global
level, minimizing risks of public scrutiny, and propelling our world to be made a
better place to live in. Hence, sustainability stands to be the benchmark for our
future in the coming years. The study concludes at this point.
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11.1 INTRODUCTION

Nowadays advertisements attract buyers to commercials and control their public
behaviour, purchasing behaviour, and their mindset. The revelation of so many
advertisements converts human desires into essentials and makes them purchase
items that should not be their preference over necessary items. Advertising affects
consumers’ choices in switching brands and changing their loyalty with brands. The
present study intends to highlight the impacts of commercials in triggering the
potential buyers for buying mobile phones. Only branded mobile phones are believed
worth buying while the market has a significant range of local mobile phones.
Therefore, the present research focuses on the study of the consequences of com-
mercials on buyers’ purchasing conduct with reference to smart phones by examining
the level of advertisement influence in purchasing behaviour, effectiveness of ad-
vertisements in smart phone purchase decisions, awareness, and purchasing behaviour
of customers.

In the present time of technology and globalization, an efficient commercial is
significant to affect buyers’ purchasing conduct in the mobile phone sector. In this
research, we also focus on how the mobile phone advertisement compels the
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consumer to switch their brand affiliation. The swift increase of mobile phones and
other related devices has established a new path for marketing. There are many
features in mobile phones like texting, video and voice calls, e-mailing, etc., that
enable users to be online anywhere for required usage. The usage of a mobile device
is very high. That is why the mobile commercial reaches more potential buyers.

11.2 LITERATURE REVIEW

Presently social networking has increased the communication of marketers and
customers because of its dynamic nature. This has developed the way of advertising
products and communicating with customers. In modern times, Facebook is one of
the most used media platforms, which covers huge instantaneous responses from its
network users for framing and trending a perception [1,2]. In fact, this strong social
media platform has built an excellent opportunity for any product or brand to ex-
pose its features through publicity, awareness, and insight; to frame perception; and
to set standards [3]. The practice of customary one-way communication to en-
courage customer opinion and enhance positive mindsets for product value has been
significantly dropping its convincing impact due to the all-encompassing influence
of Facebook as a system of linking people [1,3]. The processes of product esti-
mation, perception, and attitude development have now been strongly linked to a
new multidimensional communications system where customers are more involved
and find more reliability through following and restructuring people’s views rather
than receiving old-style advertising [4–7].

The fastest-growing businesses are pushing hard to support product considera-
tion and exposure to build a constructive reputation through viral marketing on
social networking sites; these businesses now recognize that the social media space
is the key hub for spreading the early word of a product’s launch and inspiring
people to use it [8]. Nearly 60% of Facebook’s 1.6 billion active users watch
advertising for products, making up the majority of the social network’s user base.
Kim and Ko estimated that nowadays, 70% of active social network users learn
more about products before making an actual purchase and get various ideas about
shopping through social media sites. More than one billion users who are connected
to Facebook have access to a fantastic platform that businesses can use to increase
their product advertising.

Any type of product detail’s impact is greatly influenced by its source [7,9,10].
Marketing sources through reliability, consistency, steadiness, and pursuit of value in
cultivating a positive mindset, create a significant potential impact on customers [7,9].
Companies are showing great interest in the modern way of marketing and using
internet marketing in place of the traditional manner of marketing. That is why the use
of social networks has grown [10]. Facebook has become one of the most liked social
sites for online marketing that enables constant two-way interaction without location
and time constraints, and it is seen as a trustworthy and universal alternate route for
information distribution as well [9].

Businesses benefit from e-commerce and online purchasing in terms of income,
which is further enhanced by employees’ high levels of social intelligence [11,12].
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11.3 OBJECTIVES OF THE STUDY

1. To study the level of impact of mobile phone advertising on consumer
buying behaviour

2. To know whether these advertisements provide some useful information or
just manipulating

3. To analyze the consumer’s expectation from an advertisement.

11.4 HYPOTHESIS/NULL HYPOTHESIS

Ho1: There is no difference in the satisfaction of male and female students.
Ho2: Customer satisfaction is not impacted according to their locality.
Ho3: Customer satisfaction is the same for customers of different age groups.

Alternate Hypothesis

H11: There is a difference in the satisfaction of male and female students.
H12: Customer satisfaction is varied according to their locality.
H13: Customer satisfaction is different for customers of different age groups.

11.5 RESEARCH METHODOLOGY

Primary data in the present study were collected from the students of five different
colleges of Delhi-NCR through a questionnaire. The collected data were analyzed
through statistical tools for fulfilment of the objectives.

Sources of data: Sources of data are primary and secondary data.
Primary data: A well-framed questionnaire is prepared and used for the collec-

tion of primary data.
Secondary data: Secondary data is gathered from published sources like standard

text and reference books, journals, magazines, and the internet, which is related to
the study.

SAMPLE DESIGN
Random sampling was used to identify the sample respondents from a total population
of 215 students. These respondents were selected from different departments of
different institutions. For collection of the true and accurate information, students
have been called and explained the research problem, and their consent has been
received for responding to the questionnaire.

TOOLS AND TECHNIQUES: For analyzing the collected data simple, per-
centage analysis has been used in this study, and to test the hypothesis, t-test and
F-test were used.

11.6 DATA ANALYSIS AND INTERPRETATION

In these data, we have noticed that around 125 people came across the advertisement
through the internet; 22 people came across the advertisement through a magazine;
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17 people through the radio, 65 people through TV; and 50 people through the
newspaper (Figure 11.1).

In Figure 11.2, it is clear that 47% of the individuals came in contact with
advertisements every day; 23% of individuals came in contact a couple of times a
week; 16% came in contact once a week; 10% came in contact once a month; and
only 4% came in contact once a year.

Magazines

Internet

Radio

Tv

Newspaper

215 responses

500 100 150 

Respondents

Newspaper Magazines

215 responses 

Tv Radio Internet

50 68 14 134 23

FIGURE 11.1 Medium through which consumer come across the advertisement related to
mobile phones.

Everyday Couple of times a week

Once a week Once a month Once a year

 10%

4%

16%
47%

23%

FIGURE 11.2 How often do you come in contact with advertisements targeting you
directly?
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From Figure 11.3, it is clear that out of 215 respondents, 89 respondents had a
moderate level of confidence in these advertisements, and a further 68 respondents
had a highly moderate level of confidence. Similarly, only 14 respondents had a low
level of confidence in these advertisements.

It is clear from Figure 11.4 that 41.8% individuals are making their own decision
while purchasing a mobile phone. Friends also play an important role in decision
making while purchasing a mobile phone. Out of 215 people, 47 individuals made
decisions after discussing with friends.

From Figure 11.5, 31% of respondents have knowledge of mobile phone ap-
plications; 18% of respondents have very good knowledge about mobile phone
applications; and 25% of respondents have a good knowledge about mobile phone
applications. A total of 26% of respondents had limited or very limited knowledge
about mobile phone applications.
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FIGURE 11.3 Degree of confidence in these advertisements (1 shows the leastwhile 5 is high).
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FIGURE 11.4 Decision on purchase.
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From Figure 11.6, it is clear that 41% of individuals are neutral towards social
media advertisement and 28% like social media advertisements. Only 3% strongly
dislike social media advertisements.

Figure 11.7 gives an overview that a 1 rating represents the least and a 5 rating is
the highest. The individuals who gave a 1 rating believe that the information in the
advertisement does not affect their buying decision, whereas those people who gave
a 5 rating strongly believe that the information in the advertisement content affects
the buying decision. Ninety-two individuals rated the maximum out of the total of
215 respondents.

It is clear from Figure 11.8 that 37% of individuals are neutral in the purchase
decision through TV and newspaper advertisements, while 31% of individuals
agreed while making decisions through TV and newspaper advertisements. Only
5% of individuals strongly disagreed with the same.

A 1 rating is the least, whereas a 5 rating is the highest. A person who gave a 1
rating means they do not rely on the internet advertisement, whereas those who

18%
10%

16%

25%
31%

Very limited Limited

Moderate Good Very Good

FIGURE 11.5 Knowledge about mobile phones.
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41% 28%

Strongly like Like
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FIGURE 11.6 Attitude towards the social media advertisements.
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gave a 5 rating rely more on the internet advertisement while buying a new phone.
From Figure 11.9, it is clear that 77 people rely on the internet advertisements while
buying a new phone, and only 14 people did not rely on the same.

From Figure 11.10, it is clear that the majority of people think that Xiaomi
(Redmi) company invests a maximum amount, i.e., 34%, in the advertisement of its
products, followed by Samsung company, which is 28%, and only 1% invested in
One Plus company.

From Figure 11.11, it is clear that 58% of people purchased a phone after
considering these advertisements, and 42% did not purchase it after considering
these advertisements.

From Figure 11.12, it is observed that 41% of people strongly believed that the
battery life was exactly as shown in the advertisement, while 29% had a neutral
opinion. Only 4% of people strongly disliked that the battery life was exactly as
shown in the advertisement.
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FIGURE 11.7 Information in the advertisement content affects buying decision.
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FIGURE 11.8 Purchase decision through TV and newspaper advertisements.
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Figure 11.13 indicates that 42% of people liked that the camera quality is exactly
as shown in the advertisement, followed by 24% of people who were neutral, 21%
who strongly agreed, and very few, i.e., 4% of people, who strongly disliked that the
camera quality was exactly as shown in the advertisement.

Figure 11.14 indicates that 44% of people liked that the display size that is
mentioned in the advertisement matches the actual size, followed by 27% who
strongly liked it, 22% were neutral, and very few (i.e., 6% people) disliked or
strongly disliked when the display size that is mentioned in the advertisement
matches with the actual size.
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FIGURE 11.9 Extent to which people rely on the internet advertisements while buying a
new phone.
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11.7 HYPOTHESIS TESTING

Null Hypothesis Ho1: There is no difference in the satisfaction of male and
female students.
Alternative Hypothesis H11: There is a difference in the satisfaction of male
and female students.

The mean value for customer satisfaction for male and female students is 20.71 and
21.40, whereas the standard deviation is 1.25 and 1.55 (Table 11.1). To test the
difference statistically, we have tested an independent sample t-test. The significant
value is 0.23 (Table 11.2), which is higher than .05, which means that there is no
difference in the satisfaction of male and female customers.

Strongly Like Like

Neutral Dislike Strongly Dislike

1%
5%

27%
23%

44% FIGURE 11.14 Display size that is mentioned in
the advertisement matches with actual size.

TABLE 11.1
Gender Statistics

Gender N Mean Std. Deviation

Satisfaction Male 135 20.7185 1.25

Female 80 21.4 1.55

TABLE 11.2
Independent Samples Test

Independent Samples Test

t-test for Equality of Means

T df Sig. (2-tailed)

Satisfaction Equal variances assumed −1.204 213 0.23

Equal variances not assumed −1.26 189.396 0.209
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Alternative Hypothesis H12: Customer satisfaction is varied according to
different localities.
Null Hypothesis Ho2: Customer satisfaction is not impacted according to
different localities.

The F-static is 3.756 (Table 11.3), which is significant at .012 for customer satis-
faction according to different occupations. This means that customer satisfaction is
varied according to different localities. Residence area (urban, semi-urban, rural,
semi-rural) has an effect on the satisfaction of the customer.

Null Hypothesis Ho3 Customer satisfaction is the same for customers of
different age groups.
Alternative Hypothesis H13: Customer satisfaction is different for the cus-
tomers of different age groups.

The F-statics is 5.479, which is significant at .001 for customer satisfaction according
to different age groups. This means that customer satisfaction is different for cus-
tomers of different age groups (Table 11.4).

11.8 CONCLUSION

It has been observed by analyzing all the factors that impact consumer behaviour
that one of the major sources to create sensations in customers and encourage them
to purchase the products of an advertized mobile phone is effective commercials.
Analysis indicates that feelings of pleasure and confidence were created in buyers
after watching the commercials as an emotional response for that mobile phone.

TABLE 11.3
Independent Samples Test

Sum of Squares Mean Square F Sig.

Between Groups 174.98 58.327 3.756 0.012

Within Groups 3276.852 15.53

Total 3451.833

TABLE 11.4
Independent Samples Test

ANOVA

Sum of Squares df Mean Square F Sig.

Between Groups 249.462 3 83.154 5.479 0.001

Within Groups 3202.37 211 15.177

Total 3451.833 214
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High internal consistency was found in all the items in the reliability analysis,
which indicates the authenticity of responses for this study. A critical relationship is
found between commercials and customer’s buying behaviour. Findings about
pleasure indicate that potential/buyers feel happy, pleased, hopeful, satisfied, as
well as relaxed. That is why findings about arousal indicate the customer’s delight
and satisfaction. It has been viewed that ads lead to change in preference of the
customer, and the customer’s thinking matches with the advertisement message.
Therefore, it is understood that the advertisement is likable, engaging, and attracts
the customer’s consideration. It is concluded from outcomes that customers feel
good about the display of information presented in commercials through pictures
and taglines. Customers are gratified with that information rate because advertise-
ments correctly informed them what they were demanding to know. It has been
found from the study that age and residential location has an effect on customer
satisfaction, while gender has been found insignificant.

Around 48% of people have a high degree of dependency on these ads while
making a purchase decision, and the majority of the respondents have bought a
phone after considering these ads.

Around 60% of respondents agree to the features that are shown in advertise-
ments are exact. Adults (20–30 yrs. of age) wish to buy expensive mobile phones,
whereas their parents and old age people don’t.

Consequently, buyers think that commercials about Redmi (Xiaomi) are more
appealing, so results showed that people prefer to purchase them in comparison to
other cell phones, and these mobiles are becoming popular due to their features and
cost-effective quality.

11.9 LIMITATIONS

• There are many variables that have an impact on consumer’s purchasing
behaviour and can influence their preference for mobile phones like their
experience from past purchases, budget constraints, family pressure, their
psychology, etc.

• Effective commercial is not the only source to affect the buyers.
• In the present study, data have been collected from various colleges of

Delhi NCR, from candidates of different age groups, so this can also have
a different impact on this research study.

• There is a lack of genuine responses.
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12.1 INTRODUCTION

Firms are the primary incubators of new technologies. From a firm’s point of view,
investing in R&D is not an end in itself but rather a means to create outputs (i.e.,
products and services) that can be offered for sale and turn a profit. This is in
addition to pursuing other aims, such as maintaining operations or becoming a
technology leader. For the most part, high-tech firms lack the financial resources
and other key resources necessary to acquire all of the inputs they need. The inputs
needed to efficiently manufacture goods and services will always exceed the
resources available; therefore, such businesses must make trade-offs with how they
allocate their limited funds. A high-tech company’s choices are heavily influenced
by financial goals and limits. This paper will reflect on and introduce cost ac-
counting and financial accounting. As a first step towards comprehending the sig-
nificance of accounting for decisions in high-technology organizations, we will
explain a few of the most essential ideas in management and financial accounting. It
not only takes into account the private investment investor as a stakeholder, but also
zeros in on investors who put money into “cutting edge” or highly innovative fields.
This may involve biotechnology or other areas of life science technology, or it may
refer to advances in engineering or pharmaceuticals. To do so, the article poses
several concerns about the current state of financial statement design [1].
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Several major technological developments have been made possible by the data
explosion that ushered in the Fourth Industrial Revolution, an era in which cyber-
physical systems will alter business. Every firm may capitalize on such significant
changes and should pay close attention to how to use them most effectively, but
accountants should examine how such technologies can be used strategically to
achieve the business goal of the company. Businesses today make use of Big Data,
increasing computer power, artificial intelligence, the Internet of Things (IoT), self-
driving robots, and blockchain. These technologies have evolved globally in cost
and financial accounting [2].

12.1.1 COST AND FINANCIAL ACCOUNTING

The purpose of cost accounting is to collect, analyze, and report on cost data on a
regular basis. The primary purpose of this tool is expense estimation and man-
agement. Consumers of cost data might benefit from it in a number of ways,
including when setting prices, implementing cost-cutting measures, making plans
for the future, gauging employee productivity, and a host of other tasks [1].

Financial accounting is indeed the branch of accounting that keeps track of all
the monetary transactions of an organization and reports people at the end of the
fiscal year in proper formats that increase the readability of financial statements
among its users, and cost accounting enhances the efficiency of financial accounting
by providing pertinent information that actually resulted in the good decision-
making process of the organization. There are a wide variety of audiences for
financial data, from upper management to investors [3].

Modern financial management has advanced significantly since the days of tra-
ditional corporate finance. As the economy expands and global resources are ac-
cessed, the options accessible to finance managers are practically limitless. In recent
years, a new age has evolved for chief financial officers in many firms to become
finance executives with different titles but comparable roles and responsibilities that
are significant in the contemporary context of liberalization, deregulation, and glob-
alization [4].

12.1.2 THE IMPORTANCE OF UNDERSTANDING MONEY IN HIGH-TECH
FIRMS GLOBALLY

No matter whether a work title includes management or not, having knowledge of
financial matters is vitally important for any businesses or firms globally that
supervise operations and provide strategic direction. They could benefit from having
an understanding of finances. Understanding finances can be crucial to the success of
a company, particularly for those companies whose primary focus is management.

The primary justification for these high-tech businesses to choose to educate
themselves in finance is so that they can broaden and deepen their knowledge base.
Dual degree holders are becoming increasingly desirable candidates for employment
among today’s businesses globally. Degrees in engineering and finance are extremely
valuable, and both local and international businesses will prioritize candidates who
possess these skills [3].
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The companies, in India and worldwide, will frequently come up against a sig-
nificant number of analytical and mathematical challenges. Those who have chosen to
pursue a degree in finance after completing their practical training can be confident
that they will understand such concerns more quickly than others, which will assist
them in resolving a wide range of challenges. It is more likely that employees will be
instructed in theoretical and practical challenges, but it is less likely that employees
will be instructed in soft skills such as communication, mathematics, and teamwork.
However, the acquisition of soft skills is extremely important to one’s career, and
since they can be learned along the road, this can help individuals differentiate
themselves from the competition. In addition to the money gained, gaining a quali-
fication in finance might put a person in a better position financially than people who
do not have it [3].

Questions include:

• How can we determine if the production method that we use is efficient if
our goal is to develop items or services efficiently; that is, to produce the
greatest output with the least amount of input?

• Do any tools exist that can measure how efficient something is?
• How can we boost production of a specific product if there is a rise in the

demand for that product?

What additional costs are associated with this, how much additional input is required,
and will we still generate a profit even with these changes? After all, it should come as
no surprise that the process of conversion differs from company to company, as well
as depending on the type the market and the particular technology employed. This is
the point where the realms of corporate economics, financial management, and ac-
counting all collide with the technology world. When it comes to finding solutions to
technology issues, companies are faced with a wide variety of obstacles and
restrictions. It is not enough for a technological solution to satisfy the technological
requirements; it must also satisfy the economic and budgetary needs [5].

12.1.3 IMPLEMENTATION OF ACCOUNTING SYSTEMS

The introduction of new management accounting systems is a significant milestone
in the history of a young and expanding business. Cross-sectional distinctions in the
time it takes for a company to adopt a budget can be explained by a number of
factors, including the size of the company, the perceived benefits and costs asso-
ciated with the budget, and the management style of the top management. Other
factors include the adoption of seven different management accounting systems
(Figure 12.1).

The figure above explains the indicator’s inputs and how the accounting infor-
mation is consolidated and distributed to the owners, as well as stakeholders such as
investors, employees, customers, and suppliers. This is a typical example of
financial accounting and reporting. This decision to implement a management
planning system is influenced in particular by the availability of venture money, the
level of expertise held by the CEO, the existence of a finance adviser, the total
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number of staff, and the attitudes held by the CEO towards management planning
systems. The additional impact of utilizing the services of a finance adviser is an
endogenous construct. This extends the amount of time needed to implement
operating budgets and impacts the performance of the organization. Also, it pro-
vides a draft of a significant rise in the number of employees in the company around
the adoption of operating budgets; additionally, the results for additional manage-
ment accounting systems include cash expenditures, analysis reports, and income
statement approval regulations. Capital spending approval policies, profitability
analysis, customer profitability, and acquisition costs are provided. At each level of
the research, many factors have an impact, including industry biotechnology,
information systems, and non-tech factors [7].

There are many different kinds of businesses, but in terms of financial accounting,
there are fundamentally no differences between them. Companies in the technology
industry are required to adhere to the same accounting requirements as other busi-
nesses. Additionally, the fundamentals of management control and management ac-
counting are universally the same across all businesses. There is no difference
between high-tech businesses and other types of businesses. There are, however,
some distinctions to take into account, such as the unpredictability of customer
demand and the limitations imposed by finances. This is especially the case when the
high-tech business in question is a start-up that does not have a solid financial and
commercial reputation, that has a limited amount of financial resources, and that has
large expenditures for the creation of new products and services [5].

12.2 ORGANIZATIONS IN FINANCIAL ACCOUNTING AND
INFORMATION TECHNOLOGY

The principal source of information that can be independently validated and made
available to financiers is provided by financial accounting. This information is about
the manager’s performance. Therefore, it is abundantly evident that financial ac-
counting and corporate governance are inextricably tied to one another. In point of
fact, if one does not approach financial accounting from the perspective of corporate
governance, it can be challenging to comprehend a number of the most important
aspects of the discipline, including the application of historical costs, this same
reliability criterion, the moment of realization principle, and the conservatism

Human/Social

Environmental

Financial

Technology

Resource

Accounting System

Indicators
Report

To be consolidated

To management

To stakeholders

Indicators Accounting System Reports Use of the Reports

FIGURE 12.1 Accounting system and indicators [6].
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principle. If there were no issues with governance, the function of financial ac-
counting would be simplified to supplying investors with the return and risk infor-
mation that is necessary to make the decision on the optimal allocation [7].

Accounting’s end goal can be broken down into two sub-goals: control and
decision making. Decision making to manage mental accounting entails both strategic
and operational choices, while control encompasses planning, administrative,
and cultural controls, as well as compensation systems. In financial accounting, the
terms “control” and “decision making” refer, respectively, to stewardship accounting
(wherein management is responsible to stakeholders, particularly to investors, for the
resources they are entrusted with) and the “valuation focus,” wherein investors are
given information to use in making educated investment decisions. The decision-
making process and supervision may seem like quite distinct ends to achieve, but the
institutions and practices of management accounting and financial accounting share a
common goal [8].

12.2.1 INTEGRATION OF FINANCIAL AND MANAGEMENT ACCOUNTING

The original use of managing mental accounting was for controlling the past, but it has
since shifted to include the use of forward-looking information systems for strategic
planning, control, and decision making. Due to managers’ need for retrospective data
in order to comprehend performance and regulate accountability, manage mental ac-
counting has traditionally concentrated on yearly controls in stable and constrained
competitive operating contexts [8].While the managedmental accounting information
has become more forward-looking as a result of recent accounting changes, certain
parts, such as budgeting and public investment projections, have always been included.
Corporate today is defined by a number of ongoing trends, including globalized
competitiveness, business networks, and the growing significance of securities as
mechanisms for allocating financial resources. This has led to a rise in the demand for
future-focused, forward-looking data to aid in management accounting strategy
planning and decision making [9].

12.2.2 THE VALUATION ROLE OF ACCOUNTING INFORMATION IN FIRMS

Investors in the company will be interested in learning how the money will be spent,
and creditors will be concerned with whether or not they will be repaid for their
loans. Because of this, the financial stability of the company is a big concern for
possible buyers, investors in venture funding or private equity, private corporations
wishing to invest, and other potential investors. Therefore, whether these involve
raising finance, borrowing the money, or deciding to sell the company in order to
prove its worth as a reduced business asset, it is important to consider all of these
options [9].

The economic value of a company can be estimated through the process of busi-
ness valuation. This is accomplished by a procedure that assesses the value of the
firm by examining all aspects of the company, most notably its finances and stability.
No matter what method of business valuation the value or analyst uses—market
capitalization, the occasions revenue pricing method, this same earnings multiplier
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method, the discounted cash flows method, book value, valuation of assets, or liq-
uidation value—they will be required to analyze the financial statements [8].

The company’s market value will not be reflected in its financial statements,
which include tax returns, statements of income, statements of cash flows, ac-
counting records, assets and liabilities valuation reports, statements of income,
and declarations of stockholders’ equity. On the other hand, given they are re-
porting on the transactions that the organization has already documented in
the past, they will be utilized as a foundation for transactions that are perceived
to take place in the future. An increase in a company’s valuation will occur when
it can demonstrate it is profitable and will generate positive cash flows in the
future [10].

Therefore, accounting and bookkeeping practices that are not up to par can put
value at risk, which is especially true right before a transaction is set to take place.
And buyers and investors will still want to look just at financials and feel sure about
their investment even if they won’t be the ones performing the evaluation on the
firm themselves. This is because they will want to feel more confident about the
investment [11].

A well-controlled budget and secure financial position are the direct results of
accurate accounting. The company will be exposed as having poor financial man-
agement and judgment if it is unable to provide accurate financial statements, such
as a report of debits and credits, a net income tax statement, a cash flow statement,
accounting records that show payables and accounts receivable, and financial
information. Given that these are indications of a ship that is going down, investors
will most likely pull out before the experts have finished valuing the company.
After all, if they aren’t keeping an eye on the money and enforcing accounting rules,
it’s highly doubtful that they will be able to keep costs under control and take
proactive steps to improve the bottom line [12].

When the finance and accounting function of an organization is inefficient, it
leaves the company open to the possibility of making mistakes and causing delays,
both of which can lead to additional labour, overpayments, and a reduction in
income. The organization is at significant risk of becoming the victim of fraud as a
result of outdated systems, as well as a lack of internal controls. An inefficient and
inept finance department is an indication of poor business management, which in
turn will have an influence on the value of the company. All of these warning
indicators will ultimately have an impact. When a company is poorly managed
and does not have access to business information, it is doubtful that the investment
will be profitable and worthwhile. On the other side, financial reporting that is
both accurate and efficient is a sign that the company is well positioned for ex-
pansion [11].

12.3 COST MANAGEMENT IN FIRMS

The practice of monitoring and controlling a company’s monetary resources while it
is being operated is referred to as cost management. Globalization is producing a
world in which individual nation-states are interdependent and interrelated to a greater
degree. In the previous couple of decades, significant and dramatic developments in
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the business environment have contributed to a high degree of complexity, instability,
and unpredictability in the environment in which modern enterprises carry out their
economic purposes. The trends towards globalization and the elimination of national
obstacles will undoubtedly result in rapid intensification of international competi-
tiveness [13]. When efficient tactics for managing expenses are put into action, it
ensures that a company has effective cost management measures, which in turn helps
the company to have a suitable budget with which to deal with the many activities that
the firm engages [12]. It is possible to adopt cost management techniques either on a
project-by-project basis or for the entire firm. The expenses of an organization may be
kept under control, and the organization’s revenues can be maximized to the greatest
extent feasible if the costs are appropriately controlled. When expenses are tracked at
each stage of the process, both the planning and allocation of resources will be more
precise [14].

The Key Elements

• The administration and control of a company’s costs are referred to as cost
management. This is done so that companies can spend less money and
make more, hence increasing their profits.

• The process of management has as its goal not the reduction of costs, but
rather the limitation of cost cutting to a level that does not compromise
product quality while still achieving the desired level of savings [14].

• Cost management is an essential aspect of running a successful organization
since it involves elements such as planning, communication, motivation,
evaluation, and decision making.

• The primary responsibilities of the process of cost management are broken
down as follows: resource allocation, cost estimation, cost budgeting, and
cost control.

The term “cost management” refers to the process of controlling the expenses that are
connected with running a firm. For instance, from the point of creating items to the
point of delivering them to customers, a company is required to spend money on raw
resources and shipment methods. All of these expenditures contribute to the overall
expenses that businesses must bear in order to generate revenue from the sale of
finished items [12].

Businesses often cut corners on the quality of the raw materials used in the pro-
duction of their goods in an effort to lower their overall operating expenses. However,
they need to be aware that if they cut corners just on quality of the items they sell, it
will only result in losses for the organizations they work for, whether those losses
come in the form of decreased sales or a damaged reputation [15].

12.3.1 COST MANAGEMENT PROCESS

The manufacturers’ cost management strategy has evolved from “making a living
by selling what you create,” based on a model of creating items in Japan and ex-
porting them elsewhere, to “making a living by constructing what you can sell,”
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based on a globally optimized production model. In this climate, it is essential
to have product plans for designing items that are in demand on international
markets with varying levels of economic power, culture, and infrastructure, and
then producing and marketing these products at competitive prices. Hitachi provides
cost management based on product profit planning as a solution. Against the
backdrop of a dynamic business climate, each company must prepare by utilizing
tactics that take into account its individual product qualities, manufacturing situa-
tions, and market competition. Cost management is an efficient method for over-
coming several obstacles [16].

There are processes and functions that exist, regardless of whether one is
attempting to manage the expenses of a specific project or the costs of the business
as a whole, to ensure that both goals are met. They can be divided up into the
following four categories:

The initial stage is to divide up the available resources. In order to complete the
process, we will need to identify and allocate the resources and schedule them. The
next thing that the experts do is make a list of the resources that are necessary at
each stage of the development of the project or product. In addition to this, they are
responsible for the costs that are involved with the acquisition and provision of
those resources [15].

The following is the estimation of the costs. It involves making forecasts on the
amount, cost, and pricing of the resources that will be needed for the project. In this
process, corporations use a variety of methods to transform the information they
have about the project that is not financial into information that is financial. These
outputs are converted into inputs for the primary purposes of cost planning and
analysis for the overall project [17].

The following step is indeed cost budgeting, which is an integral component of
the earlier cost estimation step. During the process, the financial needs of a project
are determined, as well as the overall cost is assigned to the appropriate cost ac-
counts. After that, the relevant costs turn into a foundation for cost control, which
can be used later on to make comparisons. The planning accounts for every possible
expense, from the expenses of materials and labour to the expenditures of admin-
istration and software.

The comparison and appraisal of expense accounts come in last, but it’s still an
important part of the cost control process. During this stage of the process, the
companies investigate the disparity between the anticipated cost and the actual cost.
The variations enable the organization to secure the lowest feasible cost while
maintaining the highest possible standard for the final product (Figure 12.2) [17].

As explained, the cost management functions in the above figure, the corpora-
tions keep track of the expenditures and performances of the project and evaluate
them in relation to its advancement; they then adjust their strategies accordingly
[15]. The following is the estimation of the costs. It involves making forecasts on
the amount, cost, and pricing of the resources that will be needed for the project. In
this process, corporations use a variety of methods to transform the information
they have about the project that is not financial into information that is financial.
These outputs are converted into inputs for the primary purposes of cost planning
and analysis for the overall project [17].
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12.3.2 COSTING AND INTANGIBLE ASSETS

Intangible assets, also known simply as intangibles, are assets that do not exist in
a tangible form but nonetheless provide value to the owner. There are two pri-
mary classifications of intangibles, namely, value improvement and identified
intangibles [18].

Intellectual property (IP), including trademarks, customer connections, and
contracts, are examples of things that fall under the category of identifiable in-
tangibles. These assets often have legal property rights and can be sold or severed
from the business if the owner so chooses. The owners have several options for
making use of these assets within the company, including charging license fees or
royalty, or selling these assets. In the other category are the intangibles, which
include things like work processes, skilled leadership, and trained personnel. These
things create competitive advantages and boost the value of a going concern, but
they cannot be sold independently from the firm.

Despite the growing importance of intangible assets to the value of a company, it
can be challenging to accurately reflect these assets in financial statements due to
the way accounting is currently practiced. This knowledge gap has the potential to
have a negative impact on valuations [18].

12.3.3 HOW IT HELPS THE FIRMS

Intangible assets are things that are listed on a company’s balance sheet but do not exist
in physical form. These assets may have monetary or business value buried inside
them, but the physical form is not existent. Companies gain a competitive advantage
thanks to the intangible assets’ ability to undertake operations in a manner that is
distinct from that of their rivals. Intangible assets can take many forms, including
patents, trademarks, and copyrights, all of which fall under the category of intellectual
property. There are two ways for a company to obtain access to intangibles: either by
generating intangibles itself or by purchasing intangibles from other companies [19].

It is also possible for the intangible worth of a business to be concealed within
the value of the brand that the company possesses. There are numerous unique

Resources Planning

Cost Budgeting Cost Estimate

Cost Control

Functions

FIGURE 12.2 Cost management process.
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selling points (USPs) that a company may possess, each of which may be regarded
as contributing to the company’s overall intangible value. It is noteworthy to notice
that five of the world’s top ten brands are associated with the technology industry.
This further demonstrates the extent to which the technological sector has perme-
ated our day-to-day lives and the implications. The most valuable brands in the
world are listed below (Figure 12.3).

It’s noteworthy to observe that the technology sector accounts for 5 of the top 10
global brands. This further demonstrates the impact that technology is having on
our daily life. The recent rise in the number of initial public offerings (IPOs) is more
evidence that intangible assets are more important than they have ever been in this
day and age [21].

The percentage of intangible assets held by S&P 500 businesses has been growing
steadily over the past half century, as the pie chart below demonstrates. It is common
knowledge that leading technology businesses such as Microsoft and Apple may brag
about having the largest worth of intangible assets in the entire globe. Their intangible
assets consist of customer-related assets, assets connected to technology and mar-
keting, assets related to contracts, and assets related to customers [22].

12.3.4 FINANCIAL ACCOUNTING

Managers and investors benefit from having access to the financial accounting data of
enterprises and their competitors so that they can identify and evaluate investment
opportunities. When an economy does not have access to information that is both
reliable and easily accessible, it becomes more difficult for human and financial
resources to flow into sectors that are anticipated to have high returns or away from
areas that have bad prospects [21].

Even in situations where there are no agency conflicts between and investors, the
availability of high-quality financial accounting data can improve efficiency by
making it easier for managers and investors to recognize opportunities to create
value with less room for error. This directly leads to a more precise allocation of
cash to the purposes with the highest value, as the indication shows. A reduced risk

Economic Perform

Auditing Regime

Infrastructure

Analyst

Financial Accounting

Architecture Legal Environment

 Company Policy

Political Influence

Human Capital

FIGURE 12.3 Global brand value of high technology firms [20].
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of estimation can also result in a lower cost of capital, which is another factor that
contributes to economic performance [23].

The information that financial accounting systems provide regarding prospects
for investment is transparent and straightforward. Just on the basis of profit margins
stated by other companies, for instance, managers or companies who are consid-
ering entering the market can locate potentially lucrative new investment prospects,
candidates for acquisition, or strategic developments. The informational function
performed by a company’s stock price is another area that is supported by financial
accounting systems. According to the argument put up, the mere existence of active
securities markets depends on the maintenance of a robust financial accounting
system that places a significant emphasis on credibility and responsibility [24].

12.3.5 FINANCIAL ACCOUNTING DATA INFLUENCES ECONOMIC OUTCOMES

One way to look at a corporation as a nexus of agreements with the goal of reducing
the expenses associated with contracting. Parties interested in entering into con-
tracts with the company want information not only about the company’s capacity to
fulfill the terms of contracts, but also about the company’s overall compliance,
including its contractual commitments. The information that is provided by finan-
cial accounting provides a crucial mathematical representation of particular firms,
which is used to support a diverse array of contractual connections. The information
obtained through financial accounting also improves the information environment in
a more broad sense since it disciplines the unaudited disclosures made by man-
agement and provides input into the data processing activities carried out by other
parties [25].

In addition to having an effect on the cost of capital at which cash flows are
discounted, the quality of financial disclosure can have an immediate and direct
impact on the cash flows of companies. As shown in the exhibit, our theory postulates
that there are three different ways in which information on financial accounting can
boost economic performance. To begin, managers and investors are helped in the
process of finding and analyzing potential investment possibilities by the financial
accounting information of enterprises and their competitors. When an economy does
not have access to information that is both reliable and easily accessible, it becomes
more difficult for human and financial resources to flow into sectors that are antici-
pated to have good yields and away from areas that have bad prospects [23].

Even in situations where there are no agent conflicts between managers and
investors, the availability of high-quality financial accounting data can improve
efficiency bymaking it easier for managers and investors to recognize opportunities to
create value with less room for error. This directly leads to a more accurate allocation
of money to the uses that have the highest value. Lower estimation risk can also lower
the cost of capital, which further contributes to the performance of the economy.

The information that financial accounting systems provide regarding prospects
for investment is transparent and straightforward. As mentioned previously, just on
the basis of the profit margins stated by other companies, for instance, managers or
companies who are considering entering the market can locate potentially lucrative
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new investment prospects, candidates for acquisition, or strategic developments.
The informational function performed by a company’s stock price is another area
that is supported by financial accounting systems. In order for there to even be
active securities markets, there must first be in place a rigorous system of financial
accounting that places a heavy emphasis on both credibility and accountability [22].

The corporate climate has a considerable impact on accounting and financial
reporting policies worldwide, particularly in Egypt. Therefore, it is vital to inves-
tigate the tradition of conservatism in accounting and its influence on corporate
performance indicators in Egyptian businesses. Continuous independent variables
include leverage, business efficiency, expenditure decisions, accounting conserva-
tism, firm size, and cash management. The impact of accounting conservatism on
financial performance metrics in Jordanian insurance firms (Figure 12.4) [26].

The figure above represents how financial accounting affects various factors and
leads to economic development as well. Financial accounting plays various roles in
uplifting the financial economic performs. The Stock Markets that are efficient, as
measured by the extent to which stock prices represent all available public infor-
mation and also aggregate this same private information held by individual
investors, should presumably communicate this aggregate information to managers
as well as existing and potential investors [24].

This explicitly models a role for stock prices in which strategy plays a directing
function. In these models, the stock price impounds private, choice-relevant
information that is not already known by managers, managers’ investment deci-
sions respond to the appearance of this new information in price, as well as the
market correctly anticipates managers’ decision strategies when setting price [15].

The governance role that financial accounting information plays is the second
route through which we anticipate financial accounting information to improve
economic performance. The transactions of a company need to be recorded in order
to create the financial statements for that company. The financial statements are
derived from these bookkeeping records, which offer the fundamental statistics used
in their construction. It is impossible for financial statements to conform to the
criteria established by US GAAP or IFRS if transactions are not properly and
accurately recorded. This suggests that the recording of transactions and the

Cash Flow Statement

Operating Activities Investing Activities Financial Activities

FIGURE 12.4 Financial accounting system.
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assigning of indirect costs to finished goods or services must conform to the ac-
counting standards in question [27].

The International Financial Reporting Standards (IFRS) have already been
accepted as the benchmark forfinancial and accounting reporting on a global scale, and
their implementation in the region is becoming increasingly common. These standards
make certain that representatives from a diverse range of domains, businesses, and
nations have access to a standardized language for reporting financial and accounting
information. Participants will walk away from the programme with a deeper com-
prehension of the performance-related and advanced accounting, reporting, and au-
diting difficulties presented by the International Financial Reporting Standards. The
accounting technique and the final production of financial statements both make use of
the accounting standards that have been developed and articulated [28].

Individual discussions of each of these three financial statements will provide an
introduction to the fundamentals of financial accounting. The connection that exists
between the three components will next be discussed, and it will be demonstrated
that the three financial statements the balance sheet, the income statement, and the
cash flow statement provide the information when taken as a whole. The govern-
ance function of financial accounting information makes a direct contribution to
economic performance through the disciplined management of existing assets (for
example, the timely abandonment of losing projects), improved project selection,
and reduced expropriation of investors’ wealth by managers. We also take into
consideration the likelihood that the disclosure of financial accounting information
reduces the risk premium that investors want as compensation for the chance of
suffering a loss as a result of opportunistic managers seizing opportunities [27].

On the other hand, we want to warn that the effect of greater governance on the
return rate that investors want is a very delicate one. It argues that the influence
increased governance has on the make purchase decisions based on return on equity
varies on the type of change that was made. For instance, improved governance can
be seen as a reduction in the private benefits that supervisors can extract from the
company or as a reduction in the legal and auditing expenses that shareholders
should bear to prevent managerial opportunism. These are just two examples of how
improved governance can be manifested in practice. It is possible for these two
shifts to have opposing effects on the equilibrium stock returns that have been seen,
and the magnitude of these effects is dependent on the degree to which international
equities markets are segmented [29].

12.3.6 CASH FLOW STATEMENT

A cash flow statement is a type of financial statement that gives aggregate information
regarding all cash inflows a firm receives from its ongoing activities and external
investment sources. Cash inflows can come from either internal or external sources. In
addition to this, it takes into account any and all cash outflows incurred within the
specified time period to cover the costs of business activities and investments [30].

The financial statements of a company provide investors and analysts with a
picture of all the transactions that take place within the firm, where each transaction
contributes in some way to the company’s overall success. It is generally agreed
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that the cash flow statement is the most straightforward of all the financial state-
ments. This is because it tracks the cash that is created by the company in three
primary ways: through its activities, investments, and financing. The total of these
three components is what is known as the net cash flow [31].

In addition, the cash flow statement is included in the financial statements. In
some textbooks, the statements of sources and uses are handled independently from
the statement of cash flow. During the course of an accounting period, both ac-
counts provide an account of how a company acquires its cash (referred to as
“sources”) and how it uses its cash (referred to as “uses”). Only the statement of
cash flows will be covered in this section [32]. This statement provides data on the
connection between the change in cash holdings and the net income that was
earned. The cash flow statement is used to report on previous cash flows as
assistance in evaluating the generation and use of cash, determining the ability of a
company to pay dividends and interest and to repay loans when they are due, or in
anticipating future cash flows and operating outcomes (Figure 12.5).

Cash flow statement components are explained in the above figure. It’s possible at
this time to be wondering if there is a need for a cash flow statement in addition to the
income statement. The fact that the income statement includes accruals like depre-
ciation that do not generate cash flows is one of the most significant issues with the
document. In this calculation, those cash flows that are directly related to the purchase
of goods are taken into account [33]. Other cash flows, including such investments or
financial transactions, are not included in the income statement. Despite the fact that
these cash flows do have an impact on the company’s cash position, these cash flows
are not included. Even in the best-case scenario, the income statement only gives a
partial picture of the cash flows. On the other hand, the cash flow statement details all
cash flows. This includes not just cash flows resulting from operating operations,
which are the major concern of the financial statements, but also cash flows resulting
through investments and financing activities [33].

12.3.7 ACCOUNTING HELPS IN HIGH-TECH FIRMS

As per the analysis, here are a few barriers that have been found in the development of
high-tech firms for adapting the accounting. Actually, the major obstacle to the growth
of high-tech enterprises is a lack of personal capital. Unexpectedly, the shortage of
highly qualified staff for high-tech enterprises moved to the top spot in the ranking
of development hurdles, overtaking the lack of financial resources. The second and
third-ranked studies at the Higher School of Economics are hampered by a lack of
government funding and the high cost of inventions (Table 12.1).

After closely analyzing the functions of the cost and finance accounting system in
the company, we can create a graph of the key elements of the accounting as well.
Now we will discuss how accounting helps in this firm and why it’s so important to
keep an account of the cost and finance of all data [31].

After employment in accounting was outsourced to developing countries, the
profession is now preparing for new threats from developed nations. In order to rise
to the occasion, the accounting industry in India requires a discernible improvement
in both output and quality. Indian accountants need to be knowledgeable about the
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most recent developments in the accounting industry to be able to meet these needs.
This includes knowledge of new techniques for voucher entries, new methods for
accounting of departments and branches, and new systems for the automation of
accounting work. This should only be achievable with accountant interfaces brought
about by 21st-century information technology (IT), which is playing a key role in
the period of globalization. The significance of IT refers to a broad category that

FIGURE 12.5 Cash flow statement.
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includes recent advances in computing and communication technology. IT workers
are responsible for the design, development, and management of these systems,
which rely heavily on computer hardware, software, and the Internet [32].

12.3.8 THE KEY FEATURE OF ACCOUNTING

It enhances the ability of research and extension professionals in accounting to
organize, store, retrieve, and exchange accounting information. It helps to develop
some kind of system for the exchange of information. It creates a database for ac-
counting purposes that is easy to use and allows for data-based decision making [32].

It is not difficult to gain access to the information warehouse. The accounting
data will be readily available to everyone. With the right application of information
technology in accounting, a single accountant may handle the needs of a number of
different businesses.

12.3.9 THE IMPORTANCE OF ACCOUNTING INTERPRETATION

The practice of reviewing accounts in great detail in order to discover the kind of
business activities that have been recorded in them for a specific accounting
period is referred to as account interpretation. The management team needs the
information received through account interpretation in order to properly plan and
control the activities of the firm. Interpretation is an essential tool for manage-
ment in the field of accounting since it reveals trends as well as anomalies that are
odd or unexpected [33].

As a result of the ongoing development of financial transactions, new scenarios
are emerging that might not have been anticipated by the accounting standards that
are now in place. Accounting boards, like the Financial Accounting Standards

TABLE 12.1
Barriers of Development

Barriers for the Development Statistics

Lack of own funds 1

Lack of qualified personnel 4

Imperfection of legislation –

Low demand for new products 9–11

High economic risk 5

Lack of information on sales markets 6–7

Long payback periods 6–7

High cost of innovation 2

Underdevelopment of the technology market 8

Underdevelopment of innovation infrastructure 9–11

Lack of information about new technologies –

Lack of financial support from the state 3

Weak cooperative ties 9–11
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Board (FASB), the American Institute of Certified Public Accountants (AICPA),
as well as the International Accounting Standards Board (IASB), have the option
of issuing an interpretation that outlines the best practices for accounting whenever
questions arise. The International Financial Reporting Standards Foundation
(IFRSF) acts as the governing body for the International Accounting Standards
Board (IASB) [34].

It is possible that an entirely new standard will be issued for a category of
financial transactions that were: not previously in existence. This could happen, for
instance, for industries that have only recently come into existence, such as certain
subsets of the technology sector in the last two decades. An accounting interpre-
tation provides clarity, which increases the likelihood that the reported financial
data are meaningful, accurate, and comparable among different firms. It is in the
best interest of investors to ensure that everyone adheres to the same guidelines, as
this enables them to make more educated choices on the stocks on which they
should spend their money [34].

12.4 CONCLUSION

The practice of accounting in high-tech companies (worldwide) requires making
crucial decisions concerning monetary matters, such as evaluating capital invest-
ments, allocating budget funds, and monitoring corporate performance. It gives the
company’s stakeholders information about the company’s financial situation.
Accounting is the process of measuring and summarizing the operations of a
company and communicating those measurements and summaries to management
as well as any other parties who may be interested. In the day-to-day operations of a
high-tech company, the decision-making process is heavily influenced by financial
objectives and limitations. Both managerial accounting and financial accounting are
covered in this article in an introductory fashion.

The data are collected through the accounting process and presented in a
variety of different reports. Accountants provide assistance in interpreting the
meaning of the reports and offer methods to use the details to find solutions to
difficulties. As a first step towards comprehending the significance of accounting
for the managerial decision-making process in high-technology companies, we
will begin by presenting a few of the management and financial accounting
concepts that we believe to be the most significant. This is due to the expansive
nature of accounting. When developing a sales plan and a predicted product mix,
it is absolutely necessary to have an accurate accounting of the manufacturing
expenses associated with each product. It is quite likely that each commodity will
have a distinct contribution to the overall gross profit, and management will need
to set sales goals for each individual item in order to achieve the level of overall
gross profit required to pay for operating expenses and produce the desired net
profit. It has been determined that financial statements, both managerial and
financial, are necessary components of effective business management in any firm
or organization. There is no alternative to this. A recipe for disaster is the absence
of information that is both accurate and up to date regarding the efficiency with
which a firm is being handled.
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13.1 INTRODUCTION

Though things have started becoming normal now, during Covid-19 new things
emerged, and umpteen number of changes came into existence. These changes were
positive as well as negative as the IT sector remained quite blessed with higher profits.
On the other side, manufacturing units had to face a number of problems in terms of
cost, production, human resource availability, on-time delivery challenges, and many
more. Due to all these problems, small and medium enterprises (SMEs) in the
manufacturing sector were not able to cover the cost of production, and this shook
these units badly. In this situation, the first thing that comes to mind for decision
makers is cost cutting. As per the traditional approach, companies would think that the
only way to increase profits is to cut costs, so they would start cost cutting internally
and externally. But they forget that there is a difference between cost and wastage.

As per the modern approach, companies need to identify the wastes and eliminate
these wastes from the system instead of cutting costs. Cost is an essential expense to
produce a particular product or service. Reduction in salaries, facilities, product quality,
packaging, and other services is not a way to increase profits. Rather, this will be the
cause of deterioration in goodwill of the company and market share. If companies do
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this without any systematic assessment, it will result in the loss of various performance
indicators, eventually demotivating the entire team and customers, and also shutting
down the company in severe conditions. Without proper assessment, cost cutting can be
like cutting muscles along with unwanted fat, which results in serious illness.

Tough times are great educator because they teach companies to seek new ways and
work with new paradigms. The real heroes only emerge during this time. Companies
should understand and learn ways to identify the components of cost and waste and then
disregard the waste so that the product can be delivered with more value.

Cost is the outcome of an activity, and it has been observed that any activity has two
components. One is called value adding, and the second is called non-value adding.
Activities that do not add any value to the product or service are known as non-value
adding activities. They eat effort and time; thus, a company must eradicate these
activities from the system and focus on value adding activities. To better understand,
let’s have a look at the below equations, while deciding the selling price of a product:

1. Selling price of product = Cost (all types – fixed and variable) + Profit
2. Selling price of product = All activities involved + Profit
3. Selling price of product = Value adding activities + Non-value adding

activities + Profit

So, companies must analyze all the activities carefully to categorize value added and
non-value added activities and then remove non-value-adding activities that are the
cause of waste.

Study and research proved that most of the processes (Process – set of activities
to transform input to output) are only 15 percent value adding, and 85 percent of
activities are non-value adding activities, which are the cause of waste.

To analyze the process of what are value adding and non-value adding activities,
Kaizen methodology can be implemented. This methodology will help to identify
and management of non-value adding activities. Kaizen is a Japanese word con-
sisting of two words, Kai + Zen, the literal meaning of Kai in English is change, and
Zen is betterment, so put together is change for betterment, which brings continuous
improvement. Improvement is not possible without change, so to make continuous
improvement in a system, Kaizen philosophy must be implemented to bring cultural
changes in organizations as well.

13.2 REVIEW OF LITERATURE

Carvalho and Reis (2021) showed that the benefits of adopting Kaizen in a pro-
duction system are productivity improvement and operational waste reduction, with
a subsequent increase in effectiveness.

Tyagi et al. (2020) wrote about how Kaizen is helpful to differentiate value-adding
and wasteful activities. Georgise and Mindaye (2020) emphasized adopting the culture
of Kaizen and developing the habit of continual improvement in the system by using
Kaizen to improve productivity and devise strategies. Sehleanu and Flore (2019)
advocated for the implementation of Kaizen to diagnose and cut off waste and improve
the production process. Manuel F. Suárez Barraza et al. highlighted the benefits of
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Kaizen implementation in SMEs in Latin America. Iwao (2017) threw light on Kaizen
philosophy and stated that Kaizen is a holistic process of obtaining benefits at all levels
in an organization. Manjunath Shettar et al. emphasized the relevance of the Kaizen
approach and how Kaizen works to transform high-cost companies into high-profit
companies. Kaizen Institute India (2019) emphasized the systematic process of Kaizen
for continuous improvements in the system by eliminating Muda, Mura, and Muri.
Farris et al. (2016) laid emphasis on how to achieve specific targets with Kaizen by
forming cross-functional teams and departments. Bhuiyan and Baghel (2005) demar-
cated the word “Kaizen” as an organizational culture, used for eliminating wastes from
all areas to sustain and gain profits. They also stated that Kaizen is the only way to create
a self-sustained improvement culture in a company. Paul Brunet and New (2003) wrote
that Kaizen is a systematic chain of activities with the intended purpose of accom-
plishing organizational goals. Williams (2001) showed in his research that continuous
improvement (Kaizen) methods can reduce the production cost of overall processes in
the long run. Fujimoto (1999) clarified that Kaizen is a systematic way to change the
organizational behaviour for creating a new culture. Cheser (1998) described Kaizen as
trifling but continuous improvements at a workplace to identify and eliminate several
wastes and reduce lead-time. Imai (1997) defined Kaizen as a commonsense, low-cost
approach to management and enlightened about House of Gemba management that
manages overall processes in order to produce cheaper, better, and faster. He empha-
sized the simplicity of the Kaizen concept that is for everybody irrespective of desig-
nation in the company. It should be done every day and everywhere for the effectiveness
of Kaizen. Womack and Jones (1996) defined Kaizen as a systematic approach for the
identification and elimination of waste.

13.3 KAIZEN ORIGIN AND IMPLEMENTATION

Imai (1986), founder of the term “Kaizen,” in his book, Kaizen: The Key to Japan’s
Competitive Success, defined Kaizen, a Japanese word [改善 (Kaizen)=改 (Kai-
Change) + 善(Zen- Better)] as change for better. After the success of the book, many
researchers and scholars shifted their attention to “Kaizen.” Also, for the first time in
year 1993 the New Shorter Oxford English Dictionary included the word “Kaizen” and
defined it as continuous improvement in working practices, attitudes of people, and
efficiency, as a business philosophy. The understanding of Kaizen by different sources
given above is based on their learning and experience, but coincidently the gist of all is
that Kaizen is “Continuous Improvement” or “Change for Betterment”

Kaizen is a journey, not a destination. The ultimate goal of Kaizen is to identify non-
value adding activities that are a waste for an organization and cause low profits or
sometimes cause the company sickness. Three basic wastes are: Muda, Muri, and Mura.
To improve the performance of the company is not the job of a single person. All em-
ployees are equally responsible for improvements, regardless of their designation and roles
and responsibilities. The uniqueness of Kaizen is giving equal weight to both Chairman
and Doorman in a company. Kaizen is a way of engaging everybody in the process of
continuous identification and elimination of Muda, Muri, and Mura, preferably daily.

Kaizen is highly respected in Japan in all areas, and can be seen outside companies,
like in schools, railway platforms, airports, markets, and even on roads. Kaizen does
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process improvement using the lowest investment, use of a new paradigm, obser-
vations, speed, and involvement of all stakeholders.

Before implementation of Kaizen, it is necessary to understand its foundation
and thumb rules, which are as follows:

• Kaizen always works with the customers’ perspective, and creates value
for him.

• It is workplace centered and directs users to go to the workplace, see the reality
and processes, and make real decisions based on facts and findings.

• It advocates to follow a systematic approach. Do not jump. Be crystal clear
at each stage.

• It works on team building, empowering team spirit, and ensuring proper
alignment to achieve the goal.

• There is always a scope of improvement as nothing is perfect.
• Set new paradigms to find out the root cause of the problem. The best way

is to use WY-WHY analysis.
• Motivate people from each level to participate proactively in problem

solving, instead of finding excuses.
• Start with the current situation. Do not wait for perfection.
• Quality production should be the aim; quick action should be taken as

mistakes occur.
• Always use mind and time. Try to get the solution with minimum use of money.
• Always use the team approach in problem solving.
• Kaizen doesn’t have boundaries.

13.4 KAIZEN TOOLS AND TECHNIQUES

Any single technique or combination of techniques can be used for the successful
implementation of Kaizen in an organization. Principally Kaizen is a philosophy
adopted for changing the system for betterment or continuous improvement. Tools
and techniques of Kaizen are:

1. 5 S: 5 S is the best tool, propounded by Imai (1986) for ensuring 100
percent participation and engagement of all in an organization. It is well
known to change the culture of an organization by changing behaviours,
habits, and the work environment to bring overall positive changes. It can
be understood in an easy way with the help of the following table and
Figure 13.1. (Table 13.1)

A brief explanation of the 5 S is given below:

a. Seiri/Sorting/Segregation: The “First S” focuses on the segregation of
necessary and unnecessary items at the workplace. Start with a list of all
available items at the workplace, and ask the question to yourself whether
this item is needed or required. If it is not, attach tags like red tag, yellow tag,
purple tag, or green tag (red tag – not needed at all; yellow tag – needed but
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not now; purple tag – needed but not here; green tag – needed) and remove
the items from that place. Refer to Figure 13.2; Sorting (Seiri).

b. Seiton/Systematic arrangement: The “Second S” advocates the sys-
tematic arrangement of all available items. It means that all items must be
arranged in a proper way. Use the PEEP policy (a place for everything and

FIGURE 13.1 5 S.

Source: Tyagi K and Tyagi M (2020). A Guidebook on 5 S Through Real Workplace
Examples.

TABLE 13.1
5 S Meaning (Japanese to English)

Japanese Word English Translation

Seiri Sorting or segregation

Seiton Systematic arrangement

Seiso Shine

Seiketsu Standardize

Shitsuke Self-discipline, audit

not needed at all;
Bye Bye.  

FIGURE 13.2 Sorting (Seiri).

Source: Created by author.
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everything in its place). There are some principles for arrangement that
help in creating a perfect place to reduce search time and improve retrieval
time. This S mainly focuses on what to store, where to store it, and in how
much quantity it should be stored.

c. Seiso/Shine: The “Third S” emphasizes neatness, cleanliness, and proper
arrangement of items and ensures a shiny, clean workplace. In this step
the meaning of cleaning is not merely cleaning. The workplace should shine.
To keep the workplace/shop floor shined, a detailed cleaning schedule is
made, including what to clean, how to clean, when to clean it, and cleaned by
whom. The objective of this S is to keep all items in their original operating
condition.

d. Seiketsu/Standardize: This is the “Fourth S.” This S focuses on stan-
dardization, and various types of standards are defined, displayed, and
taught, on visual boards, with colour codes and fonts. A standard must be
created as per the requirements of the workplace, like knowledge, method
sheets, visual aids, checklists, standard operating procedures, etc.

e. Shitsuke/Self-Discipline: In the “Fifth S,” implementation of the above four
steps is ensured. The bestway to ensure this is anaudit.Adetailed audit sheet is
designed, covering all five steps, and regular audits are conducted. Generally,
there are three levels of audit, which are self-audit, audit by departmental head,
and audit by third party (external party/consulting company). Per the audit
findings, a detailed improvement plan is made and implemented.

5 S Implementation Approach: To ensure successful implementation of 5 S, the
following steps must be followed meticulously:

• Appoint one person as the 5 S champion.
• Make a 5 S implementation committee, covering the heads of all functions

in the company.
• Take the layout map of the entire company, and divide the company into a

sizable area. (These areas will be termed “divisions.”) Assign one area to
one 5 S steering committee member. These members will be called
“divisional champions.”

• Identified divisions will be divided further into small areas, which will be
called “zones.” The divisional champions have to identify one person from
each zone and appoint him/her as the zonal champion. Please note all
workers working in these zones will be members by default. No exclusion
is permitted in 5 S.

• Arrange a training program for all divisional and zonal champions. These
champions will further train all members in their zones.

Make the 5 S implementation schedule company-wide. Select one zone to start with
to make it a model zone.

• On the kick-off date in a selected zone, meet at the scheduled time (call all
divisional and zonal champions), start with Chairman words, conduct the 5 S
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audit, then start with first “S” activity. Do the first “S” thoroughly, ensure it
is done, then subsequently follow all steps as mentioned above.

• Ensure regular audits of 5 S in the model zone (selected initially to start
with). The score must be at least more than 80 percent. Also, make sure the
internal 5 S-certified auditors are available to conduct audits.

• Design an attractive reward and recognition policy.
• Ensure regular (at least monthly) appreciation of performers. Once the

model area is ready, invite all other zone members to learn from this model
area. Train them at the workplace again.

• After the above steps, follow the 5 S implementation plan and enjoy success.
• Always be careful about training, leading from the front, involvement of

all top leaders during 5 S activities, rewards, and recognition to ensure the
success of 5 S.

5 S looks simple but is equally challenging in implementation, so companies should
implement it in a very true and honest manner. This one tool only can change the
perception. This is very helpful in creating a base for continuous improvement. 5 S
must be implemented in a systematic way, many times these five words are also
called 5 Steps of 5 S. Some of the key benefits of 5 S are:

• Identification of scrap and unused items: Companies many times earn a
significant amount of money selling their scrap items. Many times a com-
pany finds some hidden valuable items, so it’s a cost saving and money
maker for company. The money stuck up in scrap is now available to use in
some other prioritized item.

• Space freed up: Out of 5 S activities companies, get freed-up space. This is
huge profit as they can improve their capacities in the same available space,
with no need of additional construction. They can defer the investment on
the same.

• Controlled inventory: 5 S set up the principles only to keep standard
inventory of items, thus saving on damages, pilferages, and the cost of ex-
cess inventory.

• Habit of continuous improvement: The biggest benefit out of 5 S is tasting
and developing the good habits that are the base of continuous improve-
ment. After successful 5 S implementation, a high sense of moral en-
gagement and belongingness is achieved in all companies.

2. PDCA Cycle: The PDCA Cycle is also one of the core Kaizen techniques,
also known as the Deming wheel or Shewhart circle. It was introduced in
the 1950s by Dr. William Edwards Deming, inspired by the idea of his
mentor, Walter Shewhart. The PDCA cycle shows a clear path to do things
in a correct and easy manner. It is shown in Figure 13.3.

Implementation Approach: The PDCA cycle can be implemented with the help of
eight steps that must be followed for productivity improvement, quality improvement,
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downtime reduction, inventory optimization, customer sanctification enhancement,
safety improvement, cost optimization, and many more (Table 13.2).

3. ECRS Technique: ECRS is one of the effective approaches/techniques of
Kaizen for process improvement. It was industrialized for process
improvement, and the results were also remarkable in terms of reducing
processing time and anticipating efficient working steps that can eliminate
unnecessary actions, movement, and waiting time. It is the best technique
and must be used when working conditions are related to human works,
material cost, and waste material, as well as when working methods are not
efficient.

PLAN 

DO 

CHECK

ACT 

FIGURE 13.3 PDCA Cycle.

Source: Created by author.

TABLE 13.2
PDCA Implementation Steps

Stage Steps

Plan 1. Identify the problem, preliminary objective, base level, target level, team information, and
benefits.

2. Go to the relevant workplace, collect the data to verify base level, and check the current
condition.

3. Analyze the data. Drill down to the last level. Find out the root cause.
4. Decide the improvement actions and make an implementation plan.

Do 5. Implement an improvement action plan.

Check 6. Check and verify the results regularly after implementation.

Act 7. If results are in line with the target, prepare new standards, then train and implement
users. If not, go back to Step 1.

8. Make a plan for follow-up and audits and execute accordingly.
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ECRS represents the four core concepts, shown in Figure 13.4/ECRS stands for the
following:

a. E: Eliminate non-value adding activities which are the main cause of waste.
These can be seen inmanufacturing such as idle time due to uneven allocation
of work-on-work stations, needless movement, and unnecessary work steps.

b. C: Combine work steps to eliminate unnecessary work steps that will
reduce total processing time.

c. R: Rearrange activities that are the cause of longer production cycle or
longer path for material handling process. This step will reduce the dis-
tance and number of movements.

d. S: Simplify the methods and introduce newmethods that could be done with
the help of simple tools, machines or equipment and support operators.

Implementation of ECRS:
• First, draw a process map and write down the steps of the process. These

steps should be written on the lower level.
• Write down known information/data about the process steps, such as the

following:
• Time to be taken to complete one activity
• Show hand offs
• Elapsed time: Amount of time elapsed between hand over and take over

4. SMED: SMED stands for Single Minute Exchange of Dies, introduced by
Shigeo Shingo to reduce the changeover time (change of dies) of pressing

1. ELIMINATE

1.    Non-value adding
       ac�vi�es

2. Over processing 
3. Time consuming
       ac�vi�es  

2. COMBINE

Merge two or three
�ny tasks together.

3. REARRANGE

Reorder or replace
the ac�vi�es
causing delays.

4. SIMPLIFY

Make the process
simple by following
first three steps.

FIGURE 13.4 ECRS.
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machines. This is a systematic approach, developed to reduce changeover
and setup time. The ultimate purpose of this technique was to reduce the
changeover time from hours to minutes or less, thus the single minute
concept. Although every emplacement cannot be completed in single-digit
minutes, ways can be sought to reduce it. The best way to implement
SMED is to record the whole activity and setup, study each and every
activity, and see the things that can be eliminated.

13.4.1 PROCESS OF IMPLEMENTATION SMED

13.4.1.1 Step 1: Identify the Process
The first step is focusing the area of improvement on reducing changeover time. It is
carried out when:

• The changeover is too long and needs to be as short as possible.
• A lot of variances have been noted in the past during changeover times.
• Multiple operations are done frequently.
• Proper training has been given to all employees involved in the changeover

process.
• Longer set-up time is a big bottleneck, affecting overall operation adversely,

and changes will have an immediate and positive impact.

13.4.1.2 Step 2: Identify Elements
Video recording will help to identify areas of improvement. Each element of the
process should be measured by the amount of time taken and the cost. Then,
activities done by humans and machines are mapped out.

13.4.1.3 Step 3: Separate External Elements
In the third step, all external mechanisms of the job are parted. On each mechanism,
the question considered should be: Can this job be done while the equipment is
working or the process is going on? If yes, it can be done before the actual setup or
changeover is done.

13.4.1.4 Step 4: Convert External to Internal
In this step, a list is prepared, and those elements that could reduce time and cost
significantly in the process are prioritized first. This step requires advanced prepa-
ration on many elements. Reconfiguring machinery can also be involved or invest-
ment can also be done to arrange extra machinery so that external elements could be
handled while the main process is going on.

13.4.1.5 Step 5: Streamline
The final step advocates to make the process simple and easy. That is why in this step,
the internal elements are simplified to make the process less time-consuming. Every
single element must be studied to find out the weak link taking more time and causing
a longer process. This step also suggests to involve new or advanced equipment or a
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modification in existing equipment to reduce setup time and make the process easier,
smoother, and faster. Simultaneously, remove all non-value adding movements and
waiting time or idle time.

Value Stream Mapping (VSM): This is a visual display of all critical steps in a
specific process that can easily be measured in terms of consuming time and volume
at each stage. It is used to show the flow of materials as well as information as they
move in a process. Mainly this is used to identify the unnecessary elements in a
targeted process.

13.4.1.6 Implementation of VSM
VSM can be implemented easily in any organization. For successful implementa-
tion, do the following:

1. The first step is to identify areas for improvement that can be non-value
adding activities or more time-taking elements, such as the material
handling process, routing, the number or frequency of set-ups, etc.

2. After identifying the activities, collect the necessary information about the
targeted elements that can be any one of the above stated elements.

3. After collecting the required information, team members are apportioned
specific roles and responsibilities for further study.

4. For proper research and analysis, more and more data and information are
collected, and team members add details to value stream maps of the
process and conduct time studies of relevant operations.

13.5 RECOMMENDATION

Kaizen is a philosophy that is able to change the culture of any organization and
results in a systematic and sincere way. In this chapter, five of the most powerful
tools/techniques of Kaizen have been explained along with an implementation
approach. By using the same, a company can benefit in the following key areas:

• Optimum utilization of human resources
• Savings of space to produce more with the same facility
• Elimination of non-value adding activities that cause idle time, idle labour,

and a longer production cycle
• Brilliant results in all processes
• Enhanced customer satisfaction
• Improved morale of the entire team and a very high sense of belongingness
• A culture of self-sustained improvement

If companies implement the Kaizen philosophy, the above stated techniques will
be a boon in the difficult time. Kaizen works on a proactive approach. It will help
a culture to work in a proactive manner and avoid a crisis before its occurrence –
like when a person is sick, jogging is impossible, but regular exercise can prevent
illness.
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13.6 CONCLUSION

Kaizen philosophy was adopted and implemented by Toyota first in Japan. Toyota
set examples for its competitors and others in the area of utilization of manpower,
teamwork, space, and time as well as many more areas that can be causes of high
waste or non-value adding activities in an organization. By using simple and very
effective Kaizen techniques or methods, with full passion, any company can work
like Toyota. The requirement is a high zeal to implement Kaizen. This chapter
explains the most powerful Kaizen methods with an implementation approach that
can be used with little effort. After Covid-19, things have started to return on the
right track again, but if companies want to avoid negative consequences and recover
in a swift manner, they should work with the Kaizen methodology. Kaizen will
improve the immunity of companies by differentiating costs and waste. Companies
can use Kaizen to eliminate all types of waste so that after recovering from a tough
time, they will be in a healthy state.
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14.1 INTRODUCTION

Globally, there is a steadily increasing demand for energy, which is mainly produced
with fossil fuels. The earth’s atmosphere is negatively affected when large amounts of
greenhouse gases (GHGs) and other pollutants are released with burning the fossil
fuels. The availability of these non-renewable fuels is finite, and therefore the eyes are
increasingly directed towards renewable energy sources such as solar energy [1].

Sweden’s energy policy goal is to have 100% renewable electricity production
by the year 2040, and to achieve that, all available alternative energy sources need
to be developed and implemented in the Swedish electricity mix. Continued
increased population contributes to increasing electricity demand, which is one of
the major challenges that, together with the prevailing climate changes, must be
dealt with. The share of solar energy in the Swedish electricity mix is currently very
small, but in recent years it has become an increasingly economically profitable
source of renewable energy, partly because technological development has con-
tributed to cheaper and more efficient solar cells, and partly because of financial
subsidies from the state to install the solar cells. Currently, solar PV systems
account for only 0.2–0.4% of Swedish electricity production, but the government
aims to increase the production to 5–10% by 2040 [2,3]. Continuous development is
underway to enable cost-effective systems that both meet the energy demand and
deal with challenges such as the system’s influencing parameters, which often look
different for each new installation site [4].
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The technique of placing solar cell modules on roofs or alternatively along
vertical structures on buildings and converting the sun’s radiation into electricity
has been used since the late 1990s. Basically, the technology works in such a way
that free electrons are produced with the help of semiconductors by capturing the
photons of light and generating varying effects depending on the design of panels in
terms of manufacturing material and size [4]. Based on the choice of raw material
and manufacturing method, panels can either be semi-transparent or non-transparent
and intended to cover building’s roofs, walls or integrated into windows. However,
for a successful design of a solar cell system in an urban environment, several key
factors need to be met, partly an estimation of potential unshaded and free roof
surface for installation, and partly a measurement of incident radiation. Defaix et al.
[5] studied PV system installation on building structures in EU countries. The
results indicated that the potential exists to produce 840 TWh of solar electricity for
the EU, which would correspond to more than 22% of the predicted annual elec-
tricity demand in the EU in 2030.

Thirty-four countries in the EU were evaluated by Raghoebarsing et al. [6], and
it was shown that they produced a total of 120 TWh of PV electricity in 2018.
Germany produced the highest amount of 45 TWh and had the highest share (8.4%)
of PV in its electricity production. It was also concluded that several countries had
significant unused PV potentials, such as Israel, Turkey, Portugal, Spain, and
Cyprus. The possibility of deploying PV systems in Seoul buildings was evaluated
by Byrne et al. [7]. It was found that nearly 30% of the city’s total annual electricity
demand could be provided by roof PV panels.

Smaller systems with smaller producers historically have several advantages
regarding both the production and sale of electricity to the grid [3]. For larger
installations on buildings concerning multi-apartment buildings, there is great
potential; however, it cannot yet be fully exploited. An obstacle to such installation
is that the solar cell systems must be connected to the electricity grid via the
property’s electrical system with fuses smaller than 100 A, which means that many
larger conceivable installations fall away.

Furthermore, there are limitations regarding how and by whom the self-produced
electricity is used [3]. For example, an organization or a tenant-owner’s association
does not receive any tax exemptions if the produced electricity is spread over
several houses, even if all buildings are owned by the organization itself and the
electricity never leaves the buildings. In other words, the limit for how the produced
electricity can be used is rather determined by the layout of the electricity metres
than the ownership of the solar cell plant. In the study conducted by Warneryd and
Karltorp [3] on three tenant owner’s associations where they tried to crystallize a
picture of how their expectations of solar cell systems were met. It turned out that
the financial expectations were not met. Instead, the projects brought with them
synergy effects that grew increasingly strong during the work and proved to be
advantages for the solar systems. Primarily, one of the effects was that the owners
adopted a more sustainable and environmentally conscious attitude, which con-
tributed to the choice of installing solar panels.

All the world’s cities currently only take up about 2% of the earth’s surface, but in
2007, an estimated half of the world’s population lived in cities and accounted for
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about 3/4 of the use of the earth’s resources. Forecasts illustrate that by the year 2035
about 61% of all people will live in cities [8]. Cities in many cases possess char-
acteristics that are decisive for the potential of installing solar cell systems, i.e., many
buildings have the potential of mounting panels on an often-unused roof surface,
which is also often relatively shadow-free. This means that there is potential for the
utilization of solar cell technology whose properties are interesting in increasingly
energy-intensive cities and city centres [4]. In densely built-up areas, there are large
areas of roof surface with potential for installing PV systems. Such surfaces have been
examined in previous studies to assess their conditions for mounting PV systems. A
study in Toronto, Canada, found that with a roof PV system, Ryerson University was
able to meet 19% of its electricity demand during peak consumption hours [1].

Residential buildings have great potential for installing PV systems and 2/3 of
the installed systems in Sweden today are mounted on building shells [3]. Minuto
et al. [9] carried out a study on a residential area in Italy where they looked more
closely at how well a roof solar cell system would work. They stated that there is
potential, even if in this case it could only cover about half of the electricity that the
property required, partly because of limited roof space and partly because panels
were not installed in the north direction.

Yang et al. [2] estimated that the potential roof area for solar cells in the city of
Västerås, Sweden, is roughly the same size as in the city of Gävle, Sweden, about
5.74 km2. The total capacity of these PV systems then, based on three different
scenarios, was 727, 848, and 956 MWp, with respective annual electricity pro-
ductions of 626, 720, and 801 GWh. As PV systems are installed by private in-
dividuals and small companies, this also can contribute to a decentralization of
electricity production [3].

The solar cell market took off in Sweden in 2005 when a targeted financial effort
in the form of a capital investment system was introduced. Through the design of
the investment system with a lower proportion of upfront costs during the design
phase, the profitability of systems in the housing sector could be increased and has
thus enabled the sharp increase in the number of systems in operation for houses,
and it is one of the reasons why the solar cell systems in Sweden are predominantly
decentralized in nature [10].

The economic aspect of mounting solar cells was reported by Haegermark et al.
[11] in a study done in the city of Gothenburg, Sweden. They reflected the
importance of financial support for solar cell systems that exist in Sweden, which
can generally be divided into two parts; partly for smaller systems of private cus-
tomers in which there is a tax exemption for the sale of excess electricity to the grid,
and partly for slightly larger systems of companies, which often receive subsidies
during design. Notably, only 10% of the examined objects were considered eco-
nomically justifiable without subsidies or tax exemptions. A varying proportion of
the systems were then considered to be able to be implemented with good finances
thanks to subsidies or tax exemptions depending on their size. Nine out of ten
systems would economically be feasible if both financial reliefs were applied to the
systems. It should be noted that even if the economic picture were more complex
than that, the importance of financial support to keep solar cell production attractive
for residential areas would still be highlighted.
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In recent years, as an increasing number of systems has been installed, and with a
technology that has now begun to establish itself, a reduction in costs for both
purchase and installation can be seen, resulting in the subsidy system that has been
in place since 2005 and was abolished in 2020 [10]. Since the old subsidy system, in
the form of capital support that existed for the last ten years, was abolished, no new
valid investment subsidies have been added. However, what a private individual can
do is use tax deductions when installing the systems. Tenant-owner’s associations
are entitled to a VAT deduction for the installation of solar cell systems corre-
sponding to the excess electricity that is intended to be sold online when the system
is in operation. For financing solar cell systems, there are also special loans dedi-
cated to the investment of solar energy for private individuals. The larger banks are
those that offer so-called solar cell loans of up to 350,000 SEK with a repayment
period of up to 12 years and at an interest rate of up to 2.9%. Every year, the
International Energy Agency (IEA) compiles a comprehensive analysis in report
form regarding the solar cell industry [8].

Until July 2021, self-produced electricity was tax-exempt, provided that it was
used in the building where it was produced and the installed solar power did not
exceed 225 kW. This limit has now been raised to 500 kW, but the Solar
Commission is pushing for that limit to be removed completely, which has already
been done in many other EU countries. If this is done, it is believed that the
potential opens for solar cell installation on about 8000 buildings, which could
produce about 2 TWh electricity. The Solar Commission’s goal for 2030 is 30 TWh
electricity to be produced in Sweden, of which 20 TWh on roofs and 10 TWh in
solar parks. Moreover, it is said that Sweden should set long-term goals and adopt a
similar strategy for the solar park as for wind power. Total installed solar cells in
Sweden in 2020 were just over 1000 MW, a market that has grown by 50–80%
every year since 2014 and can be divided into various sectors such as centralized,
industrial, commercial, and residential systems [8].

As limitations already exist with Sweden’s seasons and varying hours of sun-
shine throughout the year, it is of great importance to have correctly mounted panels
to achieve good function. Correct installation of the panels in terms of direction and
above all slope, together with consideration of the surrounding shading, are decisive
factors for the success of an efficient system. Many studies have been done on
planning the establishment of solar cell systems with the consideration of the
placement of the panels to achieve optimal direction and slope, and what optimal
slope and direction really mean. The system is complex and contains several parts
that need to be managed in the right way for the system to deliver the expected
electricity output and have economic acceptance [12]. Theoretically, optimal angles
can only be used as a starting point to then identify the practically optimal angle for
the installation location. Working only with the theoretically optimal angles and
slopes risks contributing to unprofitable solar cell system designs. As Yadav and
Chandel [12] highlighted, this is due to, among other issues, the geographical
location where, for example, the Nordic countries have different conditions with a
higher degree of hours when the sky is covered by clouds and the angle of incidence
of solar radiation. However, several research works agree that even if generalizing
optimal guidelines are followed, the result is that the greatest importance in each
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new location must be placed on individual conditions such as the form of the roof,
geographical location, and the location’s shading and surroundings [4,12,13].

Solar panels are very sensitive to shading in several respects, which must be
taken into account in the calculations. Shading can occur from chimneys, ventila-
tion shafts, and the like, as well as from surrounding buildings and forests. Even
partial shading has a large impact on the efficiency of the PV system and is a
significant loss factor to consider [14]. Partial shading also risks shortening the
working life of the cells, as this type of shading is harmful to them, unlike total
shading, which only affects annual electricity production [15]. The cells in most
solar modules are generally connected in a series, but by dividing the cells
into smaller groups, the losses in partial shading can be reduced [14]. In an eva-
luation of shading of different types of solar cell modules, it was found that,
with the correct distribution of cells, losses can be reduced by 30–40% [15].
Considering this point, simulations with different solar cell types should be done to
find the type that fits best in the current research.

In addition, there is also a risk of so-called self-shading if the solar cells are not
mounted correctly. To get the maximum effect, especially on flat roofs, the panels
must be angled, but they risk shading each other when the sun is low. The problem
can be avoided by determining a longer row distance between the panels to achieve
an optimal distance without self-shading, especially during the winter half of the
year. However, a larger row spacing means that fewer panels can be mounted,
which reduces the installed solar power, but in return, the produced electricity can
be increased per surface area. The row spacing (PF) is calculated using the fol-
lowing equations:
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where β is the slope of the panel, α is the sun’s altitude defined by equation (14.2), γ
is the sun’s azimuth, δ is the soil’s slope, and ω is the hour angle. Additionally, a
balance between optimal slope and optimal row spacing gives the highest electricity
production per m2. Thus, scenario one with an optimal slope on the panels gives the
highest kWh/kWp, while scenario two, with a trade-off between slope and row
spacing, gives a higher proportion of kWh/year. In the third scenario, the panels are
mounted in the east/west direction to utilize a greater proportion of solar radiation
during the early and late hours of the day. A higher installed solar power is required
for this scenario but gives the highest proportion of kWh/year [2].

14.2 MODELLING

The computer software IDA ICE 5.0 beta was used in this study. This software is
a building performance simulation software developed by EQUA that supports
multiple or single zones to simulate thermal comfort and moist transfer, and also
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to evaluate energy loads and usage as well as utilization of different energy
sources for building integrations such as solar power, wind power, or different
types of heat pumps. The simulation can be done on room level or for an entire
building, which was conducted in this study. The software has been validated
according to CEN standards EN 15255–2007, 15265–2007, and 13791, as well as
ASHRAE Standard 140–2004. The software has also been validated in the present
study [16].

IDA ICE simulation software is widely used in Nordic countries and in Europe
for simulating energy performance estimations [17,18], and for comparison of
energy performance in different climate regions [19].

In this research, measurements of the height and length of the houses, as well as
the distance to the surrounding forest, were carried out on site with a laser metre
(Hilti PD 30). The slope of the roof was calculated as 14.5° by measuring the width
of the buildings as well as the highest and lowest points of the roofs. All the roofs in
the area have the same slope. Drawings of the area were assigned by the client.
Climate data that exist in the software were utilized. As the climate data for Gävle
were missing in the database, data for Söderhamn that is only six miles away from
Gävle were used. A map image from Google Maps was then processed in an image
editing program to remove garage lines, garbage rooms, and other buildings whose
roofs in the study were not relevant for the installation of the solar cells. The map
image was later employed as a basis for the layout of the buildings and the sur-
rounding forest, which is illustrated in Figure 14.1.

In the next step, the original image from Google Maps was imported as a bitmap
in “floorplan” in the software (Figure 14.2), and the edited area map from Google
Maps (Figure 14.1) was then used as a basis for creating the models. Figure 14.2
was utilized as a basis for how the buildings would relate to geographical direction
and to each other. Different zones defined the area of each building where the
buildings were modelled using metre scale coordinates.

Figure 14.2 Original image from Google Maps as a bitmap in “floorplan” view.
In relation to the deployment of the buildings, some of them were adjusted

geometrically to simplify the work to some extent. The adjustments were, for ex-
ample, if two houses were close to each other but slightly offset, these buildings
were merged into a single section to be able to put a solar cell system over the two
roofs. This was a simplification prior to the simulation, which in a small test showed
small differences in the results and is discussed in Section 14.3 of the current
chapter. The simplification was not expected to affect the results significantly as the
direction of the solar cell modules only changed marginally, and the size and
shadow image of the buildings did not change at all. The houses were thereafter
divided into two categories, south and east/west directions, which were colour-
marked. The roofs in the north direction were not dealt with in the simulations as
they were not expected to be able to produce enough electricity to be profitable to
mount solar cells on the roofs. The area consisted of 90 terraced houses located in
different directions. The houses were distributed in a simplified model with 49
blocks in the east/west direction and 41 blocks in the south direction. Models were
finally created in the form of 8 blocks in the east/west direction and 7 blocks in the
south direction, as demonstrated in Figure 14.3.
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FIGURE 14.1 Map of examined area.

FIGURE 14.2 Building layout used in IDA ICE software.

Potential Electricity Production of Roof-Mounted Solar PV 173



The next step was of great importance as the ceiling was to be defined. In the
area, all the roofs had the same slope and were pitched roofs. In the pitched roofs,
both sides of the ridge were of the same area and angle. Figure 14.4 displays a
typical modelled roof in the software.

Then, the setup of the solar cell system was done, and PV panels were placed on
the buildings. The solar panel model was selected from the database. The deployed
panels were divided into strings where the number of panels per string was chosen
based on the selected inverter’s electricity. Inverters were selected from the data-
base for each string. The defined PV strings are depicted in Figure 14.5.

The panels were placed partly directly on the roofs, which had a slope of 14.5°,
and partly in the optimal slope of 45°. According to the Swedish Energy Agency,
placement of the solar panels directly on the roof is recommended as it usually does
not require a building permit and it results in a simpler system design, which in turn
results in lower installation costs. In addition, it is stated that even if the roof slope
deviates from the optimal slope of 30–50°, it has little impact on the annual

FIGURE 14.3 Simplified and colour-marked model of area (arrows illustrate distance to
forest).
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FIGURE 14.4 Modelling of roof in software.

FIGURE 14.5 Defining PV strings in software.
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production, where a deviation of 10° from the optimal slope leads to a reduction of
the annual production of only 1–2%.

Only solar cells of the monocrystalline type were used in the simulations as this is
the currently market-dominant variant. From the database in IDA ICE, AEGAS AS
M605 310 W was chosen as solar cell, Fronius Symo 8.2 M as inverter, and Tigo TS4
L as optimizer; however, it could also be possible to add other components to the
database by oneself. The panel with an output of 310 Wp was chosen arbitrarily, as it
is currently a normal panel for both output and area per panel. The choice of inverter
was governed by the size of the system, as a relatively large inverter was preferred to
be able to build larger strings in the systems. The models were simulated in two
configurations, one with added shading from the surrounding forest and one without,
to investigate the impact of shading on the electricity production.

Site visits of the area were done where measurements of distances between
buildings and the surrounding forest were made in order to be able to produce
average distances from the forest to buildings for each row of houses. The distances
were used as a reference for where the shadow screens, representing the trees,
should be placed. The shading from the surrounding forest was created in the
software. As all the forest around the area was old, an estimation of the average
height of 20 m and width of 0.4 m was made. The exact values were not possible to
create due to the varying size of trees, and the fact that foliage, branches, etc., could
not be included in the model. In this study, only the electricity production was of
interest; therefore, all the properties and loads of the buildings such as lighting,
personal loads, heating, and ventilation were set to zero or completely removed, so
that unnecessary data were not included in the simulation and in the results.

After completing the simulation, the results were obtained as total produced kWh
and kWh per month. The total installed solar power was calculated by hand. The
values such as kWh/kWp and kWh/m2 could be calculated for the simulated system.
When all the models were simulated, analyses and comparisons were performed
between the shaded and unshaded systems to find out how they were affected with
the different properties.

As data regarding the energy use of houses were not available, general information
on the energy use in Sweden was applied as a basis for calculations. The calculations
were based on the general data compiled by statistics from [20]. The electricity
consumption in a normal-sized villa in Sweden is estimated to be 120 kWh/m2 per
year if it is heated with direct electricity and 40 kWh/m2 if it is heated with, for
example, district heating [20]. The residence in question uses an exhaust air heat
pump for heating, which gives an energy consumption of 64 kWh/m2, according to
the manufacturing data sheet.

14.3 RESULTS AND DISCUSSION

Simulations with a smaller module consisting of ten panels with a total installed
solar power of 3.1 kWp were initially conducted to evaluate possible differences
between results from the simplified model and from models with modules oriented
in the direction according to the drawings. The results revealed differences of less
than 1% when simulating the modules directed to the south compared with those
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rotated +/- 10–15°, and differences of around 2.8% with the modules placed in the
east/west direction (Table 14.1). Of the buildings that are in the east/west direction,
there is roughly the same proportion twisted +10–15° as −10–15°, which means that
the deviations basically cancelled each other out. As far as differences in these
comparisons in IDA ICE were concerned, they were considered negligible, where
the simulations were done with the panels oriented in the south and east/west
directions.

Validation of the results from IDA ICE was performed in PVgis and WINsun,
where two scenarios were simulated in all three software programs with the fol-
lowing setup. All three systems had the installed solar power of 3.1 kWp, and the
solar cells were directed towards the south. In IDA ICE, built-in climate data files,
the defined solar panel (AEGAS AS M605 310 W), the defined number of panels,
and the panel area were used. In PVgis, from its own climate file database PVGIS-
SARAH2, a general crystalline silicon solar panel was utilized, and a defined
system loss of 14% was preselected. In Winsun, the panels were defined with
efficiency, installed solar power (kWp), and solar cell area, which was calculated
based on the selected panel in IDA ICE. The solar cells were placed partly in the
roof slope of 14.5° and partly in 45°. The reason why 45° was chosen was because it
was the angle that the Swedish Energy Agency uses in its comparison between
different solar cell models. When comparing the results obtained from the three
software, the results from PVgis and WINsun were reproduced with the difference
of between 0.2% and 10.8% compared with those from IDA ICE. These compar-
isons are indicated in Table 14.2, which demonstrates that the results from IDA-ICE
are within the acceptable range.

As an important part of the simulations, comparisons were made with the roof’s
slope of 14.5° against 45° in Table 14.2 to investigate whether it would be relevant
to angle the panels up, to further utilize the solar radiation. Based on the obtained
results, the slope of 45° would produce about 2.5% more energy than installing the
system in the slope of the roof, which means that it is not considered profitable to
install the panels in a slope other than that of the roof. In accordance with the
Swedish Energy Agency, it is customary to mount solar panels directly on the roof
regardless of the slope as it was mentioned in Section 14.2 of the current chapter, in
this way, it does not require a building permit, which means having lower instal-
lation costs.

TABLE 14.1
Simulations with Test Modules Directed in Different Directions

Rotation 0° +10° −10° +15° −15° Unit

South 0° 2770 2765 2762 2760 2755 kWh/year

Difference − 0.18 0.29 0.36 0.54 %

East 90° 2386 2319 2453 2286 2485 kWh/year

Difference − 2.81 2.73 4.19 3.98 %

West 270° 2406 2338 2473 2305 2504 kWh/year

Difference − 2.83 2.71 4.20 3.91 %
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The entire residential area was modelled in IDA ICE, where solar cells were placed
on all the roofs, except for those facing north as they were not expected to produce
enough electricity to be profitable. All the models used solar cells with the electricity
output of 310 Wp, optimizers (Tigo TS4 L (DC)), and inverters (Fronius Symo 8.2
3 M) with a nominal electricity output of 8.2 kW. To facilitate the simulations, the
area was divided into two models, one with the roofs in the south direction and one
with the roofs that have the east/west direction. Two versions were created for each
model, one with the surrounding forest deployed and one without, to assess the impact
of shading that the forest can have. Table 14.3 lists the results. It is worth mentioning
that the installed Wp/m

2 was 190.5. As expected, lower electricity was produced by
the shaded models. The values of kWh/year were obtained from the simulation
results, while the other values in the table were calculated by hand.

Since several models were built to enable comparisons of how shading from
surrounding vegetation affects the potential of the system, it was possible to calculate
the difference. Considering the system as a whole, 4.8%more energy was produced in
the completely unshaded models compared with those with the surrounding vegeta-
tion. Based on the results, the shading did not significantly affect the total electricity
production.

TABLE 14.2
Comparisons of Results from Different Computer Software

Software Slope Direction kWh/year Difference with IDA ICE

(kWh) %

IDA ICE 5.0 14.5° 0° 2770 – –

PVgis 14.5° 0° 2540 230 8.3

WINsun 14.5° 0° 2470 300 10.8

IDA ICE 5.0 45° 0° 2840 – –

PVgis 45° 0° 2834 6 0.2

WINsun 45° 0° 2608 232 8.1

TABLE 14.3
Results from Simulations with Solar Cells Placed on the Roof with the Slope
of 14.5°

Conditions kWh/year kWh/kWp kWh/m2 Area (m2)

South without shadow 214356 1011 192.6 1113

South with shadow 203789 961 183.1 1113

East/West without shadow 367588 869 165.7 2219

East/West with shadow 350164 828 157.8 2219

Total without shadow 581944 917 174.7 3332

Total with shadow 553953 873 166.3 3332
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The total residential area was 8131 m2, which gave an energy requirement of
about 522 MWh/year. Thus, the energy requirement was approximately as large as
the total electricity produced 554 MWh/year. However, as it is well known, the
need is greatest in the winter half of the year, while the production is greatest in the
summer half of the year. Compilation of the monthly electricity production reveals
the potential electricity production of about 90 MWh from October to March and
about 465 MWh from April to September. Table 14.4 summarizes the produced
electricity in the summer and winter halves of the year. As the results show, the
electricity production is at its highest level during the summer half of the year and
at its lowest level during the winter half of the year. The buildings’ energy needs
have the opposite nature. Even if the production over the year matches the current
need, the skewed distribution of the electricity production means that not all the
electricity can be used during the summer half of the year and that a large deficit of
the electricity production occurs during the winter half of the year. In order to be
able to use all the electricity produced during the summer half of the year, some
form of storage needs to be introduced.

As the system looks now, without the possibility of storage, there is, however, the
possibility that a relatively large proportion of surplus electricity could be sold to the
electricity grid during the summer half of the year, which can be bought back during
the winter half of the year, when the energy demand is greater. Currently, this option
exists for private individuals, associations, and smaller companies, and then a tax
reduction of 60 öre/kWh applies to the exported electricity, provided that the export
does not exceed the consumed share of electricity; however, the consumption may
amount to a maximum of 30,000 kWh and that the fuse size does not exceed 100 A.
Consequently, a balance should be considered for the size of the system to achieve a
balance during the summer half of the year, when the system is designed according to
the area’s energy needs during the summer half year, or to maximize the system’s
electricity production and export surplus electricity to the grid.

In order to get an estimation of costs and taxes, statistics from the IEA’s report
were taken. Since 01/01/2021, new tax rules have been applied to the consumption
of self-produced electricity, where the ceiling for the installed solar power has been
raised to 500 kWp, which means that the tax is 0.005 SEK/kWh. The installed solar
power in the model of this study was 634 kWp, which exceeded the electricity limit,

TABLE 14.4
Produced Electricity in Summer and Winter Halves of the Year

Conditions October-
November

December-
January

February-
March

April-June June-July August-
September

Unit

South 13397 4605 20798 59516 62906 42567 kWh

East/West 16868 2081 31841 106475 118529 74733 kWh

Total 30265 6686 52639 165991 181435 117300 kWh

Winter half of year Summer half of year

Total 89590 464726 kWh
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but the system could be divided into several smaller systems of maximum 255 kWp

each [8].
To exemplify the cost of the system, the full-scale simulated system was divided

into several subsystems of maximum 255 kWp, which gave a total of installed solar
power over 500 kWp. The results are reported in Table 14.5. Then, an estimation of
the system cost was made according to Table 14.6, in which the cost of 10.6 SEK/Wp

was used which resulted in the system cost of 6,749,444 SEK. The cost per installed
square metre of solar panels was 2025 SEK, and the system cost based on the elec-
tricity produced over a year was 11.71 SEK/kWh.

The payback period for the investment in solar cells in Sweden is on average
10–15 years, and if the payback period in this case were set to 10 years, it would
give the system cost of 1.17 SEK/kWh.

14.4 CONCLUSIONS

In the Stebnär tenant-owner’s association, each residence has its own electricity
metre and bill, which leads to certain tax technical problems if solar cell systems are
installed. As the regulation looks in Sweden today, in that case, the self-produced
solar energy can only be used in common areas such as meeting rooms, lighting,
laundry rooms, garbage rooms, etc. If the self-produced electricity, with the current
system, is to be used by the tenant, the property owner is counted as a producer and
actor in the electricity market, which means that the property owner is subject to the
same laws and tax regulations as electricity suppliers, which makes the situation
complex. To get around this, the association needs to adopt the model with one
electricity metre per row house length or area and a joint contract with the network
supplier, which means that the electricity must be included in the rent.
Alternatively, it is up to the property owner whether the tenant must pay a fixed
price regardless of the electricity consumption or the rent must instead be adjusted
monthly according to how much electricity they use. In such a case, the tenant can

TABLE 14.5
Number of Panels and Installed Solar Power

Model Number of Panels Installed Solar Power (kWp)

South 684 212.04

East/West 1370 424.70

Total 2054 636.74

TABLE 14.6
Estimated Cost of System

Cost of System (SEK) SEK/kWp SEK/m2 SEK/kWh

6749444 10600 2025 11.71
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use the self-produced electricity from the solar cell system without the property
owner being counted as an electricity producer. Thus, even if there is potential of
producing own’s electricity, this is something that needs to be managed to achieve
greater profitability with the system. The latest version of IDA ICE, IDA ICE 5.0
beta, which was used in this study with the new functions for solar panels, has
proven to be a useful software for modelling and simulating solar cell systems, and
has good potential for comprehensive simulations where the thermal properties of
buildings are included in the simulations for the building’s total energy demand and
own’s energy production. Results have shown that there is potential to produce
approximately 554 MWh/year, of which 89.6 MWh/year is in the winter half of the
year and 464.7 MWh/year is in the summer half of the year, with the solar cell
modules chosen in these models. Small differences in the electricity production
could be demonstrated when comparing the slope of the panels; thus, it was sug-
gested to place them directly on the roofs. The shading also did not significantly
affect the system as a whole. The approximate system cost was calculated at about
6.7 million SEK, and with a payback period of 10 years, the cost of the electricity
produced would be 1.71 SEK/kWh.

This study demonstrated that it is possible to utilize unused roofs part of
buildings in order to transit to a more sustainable energy production and energy
usage. The transition from fossil fuel-based energy sources to clean energy sources
such as solar power is crucial to reduce global warming and energy dependency on
fossil fuel for electricity production.
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15.1 INTRODUCTION

The Fourth Industrial Revolution (also known as Industry 4.0)1 refers to the current
era of technological advancement, characterized by the integration of digital, phys-
ical, and biological systems. Industry 4.0 builds on the technologies of the previous
three industrial revolutions (mechanization, mass production, and automation) but
includes new technologies such as the Internet of Things (IoT)2, artificial intelligence
(AI), Cloud Infrastructure, machine learning, robotics, and additive manufacturing.
AI is a key component of Industry 4.0. It refers to the ability of machines to perform
tasks that typically require human intelligence, such as learning, problem solving, and
decision making. AI3 is a key component of Industry 4.0. AI is being used in a wide
range of applications in Industry 4.0, including predictive maintenance, autonomous
robots, and intelligent supply chains. The integration of AI with other technologies is
expected to lead to even greater efficiency, productivity, and innovation in manu-
facturing and other industries. Overall, Industry 4.0 and AI are expected to
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significantly impact many aspects of society, from the economy to healthcare to
transportation, like the way the previous industrial revolutions did.

15.2 FACTORS CONTRIBUTING TOWARDS THE ECONOMIC
DIVIDE BETWEEN DEVELOPED AND DEVELOPING NATIONS

The economic divide between developed and developing nations is a complex issue
that is shaped by various factors, including historical, political, social, and eco-
nomic factors. Below are some of the key factors that contribute to this divide:

Historical factors: Developed nations have had a head start in economic
development, having gone through industrial revolutions and established advanced
economies many decades ago. In contrast, many developing nations have only
recently gained independence from colonial powers and have struggled to establish
stable governments and economies.4

Political factors: Political instability, corruption, and weak institutions can
undermine economic growth and development in developing nations. Developed
nations tend to have more stable political systems and stronger institutions, which
can facilitate economic growth.5

Social factors: Social factors such as education, health, and gender equality can
impact economic development. Developed nations tend to have higher levels of
education and better health outcomes, which can lead to a more productive work-
force. The workers in developed and developing nations are being substituted by
AI. In addition, developed nations tend to have more gender equality, which can
help promote economic growth by expanding the pool of human capital.6

Economic factors: Economic factors such as access to capital, technology, and
markets can also impact economic development. Developed nations tend to have
more advanced financial systems, better technology, and more diversified econo-
mies, which can help them attract investment and promote growth.7

The post Covid-19 era is full of many kinds of short-term and long-term risks
across the globe, and technological risks will create more inequalities. The eco-
nomic divide is not stated in the World Economic Forum’s Global Risk Report, but
it needs to gain equal attention. While there are no easy solutions to bridging this
divide, efforts to promote economic growth and development in developing nations
can include investing in education and health, promoting good governance and
strong institutions, and improving access to capital and technology.

15.3 HISTORICAL BACKGROUND OF THE PREVIOUS
INDUSTRIAL REVOLUTIONS

The Industrial Revolution refers to a series of significant technological and socio-
economic changes that took place in Europe and North America during the 18th and
19th centuries. There were three major industrial revolutions, each marked by
different technological innovations and transformations in the economic system.

• The First Industrial Revolution (1760–1840) began in Great Britain, where
new inventions and innovations dramatically improved manufacturing
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processes, leading to increased productivity and profits. The revolution
was fueled by new energy sources, such as steam power and the use of
machines in factories. The most significant inventions of this era included
the steam engine, spinning jenny, power loom, and cotton gin, which
revolutionized the textile industry. The growth of transportation systems,
such as the development of railroads and steamships, also played a sig-
nificant role in the expansion of international trade.8

• The Second Industrial Revolution (1870–1914) was marked by the intro-
duction of new forms of power, such as electricity, gas, and oil. The most
significant innovations of this era included the telephone, typewriter, and
assembly line, which enabled the mass production of goods. The Second
Industrial Revolution also saw significant advancements in transportation,
including the development of the automobile, which transformed personal
transportation and the growth of cities.9

• The Third Industrial Revolution (1969–2007) is also known as the Digital
Revolution. It was marked by the development of new technologies such
as computers, the internet, and telecommunications. These innovations
transformed communication, information exchange, and the way people
work and interact. The Third Industrial Revolution also brought about sig-
nificant changes in the global economy, including the growth of international
trade and the rise of global corporations.10

The impact of the Industrial Revolution was far-reaching and shaped modern
societies in many ways. It led to significant improvements in living standards,
increased urbanization, and the growth of the middle class. However, it also brought
about significant social and economic inequalities, including the exploitation of
workers and the environmental degradation caused by industrialization.

The Industrial Revolution was a period of significant technological and socio-
economic changes that had a profound impact on modern societies. The three
industrial revolutions were marked by different technological innovations and
transformations in economic systems, each leading to new forms of power, produc-
tion, and communication.

15.4 IMPACTS OF INDUSTRIAL REVOLUTION 4.0 AND AI
ON THE ECONOMY

The Fourth Industrial Revolution, which is characterized by the integration of
advanced technologies such as AI, robotics, and the Internet of Things (IoT), is
having a profound impact on the global economy. Here are some key ways in which
Industrial Revolution 4.0 and AI are impacting the economy:

1. Increased productivity: The integration of advanced technologies such as
AI and robotics is leading to increased productivity across various
industries. By automating repetitive tasks and improving production effi-
ciency, businesses are able to produce more goods and services in less
time, leading to increased output.11
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2. Job displacement and creation: The rise of AI and automation is leading
to job displacement in some industries, as machines are able to perform
tasks that were previously done by humans. However, new jobs are also
being created in industries related to AI and robotics, such as data analysis
and software engineering.

3. Enhanced customer experience: AI is being used to improve the cus-
tomer experience by enabling businesses to provide personalized recom-
mendations and customer service. Chatbots, for example, can provide 24/7
customer support and respond to customer inquiries in real time.

4. Improved decision making: AI is being used to improve decision making
in various industries, such as finance and healthcare. By analyzing large
amounts of data, AI can help businesses identify trends and make more
informed decisions.

5. Disruption of traditional business models: The Fourth Industrial
Revolution is disrupting traditional business models by enabling new en-
trants to enter industries and compete with established businesses. For
example, the rise of e-commerce has disrupted traditional brick-and-mortar
retail, while ride-sharing services have disrupted traditional taxi services.

6. Increased economic growth: Despite concerns about job displacement
and other challenges, the integration of AI and advanced technologies is
expected to lead to increased economic growth in the long term. A report
by PwC estimated that AI could contribute up to $15.7 trillion to the global
economy by 2030.12

Overall, the Fourth Industrial Revolution and the rise of AI are transforming the
global economy in a variety of ways. While there are challenges and risks asso-
ciated with these developments, they also offer significant opportunities for busi-
nesses and economies that are able to adapt and take advantage of them.13

There have been several studies examining the potential effects ofAI and the Fourth
Industrial Revolution on the global economic divide. Here are some key findings:

1. Automation could lead to job displacement and income inequality:
According to a report by the World Economic Forum, the rise of AI and
automation could lead to the displacement of 75 million jobs by 2022. While
new jobs may also be created, there is a risk that the jobs lost will be low-
skilled jobs that pay lower wages, leading to greater income inequality.14

2. Education and re-skilling will be critical: To address the potential job
displacement caused by automation, education and re-skilling will be crit-
ical. Workers will need to acquire new skills to stay relevant in the job
market. Governments, businesses, and educational institutions will need to
work together to provide training and education opportunities for workers.15

3. AI could lead to increased productivity and economic growth: While
there are concerns about job displacement and income inequality, AI and
automation could also lead to increased productivity and economic growth.
A report by PwC estimated that AI could contribute up to $15.7 trillion to
the global economy by 2030.
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4. There could be a widening skills gap: As new technologies and skills
become more important in the job market, there is a risk of a widening
skills gap between developed and developing countries. Developed
countries with advanced education systems and access to technology may
have an advantage over developing countries in the race to adopt AI and
automation.

5. There is potential for AI to benefit developing countries: Despite the
risks of a widening economic divide, there is also potential for AI to
benefit developing countries. For example, AI could improve access to
healthcare and education in low-income areas. It could also help small
businesses in developing countries to compete in the global marketplace.16

Overall, the potential effects of AI and the Fourth Industrial Revolution on the
global economic divide are complex and multifaceted. While there are risks of job
displacement and income inequality, there is also potential for increased produc-
tivity and economic growth. Education and re-skilling will be critical to help
workers stay relevant in the job market, and there is a need for cooperation between
governments, businesses, and educational institutions to address the potential
challenges and opportunities of AI and automation.

15.5 POSITIVE EFFECTS OF AI AND INDUSTRIAL REVOLUTION 4.0
ON BRIDGING THE ECONOMIC DIVIDE

The Fourth Industrial Revolution (Industry 4.0) and the rise of artificial intelligence
(AI) have the potential to reduce the economic divide by improving economic
productivity and creating new opportunities for growth. Some of the positive effects
of AI and Industry 4.0 on the economic divide include:

1. Increased productivity and efficiency: The use of AI and Industrial
Revolution 4.0 technologies can significantly increase productivity and
efficiency in various industries. This leads to a reduction in production
costs and an increase in profitability. The increased productivity and
efficiency can contribute to the growth of the economy and provide more
job opportunities.17

2. Reduced costs and improved quality of products: AI and Industrial
Revolution 4.0 technologies can help businesses reduce costs by auto-
mating tasks and optimizing processes. This can lead to improved product
quality and consistency, which can ultimately result in increased customer
satisfaction and loyalty.18

3. Improved access to technology in developing countries: AI and
Industrial Revolution 4.0 technologies can be used to bridge the techno-
logical divide between developed and developing countries. By providing
access to technology, businesses in developing countries can improve their
productivity and competitiveness, which can lead to economic growth.

4. Creation of new job opportunities: AI and Industrial Revolution 4.0
technologies are expected to create new job opportunities in various
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fields such as software development, robotics, data analysis, and cy-
bersecurity. The demand for skilled professionals in these areas is ex-
pected to increase, leading to a reduction in unemployment rates and an
increase in job security.19

5. Better decision making: AI algorithms can analyze large amounts of data
and provide insights that can improve decision making in various indus-
tries. This can lead to better investment decisions, product development,
and resource allocation. This can also lead to better outcomes for con-
sumers, such as lower prices and better quality products, which can benefit
low-income individuals and reduce economic inequality.

Overall, AI and Industrial Revolution 4.0 technologies have the potential to posi-
tively impact economic growth and reduce the economic divide between developed
and developing countries. However, it is essential to ensure that the benefits of these
technologies are distributed equitably to all members of society.

15.6 NEGATIVE EFFECTS OF AI AND INDUSTRIAL REVOLUTION
4.0 ON WIDENING THE ECONOMIC DIVIDE

The negative effects of AI and the Fourth Industrial Revolution on widening the
economic divide are as follows:

1. Loss of jobs due to automation: As companies adopt AI and Industrial
Revolution 4.0 technologies, they may automate tasks that were previously
performed by humans. This can result in job displacement, particularly in
industries that rely heavily on manual labor. Workers who lack skills in the
use of technology may find it challenging to secure new jobs, leading to
increased unemployment and income inequality.

2. Growing income inequality within countries: The adoption of AI and
Industrial Revolution 4.0 technologies may widen the income gap between
those who possess skills in the use of these technologies and those who do
not. Highly skilled workers may earn significantly higher wages than low-
skilled workers, leading to increased income inequality.20

3. The concentration of wealth and power among a few large technology
corporations: As companies adopt AI and Industrial Revolution 4.0
technologies, those who are successful in these industries may accumulate
significant wealth and power. This can lead to the concentration of wealth
and power among a few large technology corporations, exacerbating the
economic divide.

4. Increased economic dependence on technological advancement in
developing countries: Developing countries may be at a disadvantage in
the adoption of AI and Industrial Revolution 4.0 technologies, as they may
lack the necessary infrastructure, resources, and skills. This can lead to
increased economic dependence on developed countries and multinational
corporations, further widening the economic divide.
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5. The digital divide: The adoption of AI and Industrial Revolution 4.0 tech-
nologies is highly dependent on access to digital infrastructure. In developing
countries or marginalized communities, lack of access to technology can
exacerbate the digital divide and further widen the economic divide.21

6. Privacy and security concerns: The use of AI and Industrial Revolution
4.0 technologies can raise privacy and security concerns. With increasing
reliance on data collection and processing, there is a risk that sensitive
information may be mishandled or exploited, leading to harm to in-
dividuals and society.22

In conclusion, while AI and Industrial Revolution 4.0 technologies have the
potential to positively impact economic growth, they can also exacerbate the eco-
nomic divide. It is important to address these negative effects to ensure that the
benefits of these technologies are distributed equitably and do not leave behind
vulnerable members of society.23

15.7 COUNTRIES WHERE AI AND INDUSTRIAL REVOLUTION 4.0
HAVE BRIDGED THE ECONOMIC DIVIDE

There are several countries where AI and Industrial Revolution 4.0 have played a
significant role in bridging the economic divide. Here are a few examples:

1. China: China has made significant strides in implementing AI and
Industry 4.0 technologies, and it has become a global leader in this field.
The Chinese government has invested heavily in the development of AI
and other emerging technologies. As a result, China has seen rapid eco-
nomic growth, and the technology sector has become a key driver of the
country’s economy.

2. United States: The United States is also a leader in the development and
implementation of AI and Industry 4.0 technologies. Companies like
Amazon, Google, and Microsoft have been at the forefront of this revo-
lution, and they have played a significant role in driving economic growth
in the country.24

3. Germany: Germany is known for its advanced manufacturing capabilities,
and it has been quick to adopt Industry 4.0 technologies. The German
government has invested heavily in research and development, and the
country’s manufacturing sector has seen significant gains as a result.

4. South Korea: South Korea is another country that has embraced AI and
Industry 4.0 technologies. The government has invested heavily in these
areas, and the country has become a leader in the development of auton-
omous vehicles, robotics, and other emerging technologies.25

5. Singapore: Singapore has also been quick to adopt AI and Industry 4.0
technologies. The government has invested heavily in research and devel-
opment, and the country has become a hub for tech startups and innovative
companies. As a result, Singapore has seen rapid economic growth and has
become one of the most prosperous countries in the world.26

The Double-Edged Sword of AI and Industrial Revolution 4.0 189



15.8 COUNTRIES WHERE AI AND INDUSTRIAL REVOLUTION 4.0
HAVE WIDENED THE ECONOMIC DIVIDE

There are several examples of countries where AI and the Fourth Industrial
Revolution have widened the economic divide between different groups of people.
Here are a few examples:

1. India: India is a country with a rapidly growing economy, but the benefits
of this growth have not been equally shared. The country has a large
population of poor people who have not benefited from the new technol-
ogies and industries that have emerged in recent years.27

2. Brazil: Brazil is another country where the economic divide has widened
as a result of AI and the Fourth Industrial Revolution. The country has a
large population of poor people who have not been able to access the new
technologies and industries that have emerged in recent years.

3. Russia: Russia is a country that has made significant investments in AI
and other Fourth Industrial Revolution technologies, but these advance-
ments have not led to widespread economic growth. Instead, they have
mostly benefited a small group of wealthy elites, while the majority of the
population continues to struggle with poverty and unemployment.

4. South Africa: South Africa is a country that has struggled with high levels
of income inequality for decades, and the Fourth Industrial Revolution has
not made things better. Instead, it has led to the creation of new industries
and jobs that are only accessible to a small group of highly skilled and
educated people, leaving many others behind.28

5. Mexico: Mexico is a country that has embraced AI and Fourth Industrial
Revolution technologies in recent years, but these advancements have not
led to widespread economic growth or reduced inequality. Instead, they
have mostly benefited a small group of wealthy elites, while many others
struggle to find work and make ends meet.

15.9 POTENTIAL LONG-TERM EFFECTS OF AI AND INDUSTRIAL
REVOLUTION 4.0 ON THE ECONOMY AND THE GLOBAL
ECONOMIC DIVIDE

The potential long-term effects of AI and the Fourth Industrial Revolution on the
economy and the global economic divide are complex and multifaceted. Here are
some potential scenarios:

1. Widening economic divide: One possible long-term effect of AI and the
Fourth Industrial Revolution is that they could widen the economic divide
between the rich and poor. As automation and AI replace human labour in
many industries, thosewith the skills and education needed toworkwith these
technologiesmay benefit, while thosewithout those skills may be left behind.

2. Increased productivity: On the other hand, AI and the Fourth Industrial
Revolution have the potential to increase productivity and output, leading to
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economic growth and increased prosperity. If the benefits of this growth are
shared equally, it could lead to a reduction in global economic inequality.

3. New job opportunities: While automation and AI may displace some
workers, they could also create new job opportunities in emerging industries
such as data analysis, software engineering, and robotics.

4. Technological advancements: The Fourth Industrial Revolution has the
potential to drive technological advancements that could transform the
global economy, leading to new industries and opportunities for growth.
However, this may also lead to increased competition and disruption for
existing industries.

5. Digital divide: The digital divide, or the gap between those who have
access to technology and the internet and those who do not, could widen as
AI and the Fourth Industrial Revolution become more prevalent. This
could further exacerbate existing economic disparities.29

Overall, the long-term effects of AI and the Fourth Industrial Revolution on the
global economy and economic divide will depend on how these technologies are
implemented and regulated. Policy makers and industry leaders must work to ensure
that the benefits of these technologies are shared equitably, and that they are used to
create a more just and prosperous global economy. This will require investments in
education and workforce development, as well as measures to address the digital
divide and ensure that everyone has access to the opportunities created by these
technologies.30

15.10 CONCLUSION

The Fourth Industrial Revolution and the advancements in AI have the potential to
either bridge orwiden the economic divide between developed and developing nations.
The historical background of previous industrial revolutions shows that technological
advancements have had both positive and negative impacts on the economy.

The First Industrial Revolution, which began in the late 18th century, saw the
transition from hand production methods to machines, leading to increased pro-
ductivity and economic growth. However, it also caused a shift in the distribution of
wealth, leading to increased inequality and poverty.

The Second Industrial Revolution saw the rise of mass production and elec-
trification, further boosting economic growth and leading to the creation of new
jobs. However, it also caused social and environmental issues.

The Third Industrial Revolution, also known as the Digital Revolution, saw the
advent of computers, the internet, and automation. While it created new jobs and
increased productivity, it also led to job displacement and income inequality.

The Fourth Industrial Revolution and AI are expected to bring significant
changes to the economy, including increased automation, robotics, and the Internet
of Things. While this could lead to increased productivity and efficiency, it could
also lead to job displacement, particularly in developing nations. However, the
adoption of these technologies could also create new jobs and industries, leading to
economic growth and bridging the economic divide.
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It is crucial to note that the effects of Industry 4.0 and AI on the economy are
complex and varied. Their long-term impact will depend on factors such as gov-
ernment policies, investment in education and training, and the ability of businesses
to adapt and adopt new technologies. Therefore, it is important to approach these
changes with caution, considering their potential impact on various segments of
society, particularly those in developing nations.

Overall, the impact of AI and Industrial Revolution 4.0 on the economic divide
will depend on how well governments and societies can manage the technology’s
development and distribution. Countries that are proactive in implementing pol-
icies and strategies to ensure that the benefits of AI and Industrial Revolution 4.0
are shared equitably are likely to bridge the economic divide. On the other hand,
countries that lack the necessary infrastructure, skills, and resources may fall
further behind.

15.11 IMPLICATIONS OF THE RESEARCH

The implications of the historical background of previous industrial revolutions and
the potential impact of Industry 4.0 and AI on the economy are significant. It
suggests that the adoption of new technologies could lead to both positive and
negative consequences.

One of the key implications of this research is that the historical background of
previous industrial revolutions can inform our understanding of the potential effects
of AI and Industrial Revolution 4.0 on the global economy. While technological
progress has the potential to drive economic growth, it can also create new forms of
inequality. Therefore, policy makers and stakeholders must take a careful approach
to ensure that the benefits of these technologies are distributed equitably.

Another implication of this research is the importance of proactive government
policies and strategies to ensure that the benefits of AI and Industrial Revolution 4.0
are shared equitably. Countries that lack the necessary infrastructure, skills, and
resources may fall further behind if they do not take action to implement policies
that will enable them to benefit from these technologies. Conversely, countries that
are proactive in implementing such policies and strategies are more likely to bridge
the economic divide.

Furthermore, this research highlights the need for ongoing monitoring and
evaluation of the impact of AI and Industrial Revolution 4.0 on the global economy
and economic divide. The long-term effects of these technologies are yet to be seen,
and ongoing research will be necessary to understand how they will shape the future
of the global economy.

On the positive side, Industry 4.0 and AI could lead to increased productivity and
efficiency, leading to economic growth and the creation of new industries and jobs.
This could help to bridge the economic divide by providing opportunities for in-
dividuals and businesses in developing nations to participate in the global economy.

On the negative side, the adoption of new technologies could lead to job dis-
placement, particularly in developing nations where labour costs are relatively low.
This could widen the economic divide by exacerbating income inequality and
reducing economic opportunities for individuals in these countries.
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Therefore, it is essential to consider the potential implications of Industry 4.0 and
AI on the economy carefully. Governments and businesses should work together to
ensure that the adoption of new technologies is done in a way that benefits ev-
eryone, particularly those in developing nations. This could include investing in
education and training to prepare individuals for new jobs and industries, creating
policies to support job creation and economic growth, and ensuring that the benefits
of technological advancements are distributed fairly across society.

The study emphasizes the importance of a careful and proactive approach to the
implementation of AI and Industrial Revolution 4.0 technologies to ensure that they
have a positive impact on the economic divide between developed and developing
nations. With the right policies and strategies in place, these technologies have the
potential to drive economic growth and innovation while reducing inequality and
while the potential impact of Industry 4.0 and AI on the economy is significant,
their adoption must be approached with caution. By taking a thoughtful and
inclusive approach, governments and businesses can help to ensure that these new
technologies benefit everyone, bridging the economic divide and promoting long-
term economic growth and prosperity.

15.12 SUGGESTIONS FOR FUTURE RESEARCH IN THIS AREA

Following are the suggestions for future research in this area:

• Long-term effects: While there have been several studies on the potential
effects of AI and Industrial Revolution 4.0 on the global economic divide,
it is essential to continue monitoring the long-term effects of these tech-
nologies. Future research could explore the ongoing impact of AI and
Industrial Revolution 4.0 on economic growth, innovation, and inequality
in both developed and developing nations.

• Regional and national analysis: It is also important to conduct more in-
depth regional and national analyses of the impact of AI and Industrial
Revolution 4.0 on the economic divide. This could help policy makers
identify specific areas of concern and implement targeted policies and
strategies to bridge the gap between developed and developing nations.

• Equity and social impact: Future research could explore the equity and
social impact of AI and Industrial Revolution 4.0 on different groups within
society, such as marginalized communities and women. Such research could
help identify the potential benefits and challenges of these technologies for
different groups and inform policies and strategies to ensure that the benefits
of AI and Industrial Revolution 4.0 are distributed equitably.

• Governance and regulation: Future research could explore the govern-
ance and regulation of AI and Industrial Revolution 4.0 technologies,
particularly in developing nations. Such research could help identify best
practices and guide the development of policies and regulations that pro-
mote responsible innovation and minimize potential negative impacts.

• Skills and education: Future research could explore the role of skills and
education in bridging the economic divide. Specifically, it could investigate
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how to develop and deliver effective training and education programs that
enable individuals in developing nations to acquire the skills necessary to
participate in the digital economy.

• Cross-disciplinary research: Future research could explore the intersec-
tion of AI and Industrial Revolution 4.0 with other disciplines, such as
sociology, economics, and political science. Specifically, it could investi-
gate how social, economic, and political factors influence the impact of AI
and Industrial Revolution 4.0 on the economic divide, and how these
technologies, in turn, affect these factors.

• Environmental impact: Future research could examine the environmental
impact of AI and Industrial Revolution 4.0 technologies, particularly in
developing nations. Specifically, it could investigate how to minimize the
negative environmental impact of these technologies and promote sus-
tainable development in developing nations.

In summary, future research in this area should continue to explore the potential
impacts of AI and the Fourth Industrial Revolution on the economic divide between
developed and developing nations, with a focus on long-term effects, equity and social
impact, regional and national analysis, and governance and regulation, skills and
education, cross-disciplinary research, and environmental impact. By addressing these
topics, future research could provide valuable insights into how AI and Industrial
Revolution 4.0 can be used to bridge the economic divide between developed and
developing nations and also such research could provide valuable insights to inform
policy making and guide the responsible development and deployment of these
technologies.

NOTES

1 Lee, Min Goo, Jin Han Yun, Andreas Pyka, Dong Il Won, Fumio Kodama, Giovanni
Schiuma, Hang A Park, et al. “How to Respond to the Fourth Industrial Revolution, or the
Second Information Technology Revolution? Dynamic New Combinations between
Technology, Market, and Society through Open Innovation.” Journal of Open Innovation.
Springer Science+Business Media, June 21, 2018. https://doi.org/10.3390/joitmc4030021.

2 Madakam, Somayya, R. Ramaswamy, and Siddharth K. Tripathi. “Internet of Things
(IoT): A Literature Review.” Journal of Computer and Communications 03, no. 05 (May
25, 2015): 164–73. https://doi.org/10.4236/jcc.2015.35021

3 Hancock, Jeffrey T., Mor Naaman, and Karen Levy. “AI-Mediated Communication:
Definition, Research Agenda, and Ethical Considerations.” Journal of Computer-Mediated
Communication 25, no. 1 (March 23, 2020): 89–100. https://doi.org/10.1093/jcmc/zmz022.

4 Arocena, R., & Sutz, J. (2002). Innovation systems and developing countries. DRUID
(Danish Research Unit for Industrial Dynamics) Working Paper, 2(05).

5 Rothstein, B. (2011). The quality of government: Corruption, social trust, and inequality
in international perspective. University of Chicago Press.

6 Rothstein, B., & Uslaner, E. M. (2005). All for all: Equality, corruption, and social
trust. World politics, 58(1), 41–72. Retrieved from: https://www.cambridge.org/core/
iournals/world-politics/article/all-for-all-equalitv-corruption-and-social-trust/
09B64F404EB0F753E78680B70A9ABEDB

194 Sustainable Technology for Society 5.0



7 Rothstein, B., & Uslaner, E. M. (2005). All for all: Equality, corruption, and social trust.
World politics, 58(1), 41-72. https://www.cambridge.org/core/iournals/world-politics/article/
all-for-all-equalitv-corruption-and-social-trust/09B64F404EB0F753E78680B70A9ABEDB

8 Freeman, Chris, and Francisco Louçã. As Time Goes By: From the Industrial Revolutions
to the Information Revolution. OUP Oxford, 2001.

9 Mokyr, Joel and Robert H. Strotz. “The Second Industrial Revolution, 1870-1914.” (2000).
10 Josef Taalbi, Origins and pathways of innovation in the third industrial revolution,

Industrial and Corporate Change, Volume 28, Issue 5, October 2019, Pages 1125–1148,
https://doi.org/10.1093/icc/dty053

11 Park, SC. The Fourth Industrial Revolution and implications for innovative cluster pol-
icies. AI & Soc 33, 433–445 (2018). https://doi.org/10.1007/s00146-017-0777-5

12 PWC website: https://www.pwc.com/gx/en/issues/analytics/assets/pwc-ai-analysis-
sizing-the-prize-report.pdf

13 Xu, Min, Jeanne M. David, and Suk Kim. “The Fourth Industrial Revolution: Opportunities
and Challenges.” International Journal of Financial Research 9, no. 2 (February 5, 2018):
90. https://doi.org/10.5430/ijfr.v9n2p90.

14 Loris Caruso, “Digital Innovation and the Fourth Industrial Revolution: Epochal Social
Changes?” AI & Society 33, no. 3 (August 1, 2018): 379–92, https://doi.org/10.1007/
s00146-017-0736-1.

15 Zervoudi, Evanthia K. “Fourth Industrial Revolution: Opportunities, Challenges, and
Proposed Policies.” IntechOpen EBooks, January 21, 2020. https://doi.org/10.5772/
intechopen.90412.

16 McKinsey & Company. “Notes from the AI Frontier: Modeling the Impact of AI on the
World Economy,” September 4, 2018. https://www.mckinsey.com/featured-insights/artificial-
intelligence/notes-from-the-ai-frontier-modeling-the-impact-of-ai-on-the-world-economy.

17 Aly, H. (2022), “Digital transformation, development and productivity in developing
countries: is artificial intelligence a curse or a blessing?”, Review of Economics and
Political Science, Vol. 7 No. 4, pp. 238-256. https://doi.org/10.1108/REPS-11-2019-0145

18 Ghoreishi, Malahat, and Ari Happonen. “Key Enablers for Deploying Artificial Intelligence
for Circular Economy Embracing Sustainable Product Design: Three Case Studies.”
Nucleation and Atmospheric Aerosols, May 5, 2020. https://doi.org/10.1063/5.0001339.

19 Hoosain, Mohamed Sameer, Babu Sena Paul, and Seeram Ramakrishna. 2020. “The
Impact of 4IR Digital Technologies and Circular Thinking on the United Nations
Sustainable Development Goals” Sustainability 12, no. 23: 10143. https://doi.org/10.
3390/su122310143

20 Hoosain, Mohamed Sameer, Babu Sena Paul, and Seeram Ramakrishna. 2020. “The
Impact of 4IR Digital Technologies and Circular Thinking on the United Nations
Sustainable Development Goals” Sustainability 12, no. 23: 10143. https://doi.org/10.
3390/su122310143

21 Cowie, Paul, Leanne Townsend, and Koen Salemink. “Smart Rural Futures: Will Rural
Areas Be Left behind in the 4th Industrial Revolution?” Journal of Rural Studies. October
1, 2020. https://doi.org/10.1016/j.jrurstud.2020.08.042.

22 Lee, DonHee, and Seong No Yoon. 2021. “Application of Artificial Intelligence-Based
Technologies in the Healthcare Industry: Opportunities and Challenges” International
Journal of Environmental Research and Public Health 18, no. 1: 271. https://doi.org/
10.3390/ijerph18010271

23 Aly, H. (2022), “Digital transformation, development and productivity in developing
countries: is artificial intelligence a curse or a blessing?”, Review of Economics and
Political Science, Vol. 7 No. 4, pp. 238-256. https://doi.org/10.1108/REPS-11-2019-0145

24 Morrar, Rabeh & Arman, Husam. (2017). The Fourth Industrial Revolution (Industry
4.0): A Social Innovation Perspective. Technology Innovation Management Review. 7.
12-20. 10.22215/timreview/1117.

The Double-Edged Sword of AI and Industrial Revolution 4.0 195



25 Lee, Keun, Chan-YuanWong, Patarapong Intarakumnerd, andChaiyatorn Limapornvanich.
“Is the Fourth Industrial Revolution aWindow of Opportunity for Upgrading or Reinforcing
the Middle-Income Trap? Asian Model of Development in Southeast Asia.” Journal of
Economic Policy Reform 23, no. 4 (October 1, 2020): 408–25. https://doi.org/10.1080/
17487870.2019.1565411.

26 Liao, Y., Loures, E. R., Deschamps, F., Brezinski, G., & Venâncio, A. (2017). The
impact of the fourth industrial revolution: a cross-country/region comparison. Production,
28, e20180061. DOI: 10.1590/0103-6513.20180061

27 Mhlanga, David. “Artificial Intelligence in the Industry 4.0, and Its Impact on Poverty,
Innovation, Infrastructure Development, and the Sustainable Development Goals: Lessons
from Emerging Economies?” Sustainability 13, no. 11 (May 21, 2021): 5788. https://
doi.org/10.3390/su13115788.

28 Manda, More Ickson, and Soumaya Ben Dhaou. “Responding to the Challenges and
Opportunities in the 4th Industrial Revolution in Developing Countries.” International
Conference on Theory and Practice of Electronic Governance, April 3, 2019. https://
doi.org/10.1145/3326365.3326398.

29 Lee, MinHwa, JinHyo Joseph Yun, Andreas Pyka, DongKyu Won, Fumio Kodama,
Giovanni Schiuma, HangSik Park, Jeonghwan Jeon, KyungBae Park, KwangHo Jung,
Min-Ren Yan, SamYoul Lee, and Xiaofei Zhao. 2018. “How to Respond to the Fourth
Industrial Revolution, or the Second Information Technology Revolution? Dynamic New
Combinations between Technology, Market, and Society through Open Innovation”
Journal of Open Innovation: Technology, Market, and Complexity 4, no. 3: 21. https://
doi.org/10.3390/joitmc4030021

30 Caruso, L. Digital innovation and the fourth industrial revolution: epochal social
changes? AI & Soc 33, 379–392 (2018). https://doi.org/10.1007/s00146-017-0736-1

REFERENCES

Bughin, J., Seong, J., Manyika, J., Chui, M., & Joshi, R. (2018). Notes from the AI frontier:
Modeling the impact of AI on the world economy. McKinsey Global Institute, 4.

Caruso, L. (2018). Digital innovation and the fourth industrial revolution: epochal social
changes? AI & Society, 33(3), 379–392.

Cowie, P., Townsend, L., & Salemink, K. (2020). Smart rural futures: Will rural areas be left
behind in the 4th industrial revolution?. Journal of Rural Studies, 79, 169–176.

Ghoreishi, M., & Happonen, A. (2020, May). Key enablers for deploying artificial intelligence
for circular economy embracing sustainable product design: Three case studies. In AIP
conference proceedings (Vol. 2233, No. 1, p. 050008). AIP Publishing LLC.

Hoosain, M. S., Paul, B. S., & Ramakrishna, S. (2020). The impact of 4IR digital technol-
ogies and circular thinking on the United Nations sustainable development goals.
Sustainability, 12(23), 10143.

Lee, J., Davari, H., Singh, J., & Pandhare, V. (2018). Industrial Artificial Intelligence for
industry 4.0-based manufacturing systems. Manufacturing Letters, 18, 20–23.

Lee, D., & Yoon, S. N. (2021). Application of artificial intelligence-based technologies
in the healthcare industry: Opportunities and challenges. International Journal of
Environmental Research and Public Health, 18(1), 271.

Madakam, S., Lake, V., Lake, V., & Lake, V. (2015). Internet of Things (IoT A literature
review. Journal of Computer and Communications, 3(05), 164).

Morrar, R., Arman, H., & Mousa, S. (2017). The fourth industrial revolution (Industry 4.0):
A social innovation perspective. Technology Innovation Management Review, 7(11),
12–20.

196 Sustainable Technology for Society 5.0



16 Digitalization

Developments and
Disputations

Pinki Chugh, Harsh Verma, and Isha Ali
UIT, Uttaranchal University, Dehradun

16.1 INTRODUCTION

Digitalization is an area that is quickly developing and has the potential to revo-
lutionize several industries as well as change how people live and work. Artificial
intelligence (AI) and digital technologies are being integrated into a variety of
industries, which is resulting in increased automation, better decision making, and
more precise data analysis. This study intends to investigate the state of digitali-
zation at the moment, its consequences on businesses and society, and potential
future developments.

The ability to swiftly and effectively collect and analyze massive amounts of data
is one of the main advantages of digitalization. Digitalization can be used to optimize
routes, enhance traffic flow, and lower emissions in the transportation sector, which
is another significant use. This may result in fewer negative environmental effects
and more effective transportation networks. Additionally, digitalization is utilized in
manufacturing to automate monotonous operations, increase productivity, and cut
costs. The productivity and competitiveness of the company in the international
market also increases as a result.

The widespread use of digitalization is hampered by several issues and restric-
tions, though. The possible loss of jobs due to increased automation is one of the
key worries. The use of AI raises further ethical questions, such as the possibility of
prejudice and the necessity of accountability and openness. Aside from these issues,
there are worries about how AI-powered systems might be mishandled and how
they would affect privacy and security.

16.2 DIGITALIZATION – THE CURRENT SCENARIO

The current state of digitalization is characterized by a rapid integration of AI and
digital technology across multiple sectors. The number of businesses investing in AI
and machine learning has significantly increased in recent years, with which the
worldwide AI market is expected to reach $190 billion by 2025. This growth is
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driven by the many potential benefits of AI and digital technology, including im-
proved efficiency, cost savings, and enhanced decision making.

Digitalization has the potential to significantly raise production and efficiency
across a variety of industries. As with any new technology, it’s crucial to thoroughly
weigh the advantages and disadvantages as well as any relevant ethical issues. To
make sure that AI serves the interests of society as a whole, it is our duty as re-
searchers and practitioners in the area to create and deploy it responsibly and
deliberately.

Due to digitalization andAI, the softwaremarket has been expanding at breakneck
speed; the latest AI market forecast, for example, shows that the industry is driven by
the uptick in the category’s use cases. However, growth is not confined to the software
industry, as AI is also expected to leave a positive economic footprint all around. The
following are key AI market statistics that are worth knowing (Figure 16.1).

The AI software market’s global annual revenue is currently over $50 billion.
As per the reports, the annual revenue in 2018 was over $10.1B, 2019 was

approx. $14.69B, 2020 was $22.59B, 2021 was $34.87B, and 2022 was $51.27B.
The current revenue is over $50B, and for the future, the expected revenue is
$70.94B in 2023, $94.41B in 2024, and $126B in 2025.

AI-based solutions, for instance, have the power to completely change how
diseases are identified and treated in the healthcare industry. AI-powered diag-
nostic technologies, like deep learning algorithms, may examine medical imaging
like CT scans and MRIs and find early disease indications, improving the likelihood
of a successful recovery. The creation of new therapies and medications is also
being sped up by AI-based research techniques like natural language processing,
which analyze vast amounts of data. This results in the identification of new
pharmacological targets, methods for estimating drug effectiveness, and methods
for detecting drug adverse effects, all of which result in the potential saving of lives.

FIGURE 16.1 The AI software market’s global annual revenue (2018 to 2025).
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Another industry that has been heavily impacted by digitalization is finance.
Digitalization has been used to detect fraudulent transactions, manage risk, and
optimize investment decisions. For example, AI algorithms are used to identify
patterns in financial data that may indicate fraudulent activity. Additionally, AI is
used to analyze large amounts of data from financial markets to identify trends and
make more informed investment decisions.

The transportation sector has benefited significantly from digitalization as
well. Artificial intelligence-powered autonomous vehicles and drones eliminate
accidents brought on by human error, boost productivity, and enhance safety. AI-
powered logistics and routing systems also optimize travel routes, cutting costs and
emissions. For instance, self-driving vehicles eliminate the need for human drivers,
saving logistics organizations money and lowering transportation-related emissions.
Drones are also used for distant infrastructure inspection, such as checking elec-
tricity lines, which are dangerous for human operators.

Significant advantages of AI-based technology have also been realized in the
banking sector. While chatbots and customer care systems powered by AI can
improve customer experience, risk management systems powered by AI can identify
and stop fraud. For instance, AI-based systems can identify suspicious transactions or
account activity and flag them for more examination. This assists financial organi-
zations in identifying and stopping fraud, money laundering, and other financial
crimes. Additionally, chatbots are utilized to offer 24/7 customer assistance, which
can help financial institutions cut expenses and enhance the client experience.

Digitalization has had a huge positive impact on manufacturing as well. AI-
powered robotics and logistics automate tedious activities, improve quality control,
and cut expenses. By monitoring and adjusting the temperature, humidity, and other
environmental conditions, AI-based systems, for instance, are utilized to regulate
and improve the production process. In addition to lowering waste, this raises the
quality of the finished product. Automating repetitive processes like welding,
painting, and assembling is another application for robotics, powered by AI. This
increases productivity and lowers labour costs.

Digitalization, which automates laborious operations, makes it possible to make
more precise decisions, and improves customer experience, has the potential to
completely transform several industries.

Manufacturing is going through a digital transformation, and smart technology,
data analytics, and connected devices are enabling manufacturers to dramatically
increase their efficiency, productivity, and accuracy. Here is the data of integration
of digitalization in the manufacturing industry: (Figure 16.2)

Data are actually the new “petrol” that is driving us through the 21st century.
Today humans generate 2.5 quintillion bytes of data, which is a humongous figure
in itself. If processed, analyzed, and used correctly, these data can help us in every
sphere of our lives. Today, we see how digitalization and education are related,
and how AI is already helping us to learn more efficiently than ever before. After
the deadly pandemic of 2019, there has been a steep climb in the screen time of
every person out there. Studies show that for a non-heavy user, the screen time rose
from 25 hrs a week to 40 hrs a week, and for heavily used youngsters and adults, the
screen time spiked from 10 hrs per day to 17.5 hrs per day. While we are still
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debating on ways of reducing screen time for different age groups, using digitali-
zation techniques, we may be able to redirect this issue to a more fruitful solution.
While we can never deny the fact that the role of a teacher in children’s life is
irreplaceable, we have to admit that in the upcoming years, we will see the rise of
digitalization in the education sector.

Digitalization is already making its way into the education sphere. Today we can
see different EdTech start-ups around, which are providing an enhanced learning
experience to every kid. We all know that every kid is unique in himself and that the
best learning can be provided to a kid only after analyzing psychological and
physiological aspects, individually. Digitalization methods like the use of AI can be
used to provide more personalized learning content and experience to every child.
The AI models can be trained to analyze various potentials and dimensions of the
child’s personality to find a more fruitful way of teaching a concept to him so that
the kid grasps it easily.

Today, one of the big examples that shows what the face of education may look
like shortly is what high-tech schools of Shanghai are experimenting with. The day
of a kid in this school starts with wearing a headband, which is interestingly not a
usual headband, but an advanced headband loaded with advanced sensors that claim
to detect and transfer the neural signals of the brain in real time to a computer.
These neutral signals are further processed to detect the concentration levels of the

FIGURE 16.2 Integration of digitalization in the manufacturing industry.
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child in real time. The AI dashboards send the data to the computer at the teacher’s
podium, and then the teacher can pay more attention to the child whose concen-
tration seems to deteriorate while solving a problem. Not just that, but these stu-
dents also have to wear special uniforms equipped with GPS tracking that helps
teachers and parents to find where they are exactly. The surveillance cameras
employ computer vision to detect how many times a child yawns or uses his phone
during the lectures, and prepare a real-time report of the child. The report is then
shared with the teacher and parents so that they can motivate their children to
achieve better grades and pay more attention in their lectures.

Another example is from Japan, where scientists are trying to prepare an AI
simulation of day-to-day life, which would let children experiment with their
decision-making skills and their learning in a safe environment so that even if they
fail repeatedly, AI can help them gradually improve without actually letting them
face consequences. These simulations have managed to bag quite fruitful results
when tested on these grounds.

Today, we are developing technologies that help students around the globe to
connect to the best professors around the world and attend their lectures in the
comfort of their homes. This has helped us to spread education in most rural and
suburban areas, where children don’t get access to education due to the lack of good
infrastructure. Today, AI software is helping to transcribe the lectures of the world’s
most renowned professors in the native language of the children, which helps
children to connect and learn from these professors in real time. In the upcoming
years, what we can expect out of this use-case of AI, is that it will be providing us
with a virtual ecosystem, where the world’s best teachers will be able to connect
with more and more children and impart their knowledge and findings to them,
whereas teachers on a local level will be helping these students with invigilating and
monitoring their concentration levels individually, which otherwise would be a very
tough job for the professors imparting lectures to such a huge crowd of students.

Google has already introduced project LaMDA in Google IO 2021. It is a new
natural language processing (NLP) engine that can incorporate and simulate our
day-to-day communication to answer even our weirdest questions, without any
dead-ends in the conversation. Not just this, but Siri and other chatbots are on the
rise these days. They are helping us to accurately find the answers to our daily facts
without actually letting us spend hours finding the answers to our questions. We can
expect the search engine to advance even more in upcoming times, giving us much
more precise and personalized search results in almost no time. These changes in
the fundamental building blocks of education will drift our paths from merely
memorizing facts and formulas to actually implementing them to get efficient
results for our problems, finally helping us shape a better world that empowers the
weaker sections of society and brings equal opportunities to everyone.

Digitalization and physical fitness is another area that intrigues and concerns a
lot of people in today’s generation. In particular, it has revolutionized the physical
fitness of humans through advanced fitness equipment that makes our day-to-day
home workout much easier and smarter than ever before. But the main question is
how AI in physical fitness has revolutionized the physical fitness industry over time.
There are a large number of AI fitness benefits. Some of those are listed below:
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A personal trainer that is based on AI – In today’s super hectic lives, it is nearly
impossible to make time for anything, not even our physical fitness. We are so busy
rushing to work or the office that we don’t get time to look after our health or fitness,
and even if we do, the major problem is finding a good and experienced physical
fitness trainer quickly. In situations like these, AI becomes our saviour and helps us
out. As a matter of fact, personalized gym or fitness trainers are not that economical
for everybody, whereas integrated fitness applications with AI are proper and fantastic
approaches for those who want their fitness objectives to be achieved.

Human pose estimation technology – The assessment of human poses is a
sophisticated technology based on computer vision.

Talking about digitalization and human psychology, it is perfectly apt to state that
AI is completely dependent on human psychology. Even the mere origin of AI is based
on the psychology of the human brain since it is all about how amachine functions just
like a human brain without any human operating it or controlling it. Well, it is quite a
well-known fact that the future of the worldwill rely onAI sooner or later, andwe need
to remain updated to prepare ourselves for the upcoming drastic technological change
shortly. And hence, in a future where AI is going to be universal, human psychology is
going to stay as an asset that would help individuals to adapt to the vulnerability of the
world and change. As the world turns out to bemore innovative with each passing day,
along with that the requirement for human-based advising and connection also seems
to increase. And this results in both human psychology and AI going hand in hand for
the best results possible in the technological advancements of our upcoming years. The
AI robots these days, that are already in different corporate sectors or that are a part of
our day-to-day lives, tend to be operating well when it comes to working as per human
psychology. But as it is said, there is always a scope for improvement when it comes to
human inventions, and so it is the same for the working of human psychology and AI
together in the technical field.

16.3 DISTRACTIONS OF DIGITALIZATION

The broad adoption of digitalization, however, is not without its difficulties and
restrictions, as with any new technology. The possible loss of jobs as automation
grows is one of the key worries. The use of AI raises further ethical questions, such
as the possibility of prejudice and the requirement for accountability and trans-
parency. For instance, if AI systems are educated on biased data, they may continue
to make predictions and conclusions that reflect these biases. It is essential to
recognize these difficulties and work to make sure that the advantages of artificial
digitalization are attained in a just and responsible manner.

The integration of digital pedagogical tools and disruptive technology in edu-
cation has been a topic of ongoing discussion, with contrasting opinions on its
influence on learning outcomes. On one hand, digital technology provides more
interactivity and access to vast resources, but on the other, it has been criticized for
its effectiveness in comparison to traditional education methods.

“Studies have shown that students who take notes on laptops during lectures
perform worse on tests measuring factual content and conceptual understanding
when compared to those who take handwritten notes. This is because typing lectures
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verbatim on laptops doesn’t lead to meaningful engagement and internalization of
information, unlike the process of selective note-taking that results in better recall”.

“Another issue with digital technology in the classroom is the potential for
distractions and disruptions. Online content can replace traditional distractions like
note-passing, idle chatter, and even the sound of students typing on their keyboards,
hindering students’ ability to learn and retain the material effectively” (Hembrooke
& Gay, 2003). Additionally, students face difficulty balancing between following
the lecture and browsing for course-related material on their devices.

We need to admit that with the rise of digitalization in different daily chores,
there will be less room for jobs that require routine decision making, or any routine
tasks. The bubble of education is now expanding from mere knowledge transfer to
discovering newer ways of implementing knowledge to solve daily life problems of
the human race. But let us look at the brighter side of this. While there will be a
steep decline in routine jobs, there will be a high demand for jobs that require
creativity and precise decision making.

Even though this sounds luxurious, AI has led humans to lose the sense of hard
work. Nowadays, AI can do wonders, and we won’t even have to lift a finger. But this
lack of labour and movement has made our bodies lazy and unable to endure big
physical hardships. From doing dishes, to doing laundry, to dusting and substituting
staircases with hi-tech sensor-based lifts and escalators, smart ACs, and smart gadgets
are so smart that they have turned “Jack” into a “Dumbo”. Man is so entrapped in this
artificial web of comforts that he has lost his power of the five senses. Those senses,
which were used as a model for AI, have stopped working now or, we can say, they
have been suppressed by machine learning (ML)!

Due to AI, we have been introduced to a lot of screens. Even though they are quite
easily compatible with humans, these screens damage our eyes. Whether doing some
work in the office or playing online games, travelling somewhere using Google Maps,
or ordering food from Zomato, Swiggy, etc. booking tickets, online shopping, and
whatnot … we are stuck to screens 24×7. The excess exposure to screens has led a
large number of people into wearing spectacles and contact lenses. And sometimes if
the usage of screens goes to extremes, then it can lead to permanent loss of vision.

Touch pads and touch screens make up a huge part of AI-powered appliances,
and both of them have radically lowered the actual spirit of writing. We first shifted
from fountain pens to ink ones and then to keyboards and touch screens, but now we
are entering into an era of speech typing. The art of writing has always revolved
around the very act of “writing with a pen,” but now our technical world is grad-
ually making us forget the actual essence of our day-to-day tasks. Lack of actual
writing can eventually cause our bodies to develop paralysis towards using our
hands in a proper way to write and can even sometimes lead to us forgetting the way
of writing a particular language.

The process of digitalization, which is when digital technologies like AI and
others are incorporated into numerous industries, has the power to completely alter
how we live and work. The possible negative effects of such developments must be
recognized and addressed in addition to the positive effects.

The prospect of job displacement is among the biggest worries associated with
digitalization. There is a chance that some employees could become obsolete as
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more and more workers are mechanized using AI and other digital technologies.
People who lack the expertise to work with cutting-edge technology may experi-
ence a major loss in employment chances as a result. Jobs that require repetitive
work, like data input or customer service, for instance, are more likely to be
automated. This might result in a sizable number of people losing their work, which
might increase unemployment and poverty (Figure 16.3).

According to a new report, nearly half of all the work we do will be able to be
automated by the year 2055. However, a variety of factors, including politics and
public sentiment towards the technology, could push that back by as many as 20 years.

Here are the data representing the employment shares and job risk:
Another issue with digitalization is the potential for growing income disparity.

The enhanced productivity and efficiency brought on by digitalization will be
advantageous to those who have the abilities required to deal with cutting-edge
technology. Without these abilities, people might have a hard time finding work and
may fall behind in terms of income and style of living. This might exacerbate social
and economic problems, resulting in a growing divide between the wealthy tech-
nocrats and the rest of society.

While digitalization has many advantages, it’s vital to also take any potential
disadvantages into account. To guarantee that people have the skills they need to
adapt to the changing work market, proactive steps like education and training
programs must be taken to address serious issues like job displacement and rising
income disparity. To guarantee the appropriate and equitable use of digital tech-
nology, ethical and legal issues must also be addressed. As AI and digitalization
continue to grow, these issues must be taken into consideration.

16.4 INTEGRATION OF DIGITALIZATION IN LEARNING

AI can help us in innumerable and unique ways, to solve daily life problems. What
we can expect out of AI has humongous scope. Even today these technologies are

FIGURE 16.3 Data onemployment shares and theproportion of jobs at high riskof automation.
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being used, but the only thing is that it is not evenly distributed. Shortly, when the
majority of the population will have access to these newer technologies, we will
have to shift our focus from routine tasks to training our future generations to be
much more efficient at decision making and creativity, because those will be the
attributes for survival then.

Knowledge about these technologies and how to use them to promote creativity
and enhance consumer experience is essential. For businesses to remain competitive
in the market, it is also critical that they actively keep up with new technologies and
look for methods to integrate them into their operations. Additionally, it is antici-
pated that shortly, technology will have a substantial impact on every industry and
for this technology integration in the classroom is essential for students to be
prepared for future, technology integration in the actual learning classroom is es-
sential today. It is crucial to give today’s learners, the knowledge and skills nec-
essary to use technology, especially given the speed at which technology is
developing and its growing influence across a wide range of industries. Beyond
simply showing them how to use electronic gadgets, a technology-rich education
system goes beyond that. It necessitates a more comprehensive curriculum that
covers digital innovation, critical thinking, research, and problem solving. We have
to use technology to engage students in the learning process. Incorporate technology
into classroom activities and projects to help them visualize and explore content.
The way pupils learn could be completely changed by the use of technology in the
classroom and encouraging creativity and innovation. Inspire learners to think
creatively and find innovative solutions to problems. Foster an environment where
they can explore and experiment with technology. Offer them hands-on experience
so as to make them ready to face the hi-tech world that would be double hi-tech by
the moment they would step into their careers. Only computer usage won’t suffice
now; it cannot be the only aspect of teaching technology in schools now.

The curriculum should include a wide range of topics related to technology and
how it affects their personal and professional destinies. For this, learners must
possess the capacity to adjust to new technologies, keep up with technological
developments, and continually develop their digital literacy. Only then learners can
succeed in the constantly changing digital environment and bear the potential to
contribute to its further development also.

16.5 CONCLUSION

The fields of AI and digitalization are both quickly developing and have the ability
to fundamentally alter both corporate operations and societal advancement. But it’s
crucial to recognize and deal with any potential drawbacks of new technology, such
as job loss, and wider wealth disparities. Investments in education and training
programs are necessary to get people ready for future occupations and ensure that
everyone in society may profit from these improvements. In addition, it’s necessary
to create laws and policies that encourage the retraining and upskilling of workers
who may be replaced by automation. Additionally, wealth inequality needs to be
addressed through social safety net programs and progressive taxation, as well as by
redistributing income more fairly.
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In addition, the ethical implications of this technology must be considered. These
implications include worries about security, privacy, and possible biases in
judgement. These dangers must be reduced, and the technology should be used
sparingly, by making sure that accountability and openness are upheld during the
design and deployment of AI systems. Additionally, it’s also important to take into
account how these technologies can influence underserved populations and to make
sure that they don’t suffer unduly by the negative effects of automation.

To guarantee that the technology is applied in a way that benefits society as a
whole, the role of government in the regulation and oversight of AI development
becomes far more significant. This may include rules governing the collection, usage,
and sharing of data as well as standards for the creation and use of AI systems.

Overall, there is a lot of room for growth and advancement in the workplace, and
society as a whole, as a result of the usage of AI and digitalization. We must adopt a
proactive and all-encompassing approach to deal with any potential issues if we
want to fully benefit from technology for everyone. In addition, to ensure that all
stakeholders are included and have a voice in determining the direction and impact
of new technologies, appropriate consideration should be given to the economic,
ethical, and legal issues that may arise due to AI and digitalization.

16.6 FUTURE IMPLICATION OF DIGITALIZATION

Digitalization has a bright future ahead of it, one that has the power to change
industries and enhance the quality of life for individuals all around the world. The
speed of technological development, particularly in the areas of AI and ML, is
enabling the automation of processes and the processing of massive volumes of data
in ways that were previously unthinkable.

Digitalization holds great promise for the future and has the potential to significantly
better people’s lives. In a variety of industries, including healthcare, transportation,
education, and banking, it is now possible to automate activities, process massive
quantities of data, andmake smarter judgements thanks to breakthroughs inAI andML.

Interestingly enough, while winding up this research paper on digitalization we
learned about a new bot in town … Chat GPT. No doubt this paper will be
incomplete if this essential and relatable invention is missing. An AI-based tool is
threatening Google… the father of all technical shifts. “Chat GPT is a big deal. The
tool seems pretty knowledgeable in areas where there are good training data for it to
learn from. It’s not omniscient or smart enough to replace all humans yet, but it can
be creative, and its answers can sound downright authoritative. A few days after its
launch, more than a million people were trying out ChatGPT… So ChatGPT, while
imperfect, is doubtless showing the way toward our tech future,” C Net.

Believe it or not, technology is in an exciting phase right now, and the oppor-
tunities are unlimited.
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Chapter 10

Is New Wine in a New Bottle?
Re-Engineering Poverty Architecture
Through the Finnish Model of Education in
India
Tushar Soubhari, Sudhansu Sekhar Nanda and Mohd Asif Shah

Abstract

Finland’s globally accepted teaching practices are purely based on common
sense, and holistically promote equity over excellence. “New Wine in a new
bottle” literally means unlearning old thoughts and relearning new skills
updated to changes in the world recouping to new trends and establishing
ourselves full-fledged meeting the demand of the hour. The question of why
India still doesn’t get enough Noble Prizes in required disciplines is still
unanswerable. Still in India, there exist the archaic forms of the classroom
setting with little room for flexibility and no educational freedom; moreover,
with a highly pressurised testing environment. With the increasing popula-
tion of Indian set-up, most of the teachers are underpaid and are less satisfied
with the amount of effort they put in and their pay scale. A paradigm shift
could be expected in India’s educational landscape post the introduction of
the National Education Policy 2020; by reducing the academic workload for
students and improving their holistic intelligence thereby. The NEP frame-
work has been structured based on certain practical pedagogies from the
Finnish context. The 5131314 model would encourage students to make
their communication more effective, prioritising creativity, critical thinking,
and personality development; say, various experts. There is a direct
connection between education and poverty level in an economy. If the sys-
tem lacks quality, then it would adversely affect the economic functioning of
a nation. This study highlights the cases from both the Indian and Finnish
contexts, clarifying the loopholes in our education system and what lessons
could be incorporated from the Finnish model; so as to devise a policy at the
national level for re-engineering the impoverished situations, keeping in
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mind sustainable architecture. This chapter is the first of its kind not ever
published elsewhere and is original in nature.

Keywords: Finnish model; educational freedom; NEP; creativity; personality
development; sustainable architecture

Introduction
Rebottling an old wine into a new bottle doesn’t sound good scientifically as
excessive air oxidizes the wine perishing the bottle and therefore, the wine pours
out. Cataloging the past teachings from the Holy Bible, it was quoted that
reframing learning approaches through updated insight could help us to cross the
turbulent waves of uncertainty even in times of crisis. The chaotic moments in
students’ life as an individual start, when they face the competitive world imme-
diately waiting to hunt for a job. The dilemma here lies in the fact that would there
be any guarantee for the students to get the right job based on the limited,
impractical knowledge that he/she has possessed through their assigned curriculum
throughout their studies. In fact, our Indian Educational system needed to be
blamed for this negative change. Where does India lie in the global education
system (Goyal, 2019). This is the question of the hour. After three decades time,
obviously, there had been a rethink in the entire system forwhich a drastic change is
expected to happen in the coming future. Who is responsible for that change? It’s
none other than ourselves since we have accepted a change to be the CHANGE
amid lots of challenges in the global market.

The Indian educational system had been previously functioning based on the
frames outlined by Lord Macaulay. After three decades of experimental obser-
vations with different innovative approaches to teaching and learning methods;
there has been public acceptance to go for the adoption of the “New National
Educational Policy- 2020”; the mission achieved under the chairmanship of the
former ISRO Chairman Dr. K. Kasturirangan, in due course of achieving the
Sustainable Development Goal (SDG) Goal-4 by the year 2030; ensuring inclu-
sive and equitable quality education through the promotion of lifelong oppor-
tunities for everyone. The rich heritage of Indian value-based education could be
traced back to the times of Takshashila, Vikramshila, Nalanda, and Vallabhi who
were scholarly enough to contribute to multidisciplinary teachings across coun-
tries. The pursuit of knowledge, truth, and wisdom was considered superior in the
Indian school of thought.

Loopholes in the Indian Educational System
It was possible to compare the Indian educational system before and during the
British colonial era, and to see a dramatic change. Historically, the “Gurukul”
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method of education has placed its students in classrooms located beneath a
canopy of trees, where they can benefit from increased oxygen levels and a
conducive environment for learning. However, after hearing the recommenda-
tions of Lord Macaulay, the traditional educational system was changed and the
contemporary educational system was implemented. In 2010, after India gained
its independence, one of the six essential rights established by the constitution was
the right to an education. With this new program, called “Sarva Shiksha
Abhiyan,” all children aged 6 to 14 were able to get a free public education.
Preschool, kindergarten, grade school, middle school, and high school are the
foundational levels of education, followed by postsecondary and tertiary pro-
grammes (Abhijeet, 2014). India’s educational system has long been praised for its
excellence. Nonetheless, the timing is not yet right to showcase the abilities. While
many people lack access to basic services, those who do tend to leave for countries
with higher wages and higher concentrations of skilled workers. Every effort is
being made by the government to ensure that every child in India has access to a
quality education. Thus, the literacy rate is on the rise, but there are still obstacles
to overcome.

The UNESCO State of Education in India 2021 assessment found that there
were 11.16 lakh unfilled teaching vacancies. It proved beyond a reasonable doubt
that there was a deficiency in classroom educators. Moreover, educators were
saddled with an abundance of extracurricular duties, which took their attention
away from kids. National Institute of Education Planning and Administration
(NIEPA) research indicates that instructors spend only around 19% of their time
actually teaching, with the rest going toward administrative tasks that have
nothing to do with student learning. In addition, little accountability has been
exercised by the Government sector because Government instructors have a
lifetime guarantee of job security regardless of their performance.

In our country, academic performance is a proxy for potential. Students who
score above 90% are frequently viewed as “bright,” while those who score below
average are often viewed as “weaklings with no substantial future.” Our colonial
masters’model of curriculum is still in use today, unaltered and with an unhealthy
focus on academic achievement at the expense of students’ well-rounded growth.
Generations of students have proven themselves to be “bookworms” by relying
on their inherited knowledge of literature and history at the expense of actually
contributing to society. There is very little opportunity for students to engage in
hands-on exploration and investigation, and instead the curriculum focuses
almost exclusively on theoretical concepts. Students are seldom allowed to deviate
from the prescribed curriculum and are rarely encouraged to explore topics
beyond the classroom. Our methods of instruction are quite boring, and they lack
any semblance of flexibility or innovation. For the most part, students have to sit
through lengthy lecture hours from which they may or may not take away any-
thing of value. To combat this, an engaging approach to instruction not only
benefits students but also piques their genuine curiosity about the topic, encour-
aging them to learn more. In the Indian educational system, the end-of-year
results and board examinations are of the utmost importance, and pupils who
do not perform well on these tests may be the targets of mental bullying,
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humiliation, and a loss of confidence. Extracurricular activities like sports, art,
and music aren’t valued by society, parents, or schools. Because of the high
priority placed on academics, it is not uncommon to see professors exploiting the
time provided for sports and other co-curricular activities to instead complete
their own lesson plans. Not every young person has dreams of becoming an
astronaut; some may instead pursue careers in the arts, athletics, or oratory, or
public speaking. The problem with the Indian education system as it stands today
is that all these students will be subjected to the same curriculum and pedagogy,
even though much of what they are learning will be obsolete by the time they
reach their twenties. While it’s clear that students need to learn the basics, the
requirement that they do so for a whole decade before they can choose their major
seems antiquated. The criteria for what constitutes “excellent subjects” in our
system must be revised. Despite our foresight in the mathematical and scientific
communities, our talents are not limited to those fields. Other social and literary
topics need to be given the same level of consideration. Instead of discovering
one’s true calling in middle age, students would benefit greatly from a curriculum
shift that included creative topics alongside the traditional math and science.

It’s not just the curriculum that’s outdated; instructors and their practises also
need a major facelift. The way we teach is out of date. Unfortunately, the only
method of instruction we have is the traditional chalkboard and chalk. There has
been a surge in the adoption of online education, but only a fraction of students
have made the transition. Our educators are ineffective, and so is the way we
teach. The institution needs to help them acquire more modern teaching skills and
become accustomed to agile e-learning techniques. Having a good instructor on
hand can turn e-learning into a highly imaginative learning experience. The
benefits of having a competent instructor and an effective agile learning strategy
combined are substantial. Two hands are usually needed to clap. Lack of business
and economics education and practical literacy skills is a problem in the Indian
school system. We always know the definition of a procedure in layman’s words,
but we never know how to really carry it through. Because of how seriously we
take our grades, we’ve completely neglected teaching skills that are actually useful
in the real world, such as functional literacy. Along with this, there is absolutely
no foundational information about economics or market dynamics taught in our
curriculum. In order to better grasp the global financial system, pupils should be
exposed to basic market education beginning in secondary school.

To our children, the system is delivering the message that they are not in
responsibility of their own lives, which is a really harmful message to transmit.
They need just comply with whatever rules are established, rather than taking
initiative and prioritizing their own happiness. Children, according to experts, can
benefit much from it. No wonder our kids are bored and unmotivated by school.
What would it be like to have your every waking moment planned out for you?
True, we are turning them into “mechanical robots,” and that must be stopped.
Without this, their originality would be lost. Kiddies are putting in countless hours
of study, staying up late to cram for meaningless tests that nobody will remember
anyway. Questions like “What am I excellent at?” “What do I want to do with my
life?” “How do I fit into this world?” and many others seem to be completely
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ignored in today’s schools. The computer system doesn’t seem to be concerned.
Many people who are extraordinarily gifted have struggled to succeed in the
traditional educational system. To their credit, they were ultimately successful
despite these setbacks. However, not everyone is able to. How much skill and
potential is lost because it isn’t acknowledged by the current system is unknown.

Typical classroom time in an Indian school is spent listening to lectures and
reading textbooks. Students are not encouraged to go for physical exercise. As a
result, there is now a chasm separating sports and the student body. They seem to
be sluggish and indolent practically of the time. Because kids spend five hours a
day doing nothing but sitting in a classroom. Sports education should be given
equal weight to academic subjects so that students’ minds and bodies are
constantly challenged.

Your ability to communicate effectively is the most important skill you can
bring to any position. People skills and the ability to articulate one’s ideas clearly
in front of an audience are fundamental requirements for almost any profession.
Learning from one’s peers is a great way to improve in this area. The government
school teachers don’t even bother to show up to work on a consistent basis. The
resulting atmosphere at government schools is toxic for the youngsters who attend
there. Constant vigilance and the establishment of stringent restrictions are
necessary to avoid this.

Students who aren’t given adequate possibilities and positions within their
home country often look abroad for work. Brain drain describes this phenome-
non. Because of it, we lose talented people of our country who could have aided in
the development of the education sector or must have contributed toward the
progress of our country. It was stated throughout 1996–2015 that more than half
of the toppers of class 10th and 12th had relocated and were studying or worked
elsewhere, especially in the US. The National Skill Development Mission,
launched by the Indian government, seeks to educate 400 million Indians by 2022,
but this won’t be enough to halt the uprising.

Before the advent of the internet and the rise of experiential learning, the
Indian education system relied heavily on textbooks and lecture halls. The abacus
and Vedic Maths have given mathematics a fresh perspective. There were now a
plethora of fresh educational opportunities and exciting new ways to learn. In a
similar vein, the traditional educational curriculum emphasizes memorization
over understanding. Student learning has no real-world context. Both parents and
educators place a premium on academic success at the expense of pupils’ capacity
to apply what they have learned in the real world. As a result, education has
become a rat race. However, with the implementation of the National Policy on
Education 2020, that’s all changed. Three educational policies were implemented
in India. One occurred in 1968, another in 1986, and the third is scheduled for
2020. The fundamental goal of the National Policy on Education 1986 was to
incorporate underprivileged groups by providing them equal opportunity in the
sphere of education. On the other hand, the National Policy on Education 2020
takes a more comprehensive approach. The program is designed to help students
acquire marketable skills and find work. The New Educational Policy 2020 is
designed to address all the shortcomings of the existing educational policies. What
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follows is a summary, in the form of Fig. 1, of the issues with our schooling
system that have been mentioned above.

Features of NEP, 2020
Education “Quality,” “Affordability,” “Equity,” “Access,” and “Account-
ability,” all from the perspective of the system, are the primary concerns. By
improving teacher preparation and reorganizing the educational system, NEP
hopes to shift more resources into early childhood education and change the
current examination system. Reforms for both K-12 and higher education are
embedded in the policy.

A. Elementary Education: It proposes to replace the current 1012 system with a
5131314 curriculum that is age-appropriate for students between the ages of
3 and 8, 8 and 11, and 11 and 18 years old. A child’s developmental years
between the ages of three and six are critical, and this program will introduce
them into the formal education system.

B. Making the tenth and twelfth grade exams easier and teaching kids how to
take tests effectively so they don’t have to rely on memorization and retakes.
Regulation of both public and private schools will be delegated to a new body
called PARAKH (Performance Assessment, Review, and Analysis of
Knowledge for Holistic Development).

Fig. 1. Showing the Problems With Indian Education System.
Source: Created by self with modifications from NEP report, 2020, MoE.
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C. Placing a premium on teaching students in their native tongue or a regional
language until at least the fifth grade, teaching in both the student’s native
tongue and a second language, emphasizing extracurricular activities, begin-
ning vocational education and 21st-century skills like coding in class 6 with
internships, etc.

D. The National Council for Teacher Education (NCTE), in conjunction with
NCERT, will evaluate student achievement and growth, and they will create a
brand new, all-encompassing National Curriculum Framework for Teacher
Education (NCFTE) 2021.

E. Post-secondary education: The goal is to double the GER (Gross Enrollment
Ratio) from the current 26.3%–50% by 2035. A customizable, all-encompassing,
and multidisciplinary undergraduate degree that can be completed in three to
four years; students who complete the degree requirements and earn the
necessary certifications can then forego the Master of Philosophy.

F. Establishing the Higher Education Commission of India (HECI), which will
oversee all fields of higher education in India with the exception of the fields of
medicine and law. College affiliation will be phased out over the course of 15
years, and a system will be put in place to gradually offer colleges greater
independence.

G. Alterations Group: Establishing an Independent Organization, the National
Educational Technology Framework (NETF), to Serve as a Forum for Dis-
cussion and Collaboration Regarding the Use of Technology to Improve
Teaching, Assessment, and Administration.

H. For the purpose of evaluating students, a national assessment center PAR-
AKH is being established. Its stated goals include the establishment of a
Gender Inclusion Fund, the creation of Education Zones tailored to the needs
of underserved communities, and the encouragement of the establishment of
campuses of foreign universities in India. In comparison to the existing level
of public investment in education (4.6% of GDP), the proposed increase
would bring that number up to 6%.

The important Fundamental principles of NEP 2020 are discussed below in Fig. 2:
NEP 2020 suggested certain important recommendations which have been

discussed below (Fig. 3):

Benefits of NEP 2020 Toward Student Community
Fig. 4 represents the summarised points on how NEP contributes to students’
overall development in mere future:

The Way Forward Since 2020
It is crucial to have a clear vision and implement this at the grassroots level, where
basic education is being inculcated, as the National Education Policy (NEP) seeks
to enable inclusive, participatory, and holistic development and it has all which is
needed in the twenty-first century. If carried out correctly, it has the potential to
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provide India with its brightest and most capable workforce ever. It seems to reason
that if we continue to teach students using outdated methods and materials, fewer
and fewer young people in India will be able to find gainful employment. They are
leaving in droves toward the West in the name of “the learn and earn” in the hopes
of finding gainful employment. They have confidence in their ability to forge their
own paths professionally while abroad, and use this notion to guide their choices as
they shape their futures. The government of India recognized the value of the NEP
after small adjustments were made to account for predicted increases in school and
college dropout rates, college transfers, and so on.

Indian Model vs Finnish Model of Education
Students in Finnish schools are encouraged to evaluate their own performance
frequently (Aho, Pitkanen, & Sahlberg, 2006). Students are tasked with creating
their own educational experiences. Students are required to work together on
projects, and an emphasis is placed on those that span traditional topic areas. The

Fig. 2. Showing the Principles of NEP, 2020. Source: NEP 2020
Principles modified for the study from NEP Report, MoE.
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primary goal of Finnish educational policy is to ensure that all Finnish citizens
have access to quality educational opportunities (Ministry of Education, Finland,
2009). These tenets are reflected in the design of the educational system. In other
words, there are few, if any, roadblocks in the way of students advancing through
the system (Gardner, 2010). Learning, not testing, is the main objective of schools
nowadays. In Finland, there are no standardized assessments given to students in
elementary school. Instead, subject-area educators are accountable for conducting
assessments based on the curricular goals for their courses. Almost all educational
and vocational programs receive funding from the government. Every level of
schooling is free of charge. The costs of a student’s basic education, including
textbooks, lunches, and transportation, are covered entirely by the government
(Hargreaves, Halasz, & Pont, 2007). Students are expected to pay their own way
for textbooks and transportation costs in the secondary school level and beyond.
Also, there is a robust system of financial aid for higher education. Full-time
students in either higher education or secondary education can receive financial
aid (Finnish National Board of Education, 2008).

Fig. 3. Showing NEP 2020 Recommendations. Source: Data
modified for the study from NEP 2020 Report, MoE.
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Pedagogical Approach

Curriculum, instruction, and administration are all guided by a philosophy of
education that places a premium on students’ agency and collaboration with
instructors and peers. The knowledge the student already possesses informs how
he or she processes and makes sense of the new material (constructive pedagogy
approach) (OECD, 2010). There is a political agreement that all children should
attend the same public schools and a belief that all children, regardless of

Fig. 4. Showing the Benefits of NEP 2020. Source: Data modified
from the NEP 2020 Report, MoE.

176 Tushar Soubhari et al.



socioeconomic status or geographic location, are capable of excelling academi-
cally. An unwavering dedication to improving one’s own teaching practices and a
shared sense of accountability for students who are having difficulty is essential.
Trust between the school and its surrounding neighborhood can flourish when
limited funds are utilized to their fullest potential in the classroom (Burridge,
2010).

Modus Operandi of Finnish Education

• The curriculum has been recorded on a national basis to provide support for
student learning and individual student well-being (Sahlberg, 2006).

• Schools, as well as students’ learning results and evaluations, are inherently
supportive.

• All teachers are required to have a Master’s degree, and initial teacher training
includes practical teaching training (Sahlberg, 2007).

• The teaching profession is highly regarded and popular in Finland, so students
have their pick of the best teachers (Sahlberg, 2007).

• The goal is to provide information that will help schools and students improve.
• There are no national tests of learning outcomes and school ranking lists.
• In Finland, both elementary and secondary education majors focus heavily on

content-based instruction (FNBE, 2010).

Privileges That Teachers Get in Finland

• Teachers who have a high degree of professional autonomy in the classroom
are often regarded as subject-matter experts.

• Have a lot of responsibility in class and are given freedom to learn on their
own.

• Be able to make important policy and management decisions for the school.
• Play a significant role in shaping local educational policies and development

initiatives.
• Take charge of curriculum decisions and course materials.

Literature Review Excerpts Stating the Importance of the Finnish
Model of Education
Juslin’s research illustrates how the Finnish educational model has helped reduce
poverty and how it might serve as a template for the development of similar
models in other countries. Below, in Fig. 5, we can see how Hevner’s 1936 seminal
study on the subject of related works has been followed by subsequent investi-
gations by various authors.

Juslin’s work has been cited more frequently than that of any other author over
a longer period of time, as seen in the above figure.
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Better the Education, Zero the Hunger, and End to Poverty
Getting rid of poverty is high on the United Nations’ list of sustainable devel-
opment goals since it is one of the most pressing issues affecting countries
everywhere. Globally, over 783 million people are living on less than $1.90 a day,
according to the United Nations, and if action is not taken soon, this number will
rise. Education of the populace is the first step toward sustainable growth. The
cycle of poverty can be broken through educational opportunities for those who
want to break it. There is evidence that shows how education helps with things
like health, nutrition, economic growth, and protecting the environment.

The United Nations Educational, Scientific, and Cultural Organization
(UNESCO) estimates that 171 million people might be lifted out of extreme
poverty if all pupils in low-income nations could read proficiently. The world’s
poverty rate might be reduced by more than half if all adults had completed
secondary school. That’s why ensuring that everyone has access to a high-quality
education is one of the United Nations’ 17 Sustainable Development Goals to
accomplish by the year 2030.

Education Is Linked With Economic Growth

One reason why education is the key to escaping poverty is its correlation to a
flourishing economy. Seventy-five percent of the global GDP growth between

Fig. 5. Showing the Literature Map From Research Works Compiled
Based on Importance of Finnish Education. Source: Data created using

LitMap research software © collected since 1980 till date.
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1960 and 2000 was related to better math and science skills, according to a
research published in 2021 by Stanford University and Munich’s Ludwig Max-
imilian University.

Universal Quality Education for All Fights Inequality

According to the latest Oxfam report (2019), “good quality education may be
liberating for individuals and it can operate as a leveller and equaliser within
society” (Sekhri, 2011).

Inequality is one of the key reasons there is poverty in the world. People in
extreme poverty are disproportionately affected by all forms of systemic
discrimination (such as disability, religion, race, and caste). A quality education is
a fundamental human right, and it may be a powerful tool in the fight against the
structural inequalities that put some groups of people at the bottom of the social
ladder (Chauhan, 2008).

Mathematical Model Depicting How Education Reduces Poverty

The aforementioned model illustrates how education may be utilized to combat
poverty and foster long-term economic growth.

Creating More Employment Opportunities

In times of economic uncertainty, it is not simple to get a work. Many times, we
have to contend with a large number of other applicants for a small number of
open positions. On top of that, there will be a larger pool of applicants vying for
the same low-paying entry-level position if the applicant pool consists primarily of

Fig. 6. Showing a Model Representing How Poverty’ Can Be
Trivialized Towards Sustainable Development via Education. Source:

Developed by Self Author.
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people with lower levels of education. However, if we take the time to get the
training and education we need, we can improve our odds of finding a career that
we enjoy.

Securing a Higher Income

Jobs that pay well and require expertise are more likely to go to those with
advanced degrees and a wide range of work experience. If we put in the time and
effort to learn as much as we can and improve our skills, we can guarantee that we
will be able to live with relative ease.

Developing Problem-Solving Skills

An important advantage of formal education is that it equips students with the
tools they need to think critically, rationally, and independently. There are many
obstacles that young people must overcome when they enter adulthood, such as
paying off college loans, finding gainful employment, saving for a down payment
on a car and a house, etc. Humans are not only capable of thinking for them-
selves, but they are also adept at finding valid justifications and confirmations for
their beliefs.

Introducing Empowerment

Changing a flaw into a strength requires an investment in one’s education. It
provides us with a range of resources and approaches to the challenges we face.
But education’s greatest benefit is that it gives us the mental nimbleness to
respond quickly and effectively to any situation that arises. Educated women’s
increased confidence and ability to make sound decisions makes them less
vulnerable to sexism and domestic violence, according to a wide range of studies
(Sun, Sun, Geng, & Kong, 2018).

Creating Equal Opportunities

Those with higher levels of education are held to the same standards as their more
poorly educated peers. Further, those who have completed their education tend to
have broad minds that are receptive to new ideas and perspectives. The ability to
provide for oneself through education is the key to personal liberty. To put it
simply, it protects us from bad judgments and financial catastrophes.

Bridging the Borders

Online learning facilitates communication with groups and individuals all across
the globe. Physical barriers have been eliminated. The ability to interact with
people of other backgrounds and cultures expands perspectives and deepens our
appreciation for one another (Meisalo, Lavonen, Sormunen, & Vesisenaho, 2010).
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Giving Back to the Community

One of the benefits of an education is the realization of how important it is to
reside in a safe and secure neighborhood. They are more likely to take part in
initiatives that better their community and the world at large.

Improving the Economy

In most cases, employers look for candidates with strong academic credentials
when offering high-paying positions. When a person improves their level of
schooling and their resume, they increase their career opportunities. Those who
come from disadvantaged backgrounds can help bring the poverty rate down by
bettering themselves via education. Because education is about learning new
things and using them wisely, it contributes to economic growth and helps indi-
viduals and communities (Matilainen, 2011).

Equating the Finnish Model to the Indian Model of Education
Since the Introduction of NEP 2020

Fig. 7. Model Summarizing Features of Indian Education
Post-Introduction of NEP 2020. Source: Modified based on data retrieved

from NEP 2020 Report, MoE.
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Findings of the Study
Due to its emphasis on grades, competition, and social status, India’s school
system prevents many kids from discovering and pursuing their true passions.
There have been no modifications to NEP 2020 that would encourage students to
relax and take pleasure in their study by adding global ideas that place a premium
on creativity and critical thinking. The proposed reforms to Anganwadis raise
serious questions about the feasibility of implementing NEP. A long-term answer
is needed, and the NEP 2020s planned changes to the educational system won’t
provide that. Over time, it will need to be updated once again. An unrealistic goal
of 6% of GDP for public spending has been set given the current situation of
India’s GDP. Challenges lie ahead in the areas of resource mobilization and
application.

The Finnish Educational System has a lot to teach its Indian counterpart.

• The NEP was effective in that it led to the adoption of a new pedagogical
framework of education that emphasizes the child’s growth as a whole and
attempts to eliminate the rote learning culture. However, the Finland Educa-
tion System (FES) provides insights that we may adopt or draw inspiration
from at every level of education, beginning with preschool and continuing
through doctoral programs. A country like India places a premium on the fee
structure more than any other factor. In Finland, the cost of preschool and
kindergarten varies according to a family’s annual income. Each person now
has an opportunity to receive the finest education possible. And this is the age
when children of all socioeconomic backgrounds are equally attentive, and
their imaginations are at their most active. Transparency and a win-win situ-
ation for all parties are ensured when fees are structured in accordance with the
amount of income tax a person pays.

• Under FES, a learner can customize their academic experience depending on their
individual interests. They can also choose not to pursue a bachelor’s degree at a
university and instead pursue training in a specialized field. More talented people
will emerge from India now than ever before because to the country’s adaptable
educational system and students’ increased freedom and responsibility in making
educational decisions. The people of India should live by the slogan “all are for
education” (Kupiainen, Hautamaki, & Karjalainen, 2009).

• In Finland, local governments are in charge of educating and caring for chil-
dren younger than school age. It’s no secret that public schools in India are
struggling. The fact that guardians and parents are so adamant about sending
their kids to private schools speaks volumes about the quality of public edu-
cation in that area. Regaining their former grandeur and student populations
will require an emphasis on the holistic growth of children, as well as the
employment of qualified educators, a coherent educational framework, and a
functional physical plant.

• In Finland, compulsory schooling begins at age seven. Before entering formal
school, a student has already developed a love of learning, a healthy curiosity
and emotional range, and the mental agility to successfully navigate the
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challenges it will inevitably present. Students are required to attend school for
nine years, from Grade 1 through Grade 9. During this time, they are exposed
to a variety of teaching methods and viewpoints on various topics, which
allows them to draw their own judgments based on their own observations and
experiences. That manner, the student’s perspective is broadened and their
views aren’t limited to just one area of study. The end product is a cohesive
lesson plan that organically weaves together concepts from throughout the
curriculum.

• Educators’ roles and expertise must be bolstered alongside that of their pupils, as
they serve as the knowledge transfer medium. Educators need to learn not only
what to teach but how to teach it. The ability to educate in a practical, rather than
just theoretical, manner is a must for educators. Teachers who have a hand in
deciding what students learn will have a deeper understanding of the material and
will be better equipped to convey that understanding to their students. There
should be support for raising the bar for becoming a teacher, as doing so benefits
both students and schools in the long run (Centre for Civil Society, 2017).

• Without being overly harsh, it is fair to say that in Indian schools, the emphasis
is on students completing their coursework, mastering the material presented in
the classroom, and doing well on standardized tests. The problem with this
system is that it conveys the message that all students must hustle or cram to be
successful. As a result, students start viewing getting good grades on tests as the
pinnacle of achievement. The purpose of education is not to cram facts into
students’ heads but rather to help them retain enough of their learning to use it
in real-world contexts. There has been no revolutionary change brought about
by the Finnish system. India needs to develop its own system soon.

Fig. 6 graphically depicts the aforementioned causes that may prompt India to
embrace the Finnish model of education in an effort to alleviate poverty (Fig. 7).

Conclusion
While expanding access to education is important, it is not enough; the curricu-
lum must also include opportunities for holistic growth. The current system of
grading students requires urgent reform so that children are not made into public
spectacles of their efforts. Embrace their natural inquisitiveness and encourage
them to explore their interests early in their careers. The use of technology in
education is becoming increasingly important. The introduction of technologies
like smart boards, online materials, and interactive whiteboards has made it so
that teachers have less work to do. Present-day students can access more online
resources than ever before to aid them in their quest for knowledge. It’s less of a
struggle to grasp abstract ideas and memorize facts. India has to immediately
begin funding and implementing more cutting-edge educational practices (and
learning). To begin enforcing this at the ground level, the government, educators,
and parents must collaborate. It is crucial to have a clear vision and implement
this at the grassroots level, where elementary education is ingrained, as the NEP
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seeks to foster inclusive, participative, and comprehensive development, and it has
all which is needed in the twenty-first century. If carried out correctly, it has the
potential to provide India with its brightest and most capable workforce ever
(Ministry of Education, Finland, 2008).

Suggestions
The current educational system is broken and has to be fixed immediately. One
third of rural youngsters are completely unable to learn, as stated in the ASER
2020 assessment. The Indian government must prioritize the elementary and
secondary education systems and ensure that all teachers receive adequate
training. The focus should be on learning, not cramming. Education is crucial to
any nation’s development, so the focus should be on the students, not the grades
(Weisskopf, 2004).

To help alleviate poverty, schools should provide individualized support ser-
vices like counseling and ensure that all students have access to healthcare,
nutritious meals at no cost, and a level playing field in the classroom.

Implications of the Study
Finland’s educational policies are following a broad pattern. There should be less
pressure, less unnecessary rules, and more compassion. Typically, a student’s
daily schedule will only include a handful of classes. They have ample opportu-
nities to rest, rejuvenate, and eat. There are several 15- to 20-minute breaks
throughout the day so that the kids may get up, move around, and relax.
Teachers, too, benefit from this kind of setting (Gamerman, 2008). Rooms for
teachers are provided in all Finnish schools so that educators have a place to
unwind, get ready for the day, and mingle with one another. Teachers, like
everyone else, have basic needs that must be met in order for them to perform at
their highest potential in the classroom. Finnish pupils don’t feel the need to strive
for academic excellence because they have access to all the resources they require.
Without the distractions of grades and filler assignments, students can concentrate
on what really matters: developing as individuals. Finland is in the forefront
because of its holistic approach to education and emphasis on equity rather than
performance. For India to make progress toward a future with no hunger or
poverty, the country must do the same kind of labor.
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tometry. In anatomical examinations, the stem structures of 

the species share almost similar characteristics but stomatal 

tvpes differed in two species. Micro-morphological anal 
Vsis revealed the presence and absence of trichomes, pig 

ment variation in branches and nutlets. The result of the 
study also showed variation in branching and flowering 
patten, pigmentation, leaf morphology among the studied 
taxa. Spectroscopic analysis showed a significant difference 
in chlorophyll and phytochemical content. The studied taxa 
have a close resemblance to the medicinal herb Phyllanthus 
amarus. The findings of the present study may be helpful to 
even a layman for an easy and effective identification of the 
medicinal plant from other similar herbs and thereby avoid 
adulteration. 

Key words: Phyllanthus amarus, P. deblis and P. urinaria, micro 
morphology, UV-Vis spectroscopy 
Introduction 

Plants have an unquestionable role in human health 
care. Rural communities have high reliance on the herbal 
preparations and folk medicine in the modern world also. 
Ayurveda is a literature and treatment system entirely re lying on medicinal plants developed from the efforts and observation of many generations. 

Modern medicine is mainly based on synthetic drugs. But the natural compound from plant had contributed pos itively towards drug development. Ethnobotany and phar macognosy is a considered as a flourishing branch of bio logical research in recent years. Morphological characters are mainly used in the identification of plants., Literature Survey revealed that a large number of plant materials of Controversy in identification is established through micro morphological parameters especially when the plant lacks ts floral organs (Lin et al., 2015). Micromorphological and 105 
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leaf architectural evaluation like stomatal density, stomatal index, vein islet, veinlet terminations and crystal arrange-

ments in foliar apparatus are considered as important ana-
and Evans, 

lvtical values of the plant species (Wallis, 1985 and E 

2009), The foliar micromorphological studies have bee 

used in systematic biology, phylogeny, paleobotany, bio 

stratigraphy and assessment of environmental parameter. 

(Kovach& Dilcher, 1984). 

The small, herbaceous species of Phyllanthus, common 

ly called �Bhumyamalaki" in Sanskrit 'keezhal nelli' are 

widely used medicinal plants, especially for treating jaun 

dice. P. amarus Schum. &Thonn., P. debilis and P. urinaria 

L. grow commonly in the wild. The similarity in appearance 

and common vernacular names keezhar nelli assigned to 

these Phyllanthus species create confusion in identifying a 

particular species. 
P. amarus belongs to the family Euphorbiaceae is a small 

herb well known for its medicinal properties and widely 

used worldwide. It is an important plant of Indian Ayurve 

dic system of medicine which is used in the problems of 

stomach, genitourinary system, liver, kidney and spleen 

(De & Datta 1990). It is bitter, astringent, stomachic, di 

uretic, febrifuge and antiseptic. The whole plant is used in 

gonorrhoea, menorrhagia and other genital affections. It is 

useful in gastropathy, diarrhoea, dysentery, intermittent fe 
ers, ophthalmopathy, scabies, ulcers and wounds (Patel et 

al. 2011). 
P. urinaria (L.) is an annual perennial herbal species 

found in tropical Asia, America, China, and the Indian 

Ocean islands. It is used in folk medicine as a cure lO u 
jaundice, diabetes, malaria, and liver diseases. It is an er 

or sprawling, annual or short-lived perennial plant. The 

main stenm is much branched at its base (Geetanjali. & Ding, 

2018). 
Green Economy: Concepts And Perspectives 
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P. amarus and 

looking species commonly available in India (Sivarajan 

& 
Balachandran, 1994). P. amarus is widely distributed 

throughout India, whereas P. debilis has its distribution re-

stricted toward southern India. These are given for stimu-

lating sluggish liver and as tonic. Isolation of a bitter lig-

nan, phyllanthin, and a non bitter lignan, hypophyllanthin 

etc was reported from P. niruri (P. debilis) (Ramachandran 

et al., 1970). 

P. debilis are closely related and similar 

Since these plants are often admixed with different small 

herbs along with the medicinal plant and also with medic 

inally less important related species many attempts have 

been made to distinguish the plant from other herbs on the 

basis of macromorphology, micromorphology, histochem 

ical and pharmacognostic studies. Leaf epidermal studies 

on six species of Phyllanthus, viz., P. amarus, P. urinaria, 

P. odontadenius, P. niruroides, P. mullerianus and P. dis 

coideus revealed that it can be recognized and employed 

as useful taxonomic characters (Uka et al., 2014). Similar 

research on the comparative leaf micromorphological study 

on five species, namely P. acidus, P. elegans, P. emblica, P. 

urinaria and P. pulcher reported that the studied parame 

ters are important in species identification (Solihani et al. 

2015). 
Anatomical studies also give more relevant data to the 

identification of adulterant herbs. Pharmacognostic studies 

three species of Phyllanthus, P. amarus, P. debilis and P. 

urinaria from Lucknow district (Uttar Pradesh) had been 
Carried out to identify each of them correctly and to avoid 
Confusion and adulteration in commercial level (Bagchi, 
T992). A study on the species admixtures in raw drug trade 
OT Phyllanthus in southern India using morpho-taxonomi 
Cal characters and molecular analysis was done by Srira 
d et al., (2010) and it revealed that seventy-six percent 
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of the market samples contained P. amarus as the 

inant species (>959%) and thus were devoid of admixtures, The remaining 24% of the shops had five 

namely P. maderaspaten-namely P. debilis, P. traternus, P. urinaria, P 
sis, and P. kozhikodianus. The 

barcodes. 
fimed the trade samnple identities by species specific DNA 

predom. 

authors validated and con-

lications were of P. ama-

Materials And Methods 

different species 

Literature review revealed that only a handful of nuk 
available in the structural details of P 

rus, P. debilis andP. urinaria in the perspective of laymen in micromorphological aspects and anatomical features 
Hence the present study aims to analyse and validate the 
morphological and micromorphological characteristics of 
three species of Phyllanthus, P. amarus Schum. & Thonn. 
P. deblis J.G. Klein ex Willd and P. urinaria L. from Man 
jeri and Nilambur region of Malappuram Dist., to evaluate 
the anatomical features of the above species, to screen the 
phytochemicals and chlorophyll content by spectrophotom 
etry and to list out the identification characteristics of the 
medicinal plant from other locally available identical adul 
terant herbs in the family. 

lege, Manjeri. 

Plant Collection: Fresh specimens of P. amarus, P. de 
blis and P. urinaria were collected from Manjeri and Ni 
ambur region of Malappuram Dist, in the period from July 
to December, 2019. The plants were identifed by Dr. A. 

K. Pradeep, Associate Professor of Botany, University of 
Calicut and a voucher specimens (SHAMed 2016/07) were 
deposited in herbarium, Department of Botany, NSS Co-

Gross morphology: Morphological 

dissection microscope when necessary. 
Green Economy: Concepts And Perspectives 
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Light Microscopy: The leaf epiderrmal peels were ob 

tained from the adaxial and abaxial surfaces of fresh ma-
ured leaves. They were stained with 1% Safranin and 

were mounted on the glass slide and observed under a light 
icnoscope (Labomed). The photomicrographs were tak 
en with an adaptable camera (Tucsen imaging technology 

Co Ltd) that was fitted to the light microscope. Anatomical 

study was done by taking hand session of stem and staining 

with safranin. Images were captured using Tucsen micro 

scope adaptable camera and software. 

Phytochemical screening: Fresh leaves the plants 

were ground in mortar and pestle using acetone. The UV/ 

Vis spectra were recorded with a spectrophotometer (UV 

1650PC, Symptronics, India). For all absorbance measure 

ments Quartz cells (1 cm) were used. The spectra were re 

corded in triplicate from 1100 to 200 nm. For analysing the 

chlorophyll content standardised procedure was repeated 

for all species at 6666 nm and absorbance value was taken. 

Chlorophyll Analysis: Chlorophyll is soluble in ace 
tone. When the sample is macerated in acetone, chlorophyll 

gets dissolved in it. The optical density of the extract is mea 

sured at 663 and 645nm wavelengths using spectrophotom 
eter because at these wavelengths, maximum absorption of 

chlorophyll "a" and "b" takes place respectively. Chloro 
phyll is extracted in 80% acetone and the absorbances are 

read at 663 and 645nm in a spectrophotometer. Using the 
absorption coefficients, the amount of chlorophyll is calcu 
lated (Arnon, 1949: Carle & Schweiggert, 2016). 

Chemical reguired: Acetone. Preparation of reagent: 
o0% acetone: 80 mL in 20 mL of D.DH20 Extraction Place 

10 mg of fresh plant leaf material in a test tube and grind 
with 5 1 mL of 80% acetone in mortar using pestle. 
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Estimation: Chlorophyll extracted into 
collected to from test tubes by filtering the homogenate 

using what man filter paper no. 1. Wash out the homog-was 

acetone solution 

enate two to three times with 5 mL of 80% acetone e 

time. Make the final volume of the filtrate up to 25 mI. wiel 

s0% acetone. Concentration of chlorophylls a, b and tott 

op chlorophyll were quantified in samples by reading the on 

tical density at 663 and 645 nm. Calculate the chlorophvile 

a, b and total chlorophyll using the formula. Calculate the 

amount of chlorophyll present in the extract in mg chloro 

phyll per g tissue using the following equations: 

mg chlorophyll a/g 
tissue=12.7(A663)-2.69(A645xV/1000xW 

mg chlorophyll b/g tissue-22.9(A645)-4.68(A663)xV/1000xW9 

mg total chlorophyll /g tissue=20.2(A645)+8.02(A663)xV/10xW 

A= absorbance at specific wavelengthsV= final volume 

of chlorophyll extract W = fresh weigh of tissue extracted 

Result S 

Morphological and Micromorphological studies 

Morphological characters of three species were anal 
ysed and listed out (Table 1). P. amarus has two different 

morphological variants- light green with less branching 

and dark green plants with profuse branching types were 
collected. Two variants of P. urinaria also collected, short 
herbs with highly pigmented plant parts (stem & leaves) 
and taller herbs with less branching and pigmentation. 

Highly pigmented variant showed trichomes on leaf mar 
gins. P. debilis showed close resemblance to P. amarus but 

the leaflet shape was very distinct in both. The arrangement 

of male and female flowers in the three species is shown iin 

Fig a-c.. 

Green Economy: Concepts And Perspectives 
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Branching pattern 

Leaf shape 
Leaf base 

Leaf margin 

Leaf apex 
Leaflet length 

Phyllotaxy 
Glabrous/pubescent 

Trichomes 

Number of Tepals 
Colour of Tepals 

Position of flowers 

Number of stamens 
Colour of fruit 

Fruit surface 

Stomata 

Stomata distribu 
tion 

PAmarus 

Fig a. P. urinaria 

Profusely 
branched 

Oblong 
Round 

Entire 

Obtuse 
1.3* cm 

Alternate 
Glabrous 
Absent 

5 

Pale white 

I male and 1 
female fower 

from each 
axile 

5 

Green 

Smooth 

Anisocytic/ 
paracytic 

P Urlnaria 

jc 

Profusely 
branched 

Oblong 
Round 

Entire 

Obtuse 

1.2* cmn 

Alternate 

Glabrous 

Present 
6 

Light pink 
I male and 1 

female flower 
from each 

axile 

6 

Pink 

Smooth 

Paracytic 

Hypostomat- Hypostomatic 

P Debilis 
Rarely 

branched 

Elliptical 
Rounded 

Entire 

Acute 

2.0* cm 
Alternate 

Glabrous 
Absent 

5 

Pale white 

Female 
flowers at 

the base and 
male fiowers 

at the tip of 
leatlets axile. 

Green 

Rough 
Anisocytic 

Am 
phistomatic 

Table 1. Morphological characteristics of three species of Phyllanthus 
*Average value 

Fig b. P. amarus 
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Fig c. P. deblis 

Fig (a-c): Position of male and female flowers in the 

three species of Phyllanthus 

Anatomical studies: Anatomical features of the three 

species showed similarity (Plate 3 A, B & C). Epidermis 

hypodermis, cortex, endodermis, stele showed similar pat 

tern of tissues. Epidermal hairs were absent in all species 

studied. Hypodermis was made up of parenchyma tissues 

in light green variant of P. amarus and P.urinaria. But in P. 

debilis, hypodermal cells were collenchymatous. Hypoder 

mis was followed by chlorenchyma and again parenchyma 

in all the three species. In light green variant of P. amarus, 

the chlorenchyma layer is intercalated with parenchyma 

tissues. In P. debilis, chlorenchyma layer is very distinct. 

Endodermis is not distinct. Pericycle is seen as schleren 

chymatous bundle sheath except in P. amarus where peri 

cycle is parenchymatus. Stellar region showed secondary 
vascular tissues and pith. Calcium oxalate crystals are pres 

ent in the pith region of P. amarus and P.urinaria. But in 

debilis these crystals were not observed. 

Stomatal types were different in the three species (Piale 

6). In P. amarus there observed two types of stomata, aniso-

cytic in light green with less branching variant and paracyt 

ic in dark green with profuse branching type. Anisocy te 
stomata are observed in P. debilis. 

three species in UV-visible spectrophotometer gave an Phytochenmical studies: Spectroscopie studies in the 
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cagle eyes view of the phytochemical profile of the three 
species. This technique helped in identification of phyto 
constituents present in the acetone extract of the three spe 
cies. The UV-visible spectra were performed to identify the 
compounds with -bonds, -bonds and lone pair of elec 

mons, chromophores and aromatic rings. The obtained data 
of UV-VIS spectroscopic analysis are given as follows in 
fig 14. Absorption at 563 was also analyzed to detect the 
chlorophyll content of the three species including the varí 
ants (Table 2). 

Species 

P. amarus 

(Light green) 
P. amarus 

(Dark Green) 
P. urinaria 

I13 

P. debilis 

Absorbance 
in 663nm 

2.100 

2.197 

2.046 

2.347 

Absorbance 
645nm 

1.9 

2.323 

1.641 

2.366 

Chlorophyll content 
A B Total 

0.012 0.019 0.028 

0..12 0.024 0.032 

0.011 0.016 0.025 

0.012 0.024 0.033 

Table 2. Table comparing the absorbance in S563nm in the 
three species of Phyllanthus 

Fig 1. UV-Vis spectra of Phyllanthus amarus ( light green) acetone 
extract 

Green Economy: Concepts And Perspectives 



Fig 2. UV-Vis spectra of Phyllanthus amarus (dark green) acetoe 
extract 

Fig 3. UV-Vis spectra of Phyllanthus urinaria acetone extract 

Fig 4. UV-Vis spectra of f Phyllanthus debilis acetone extract 

G009 

Wkavekorngthrnn) 



PLATE 3 

a. Rnrtnrla stem nnatomy 
b. Pith nhowing ealelum oNalnte crystals 
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a. P. amarus (Dark green) 

c. P debills 

PLATE6 

b. P. amarus ( Light green) 

d. P. urinaria 

Fig (a-d): Stomata types observed in the three species of 
Phyllanthus 

Green Economy: Concepts And Perspectives 
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Discussion 

This study provides the first time comprehensive mi 
co-morphological information of thrce species in Phyllan 
thus which mostly are adulterants of P. amarus in the 
ayurvedic preparations. Stem anatomical characters basi 
cally coincide with the descriptions of other Phyllanthus 
species previously studied (Anonymous, 2010). Phyllan 
thus niruri Linn. mentioned in the flora of British India 
(Hooker, 1885) and found on the labels of number of Indian 
Herbal formulations is a mixture of five distinct species, 
namely P. amarus Schum and Thonn, P. fraternus Web., P. 
maderaspatensis Linn., P. simplex Retz., P. urinaria Linn. 
In recent times based on the clinical efficacy, P. niruri men 
tioned in the flora of British India, �Bhumyamalaki' and 
"keezharnelli mentioned in the classical literature are 
equated with P. amarus (Sharma & Sheela, 2011). 

Morphological analysis showed remarkable differences 
between the three species. Stem pigmentation was the main 
notable difference; the three species showed remarkable 
difference in pigmentation on stem and leaves. The collect 
ed specimens ofP. amarus showed two different variants 
- dark green and light green stem and leaves. These charac 
ters will definitely make it easier and simple to be identified 
even by an illiterate person. The leaf characters like shape, 
apex and base was different in the three studied species 
which help for the easy identification of the specimen even 
in dried sample. Leaflet arrangement on P. debilis was dif 
ferent from others where the leaflet was elliptical and more 
distantly arranged on the rachis than in other two species. 
Even though this species is supposed to be the main adul 
terant of P. amarus, the above said macro-morphological 
Characters can help to distinguish between the medicinal 
herb and its adulterant. 

l17 Green Economy: Concepts And Perspectives 



Micromorphological studies revealed minute diflerene. 
trichomes 

taken into consideration where it was preCnt in P, urinarsa es among the species, In the present study Were 

but absent in other two species, Microscopic study 
surface showed roughness on fruit surface in P. debilis. That 

is considered to be the characteristic feature of that sreci 

of frit 

Anatomical features of the stem showed no much di 

ference except the presence of crystals in the pith cells of 

P. amarus and P. urinaria. The morphology and distribution 

of crystals are constant within a species. This indicates that 

their presence, morphology and distribution in a species are 

under genetic control (Ilarslan et al., 2001), Thus the con 

stancy of crystal type and distribution may be considered a 

taxonomic character for classification of species (Frances 

chi & Nakata, 2005). This can be taken as character in sys 
tematics of these species. The importance of mineral crys 

tals in stem of these species necessities more detailed study. 
Spectral analysis showed difference in absorption at 

563nm and also wavelength provided a simple but effective 
identification of the species. With UV spectroscopic tech 
niques rather than detailed chromatography techniques, we 
can identify the medicinal herb from the adulterant species. 

In the UV-VIS spectra the appearance of one or mo 
peaks in the region from 200 to 400 nm is a clear indica 
tion of the presence of unsaturated groups and heteroatomS 
such as S, N, O (Njokua et al., 2013). UV-VIS spectra o 
the three species showed remarkable difference. The lign 
green and dark green variants of the P. amarus spectra dif. 

fered in visible region at 680nm. It shows that the phyto 
chemical components in the variants differ. 

Green Economy: Concepts And Perspectives 

UV region. Several peaks were observed between 200nm 
The spectrum of P. urinaria extract showed absorption in 

and 340nm. UV-VIS spectrum of this plant extracts 
has ab-



sorption peaks at 214, 

of 0.599, 0.655, and 0.550 respectively. This confirms the 
e of organic chromophores in the extract (Jain et al., 
These absorption bands are characteristic for flavo-

presence 

noids and its derivatives. The flavonoids spectra typically 
consist of two absorption maxima in the ranges 230-285 
m (band I) and 300-350 nm (band II). The precise posi-

tion and relative intensities of these maxima give valuable 
information on the nature of the flavonoids (Dhivya & Ka-
laichelvi, 2017). 

214.446 and 472 nm with the absorption 

Nevertheless, the use of UV-visible spectrophotometry 
in the analysis of complex media is limited by the inherent 
diffhculties in assigning the absorption peaks to any particu 
lar constituents in the system. Thus, UV-VIS findings must 
be supplemented with some other analytical technique such 
as FT-IR, GC/MS, LCMS etc, to enable proper extract 
characterization and constituent identification. But this is 
meant for identifying the three species and this method is 
the simplest way to differentiate. 
Conclusion 

The present study reports the simplest and easiest meth 
od of identifying three species of Phyllathus in micro and 
macro morphological, anatomical and phytochemical as 
pects. The microscopic diagnostic characters drawn from 
the present investigation by using simple techniques will 
heip to authenticate genuine samples of Phyllanthus used 
n medicinal preparations. Anatomical features like calci 
um oxalate crystals reported in the study may be used as 
the taxonomic character for more accuracy of the identifi-

alon. Spectral analysis also gave one more simple param 
eter to ayoid adulteration due to misidentification. This is a 

first such report on the comprehensive comparative micro 
scopic as well as anatomical diagnostic characteristics on 
these species. 
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