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Abstract 

Introduction: The study examines the increasing interest of students in West Bengal's 

technological research, revealing a generation eager to embrace innovation while navigating 

resource constraints and seeking institutional support. The enthusiasm for interdisciplinary 

research and digital proficiency is tempered by awareness of the global digital divide, 

highlighting West Bengal's potential to contribute significantly to global technology research. 

Objectives: The study "Exploring the Genesis of Technological Research: An Advanced Analysis 

with Reference to West Bengal" examines undergraduate students' attitudes towards technology 

and research in West Bengal, focusing on healthcare, information technology, industrial 

processes, transportation, renewable energy, and education. 

Research Methodology: The research uses a comprehensive methodology including historical 

analysis, case studies, and statistical data analysis to examine the evolution of technological 

research, students' attitudes towards technology, AI integration in undergraduate programmes, 

and their perceptions of technology use. 

Discussion: The study examines the historical evolution of technological research and its 

transformative effects on various sectors, focusing on factors influencing students' attitudes 

towards technology, including prior exposure, institutional support, and socio-economic barriers, 

highlighting opportunities for affordable technology and personalized learning experiences. 

Conclusion: The study reveals that technology integration in research has significantly improved 

education, but challenges persist due to the digital divide and inadequate infrastructure. It 

emphasizes the need for targeted interventions to create a more inclusive, tech-savvy educational 

environment and cultivate innovative researchers to bridge these gaps. 

Keywords: Technological Research, Undergraduate Attitudes, West Bengal, Technology 

Acceptance Model, Artificial Intelligence. 

1. Introduction 
The research paper titled "Exploring the Genesis of 

Technological Research: An Advanced Analysis with 

Reference to West Bengal" investigates the burgeoning 

interest and active participation of undergraduate students in 

the field of technological research within West Bengal. This 

study reveals a youthful demographic eager to embrace 

technological innovations despite facing significant resource 

constraints and seeking greater institutional support. The 

enthusiasm for interdisciplinary research and digital 

proficiency among these students is notably high, driven by a 

strong desire to leverage technology for societal benefits. 

However, this progressive attitude is tempered by a critical 

awareness of the global digital divide and a collective 

determination to bridge this gap through localized, practical 

solutions. The findings reflect an educational sentiment in 

West Bengal that holds significant potential to contribute to 

the global narrative of technology research, emphasizing the 

impact of student attitudes on their academic and professional 

aspirations. This research explores the intricate interplay 

between technology, paedagogy, and content in education, 

highlighting the influences of government policies, 

institutional infrastructure, and socio-economic backgrounds 

on the adoption of technology in higher education. Employing 

a multifaceted methodology that includes historical analysis, 
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case studies, and statistical data analysis, the study examines 

the evolution of technological research and its transformative 

impact on modern life, focusing particularly on how 

undergraduate students in West Bengal perceive and engage 

with technology. The research identifies several challenges, 

such as the digital divide, inadequate infrastructure, and socio-

economic barriers that hinder the widespread adoption of 

technology. Despite these challenges, the study also 

recognizes the opportunities presented by affordable 

technology, increased internet connectivity, and supportive 

government initiatives that aim to foster personalized learning 

experiences. The role of Artificial Intelligence (AI) in 

revolutionizing education is a significant focus, with 

discussions on how AI can enhance learning experiences and 

research capabilities. The integration of technology in 

research is shown to have revolutionized education by 

providing unique data sets, improving accuracy, and 

enhancing the efficiency of data collection and analysis. This 

comprehensive exploration underscores the need for targeted 

interventions to bridge the digital divide, improve 

technological infrastructure, and cultivate innovative and 

tech-savvy researchers capable of making significant 

contributions to knowledge and society. Through this study, 

valuable insights are offered to educators, policymakers, and 

researchers interested in the intersection of technology, 

research, and education, emphasizing the importance of 

creating an inclusive and tech-savvy educational environment 

in West Bengal. 

1.1. Genesis of Technological Research: A Historical 

Overview 

Technological research, dating back to ancient civilizations, 

has evolved significantly over time. This overview outlines 

major milestones and key developments that have shaped its 

trajectory from its inception to the modern era. 

A ) Ancient Beginnings 

a) Prehistoric Innovations: 

 Early humans created basic tools using stone, bone, 

and wood, marking the beginning of technological 

advancement. 

 The wheel's invention around 3500 BCE and the 

discovery of fire significantly influenced early 

human societies. (Johnson, 2018) 

b) Ancient Civilizations: 

 Mesopotamia and Egypt: Both regions made 

significant advancements in agriculture, engineering, 

and metallurgy, with notable examples including the 

construction of pyramids and irrigation systems. 

 China: Ancient China introduced significant 

innovations like paper, gunpowder, and the compass, 

significantly influencing global technological 

advancement. 

 Greece and Rome: Greek philosophers like 

Archimedes and Roman engineers significantly 

contributed to mathematics, physics, and 

engineering, notably in the development of aqueducts 

and advanced weaponry. (Garcia, 2019) 

B) The Middle Ages 

a) Islamic Golden Age (8th to 14th Century): 

 Islamic scholars significantly advanced algebra, 

astronomy, and medicine, preserving and expanding 

upon Greek and Roman knowledge. 

 Al-Khwarizmi, known as the father of algebra, and 

Ibn al-Haytham, who made significant contributions 

to optics, are key figures in the field. (Peterson, 

2015) 

b) Medieval Europe: 

 During the Middle Ages, Europe experienced 

technological advancements such as the mechanical 

clock, advancements in agricultural tools, and the 

development of Gothic architecture. 

 The 12th and 13th centuries saw the establishment of 

universities as centers for learning and research. 

(Rossi, 2012) 

C) The Renaissance and Enlightenment 

a) Renaissance (14th to 17th Century): 

 The Renaissance was a period of renewed interest in 

classical knowledge and scientific enquiry. 

 Leonardo da Vinci and Galileo Galilei were pioneers 

in scientific and engineering research, laying the 

foundation for modern advancements. (Martin, 2010) 

b) Scientific Revolution (16th to 18th Century): 

 The Scientific Revolution led to significant 

advancements in physics, chemistry, and biology, 

resulting in the development of the scientific method. 

 Isaac Newton and Robert Boyle are renowned 

scientists known for their groundbreaking work in 

physics and chemistry, respectively. (Simmons, 2008) 

D) The Industrial Revolution 

a) First Industrial Revolution (18th to 19th Century): 

 The steam engine, mechanized textile production, and 

metallurgy advancements significantly impacted 

industries and societies. 

 James Watt and George Stephenson were key 

inventors who significantly contributed to industrial 

growth. (Lopez, 2004) 

 

b) Second Industrial Revolution (late 19th to early 20th 

Century): 

 This period was marked by the discovery and 

utilization of electricity, the development of the 

internal combustion engine, and the rise of mass 

production techniques. 

 Thomas Edison and Henry Ford were key figures in 

the widespread adoption of new technologies. 

(Turner, 2003) 

E) The 20th Century and Beyond 

a) Technological Research in the 20th Century: 

 The 20th century saw a significant surge in 

technological research, fueled by the eras of World 

Wars I and II, the Cold War, and the Space Race. 
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 Major advancements in technology include nuclear 

technology, the rise of computing, and the invention 

of the internet. 

 Bell Labs, MIT, and other national research 

laboratories have emerged as hubs of technological 

innovation. (Nguyen, 2001) 

b) The Information Age (late 20th to 21st Century): 

 The rise of digital technologies, such as personal 

computers, mobile devices, and the internet, has 

significantly altered the way research is conducted 

and disseminated. 

 The advancement of artificial intelligence, 

biotechnology, and renewable energy technologies is 

the latest advancement in technological research. 

The history of technological research demonstrates human 

ingenuity and knowledge pursuit. From prehistoric tools to 

modern technologies, each era builds upon previous 

discoveries. As we move into the 21st century, technological 

research promises to continue reshaping our world in 

unprecedented ways. 

1.2 Definitions of the Genesis of Technological Research 

according to Innovations in Technology 

a) Early Human Innovations: Technological 

research's origins can be traced back to early human 

societies, where basic tools made from stone, bone, 

and wood were crucial for survival and laid the 

groundwork for future technological advancements.  

(Smith, 2008). 

b) Ancient Civilizations: Ancient civilizations like 

Mesopotamia and Egypt demonstrated early 

systematic approaches to technological problems 

through advanced agriculture, engineering, and 

metallurgy, resulting in sophisticated irrigation 

systems and monumental structures like pyramids. 

(Johnson, 2012). 

c) Islamic Golden Age: The Islamic Golden Age saw 

scholars expand Greek and Roman knowledge, 

making significant contributions in fields like 

algebra, astronomy, and medicine, fostering scientific 

enquiry and technological research that laid the 

foundation for modern science. (Ahmad, 2010). 

d) Renaissance and Scientific Revolution: The 

Renaissance and Scientific Revolution were 

significant periods in technological research, marked 

by figures like Leonardo da Vinci and Galileo 

Galilei, who embodied the spirit of enquiry and 

experimentation, and the scientific method became a 

fundamental framework. (Jones, 2015). 

e) Industrial Revolutions: The First and Second 

Industrial Revolutions revolutionized industries and 

societies with the introduction of steam power, 

mechanization, electricity, and mass production 

techniques, with innovators like James Watt and 

Thomas Edison playing key roles in demonstrating 

the impact of technological research. (Clark, 2011). 

f) 20th Century and Beyond: The 20th century saw a 

surge in technological research, fueled by global 

conflicts and the Space Race, leading to 

advancements in nuclear technology, computing, and 

the internet, with research institutions playing a 

crucial role in these advancements. (Williams, 2017). 

1.3 Profound Impact of Technological Research on 

Modern Life 

This section investigates the profound impact of technological 

research on various aspects of modern life, including society, 

economy, healthcare, and communication, highlighting its 

extensive influence in the modern age. 

a) Healthcare and Medicine 

Technological advancements in healthcare, including 

advanced diagnostic tools, treatments, and procedures like 

MRI and CT scans, robotic surgery, and personalized 

medicine, have significantly improved patient outcomes and 

healthcare efficiency. (Williams, 2017). 

Example: The Human Genome Project, completed in 2003, 

has revolutionized personalized medicine by enabling 

treatments to be customized to individual genetic profiles. 

(Collins, 2003). 

b) Information Technology and Communication 

Information technology has revolutionized communication, 

accessed information, and conducted business through the 

internet, smartphones, and social media platforms, fostering a 

global community for instant communication and information 

sharing. (Castells, 2010). 

Example: Tim Berners-Lee's 1989 invention of the World 

Wide Web significantly influenced information sharing and 

access, laying the groundwork for the digital age. (Berners-

Lee, 1999). 

c) Industrial and Manufacturing Processes 

Industrial research has led to advancements in automation, 

robotics, and advanced manufacturing techniques, enhancing 

production efficiency, cost reduction, and product quality. 

(Brynjolfsson & McAfee, 2014). 

Example: Industry 4.0, characterized by smart factories and 

Internet of Things (IoT), has significantly improved industrial 

processes and productivity. (Schwab, 2016). 

d) Transportation and Mobility 

Technological advancements in transportation, including 

electric vehicles, autonomous driving, and advanced public 

transportation systems, have revolutionized travel by making 

it faster, safer, and more efficient. (Sperling, 2018). 

Example: The rise of electric vehicles, led by companies like 

Tesla, is promoting a sustainable future by reducing reliance 

on fossil fuels. (Musk, 2013). 

e) Renewable Energy and Sustainability 

Research in renewable energy has led to significant 

advancements in solar, wind, and other sustainable energy 

sources, crucial in addressing climate change and reducing 

carbon footprints. (Jacobson, 2009). 

Example: The advancement of photovoltaic cells has made 

solar energy a more sustainable and cost-effective energy 

source. (Lewis, 2007). 
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f) Education and Learning 

Educational technology has significantly improved the 

accessibility and interactive nature of education through 

online platforms, virtual classrooms, and educational 

software. (Siemens, 2005). 

Example: The rise of Massive Open Online Courses 

(MOOCs) has significantly democratized education by 

offering global access to high-quality learning resources. 

(Agarwal, 2013). 

Table – 1: Types of Geneses of Technology 

Sl 

No. 

Field Impact of 

Technological 

Research 

Example 

1. Healthcare 

and 

Medicine 

Advanced 

diagnostic tools, 

treatments, 

personalized 

medicine 

Human 

Genome 

Project 

2. Information 

Technology 

Transformed 

communication, 

information 

access, and 

business conduct 

World Wide 

Web 

3. Renewable 

Energy 

Advancements 

in solar, wind, 

and ot5.her 

sustainable 

energy sources 

Efficient 

photovoltaic 

cells 

4. Education 

and 

Learning 

More accessible 

and interactive 

education; 

online learning 

platforms and 

virtual 

classrooms 

Massive 

Open Online 

Courses 

(MOOCs) 

Source: Analysis Report on the Impact of Technological 

Research in Various Fields, Govt. of India, 2024 

1.4 Types of Geneses of Technology  

The genesis of technology can be categorized into five main 

types: prehistoric, agricultural, classical, medieval, and 

modern, each influenced by different factors and 

environments over time, providing insight into the evolution 

of technological innovations. 

a.) Prehistoric Geneses of Technology 

Prehistoric technology refers to the earliest forms of human 

innovation, primarily focusing on survival tools and basic 

utilities. 

This era includes: 

 Stone Tools: Early humans invented stone tools for 

hunting, food preparation, and protection, marking 

the first technological innovations. (Smith, 2008). 

 Fire: The controlled use of fire was a significant 

technological advancement, providing warmth, 

cooking, and protection from predators. 

(Goudsblom, 1986). 

Explanation: Early human societies' basic needs led to 

prehistoric technological advancements, such as creating tools 

from natural resources and discovering fire, which showcased 

their inventive capacities to adapt and thrive in their 

environments. 

b.) Agricultural Geneses of Technology 

Agricultural technology refers to the innovations that emerged 

around 10,000 BCE with the advent of agriculture. 

Key developments include: 

 Irrigation Systems: Ancient civilizations like 

Mesopotamia and Egypt developed irrigation 

systems to improve crop production and manage 

water resources. (Johnson, 2012). 

 Ploughs and Harvesting Tools: The invention of 

ploughs and other agricultural tools revolutionized 

farming practices, resulting in increased food 

production and population growth. (Diamond, 

1997). 

Explanation: The transition from nomadic to settled 

agricultural communities necessitated technological 

advancements for improved food production and resource 

management, significantly affecting social structures and 

economic development. 

c.) Classical Geneses of Technology 

Classical technology refers to the advancements made during 

ancient civilizations like Greece, Rome, and China. Notable 

contributions include: 

 Greek Engineering and Philosophy: Archimedes 

and Aristotle significantly contributed to the fields 

of mathematics, physics, and engineering. (Jones, 

2015). 

 Roman Infrastructure: The Romans demonstrated 

their engineering prowess through the development 

of extensive road networks, aqueducts, and 

advanced building techniques. (Oleson, 2008). 

 Chinese Innovations: Ancient China's invention of 

paper, gunpowder, and the compass significantly 

influenced global technology. (Temple, 2007). 

Explanation: The classical era was characterized by 

systematic inquiry, practical knowledge application, and 

innovations in engineering, philosophy, and infrastructure, 

laying the foundation for future technological advancements. 

d.) Medieval Genesis of Technology 

Medieval technology refers to the advancements made during 

the Middle Ages, driven by both practical needs and academic 

pursuits. 

Key developments include: 

 Islamic Golden Age: Islamic scholars significantly 

advanced knowledge in fields like medicine, 

astronomy, and mathematics by preserving and 

expanding upon earlier knowledge. (Ahmad, 2010). 

 European Advances: During the medieval period 

in Europe, significant advancements were made in 

mechanical clocks, agricultural tools, and 



Global Journal of Engineering and Technology [GJET].  ISSN: 2583-3359 (Online) 

*Corresponding Author: Rimmi Datta                                  © Copyright 2024 GSAR Publishers All Rights Reserved 

                     This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Page 12 

architecture, including Gothic cathedrals. (White, 

1962). 

Explanation: The medieval period was marked by the 

preservation and enhancement of ancient knowledge, with the 

Islamic Golden Age being a significant period of intense 

scholarly activity that significantly contributed to global 

technological progress. 

e.) Modern Genesis of Technology 

Modern technology refers to the rapid advancements made 

since the Industrial Revolution. 

Significant periods include: 

 First Industrial Revolution: The period was 

marked by the development of the steam engine, 

mechanized textile production, and advancements in 

metallurgy. (Clark, 2011). 

 Second Industrial Revolution: The development 

of electricity, the internal combustion engine, and 

mass production techniques have significantly 

influenced this period. (Hobsbawm, 1968). 

 20th and 21st Centuries: This era witnessed the 

rise of digital technology, including computers, the 

internet, and artificial intelligence. (Williams, 

2017). 

Explanation: Modern technological advancements, driven by 

scientific inquiry, industrial needs, and efficiency, have 

significantly impacted economic and social structures, while 

digital technologies have revolutionized global information 

processing, communication, and utilization. 

 

2. Review of Related Literature 
a. Agarwal, A. (2013). The Emergence of MOOCs: 

Democratizing Education. Agarwal's research 

focused on the rise of Massive Open Online Courses 

(MOOCs) and their role in democratizing education. 

The study provided insights into how MOOCs made 

quality education accessible to a wider audience, 

breaking geographical and financial barriers. 

b. Ahmad, I. (2010). The Golden Age of Islamic 

Science. In this research, Ahmad explored the 

contributions of Islamic scholars during the Golden 

Age of Islam. The study highlighted the 

advancements in various fields such as 

mathematics, astronomy, medicine, and 

architecture, emphasizing the influence of Islamic 

science on the development of modern scientific 

disciplines. 

c. Anderson, J. (2020). Personalized learning 

through technology: Adaptive learning systems. 

Anderson's study delved into the use of adaptive 

learning systems for personalized education. The 

research discussed how technology could tailor 

educational content and pace according to 

individual learners' needs, thereby enhancing 

learning outcomes. 

d. Banerjee, R., & Roy, S. (2021). Bridging the 

Digital Divide in India: Challenges and 

Prospects. Banerjee and Roy's research investigated 

the digital divide in India, discussing the challenges 

and prospects of bridging this gap. The study 

provided a comprehensive analysis of the factors 

contributing to the digital divide and suggested 

potential solutions to ensure digital inclusivity. 

e. Berners-Lee, T. (1999). Weaving the Web: The 

Original Design and Ultimate Destiny of the 

World Wide Web. Berners-Lee, the inventor of the 

World Wide Web, provided an in-depth account of 

the original design and ultimate destiny of the web. 

The research offered valuable insights into the 

evolution of the web and its transformative impact 

on society. 

3. Significance of the Study: 
The study “Exploring the Genesis of Technological Research: 

An Advanced Analysis with Reference to West Bengal” is a 

significant research project that aims to understand 

undergraduate students' attitudes towards technology and 

research in a region experiencing rapid technological 

advancement. The research provides a comprehensive 

historical overview of technological research, tracing its 

evolution from ancient civilizations to the modern era. It 

explores the profound impact of technological research on 

various aspects of modern life, including society, economy, 

healthcare, and communication. The study emphasizes the 

importance of understanding the interplay between 

technology, pedagogy, and content in education, highlighting 

how government policies, institutional infrastructure, and 

student socio-economic background influence the adoption of 

technology in higher education in West Bengal. The 

Technology Acceptance Model (TAM) is used to understand 

how students' attitudes towards technology impact their 

engagement and performance. Undergraduate education plays 

a significant role in shaping students' attitudes towards 

technology and research, as the availability of technological 

resources and the integration of technology into the 

curriculum influence their research capabilities and inclination 

towards technological innovation. The study also identifies 

challenges and opportunities in integrating technology into 

undergraduate education in West Bengal, such as the digital 

divide, infrastructure deficits, socio-economic barriers, and 

other challenges. The study also explores the key applications 

of technology in the modern age, highlighting how 

technological research has significantly transformed various 

sectors, including healthcare, information technology, 

industrial processes, transportation, renewable energy, and 

education. This comprehensive understanding of the genesis 

of technological research, its impact on modern life, and its 

role in education, particularly in the context of undergraduate 

education in West Bengal, offers valuable insights for 

educators, policymakers, and researchers interested in the 

intersection of technology, research, and education. 

4. Rationale of the Study: 
This study investigates undergraduate students' attitudes 

towards technology and research in West Bengal, a region 

experiencing rapid technological advancement. It aims to 
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understand how students perceive the intersection of 

technology and research and how these perceptions shape 

their academic and professional aspirations. The study 

provides a historical overview of technological research, 

examining its impact on various aspects of modern life, 

including healthcare, communication, industry, transportation, 

renewable energy, and education. It also highlights the role of 

technology in education, particularly in undergraduate 

education in West Bengal. The research methodology includes 

historical analysis, case studies, and statistical data analysis, 

offering insights into challenges and opportunities in 

integrating technology into undergraduate education. 

 

5. Objectives of the Study: 
The objectives of the study “Exploring the Genesis of 

Technological Research: An Advanced Analysis with 

Reference to West Bengal” are as follows:  

1) To explore undergraduate students' attitudes 

towards technology and research in West Bengal, a 

region experiencing rapid technological 

advancement. 

2) To understand how students perceive the 

intersection of technology and research. 

3) To analyze how these perceptions influence their 

academic and professional aspirations, as 

technology continues to evolve at an unprecedented 

pace. 

4) To provide a comprehensive historical overview of 

technological research, tracing its evolution from 

ancient civilizations to the modern era. 

5) To explore the profound impact of technological 

research on various aspects of modern life, 

including society, economy, healthcare, and 

communication. 

6) To understand the interplay between technology, 

pedagogy, and content in education, highlighting 

how government policies, institutional 

infrastructure, and student socio-economic 

background influence the adoption of technology in 

higher education in West Bengal. 

7) To use the Technology Acceptance Model (TAM) 

to understand how students' attitudes towards 

technology impact their engagement and 

performance. 

8) To identify challenges and opportunities in 

integrating technology into undergraduate 

education in West Bengal. 

9) To explore the key applications of technology in the 

modern age, highlighting how technological 

research has significantly transformed various 

sectors, including healthcare, information 

technology, industrial processes, transportation, 

renewable energy, and education. 

6. Research Methodology: 
The research methodology used in the paper is multifaceted, 

incorporating historical analysis, case studies, and statistical 

data analysis. The authors conducted a comprehensive 

historical overview of technological research, tracing its 

evolution from ancient civilizations to the modern era, and 

exploring its impact on various aspects of modern life. They 

utilized the Technology Acceptance Model (TAM) to 

understand how students’ attitudes towards technology impact 

their engagement and performance. The paper also includes 

case studies of how AI and advanced technologies are 

integrated into undergraduate programs in West Bengal. 

Lastly, the authors analyzed statistical data to understand 

undergraduate students’ perceptions of technology use in 

West Bengal. This combination of methodologies provides a 

holistic view of the subject matter, allowing for a thorough 

exploration of the genesis and impact of technology. 

 

7. Discussion: 
7.1. Technological Genesis and Educational Impact 

The Technological Pedagogical Content Knowledge 

(TPACK) framework by Mishra and Koehler (2006) 

emphasizes the importance of understanding the interplay 

between technology, pedagogy, and content in education. It 

emphasizes that effective teaching with technology requires a 

nuanced understanding of how technology can be leveraged to 

enhance learning and research, thereby transforming 

traditional methods. West Bengal's adoption of technology in 

higher education is influenced by government policies, 

institutional infrastructure, and student socio-economic 

background. The state has invested in digital infrastructure to 

bridge the digital divide and provide equitable access to 

technological resources. However, the effectiveness of these 

initiatives depends on students' attitudes and adaptability. 

 
Fig 1: TPACK Framework and Technological Integration 

in West Bengal Education 

Source: https://educationaltechnology.net/technological-

pedagogical-content-knowledge-tpack-framework/ 

 

7.2. Technological Genesis and Educational Impact in 

West Bengal 

West Bengal, an eastern Indian state, is grappling with a 

digital divide in its education system due to advancements in 

artificial intelligence, blockchain, and IoT. This report 

provides a comprehensive overview of the state's 

technological genesis and its impact on education, 

highlighting the state's struggle with computer and internet 

usage. 
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Table -2: Technological Infrastructure and Advancements 

in Education 

Sl 

No. 

Category Details 

1. Computer and 

Internet Access 

89% of the Colleges have 

internet access; 75% of 

Schools have internet 

access; 95% of 

Universities have internet 

access 

2. Active 

computers in 

institutions 

13% of Colleges have 

active computers; 20% of 

Schools have active 

computers; 85% of 

Universities have active 

computers 

3. Institutions with 

active internet 

10.2% of Colleges have 

an active internet 

connection; 15% of 

Schools have an active 

internet connection; 90% 

of Universities have an 

active internet connection 

4. Govt. and govt.-

aided 

institutions 

9.65% of Colleges have 

an active internet 

connection; 12% of 

Schools have an active 

internet connection; 85% 

of Universities have an 

active internet connection 

5. Private 

institutions 

30.11% of Colleges have 

an active internet 

connection; 25% of 

Schools have an active 

internet connection; 95% 

of Universities have an 

active internet connection 

6. Digital divide 

impact 

Significant, especially 

affecting government 

institutions and students 

from poorer backgrounds 

lacking access to 

smartphones, reliable 

internet, and digital 

content 

7. Technological 

Advancements 

80% of the Colleges have 

undergone technological 

advancements; 60% of 

Schools have undergone 

technological 

advancements; 90% of 

Universities have 

undergone technological 

advancements 

8. High-tech fields Active engagement in AI, 

blockchain, and IoT 

technologies in Colleges; 

Growing interest in 

coding and robotics in 

Schools; Pioneering 

research in AI, 

blockchain, and IoT in 

Universities 

9. Development 

initiatives 

West Bengal Electronics 

Industry Development 

Scheme, ITES Policy 

implemented across 

Colleges; Initiatives to 

improve digital 

infrastructure in Schools; 

Extensive support for 

innovation and research 

in Universities 

10. Innovation 

support 

Blockchain sandbox 

established in Colleges; 

Coding and STEM labs 

introduced in Schools; 

Incubation centers and 

tech parks in Universities 

11. IoT solutions IoT Centre of Excellence 

launched in Colleges; 

Smart classroom projects 

in Schools; Advanced 

IoT research labs in 

Universities 

12. Additional 

efforts 

Focus on cybersecurity, 

data analytics, and 

robotics in Colleges; 

Emphasis on digital 

literacy programs in 

Schools; Comprehensive 

tech-driven education 

models in Universities 

13. WBSEA goals Creating a unified 

government service 

delivery platform across 

all educational 

institutions 

14. Pandemic 

response 

platforms 

Karmabhoomi Exclusive 

Skill Registry, Cyber 

Assurance Programme 

initiated in Colleges; 

Online learning platforms 

and resource hubs for 

Schools; Virtual 

classrooms and remote 

learning systems in 

Universities 
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15. Digitization 

tools 

SelfScan Mobile App 

popular among teachers 

and students in Colleges; 

Digital learning tools and 

apps introduced in 

Schools; Comprehensive 

digital libraries and 

resources in Universities 

Source: Technological Integration and Advancement in 

Education, Govt. of West Bengal, 2024 

The table provides a comprehensive overview of the state of 

computer and internet access across schools, colleges, and 

universities, highlighting significant disparities and 

advancements in digital infrastructure. While 89% of colleges 

and 95% of universities have internet access, only 75% of 

schools are similarly equipped. Active computer usage is 

markedly lower in colleges (13%) and schools (20%) 

compared to universities (85%). The active internet 

connection in private institutions far surpasses that in 

government and government-aided institutions, indicating a 

pronounced digital divide that adversely affects students from 

less affluent backgrounds. Despite these challenges, 

technological advancements are widespread, with 80% of 

colleges, 60% of schools, and 90% of universities adopting 

modern technologies. There is a notable focus on high-tech 

fields such as AI, blockchain, and IoT across all educational 

levels, supported by various development initiatives like the 

West Bengal Electronics Industry Development Scheme and 

ITES Policy. Innovation is further bolstered by the 

establishment of blockchain sandboxes, IoT centers, and 

cybersecurity programs. Pandemic response efforts have led 

to the implementation of digital tools such as the SelfScan 

Mobile App and virtual learning platforms, enhancing 

educational accessibility and resource sharing. Overall, while 

universities lead in technological integration and resource 

availability, there is a clear need for increased support and 

infrastructure development in schools and government-aided 

institutions to bridge the digital divide. 

Table - 3: Educational Statistics and State Policies in West 

Bengal 

Sl 

No. 

Category Details 

1. Higher 

Education 

The Gross Enrolment Ratio in 

West Bengal has increased to 

28.4%.  

2. Top 

contributor 

Among the top six states 

contributing over 50% of total 

student enrolment in India 

3. Gross 

Enrolment 

Ratio (GER) 

Increased to 28.4% 

4. Female 

student 

enrolment 

Notable increase, with 20.7 

million female students in 2021-

22 

5. State 

Policies and 

Initiatives 

West Bengal has implemented 

Integrated Traffic Fine 

Management System and RFID-

based taxi booking systems. The 

percentage improvement in traffic 

management efficiency is subject 

to local studies. 

6. State 

Startup 

Policy 2016-

21 

Encourages youth 

entrepreneurship 

7. Traffic 

management 

systems 

Integrated Traffic Fine 

Management System and RFID-

based taxi booking systems 

implemented 

8. Financial 

relief 

schemes 

West Bengal State Emergency 

Relief Fund and Sneherparas 

introduced for workers in the 

unorganized sector 

9. eAabgari 

system 

Improved management of 

excisable goods and increased 

revenue 

10. eGovernance 

accolades 

State has received accolades for 

its eGovernance initiatives 

Source: Annual Report on Education and State Initiatives, 

Government of West Bengal, 2022 

The table highlights the advancements in higher education and 

state policies in West Bengal. The Gross Enrolment Ratio 

(GER) has risen to 28.4%, placing the state among the top six 

contributors to over 50% of India's total student enrolment, 

with a significant increase in female student enrolment 

reaching 20.7 million in 2021-22. State policies have driven 

improvements in various sectors, including the 

implementation of the Integrated Traffic Fine Management 

System and RFID-based taxi booking systems, enhancing 

traffic management efficiency. The State Startup Policy 

(2016-21) promotes youth entrepreneurship, while financial 

relief schemes like the West Bengal State Emergency Relief 

Fund and Sneherparas support workers in the unorganized 

sector. The eAabgari system has optimized the management 

of excisable goods, boosting revenue. Additionally, West 

Bengal has received accolades for its eGovernance initiatives, 

reflecting the state's commitment to technological and 

administrative advancements. 

 

Table - 4: Computer and Internet Penetration in West 

Bengal by District 

Sl 

No. 

District Compute

r Usage 

(Percenta

ge of 

Househol

ds) 

Internet 

Usage 

(Percenta

ge of 

Househol

ds) 

Internet 

Penetration 

(Per 100 

Population) 

1. Kolkata 70.0 68.0 75.0 
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2. Howrah 60.0 58.0 65.0 

3. Darjeeli

ng 

50.0 48.0 52.0 

4. Murshid

abad 

30.0 28.0 30.0 

5. Birbhum 25.0 23.0 25.0 

6. Purulia 20.0 18.0 20.0 

7. Bankura 22.0 20.0 22.0 

8. Midnapo

re East 

40.0 38.0 42.0 

9. Midnapo

re West 

35.0 33.0 36.0 

10. Nadia 45.0 43.0 47.0 

11. Overall 

State 

40.0 38.0 42.0 

Source: Department of Planning & Statistics, Government 

of West Bengal, 2023 

The table shows a significant urban-rural divide in computer 

and internet usage across West Bengal districts. Urban areas 

like Kolkata and Howrah have higher usage rates, indicating 

better access to digital resources. Rural areas like Purulia and 

Birbhum have lower usage rates, indicating challenges like 

limited infrastructure, affordability, and digital literacy. The 

data suggests that while there is a foundation for digital 

connectivity, there is room for improvement, particularly in 

rural areas. Targeted interventions to improve infrastructure, 

affordability, and digital literacy programs are needed. 

7.3. Technological Advancements in West Bengal 

West Bengal has made significant strides in integrating 

technology into its education system, transforming the way 

students and educators access education. The state has 

adopted emerging technologies like AI, blockchain, and IoT, 

and implemented policies to support the growth of electronics 

and IT industries. Specialized centers like the West Bengal AI 

and Robotics Centre (WARC) and the IoT Centre of 

Excellence demonstrate the state's commitment to innovation. 

The West Bengal State Enterprise Architecture (WBSEA) 

aims to create a unified government ecosystem for citizen-

centric services through e-Bangla. The state has launched a 

blockchain sandbox for startups and companies to develop 

innovative solutions, and the Cyber Assurance Programme 

has trained thousands of government employees, police 

personnel, students, and citizens in cybersecurity. 

Table -5: West Bengal's Technological Impact on 

Education 

Sl 

No. 

Parameter Description Statistics 

1. Educational 

Platform 

BanglarShiksha 

Online 3.0 

Covers 

95,000 

schools, 

5,000 

colleges, 

and 50 

universities, 

reaching 19 

million 

students 

2. Drop-out 

Rate 

Decline in 

school drop-out 

rate 

Decreased 

from 3.3% 

to 1.5% 

3. National 

Drop-out 

Rate 

Comparison 

with national 

rate 

National 

rate 

increased 

from 4% to 

5.5% 

4. Access to 

Scholarships 

Impact on 

student 

financial aid 

Students in 

schools, 

colleges, 

and 

universities 

able to 

access 

scholarships 

5. School 

Transfers 

Facilitation of 

student 

mobility 

Simplified 

transfer 

process 

between 

schools, 

colleges, 

and 

universities 

6. ICT in 

Education 

Role of ICT Recognized 

as a catalyst 

for 

enhancing 

education 

quality 

across 

schools, 

colleges, 

and 

universities 

7. Tech-based 

Education 

Shift from rote 

learning 

Clear 

transition to 

technology-

based 

education in 

schools, 

colleges, 

and 

universities 

Source: Department of Planning & Statistics, Government 

of West Bengal, 2022 

The table highlights the significant impact of the 

BanglarShiksha Online 3.0 platform on the educational 
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landscape, encompassing 95,000 schools, 5,000 colleges, and 

50 universities, benefiting 19 million students. Notably, the 

platform has contributed to a marked decline in the school 

drop-out rate from 3.3% to 1.5%, contrasting with a national 

increase from 4% to 5.5%. It has also enhanced student 

financial aid accessibility, enabling scholarships across all 

educational institutions. The streamlined transfer process 

facilitates student mobility between schools, colleges, and 

universities. Additionally, the role of ICT as a catalyst for 

improved education quality is acknowledged, supporting a 

shift from traditional rote learning to a technology-based 

education system. 

West Bengal is experiencing rapid technological 

advancements, but the educational sector faces challenges in 

digital access and infrastructure. Despite state policies paving 

the way for a more connected future, there is a pressing need 

to bridge the digital divide in colleges to ensure equitable 

access to education and the benefits of technological 

advancements, crucial for the holistic development of the 

state's educational landscape and student empowerment. 

 

7.4. Attitudes Towards Technology in Research 

The Technology Acceptance Model (TAM) by Davis (1989) 

posits that perceived usefulness and ease of use are key 

factors in determining technology acceptance in research. This 

model is widely used in educational settings to understand 

how students' attitudes towards technology impact their 

engagement and performance. Students in West Bengal's 

context have attitudes towards technological research 

influenced by factors such as prior exposure to technology, 

quality of institutional technological infrastructure, faculty 

and administration support, cultural factors, and societal 

attitudes towards technology and innovation. 

Table -6:  Attitudes Towards Technology in Research in 

Education in West Bengal 

Sl 

No. 

Parameter In 

Percentage 

Interpretation 

1. Educators 

positive 

about 

integrating 

tech in 

curriculum 

75 A large 

majority of 

educators in 

schools, 

colleges, and 

universities 

recognize the 

benefits of 

integrating 

technology 

into the 

curriculum, 

indicating a 

progressive 

attitude 

towards 

educational 

technology 

across all 

levels of 

education. 

2. Students 

comfortable 

with online 

learning 

platforms 

65 Most students, 

from schools 

to universities, 

are 

comfortable 

with online 

learning, 

suggesting that 

digital literacy 

is relatively 

high among 

the student 

population at 

all levels. 

3. Colleges 

with 

adequate 

tech for 

research 

purposes 

40 Less than half 

of the colleges 

and 

universities 

have adequate 

technology for 

research, 

pointing to a 

need for 

improved 

infrastructure 

in higher 

education 

institutions. 

This does not 

apply to 

schools as they 

are not 

typically 

involved in 

research. 

4. Research 

papers 

published 

using tech-

based 

analysis 

50 Half of the 

research 

papers from 

colleges and 

universities 

involve tech-

based analysis, 

showing an 

adoption of 

modern 

research 

methods 

among 

academics. 

This does not 

apply to 

schools as they 
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do not publish 

research 

papers. 

5. Faculty 

participation 

in tech-

related 

professional 

development 

60 A significant 

number of 

faculty 

members in 

schools, 

colleges, and 

universities are 

engaging in 

professional 

development 

related to 

technology, 

indicating a 

commitment to 

staying 

updated with 

tech 

advancements 

across all 

levels of 

education. 

6. Investment 

in 

educational 

tech 

research 

30 Relatively low 

investment in 

educational 

technology 

research in 

colleges and 

universities 

suggests 

financial 

constraints or 

other 

priorities. This 

does not apply 

to schools as 

they do not 

typically 

conduct 

technology 

research. 

7. Use of 

technology 

in classroom 

instruction 

70 A strong 

majority of 

classrooms in 

schools, 

colleges, and 

universities 

use technology 

in instruction, 

which may 

foster a 

positive 

attitude 

towards its use 

in research and 

learning. 

 Student 

access to 

tech 

resources 

outside 

school 

55 More than half 

of the students 

in schools, 

colleges, and 

universities 

have access to 

technology 

outside of 

school, which 

could enhance 

their research 

capabilities 

and support 

their learning. 

Source: Survey on the Integration and Impact of 

Technology in Education, 2024 

The table provides a comprehensive snapshot of the 

integration and acceptance of technology across various levels 

of the educational sector, including schools, colleges, and 

universities. It highlights that a significant majority (75%) of 

educators recognize the benefits of integrating technology into 

the curriculum, indicating a progressive attitude towards 

educational technology. The table also shows that most 

students (65%) are comfortable with online learning 

platforms, suggesting a high level of digital literacy among 

the student population. However, it points out that less than 

half of the colleges and universities (40%) have adequate 

technology for research, indicating a potential area for 

improvement. Despite this, half of the research papers from 

these institutions involve tech-based analysis, demonstrating 

the adoption of modern research methods. The table also 

reveals that a significant number of faculty members (60%) 

are engaging in professional development related to 

technology, showing a commitment to staying updated with 

tech advancements. However, the relatively low investment 

(30%) in educational technology research might suggest 

financial constraints or other priorities. The table further 

shows that a strong majority of classrooms (70%) across all 

educational levels use technology in instruction, fostering a 

positive attitude towards its use in research and learning. 

Lastly, it indicates that more than half of the students (55%) 

have access to technology outside of school, which could 

enhance their research capabilities and support their learning. 

 

7.5. Role of Education in Technology 

Education significantly influences students' attitudes towards 

technology and research, providing foundational knowledge 

and introducing them to necessary methodologies and tools. 

The availability of technological resources and the integration 

of technology into the curriculum significantly influence 

students' research capabilities and inclination towards 

technological innovation. (Zhang et al., 2016). West Bengal 

universities and colleges are incorporating technology into 

their curricula, such as digital libraries, online databases, and 
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research management tools, to improve research and learning 

outcomes, providing students with access to extensive 

information and facilitating collaborative research. 

(Chakraborty, 2019). The effectiveness of technological 

integrations relies on students' ability to adapt and effectively 

utilize these resources. 

Table -7: Technology Education in Top Districts of West 

Bengal 

Sl 

No. 

Distric

t 

Percent

age (%) 

of 

Underg

rad 

Tech 

Progra

ms 

Perce

ntage 

(%) 

of 

Tech 

Indus

try 

Inter

nship

s 

Percent

age (%) 

of 

Gradua

tes in 

Tech 

Employ

ment 

Percent

age (%) 

of Tech 

Entrepr

eneursh

ip 

Initiativ

es 

1. Kolkat

a 

85 75 70 15 

2. Howra

h 

65 55 50 10 

3. Nadia 60 50 45 8 

4. Hooghl

y 

55 45 40 7 

5. Burdw

an 

50 40 35 5 

Source: Survey on Technology Education and 

Employment in Districts of West Bengal, 2024 

The table provides a comprehensive overview of technology 

education and its related opportunities in the top districts of 

West Bengal. Kolkata leads with a remarkable 85% of 

undergraduate tech programs, 75% tech industry internships, 

and 70% of graduates in tech employment, reflecting its 

robust tech education infrastructure and industry integration. 

Howrah follows, with significant figures of 65% for 

undergrad tech programs and 55% for internships, indicating a 

strong, albeit lesser, tech presence compared to Kolkata. 

Nadia, Hooghly, and Burdwan show progressively lower 

percentages across all categories, with Nadia at 60% for tech 

programs and 50% for internships, while Burdwan, at the 

lowest, has 50% for tech programs and 40% for internships. 

Tech entrepreneurship initiatives are notably lower across all 

districts, with Kolkata leading at 15%, suggesting that while 

educational and employment opportunities are well-

established, there is room for growth in entrepreneurial 

ventures within the tech sector across these districts. 

7.6. Challenges and Opportunities in Technology for 

Undergraduate Education in West Bengal 

Despite technological advancements and educational policies, 

the adoption and acceptance of technology among 

undergraduate students in West Bengal remain challenges, 

including the digital divide, which is a gap between those with 

access to digital technologies and those without, influenced by 

socio-economic disparities, geographic location, and digital 

literacy levels. (Banerjee & Roy, 2021). Students' attitudes 

towards technology are influenced by their schooling 

experiences. Rural or underprivileged students may have 

limited exposure to technology, leading to apprehension or 

resistance in higher education. Conversely, students with 

positive experiences are more likely to embrace technological 

advancements and integrate them into their research activities. 

(Sarkar, 2020). The rise in affordable technology and internet 

connectivity offers significant opportunities for enhancing 

technological integration in education. Initiatives like the 

Digital India campaign have expanded digital infrastructure 

and promoted digital literacy across India, including West 

Bengal. (Mehta, 2018). The initiatives aim to foster a more 

inclusive and technologically proficient educational 

environment, promoting positive attitudes towards technology 

and research among students. This study examines 

undergraduate students' attitudes towards technology and 

research in West Bengal, focusing on the interplay between 

technological advancements, educational infrastructure, and 

socio-economic factors. It aims to provide insights for 

strategies to enhance technological integration in higher 

education and foster positive attitudes among students. The 

study emphasizes the importance of cultivating innovative and 

tech-savvy researchers who can contribute to knowledge and 

society. 

Table -8: Challenges in Technological Education in West 

Bengal 

Sl No Category Details 

1. Digital Divide Significant digital 

divide, especially in 

government and rural 

colleges, limiting 

access to technology 

and digital resources 

for students. 

2. Infrastructure Limited availability 

of active computers 

and internet 

connectivity in 

colleges, with only 

13% having 

computers and 10.2% 

with internet access. 

3. Socio-economic 

Barriers 

Many students from 

poorer backgrounds 

lack access to 

smartphones, reliable 

internet connectivity, 

and digital content in 

native languages, 

hindering their ability 

to engage with digital 

learning materials. 
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4. Teacher Training Inadequate training 

for teachers in digital 

literacy and the 

effective use of 

technology in 

education, affecting 

the quality of 

technology 

integration in 

teaching. 

5. Funding Insufficient funding 

and resources 

allocated to upgrade 

technological 

infrastructure in 

colleges and colleges, 

particularly in rural 

areas. 

Source: Study on Technological Barriers in Education, 

2024 

The table on challenges in technological education in West 

Bengal highlights several critical issues impeding effective 

technology integration. A significant digital divide exists, 

particularly in government and rural colleges, restricting 

students' access to necessary digital resources. Infrastructure 

remains a major hurdle, with only 13% of colleges equipped 

with computers and a mere 10.2% having internet access. 

Socio-economic barriers further exacerbate the problem, as 

many students from disadvantaged backgrounds lack 

smartphones, reliable internet, and digital content in their 

native languages, limiting their engagement with digital 

learning. Additionally, the inadequate training of teachers in 

digital literacy hampers the effective use of technology in 

education, while insufficient funding prevents the necessary 

upgrades to technological infrastructure, especially in rural 

areas. These issues collectively underscore the need for 

comprehensive measures to bridge the digital divide and 

enhance technological education in the region. 

Table -9: Challenges in Technological Education in Top 

Districts of West Bengal 

Sl 

No

. 

Dist

rict 

Perc

enta

ge 

(%) 

Faci

ng 

Infr

astr

uctu

re 

Issu

es 

Perce

ntage 

(%) 

with 

Limit

ed 

Acces

s to 

Tech 

Resou

rces 

Perce

ntage 

(%) 

with 

Inade

quate 

Facult

y 

Traini

ng 

Perce

ntage 

(%) 

with 

Low 

Indust

ry 

Expos

ure 

Perce

ntage 

(%) 

with 

Insuff

icient 

Resea

rch 

Fundi

ng 

1. Kol

kat

a 

20 15 10 5 25 

2. Ho

wra

h 

30 25 20 15 30 

3. Nad

ia 

40 35 30 25 35 

4. Hoo

ghly 

50 45 40 35 40 

5. Bur

dwa

n 

60 55 50 45 45 

Source: Educational Infrastructure and Technology 

Access Survey, 2024 

The table highlights the challenges in technological education 

across the top districts of West Bengal, as surveyed in 2024. 

Kolkata exhibits relatively low percentages of infrastructure 

issues (20%) and limited access to tech resources (15%), 

alongside minimal inadequate faculty training (10%) and low 

industry exposure (5%), but faces significant challenges in 

research funding (25%). Howrah and Nadia demonstrate 

moderate challenges across all parameters, with increasing 

difficulties in infrastructure issues (30% and 40%, 

respectively) and access to tech resources (25% and 35%, 

respectively). Hooghly and Burdwan face the most severe 

challenges, with over half of the institutions grappling with 

infrastructure issues (50% and 60%, respectively) and limited 

access to tech resources (45% and 55%, respectively), 

compounded by inadequate faculty training, low industry 

exposure, and insufficient research funding. These findings 

underscore a pressing need for targeted interventions to 

enhance technological education infrastructure, faculty 

training, industry linkages, and research funding across these 

districts, particularly in the more severely impacted areas like 

Burdwan and Hooghly. 

Table -10: Opportunities in Technological Education in 

West Bengal 

Sl 

No 

Category Details 

1. Policy 

Support 

State policies such as the State 

Startup Policy and ITES Policy 

provide a supportive framework 

for technological advancements 

and entrepreneurship among 

youth. 

2. Technological 

Initiatives 

Government initiatives like the 

West Bengal Electronics 

Industry Development Scheme, 

blockchain sandbox, and IoT 

Centre of Excellence promote 

innovation and the integration of 

cutting-edge technologies in 

various sectors. 

3. Skill 

Development 

Platforms like the Karmabhoomi 

Exclusive Skill Registry and 
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Cyber Assurance Programme 

support skill development in 

cybersecurity and digital literacy 

among students and teachers. 

4. eGovernance Successful eGovernance 

initiatives and digital platforms 

like the eAabgari system and 

SelfScan Mobile App offer 

models for improving digital 

management and access to 

digital tools in education. 

5. Female 

Enrolment 

Increased enrolment of female 

students in higher education 

(20.7 million in 2021-22) 

presents an opportunity to further 

support and enhance their 

participation in technology-

driven educational programs. 

6. Innovation 

Hubs 

Establishment of innovation 

hubs and tech centers provides 

students with opportunities to 

engage in practical, hands-on 

learning experiences and 

exposure to emerging 

technologies like AI, blockchain, 

and IoT. 

Source: Report on Technological Advancements and 

Educational Initiatives in West Bengal, 2024 

 

The table highlights opportunities for enhancing technological 

integration in education in West Bengal. State policies, 

government initiatives, skill development platforms, and 

eGovernance models promote innovation, digital literacy, and 

management. Increased female enrollment and the 

establishment of innovation hubs create practical learning 

opportunities and exposure to advanced technologies, paving 

the way for a more technology-driven educational landscape. 

The West Bengal Electronics Industry Development Scheme, 

blockchain sandbox, and IoT Centre of Excellence also 

contribute to this progress. 

 

7.7. Applications of the Genesis of Technology in the 

Modern Age 

Technological research has significantly transformed various 

sectors, including healthcare, information technology, 

industrial processes, transportation, renewable energy, and 

education, highlighting the key applications of technology in 

the modern age. 

a. Healthcare and Medicine 

Technological advancements in healthcare, including MRI 

and CT scans, robotic surgery, and personalized medicine, 

have significantly improved diagnostics, treatments, and 

patient care. 

 MRI and CT scans: The use of these imaging 

technologies enhances diagnosis and treatment 

planning by providing detailed internal images. 

 Robotic Surgery: Precision and minimally invasive 

procedures significantly reduce recovery times and 

complications. 

 Personalized Medicine: Customizing treatments 

based on individual genetic profiles enhances their 

effectiveness and minimizes side effects. 

 

b. Information Technology and Communication 

Information technology, including the internet, smartphones, 

and social media, has significantly impacted communication, 

data processing, and business operations, fostering global 

connectivity. 

 

 Internet: This technology facilitates immediate 

communication and global access to information. 

 Smartphones: Portable devices are essential for 

communication, work, and entertainment. 

 Social media: Global platforms facilitate 

information sharing and global connectivity. 

 

c. Industrial and Manufacturing Processes 

Industrial research has led to advancements in automation, 

robotics, and advanced manufacturing techniques, thereby 

improving production efficiency and product quality. 

 Automation: The process of streamlining 

production processes can significantly reduce labour 

costs and errors. 

 Robotics: The process enhances the precision and 

efficiency of manufacturing. 

 Industry 4.0: The integration of IoT and smart 

technologies in manufacturing is enhancing 

productivity and flexibility. 

 

d. Transportation and Mobility 

Technological advancements in transportation, such as 

electric vehicles and autonomous driving, are revolutionizing 

mobility by making travel faster, safer, and more efficient. 

 Electric Vehicles: The goal is to decrease reliance 

on fossil fuels and decrease emissions. 

 Autonomous Driving: Enhances safety and 

convenience in transportation. 

 Advanced Public Transport: The goal is to 

improve urban mobility and decrease congestion. 

 

f. Renewable Energy and Sustainability 

Research in renewable energy has led to advancements in 

solar, wind, and other sustainable energy sources, which are 

crucial for addressing climate change. 

 Solar Energy: Efficient photovoltaic cells for 

sustainable power. 

 Wind Energy: Harnessing wind power for clean 

energy. 

 Sustainable Practices: Promoting green 

technologies and reducing carbon footprint. 

g. Education and Learning 
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Educational technology has revolutionized learning 

experiences by making education more accessible and 

interactive through online platforms and virtual classrooms. 

 Online Learning Platforms: MOOCs and e-

learning resources for global access. 

 Virtual Classrooms: Interactive and immersive 

learning environments. 

 Educational Software: Enhances learning with 

multimedia and interactive tools. 

 

7.8 AI Technologies in Education 

Artificial Intelligence (AI) technologies are revolutionizing 

education by personalizing the learning experience, enhancing 

efficiency, and opening new research and collaboration 

avenues. AI-driven adaptive learning systems, powered by 

machine learning algorithms, can analyze students' learning 

patterns and tailor educational content to suit individual 

strengths and weaknesses. Intelligent tutoring systems provide 

one-on-one support, simulating human tutoring but with 

scalability and constant availability. Natural Language 

Processing (NLP) technologies are being employed to develop 

advanced plagiarism checkers, assist in grading written 

assignments, and facilitate real-time language translation 

services. Chatbots and virtual assistants powered by AI are 

increasingly common in educational settings, offering instant 

responses to queries and helping with administrative tasks. AI 

tools are used to generate interactive and engaging learning 

materials, including simulations and educational games that 

adapt to the learner's skill level. AI-driven analytics help 

educators and policymakers understand and improve teaching 

effectiveness and student outcomes on a broad scale. 

Additionally, AI is paving the way for new research in 

educational technology, such as emotion recognition software, 

which gauges student engagement and sentiment during 

learning activities. Overall, AI technologies in education are 

streamlining administrative processes, democratizing access, 

and enriching the educational experience by making it more 

personalized, interactive, and accessible to a wider audience. 

 

AI Technologies for Undergraduate Students 

• Machine Learning Platforms: Used for developing 

predictive models and algorithms in data science, 

statistics, and machine learning courses. 

• Natural Language Processing (NLP) Tools: Used in 

projects involving sentiment analysis, chatbots, and 

language translation services. 

• Robotics and Automation Systems: Combines AI with 

physical machines for understanding principles of 

automation and control systems. 

• Computer Vision Applications: Allow machines to 

interpret and make decisions based on visual data. 

• Cognitive Computing Tools: Mimic human thought 

processes in a computerized model. 

• AI-Enabled Educational Platforms: Provide 

personalized learning experiences. 

• Speech Recognition Systems: Used in developing 

voice-activated interfaces and assistive technologies. 

• AI Development Frameworks and APIs: Infrastructure 

for building, training, and deploying AI models. 

These tools prepare students for careers in the rapidly 

advancing field of AI. 

Table -11: Types of AI Technologies Used by Students in 

West Bengal 

Sl 

No 

AI Technology Usage Details 

1. Machine 

Learning 

Widely used in projects and 

coursework, particularly in fields 

like data science, predictive 

analytics, and automation. 

2. Natural 

Language 

Processing 

(NLP) 

Utilized in language-related 

projects, chatbots, and applications 

requiring text analysis and 

sentiment analysis. 

3. Computer 

Vision 

Applied in image and video 

analysis projects, including facial 

recognition, object detection, and 

medical image processing. 

4. Robotics Incorporated in hands-on projects 

involving the design and 

programming of robots for various 

applications, including 

automation. 

5. AI in IoT Integrated into IoT projects, 

enhancing smart devices with 

capabilities like predictive 

maintenance and smart home 

automation. 

6. Deep 

Learning 

Used in advanced projects 

requiring neural networks for tasks 

such as image and speech 

recognition, and complex data 

analysis. 

7. Reinforcement 

Learning 

Explored in gaming and 

simulation projects, focusing on 

training models to make decisions 

in complex environments. 

8. AI Ethics and 

Policy 

Studied as part of coursework to 

understand the implications, 

ethical considerations, and policy-

making related to AI technology. 

Source: Curriculum Overview of AI Technology 

Applications in Education, 2024 

The table provides an overview of various AI technologies 

used by students in West Bengal, illustrating a diverse 

application across different fields. Machine Learning is 

prominently utilized in data science, predictive analytics, and 

automation projects, reflecting its foundational role in modern 

AI education. Natural Language Processing (NLP) finds its 

place in language-related tasks, including chatbots and text 
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analysis. Computer Vision is applied in image and video 

analysis, encompassing areas such as facial recognition and 

medical image processing. Robotics is incorporated in hands-

on projects, highlighting practical applications in automation. 

AI in IoT enhances smart devices with predictive maintenance 

and home automation capabilities. Deep Learning is employed 

in advanced projects that require neural networks for image 

and speech recognition. Reinforcement Learning is explored 

in gaming and simulations, emphasizing decision-making in 

complex environments. Additionally, AI Ethics and Policy are 

studied to address the ethical and policy-making aspects of 

AI, ensuring a comprehensive understanding of its broader 

implications. This wide-ranging engagement with AI 

technologies signifies a robust integration of AI in educational 

curricula, preparing students for diverse future challenges. 

AI Technologies Used by Undergraduate Students in West 

Bengal (2023-2024) 

The table presents a statistical analysis of AI technologies 

used by undergraduate students in West Bengal during 2023-

2024, including their percentage usage and satisfaction scores 

on a scale of 1 to 5. 

Table -12: AI Technologies Used by Students in West 

Bengal (2023-2024) 

Sl 

No 

AI Technology 

Percentage of 

Students Using 

(%) 

Satisfaction 

Score (1-5) 

1. AI-based 

Tutoring 

Systems 45% 4.4 

2. Virtual Reality 

(VR) 35% 4.1 

3. AI Writing 

Assistants 50% 4.3 

4. Chatbots for 

Academic 

Support 40% 4.2 

5. Predictive 

Analytics 30% 4.0 

6. Adaptive 

Learning 

Platforms 55% 4.5 

7. Automated 

Grading 

Systems 25% 3.9 

8. Speech 

Recognition 

Software 20% 3.8 

Source: The Role of AI in Education: Trends and Future 

Prospects by the Educational Technology Research 

Group. Available at ETRG Report, 2023-2024 

Analysis 

From the above data, the following trends are identified: 

 Most Used Technology: Adaptive Learning 

Platforms are the most popular AI technology 

among undergraduate students, with 55% using 

them and a high satisfaction score of 4.5, indicating 

a strong preference for personalized learning 

experiences. 

 Highest Satisfaction Score: AI-based Tutoring 

Systems have a satisfaction score of 4.4, indicating 

their effectiveness in providing personalized 

academic support. 

 Least Used Technology: Speech Recognition 

Software is the least utilized AI technology among 

students, with only 20% using it and a satisfaction 

score of 3.8, suggesting its integration might not be 

as significant in daily academic activities. 

 General Satisfaction: The satisfaction scores for 

AI technologies, ranging from 3.8 to 4.5, show high 

levels of acceptance and benefit for students. 

AI integration in education has significantly improved 

personalized learning experiences, with 55% of students using 

adaptive learning platforms and 45% using AI-based tutoring 

systems. These platforms offer tailored academic support, 

enhancing learning outcomes and resulting in high satisfaction 

scores (ETRG, 2023). 

 

7.9. Genesis of Technology in Research and Modern 

Education 

Technology integration in research has revolutionized 

education by providing unique data sets, enhancing accuracy, 

efficiency, and comprehensiveness in data collection and 

analysis, and thus enhancing the quality of educational 

research. 

 Improved Data Accuracy and Reliability: 

Technological tools like online surveys, LMS, and 

educational apps ensure accurate data collection and 

analysis, reducing human error. Automated data 

entry minimizes transcription errors, and advanced 

software algorithms efficiently analyze large data 

sets. (Smith, 2020). 

 Real-time Data Collection: Technology allows for 

real-time data collection, providing valuable 

insights into student perceptions and educational 

trends, such as through mobile applications and 

online platforms, enabling dynamic understanding 

of student interaction. (Johnson & Brown, 2019). 

 Enhanced Data Visualization: Modern data 

visualization tools enable the efficient 

representation of complex data sets, enabling quick 

identification of patterns and trends, thereby 

facilitating data-driven decision-making in 

education and research. (Davis, 2018). 
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 Large-scale Data Handling: Big data technologies 

enable researchers to efficiently manage large 

volumes of data, providing comprehensive insights 

into educational aspects, especially useful for 

longitudinal studies and large-scale surveys, where 

traditional methods are cumbersome. (Kumar, 

2021). 

 Personalized Learning: Technological data can be 

utilized to personalize learning experiences, 

enabling adaptive learning systems to tailor content 

and pacing to each student's unique learning style 

and progress. (Anderson, 2020). 

Table -13: Impact of Technology Integration in 

Educational Research 

Sl 

No 

Impact Area Statistical Data 

in Percentage 

Description 

1. Data 

Accuracy 

and 

Reliability 

90% reduction 

in data errors 

Use of technological 

tools has led to a 

significant decrease 

in data collection and 

analysis errors. 

2. Real-time 

Data 

Collection 

80% of 

institutions 

report using 

real-time data 

Real-time data 

collection through 

technology has 

become prevalent, 

providing immediate 

insights. 

3. Enhanced 

Data 

Visualization 

75% faster data 

interpretation 

Data visualization 

tools have expedited 

the process of 

interpreting complex 

data sets. 

4. Large-scale 

Data 

Handling 

2x increase in 

data processing 

efficiency 

Big data technologies 

have doubled the 

efficiency of 

handling and 

analyzing large data 

volumes. 

5. Personalized 

Learning 

30% 

improvement in 

student 

performance 

Adaptive learning 

technologies have led 

to a measurable 

improvement in 

student learning 

outcomes. 

Source: Analysis Report on the Integration of Technology 

in Educational Research, 2024 

 

The table titled Impact of Technology Integration in 

Educational Research summarizes the significant benefits and 

quantitative improvements brought by technological tools in 

various aspects of educational research. Here's the 

interpretation of the table: 

1. Data Accuracy and Reliability: There has been a 

90% reduction in data errors due to the use of 

technological tools, which significantly improves 

the precision and dependability of data collection 

and analysis. 

2. Real-time Data Collection: 80% of educational 

institutions report using real-time data collection 

methods, highlighting the widespread adoption of 

technology to gain immediate and actionable 

insights. 

3. Enhanced Data Visualization: The 

implementation of modern data visualization tools 

has resulted in a 75% faster interpretation of 

complex data sets, allowing researchers to quickly 

identify patterns and trends for informed decision-

making. 

4. Large-scale Data Handling: The efficiency of 

processing and analyzing large volumes of data has 

doubled with the use of big data technologies, 

facilitating comprehensive insights and making 

longitudinal studies more manageable. 

5. Personalized Learning: Adaptive learning 

technologies have led to a 30% improvement in 

student performance, demonstrating the 

effectiveness of personalized learning experiences 

tailored to individual student needs. 

Statistical Data Set for District-wise Perception of 

Undergraduate Students in West Bengal 

The data set reveals undergraduate students' perceptions of 

technology use in West Bengal, including their satisfaction 

score on a scale of 1 to 5, across various districts. 

Table -14: District-wise Perception of Undergraduate 

Students in West Bengal 

Sl 

No. 

District Number of 

Respondents 

in 

Percentage 

(%) 

Satisfaction 

Score (1-5) 

1. Kolkata 13.23 4.5 

2. Howrah 10.58 4.2 

3. Darjeeling 9.52 4.0 

4. Bardhaman 11.64 3.9 

5. Hooghly 8.47 4.1 

6. Nadia 7.41 3.8 

7. North 24 

Parganas 

11.11 4.3 

8. South 24 

Parganas 

10.05 4.0 

9. Murshidabad 9.26 3.9 

10. Midnapore 8.73 4.1 

Source: Survey on Undergraduate Student Perceptions in 

West Bengal, 2024 

Analysis 
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From the data, we observe the following trends: 

 Highest Satisfaction: Kolkata has the highest 

satisfaction score of 4.5, indicating a positive 

perception of technology in education among 

undergraduate students. 

 Lowest Satisfaction: Nadia's satisfaction score is 

3.8, indicating potential areas for improvement in 

technological integration. 

 Average Satisfaction: The satisfaction score across 

all districts is around 4.1, indicating a generally 

positive perception. 

 

This data can be used by educational institutions and 

policymakers to identify districts with lower satisfaction 

scores and implement targeted interventions to improve the 

effectiveness and acceptance of technology in education. For 

instance, districts like Nadia and Bardhaman might benefit 

from enhanced technological resources and training for both 

students and educators to boost their satisfaction scores. 

Table -15: District-wise Technology Usage Students in 

West Bengal 

Sl 

N

o 

District Student

s with 

Person

al 

Compu

ters in 

Percent

age (%) 

Student

s with 

Interne

t 

Access 

in 

Percent

age 

(%) 

Student

s Using 

E-

Learni

ng 

Platfor

ms 

Percent

age 

(%) 

Student

s 

Engage

d in 

Online 

Resear

ch 

Percent

age 

(%) 

1. Kolkata 70 85 80 75 

2. Howrah 50 60 55 50 

3. Darjeelin

g 

40 50 45 40 

4. Midnapo

re 

30 40 35 30 

5. Birbhum 20 30 25 20 

6. Murshid

abad 

15 25 20 15 

Source: Survey on Technology Access and Usage in 

Educational Districts of West Bengal, 2024 

 

Kolkata, a metropolitan area, has the highest percentages of 

students using digital platforms for learning and research, 

indicating better access to technology. However, Howrah and 

Darjeeling show moderate levels of technology usage, with 

less use of e-learning platforms and online research. Mumbai, 

Birbhum, and Murshidabad have significantly lower 

percentages, possibly due to rural-urban digital divide issues 

like lack of infrastructure and limited access to personal 

computers. This suggests a need to increase technological 

access and literacy in less urbanized districts to ensure 

equitable educational opportunities for all students in West 

Bengal. Data collection from various educational institutions 

and students across the districts would be necessary for 

targeted interventions to improve technology access and 

literacy, crucial for higher education in the digital age. 

 

8) Findings:  
The research "Exploring the Genesis of Technological 

Research: An Advanced Analysis with Reference to West 

Bengal" provides a comprehensive analysis of the evolution of 

technological research and its impact on undergraduate 

education in West Bengal, India. The key findings of the 

study are: 

 

Historical Overview of Technological Research 

The study provides a detailed historical overview of 

technological research, tracing its evolution from ancient 

civilizations to the modern era. It highlights significant 

milestones and key developments that have shaped the 

trajectory of technological research. 

 

Impact of Technological Research on Modern Life 

The study explores the profound impact of technological 

research on various aspects of modern life, including society, 

economy, healthcare, and communication. It highlights how 

technological research has significantly transformed these 

sectors. 

 

Undergraduate Attitudes Towards Technology 

The study investigates undergraduate students' attitudes 

towards technology and research in West Bengal. It finds that 

these attitudes are influenced by factors such as prior 

exposure to technology, quality of institutional technological 

infrastructure, faculty and administration support, cultural 

factors, and societal attitudes towards technology and 

innovation. 

 

Challenges and Opportunities in Technology for 

Undergraduate Education 

Despite technological advancements and educational policies, 

the adoption and acceptance of technology among 

undergraduate students in West Bengal remain challenges. 

The study identifies the digital divide, infrastructure deficits, 

socio-economic barriers, and other challenges. However, it 

also highlights opportunities in the rise of affordable 

technology and internet connectivity, government initiatives, 

and the potential for personalized learning experiences. 

 

Applications of the Genesis of Technology in the Modern 

Age 

The study explores the key applications of technology in the 

modern age, highlighting how technological research has 

significantly transformed various sectors, including 

healthcare, information technology, industrial processes, 

transportation, renewable energy, and education. 
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AI Technologies in Education 

The study discusses the revolutionizing role of Artificial 

Intelligence (AI) technologies in education by personalizing 

the learning experience, enhancing efficiency, and opening 

new research and collaboration avenues. 

 

Genesis of Technology in Research and Modern Education 

The study concludes that technology integration in research 

has revolutionized education by providing unique data sets, 

enhancing accuracy, efficiency, and comprehensiveness in 

data collection and analysis, and thus enhancing the quality of 

educational research. 

 

9) Discussion: 
The research paper "Exploring the Genesis of Technological 

Research: An Advanced Analysis with Reference to West 

Bengal" provides an in-depth exploration of the historical 

progression of technological research, tracing its evolution 

from ancient civilizations to its current state in the modern 

era. The paper underscores the profound impact of 

technological research on various facets of modern life, 

including society, economy, healthcare, and communication, 

and how it has brought about significant transformations in 

these sectors. The attitudes of undergraduate students towards 

technology and research in West Bengal are also examined, 

revealing that these attitudes are shaped by a multitude of 

factors such as prior exposure to technology, the quality of 

institutional technological infrastructure, support from faculty 

and administration, cultural factors, and societal attitudes 

towards technology and innovation. Despite the advancements 

in technology and the implementation of educational policies, 

the paper identifies that the adoption and acceptance of 

technology among undergraduate students in West Bengal 

remain a challenge. This is attributed to the digital divide, 

infrastructure deficits, socio-economic barriers, among other 

challenges. However, the paper also highlights the 

opportunities that have arisen due to the advent of affordable 

technology and internet connectivity, government initiatives, 

and the potential for personalized learning experiences. The 

paper further explores the key applications of technology in 

the modern age, emphasizing how technological research has 

significantly transformed various sectors, including 

healthcare, information technology, industrial processes, 

transportation, renewable energy, and education. The role of 

Artificial Intelligence (AI) technologies in revolutionizing 

education is also discussed, particularly in personalizing the 

learning experience, enhancing efficiency, and opening new 

avenues for research and collaboration. The paper concludes 

by asserting that the integration of technology in research has 

revolutionized education by providing unique data sets, 

enhancing accuracy, efficiency, and comprehensiveness in 

data collection and analysis, thereby enhancing the quality of 

educational research. 

 

10) Conclusion: 
The research paper "Exploring the Genesis of Technological 

Research: An Advanced Analysis with Reference to West 

Bengal" concludes that the integration of technology in 

research has significantly transformed education. It has 

provided unique data sets, enhanced accuracy, efficiency, and 

comprehensiveness in data collection and analysis, thereby 

improving the quality of educational research. However, 

despite these advancements and the implementation of 

educational policies, the adoption and acceptance of 

technology among undergraduate students in West Bengal 

remain a challenge. This is primarily due to the digital divide, 

infrastructure deficits, and socio-economic barriers. 

Nevertheless, the paper also highlights the opportunities that 

have arisen due to the advent of affordable technology and 

internet connectivity, government initiatives, and the potential 

for personalized learning experiences. The study emphasizes 

the importance of cultivating innovative and tech-savvy 

researchers who can contribute to knowledge and society. 

Therefore, the research provides valuable insights for 

educators, policymakers, and researchers interested in the 

intersection of technology, research, and education. 

 

Ethical Consideration: 
This article "Exploring the Genesis of Technological 

Research: An Advanced Analysis with Reference to West 

Bengal" raises several ethical considerations. Firstly, it 

emphasizes the importance of ensuring equitable access to 

technological resources across all educational institutions to 

prevent the digital divide from exacerbating existing socio-

economic disparities. The study acknowledges the need for 

informed consent and confidentiality in data collection, 

particularly when dealing with sensitive information related to 

students and faculty. Additionally, the paper highlights the 

ethical responsibility of educators and policymakers to 

provide adequate training and support to both students and 

teachers in the effective use of technology, ensuring that all 

stakeholders can benefit from technological advancements. 

Furthermore, the study discusses the necessity of maintaining 

academic integrity in tech-based research and the ethical 

implications of AI and data-driven educational tools, stressing 

the importance of transparency, accountability, and the ethical 

use of student data in educational research and applications. 
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