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Dear Learner,

It is with great pleasure that I welcome you to the Four Year BCom 
Programme offered by Sreenarayanaguru Open University.

Established in September 2020, our university aims to provide high-qual-
ity higher education through open and distance learning. Our guiding 
principle, 'access and quality define equity', shapes our approach to 
education. We are committed to maintaining the highest standards in 
our academic offerings.

Our University proudly bears the name of Sreenarayanaguru, a prom-
inent Renaissance thinker of modern India. His philosophy of social 
reform and educational empowerment serves as a constant reminder 
of our dedication to excellence in all our academic pursuits. 

The Value Added Course Technology and Society, offered as an elec-
tive for all FYUG learners, explores the dynamic relationship between 
technological advancement and social change. It introduces learners 
to how technology influences our lives, work, communication, and 
environment. Understanding this interplay is essential in today’s rap-
idly evolving world. This course encourages critical thinking about the 
ethical, cultural, and societal impacts of technology. 

Our teaching methodology combines three key elements: Self Learning 
Material, Classroom Counselling, and Virtual modes. This blended ap-
proach aims to provide a rich and engaging learning experience, over-
coming the limitations often associated with distance education. We 
are confident that this programme will enhance your understanding of 
commercial principles and practices, preparing you for various career 
paths and further academic pursuits.

Our learner support services are always available to address any con-
cerns you may have during your time with us. We encourage you to 
reach out with any questions or feedback regarding the programme.

We wish you success in your academic journey with Sreenarayanaguru 
Open University.

Best regards,

Dr. Jagathy Raj V.P.
Vice Chancellor 						        01-06-2025
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Unit 
1

   History of Technology

2  SGOU - SLM - FYUGP - Value Added Course - Technology and Society

L Learning Outcomes

P Prerequisites

Upon the completion of the unit, the learner will be able to:

	♦ examine the history of technology
	♦ explain the early technological advancements
	♦ discuss technological advancements in the five industrial revolutions

We are all amazed at how the emergence of generative AI and similar tools represents 
a transformative juncture in technological history. Its emergence is not an isolated 
event but rather the culmination of a long journey that was begun in the distant past. 
Think back to ancient times, when people first figured out how to use fire, invented 
the wheel, and worked with metals. These early technological advancements laid the 
groundwork for subsequent developments, including the transformative Industrial 
Revolution, which introduced mechanisation and mass production. The 20th century 
witnessed the advent of computing and digital communication, paving the way for 
sophisticated algorithms and computational power. It’s as if we started building 
robots and really smart systems. Our world changed so much because of this magical 
power called technology, taking us on a fantastic ride through time. And now, we 
have generative AI like ChatGPT. It’s as if we have a super-smart friend whom we 
can instruct to work for us. While acknowledging the remarkable capabilities of 
such technologies, it is also pertinent to consider the broader implications, including 
concerns about potential human displacement in certain domains. Thus, as we 
celebrate the achievements of technology, it is essential to engage in thoughtful 
discourse regarding its societal impacts and ethical considerations.
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D Discussion

Fire, Wheel, Metal, Stone, Industrial revolution

K Keywords

Human history is intricately woven with 
technological advancements, each milestone 
shaping the course of our development. Let’s 
walk through the history of the transformative 
power of technology, from the primal 
spark of fire to the Industrial Revolutions, 
exploring key milestones that have 
propelled us forward. Fire was humanity’s 
first major technological leap. It provided 
warmth, protection, cooked food, and a 
focal point for social gatherings, marking 
a pivotal shift in our survival and social 
development. The wheel, invented around 
3500 BC, revolutionised transportation 
and trade. Imagine the difference between 
hauling goods on your back and rolling them 
effortlessly, a seemingly simple invention 
with profound consequences. It facilitated 
the transport of food, building materials, and 
people, enabling the growth of cities and 
trade networks. Around 4000 years ago, we 
entered the Metal Age. These metal tools were 
significantly stronger and sharper than their 
stone counterparts, leading to improvements 
in hunting, woodworking, and agriculture. 
Metal also held symbolic importance, with 
ornaments signifying wealth and status. 
Technological advancements in metalworking 
impacted society in various dimensions: 
agriculture, weaponry, construction, industry, 
etc.

The culmination of these technological 
advancements led to the industrial revolutions, 
beginning in the 18th century. This period 
saw rapid advancements in power sources, 
machinery, materials, and communication. 
These innovations dramatically impacted 
society by leading to rapid urban growth and 
changing social structures. The gap between 
wealthy factory owners and working-class 
labourers widened; increased production 
and efficiency led to improvements in living 
standards for many. The journey from fire 
to the industrial revolutions highlights the 
transformative power of technology. Each 
innovation, from the wheel to iron working 
and the steam engine, built upon the previous 
one, propelling humanity towards a world 
vastly different from its fire-lit beginnings. 
While technological advancements bring 
opportunities and progress, they also 
raise questions about their undesirable 
consequences on society, the environment, 
and the future of humanity.

1.1.1 Technologies of the Early 
Stone Age and Metal Age

The mastery of fire, the invention of the 
wheel, and the transition to metalworking 
are fundamental turning points in human 
history, each bringing transformative changes 
to society and paving the way for future 
advancements.
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1.1.1.1 Fire
The taming of fire is the first significant 

technological breakthrough of human 
progress. This paved the way for more 
complex innovations. It provided warmth 
and protection from predators, enabling 
humans to survive harsher environments. 
It allowed for safer cooking, which kills 
harmful bacteria and parasites, improving 
digestion and nutrient intake, leading to 
increased lifespans and healthier populations. 
Fire wasn’t just for cooking food; it was 
also a tool for crafting implements. Early 
humans used fire to harden wooden spears, 
creating sharper and more effective weapons 
for hunting. Fire also helped shape bone tools, 
making them more durable and versatile. This 
advancement led to improved efficiency in 
various tasks and ultimately contributed to the 
development of more complex technologies.

Fire became a central gathering point for 
early humans. Fire lit up caves and brought 
families closer; sharing warmth and cooked 
food around a fire fostered social interaction, 
storytelling, and cultural development. This 
facilitated the strengthening of social bonds 
and fostered the development of language and 
culture. In short, fire wasn’t just a technology; 
it was a transformative force that shaped 
our diet, health, tools, social interactions, 
and even spiritual beliefs.

Fig. 1.1.1 Early man around the fire

1.1.1.2 Wheel
The wheel is another significant technology 

that has had an impact on human history. 
The wheel revolutionised transportation, 
agriculture, trade, and warfare, making it 

possible to move goods and people more 
easily and efficiently. It facilitated the 
development of chariots, carts, and ploughs, 
leading to increased agricultural productivity 
and urbanisation. The wheel wasn’t just for 
moving stuff around. The wheel’s principle 
of rotation became a fundamental building 
block for countless machines and inventions 
thereafter. Its roundness and ability to 
spin became super important for all sorts 
of machines. Waterwheels harnessed the 
power of flowing water to grind grains in 
mills, marking a significant step towards 
mechanisation. Windmills did the same with 
the wind, generating even more power. These 
early machines, powered by the spinning 
wheel, paved the way for the amazing 
inventions of the industrial revolution and 
beyond. We can still see their influence in 
all the things that spin and whirl around us 
today! These early machines paved the way 
for the intricate machinery of the industrial 
revolution and beyond.

           Fig. 1.1.2 Cart Wheel

            Fig. 1.1.3 Early Wheel
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1.1.1.3 Metal

Think about chopping wood with a 
stone axe versus a metal one; there is a big 
difference, right? The experiments with 
metal laid the groundwork for even bigger 
discoveries later on. Before factories and 
machines ruled the world, people in the 
stone age were making amazing discoveries. 
Around 4000 years ago marked the dawn of 
the metal age. Early metal working primarily 
focused on readily available metals like gold 
and copper. These metals are found in their 
natural state and didn’t require complicated 
processing, instead needing only simple 
methods like hammering and annealing 
(heating/cooling) to transform into tools 
and ornaments. Despite the limitations in the 
metallurgical processes at that time, the early 
use of metals had a significant impact on 
human societies. Metal tools offered distinct 
advantages over their stone counterparts. 
Metal tools were stronger and more durable 
than stone ones, making them valuable for 
hunting, woodworking, agricultural activities, 
and other tasks much easier. Metal ornaments 
also held symbolic and social importance, 
indicating wealth and status.

The bronze age (around 3000 BC) 
witnessed a revolutionary change with 
the discovery of smelting. This technique 
allowed humans to extract metals from 
ores, opening access to a wider range of 
materials. The most significant result was the 
development of bronze, an alloy of copper 
and tin. Compared to pure copper, bronze 
offered superior strength, toughness, and edge 
retention. It was used to create a wider array 
of tools, weapons, armour, and decorative 
objects. This era saw advancements in various 
fields, including construction, weaponry, 
agriculture, trade, etc. However, bronze had 
its limitations. The scarcity of tin made it 
relatively expensive.

  Fig. 1.1.4 Blacksmith forging iron

The iron age (1200 BC-500 AD) saw the 
development of iron working techniques. 
The widespread adoption of iron had a great 
impact on various fields, such as increased 
agricultural productivity using stronger iron 
tools like ploughs; military advancements 
using superior iron weapons and armour 
transformed warfare; improved economic 
development boosted trade and economies; 
and the accessibility of iron tools made them 
more commonplace, impacting daily life and 
social structures across various societies. Iron 
tools became essential for farmers, artisans, 
and even ordinary households.

1.1.2 Renaissance and Early 
Modern Period (1450-1800 AD)

This era witnessed a resurgence of 
scientific inquiry and technological 
pursuits. The invention of the printing press, 
advances in navigation, and developments in 
gunpowder weaponry all laid the groundwork 
for future industrialisation. Harnessing new 
energy sources like windmills and watermills 
provided more efficient power sources, 
paving the way for larger-scale production.

1.1.3 Industrial Revolutions 
(18th-19th Centuries)

The industrial revolutions of the 18th 
and 19th centuries represent a pivotal epoch 
in human history, marking a fundamental 
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transition from agrarian and artisanal 
economies to those dominated by industrial 
manufacturing. This period witnessed an 
unprecedented surge in technological 
innovation, most notably the development 
and application of new power sources such 
as steam and, later, electricity, alongside 
the mechanisation of production processes. 
These advancements catalysed a profound 

restructuring of economic systems, fostering 
the rise of factory-based production, 
mass markets, and new forms of capital 
accumulation. The study of this era is 
essential for understanding the genesis of 
modern economic structures and the enduring 
impact of technological progress on societal 
organisation.

1.1.3.1 The Age of Steam Power - First Industrial Revolution

  
    Fig. 1.1.5 Image of Steam Engine and Steam Engine powered Locomotive
The invention of the steam engine is the 

primary breakthrough in the first industrial 
revolution. With the power of the steam 
engine, this revolution witnessed the 
mechanisation of production, powering of 
factories and locomotives, changing the 
transportation and manufacturing industries 
forever. The engine was made of iron, and 
coal was used as the fuel. Coal played 
a vital role as the fuel in steam engines, 
while gas was used to illuminate streets. 
The  industrial revolution transferred the 
rural industries into towns, and craftsmen 
became wage labourers. This era witnessed 
a boom in textile production with the advent 
of power looms and spinning jennies. Iron 
production tremendously improved and 
became more affordable and versatile, leading 
to its increased use in various industries. 
Iron could be used to create stronger and 
more durable structures, bridges, and 
railways. It also played a crucial role in 
the development of machinery and tools, 

making them more efficient and durable. It 
transformed economies, spurred urbanisation, 
and fundamentally altered the nature of work.

The first industrial revolution, characterised 
by the widespread adoption of steam power 
and mechanisation, triggered societal shifts. 
Factories sprang up like mushrooms in cities, 
pulling people from rural areas with promises 
of work and a new life. This fast-paced city 
growth created many problems. Crowded 
living conditions became common, and 
sanitation struggled to keep up. Factory 
jobs promised escape from farm life but 
resulted in long hours of labour, low pay, 
and unsafe working conditions. It was a time 
of great opportunity and progress, but also 
a time of hardship and growing pains for 
cities and their residents. This fuelled the 
rise of labour movements, demanding better 
working conditions and worker rights. While 
prosperity grew for some entrepreneurs and 
industrialists, wealth disparities widened 
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between the newly formed working class and 
the elite. Despite all these challenges, this 
era was a period of unprecedented economic 
growth and technological advancement, 
paving the way for the modern world.

1.1.3.2 The Age of Electricity and 
Innovation: Second Industrial 
Revolution

The second industrial revolution was 
a turning point in history, introducing 
significant changes to daily life. It brought 
forth innovations like electric lamps replacing 
candles, the rise of factory production, and 
the advent of telephones connecting people 
over distances. Homes transformed with 
the hum of new appliances, and engines 
began carrying people and goods across long 
distances. This transformative era witnessed 
inventions that revolutionised daily life, 
communication, and transportation.

Electricity took centre stage during 
this period, lighting up homes, dispelling 
darkness, and giving rise to a lively 
nightlife. Factories came alive with the 
efficiency of electric power, significantly 
enhancing mass production. Everyday life 
saw a revolution with the introduction of 
appliances like refrigerators and washing 
machines, simplifying household tasks and 
reshaping the domestic landscape. The advent 
of electricity promised a dynamic era of 
heightened productivity, a stark contrast 
to the dimly lit, steam-powered world of 
mechanisation. This period resulted in a 
massive urban shift.

Communication took a giant leap with 
the invention of the telephone. Overcoming 
the limitation of the slow travel of written 
messages, voices could now travel across vast 
distances in real-time. This revolutionised 
business practices, allowing for faster 
communication and coordination. This 
fundamentally changed the way people 
connected with each other, fostering closer 

relationships and facilitating long-distance 
communication.

The invention of the internal combustion 
engine marked a new era in transportation. 
Automobiles and motorcycles transformed the 
way people moved, providing unprecedented 
freedom and flexibility to individuals. 
Aeroplanes went up in the sky, making the 
world feel smaller and connecting people 
globally. Whether on busy city streets or high 
in the sky, this engine made a big difference 
in how we get around and fundamentally 
reshaped the landscape of transportation.

The changes brought about by the 
innovations of this period have had a profound 
impact on society. The electricity we use at 
home, the instant connection through phones, 
and the ability to travel globally—all stem 
from the breakthroughs during this time. It 
wasn’t just about technological advancements; 
it also reshaped society. The emergence of 
factories led to urbanisation and the formation 
of working-class neighbourhoods. Inventions 
like the telephone and automobile presented 
both opportunities and challenges, altering 
how people interacted. This also prompted 
discussions about fairness and access to 
these new developments.

1.1.3.3 The Digital Surge - 
Electronics and Computers: Third 
Industrial Revolution

The third industrial revolution (IR3), 
a notable technological innovation, was 
witnessed in the realm of electronics and 
computers, specifically through advances in 
miniaturisation. The shift from room-sized 
mainframe computers to more compact, 
yet powerful, devices marked a significant 
evolution. The process of miniaturisation 
facilitated the development of personal 
computers, transitioning from cumbersome 
mainframes to conveniently sized 
desktop units. This transition in scale had 
consequential implications, democratising 
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access to computing resources and making 
them ubiquitous in both residential and 
professional environments.

This shift in technology also bore 
substantial societal implications. The 
integration of miniaturised electronics, 
particularly personal computers, transformed 
the way individuals engaged with information 
and communication. Tasks that were 
once cumbersome and resource-intensive 
underwent a simplification process, impacting 
various facets of society, including business, 
education, and personal communication. The 
societal repercussions were characterised 
by a knowledge-centric paradigm, wherein 
the accessibility of computing resources 
became synonymous with empowerment. 
The era of miniaturisation not only altered 
industrial landscapes but also democratised 
technological access, contributing to a 
societal framework where computing 
capabilities were no longer confined to 
select elites but extended to a broader 
demographic. The innovations of  third 
industrial revolution had far-reaching effects, 
transforming not only industrial processes 
but also becoming pervasive in everyday 
life. Personal computers, mobile devices, and 
the internet became indispensable elements 
of societal functioning.

1.1.3.4 Transformative Impacts 
of Information Technology and 
Internet in the Fourth Industrial 
Revolution

In the fourth industrial revolution, 
information technology (IT) and internet-
based innovations have seamlessly turned 
the world into a global village. The 
emergence and widespread use of the 
Internet in this period played a crucial role 
in fostering global connectivity, facilitating 
immediate communication and exchange 
of information. Information technology 
assumed a fundamental role, simplifying the 

management, storage, and retrieval of data. 
E-education exemplifies this transformation, 
erasing geographical barriers to learning. 
Students worldwide can now access a wealth 
of knowledge at their fingertips, with digital 
platforms becoming the classrooms of the 
future. Businesses, too, have harnessed digital 
measures, using technology to streamline 
operations and tap into a global market. From 
automated processes to virtual transactions, 
this has led to unprecedented efficiency and 
connectivity in the business landscape.

This period established the groundwork 
for a knowledge-based economy, which 
spanned industries, businesses, and global 
communication, creating new opportunities. 
The democratisation of information through 
the Internet empowered individuals, 
providing unprecedented access to 
knowledge. E-learning has democratised 
access to education, offering students in 
remote corners the chance to learn from 
premier educators, dismantling traditional 
barriers. The workplace has seen a shift, with 
remote work becoming viable, altering the 
nature of work and prompting a reevaluation 
of traditional office structures. As societies 
navigate this digital frontier, the advantages 
of IT innovations are evident in improved 
efficiency and connectivity. Simultaneously, 
the Internet’s impact has been profound, 
shaping a global community where ideas 
are shared and interactions transcend 
geographical boundaries. The combination 
of IT and the Internet in the fourth Industrial 
Revolution is fundamentally reshaping 
how we work, learn, and perceive our 
interconnected world.

However, alongside these positive 
transformations,  fourth industrial revolution 
also brought forth challenges. Concerns 
related to privacy, cybersecurity, and the 
digital divide emerged as prominent issues. 
The impact of technology on employment and 
the workforce structure prompted discussions 
on skill requirements and job displacement. 
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In essence, the third industrial revolution 
marked a transformative era, steering society 
towards digital interconnectedness and an 
information-centric paradigm.

1.1.3.5 AI’s Dominance: Navigating 
the Landscape of the Fifth 
Industrial Revolution

The fifth industrial revolution (IR5) marks 
a transformative epoch characterised by the 
convergence of cutting-edge technologies, 
notably digitalisation, artificial intelligence, 
and the Internet of Things. This paradigm shift 
reshapes societal and economic frameworks, 
emphasising the integration of physical, 
digital, and biological realms in technological 
innovation. One notable advancement is 
that artificial intelligence (AI) assumes 
a pivotal role, steering transformative 
advancements in machine learning, data 
analysis, and autonomous decision-making. 
The internet of things interconnects devices, 
creating complex smart systems that enhance 
efficiency. Advanced robotics and automation 
redefine industrial processes, contributing 
to heightened productivity.

Big data analytics extracts valuable insights 
from massive datasets, informing strategic 
decision-making. Striking advancements in 
biotechnology and genetics extend influence 

across healthcare and agriculture. Blockchain 
technology ensures secure and transparent 
transactions, impacting various industries. 
Augmented reality and virtual reality redefine 
information interaction, offering immersive 
experiences. The fifth industrial revolution 
unfolds as a synthesis of innovative forces, 
shaping our interaction with the world and 
technological landscapes.

Societal impacts: These technological 
strides have profound societal impacts. The 
integration of AI and automation in various 
sectors alters the nature of work, creating 
new employment paradigms and prompting 
a reevaluation of skill sets. The internet of 
things permeates daily life, facilitating smart 
homes, cities, and interconnected ecosystems. 
Big data analytics influences decision-making 
in healthcare, business, and governance, 
optimising resource allocation and strategic 
planning. Biotechnology and genetics, 
propelled by fifth industrial revolution, 
revolutionise healthcare, agriculture, and 
environmental sustainability. Blockchain 
technology ensures secure and transparent 
transactions, impacting financial systems, 
supply chains, and beyond. Augmented 
reality and virtual reality redefine how 
individuals interact with information, offering 
immersive experiences in education, training, 
and entertainment.

R Recap

	♦ Fire provided early humans with warmth, protection from predators, and a 
central point for social gatherings.

	♦ The invention of the wheel revolutionised transportation and facilitated the 
growth of trade networks.

	♦ The discovery and utilisation of metal allowed for the creation of stronger and 
sharper tools, while metal ornaments also came to signify wealth and social 
status.
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	♦ The bronze age, marked by the development of smelting techniques, opened 
access to a wider range of metals and their applications.

	♦ The iron age witnessed the widespread adoption of iron for tools and weapons, 
leading to significant advancements in agriculture, weaponry, construction, 
and overall industry.

	♦ The industrial revolutions represent a series of transformative periods driven 
by technological advancements.

•	 The first industrial revolution was characterised by the harnessing of 
steam power.

•	 The second industrial revolution saw significant advancements in electricity 
and its applications.

•	 The third industrial revolution marked the emergence of electronics, 
computers, and the Internet.

•	 The fourth industrial revolution (IR4) is defined by the pervasive influence 
of information technology (IT) and Internet-driven global connectivity.

•	 The fifth industrial revolution is characterised by the integration of 
artificial intelligence and the Internet of Things.

O Objective Questions

1.	 What was the transformative discovery in the period of the stone age for early 
humans?

2.	 What crucial role did the wheel play in ancient transportation?

3.	 In the metal age, what material became essential for creating durable tools 
and weapons?

4.	 What was the primary breakthrough in the first industrial revolution?

5.	 How did the first industrial revolution impact the nature of work and communities?

6.	 What key advancements fueled the boom in textile production during first 
industrial revolution?

7.	 What technological innovation played a central role in the second industrial 
revolution?

8.	 How did the internal combustion engine transform transportation in  second 
industrial revolution?
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A Answers

1.	 Fire

2.	 Efficiency

3.	 Metal

4.	 Steam engine

5.	 Urbanisation

6.	 Power looms, spinning jennies

7.	 Electricity

8.	 Freedom

9.	 Crowded living conditions

10.	Electronics

11.	Accessibility

12.	IT, Internet, global connectivity

13.	E-education, digital measures

14.	Privacy, cybersecurity, digital divide

15.	Digitalisation, AI, IoT, biotechnology, genetics, blockchain, AR, VR

16.	Autonomously

9.	 What societal challenges emerged due to rapid urbanisation in second industrial 
revolution?

10.	What notable technological advancements characterised the third industrial 
revolution?

11.	How did miniaturisation impact computing resources during third industrial 
revolution?

12.	What technologies are central to the fourth industrial revolution?

13.	How did fourth industrial revolution impact education and business?

14.	What societal challenges arose with the advent of fourth industrial revolution?

15.	What characterises the cutting-edge technologies in the fifth industrial revolution?

16.	How does AI influence industrial processes during fifth industrial revolution?
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A Assignments

1.	 Create a timeline highlighting key technological advancements from ancient 
times to the present day. Include significant inventions such as the wheel, 
printing press, steam engine, and computer.

2.	 Investigate how technology has influenced warfare throughout history. Discuss 
the impact of inventions such as gunpowder, tanks, aircraft, and nuclear weapons 
on military strategies and conflicts.

3.	 Investigate the environmental consequences of technological advancements, 
such as industrial pollution, deforestation, and climate change. Discuss efforts 
to mitigate these impacts through sustainable technologies and practices.

4.	 Examine the evolution of communication technologies, from the invention 
of writing systems to the rise of social media platforms. Discuss how each 
innovation transformed human interaction, information dissemination, and 
cultural exchange.
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Unit 
2

Science, Engineering and 
         Technology

L Learning Outcomes

P Prerequisites

Upon the completion of the unit, the learner will be able to:

	♦ familiarise themselves with the basic essence of the trio - science, engineering, 
and technology

	♦ recall the importance of the scientific method, engineering design process, 
and the role of technology

	♦ discuss the ethical considerations in scientific and technological advancements

Understanding how science, engineering, and technology work together is essential 
for solving complex problems and creating innovative solutions. By recognising 
their interconnectedness, we will be better prepared to explore and appreciate the 
contributions of each field. Think of them as different pieces of a puzzle that fit 
together to solve problems.

The study of science, engineering, and technology demands some foundational 
knowledge and skills. Think of these as building blocks that will support your 
understanding of these disciplines. Firstly, let’s talk about curiosity. Curiosity is all 
about being interested in how things work and why they behave the way they do. 
For example, have you ever wondered why a ball rolls downhill instead of uphill? 
That’s curiosity at work.

Next, observational skills. It’s like being a keen observer, noticing details and 
patterns in the world around you. For instance, you might observe how plants grow 
towards the sunlight or how water evaporates from a puddle. Critical thinking 
and problem-solving are like tools in your mental toolkit. They help you analyse 
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information, identify problems, and find solutions. For example, if you encounter 
a problem like a broken toy, critical thinking helps you figure out how to fix it. 
Collaboration and communication are important for working with others. Just like 
teamwork in sports or group projects at school, collaboration involves sharing ideas 
and working together towards a common goal.

By mastering these foundational skills – curiosity, observation, critical thinking, 
problem-solving, collaboration, and communication – you’ll be well-equipped to 
dive into the exciting world of science, engineering, and technology.

Discovery, Innovation, Technological advancement, Automation, Connectivity

K Keywords

D Discussion

1.2.1 The Incredible Trio: 
Science, Engineering, and 
Technology

Consider a world where we couldn’t 
understand how things work, build amazing 
structures, or create tools to make our lives 
easier. Thankfully, we have an incredible trio: 
science, engineering, and technology! These 
three fields may sound similar, but they each 
play a unique role in shaping our world. 
They work together like a powerful team 
to help us understand, build, and improve 
the world around us.

Science, engineering, and technology 
are interconnected disciplines that drive 
innovation and progress in our modern 
world. Science involves the systematic study 
of the natural world through observation, 
experimentation, and analysis. Engineering 

applies scientific principles to design and 
create solutions to practical problems, while 
technology encompasses the application 
of scientific knowledge to develop tools, 
machines, and systems that improve human 
life. Together, these disciplines shape the way 
we understand the universe, solve challenges, 
and advance society.

  
Fig. 1.2.1 Trio - Science, Engineering 

and Technology
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1.2.2 Science: Paving the Way 
for Discovery

Consider science as a curious investigator, 
continuously posing questions such as 
“why?” and “how?”. It uses observation 
and experiments to disclose the secrets of the 
universe, spanning from the tiniest atoms to 
the vast galaxies. The essence of science lies 
in comprehending the functionality of various 
phenomena, be it the inclination of plants 
toward sunlight or the magnetic attraction 

between objects. The term “science” originates 
from the Latin word “scientia,” meaning 
knowledge. Science is the systematic study 
of the natural and social world, including 
physics, chemistry, biology, astronomy, and 
many other disciplines. Scientists seek to 
understand how the universe works through 
observation, experimentation, and analysis. 
It’s like solving a puzzle with the behaviour 
of pieces from the smallest particles in this 
world to the vastness of space.

                         Fig. 1.2.2 Scientists looking through microscope
Two main categorizations of science are 

natural science and social science. Natural 
science deals with naturally occurring objects 
or phenomena, such as light, matter, celestial 
bodies, and the human body. It can be further 
divided into physical sciences (e.g., physics, 
chemistry, astronomy) and earth sciences 
(e.g., geology). Life sciences, including 
biology and botany, also fall under natural 
science. Natural sciences are characterised 
by precision, accuracy, determinism, and 
independence from the observer. In physics, 
for example, a scientific experiment 
measuring the speed of sound or the refractive 
index of water should consistently yield the 
same results regardless of when, where, or 
by whom the experiment is conducted.

However, social science focuses on 
people, groups, societies, firms, or economies, 
and their behaviours. Disciplines within 

social science include psychology (studying 
human behaviours), sociology (studying 
social groups), and economics (studying 
firms, markets, and economies).

Science refers to an organised body of 
knowledge acquired through the use of the 
scientific method. The scientific method is 
a way scientists investigate things. They 
make guesses (hypotheses), do experiments, 
and analyse data to draw conclusions. This 
method ensures that research is thorough, can 
be repeated by others, fosters reliability, and 
contributes to the continuous advancement of 
knowledge. Scientific methods recommend a 
strict methodology in conducting experiments 
to collect evidence that supports or challenges 
existing ideas. They also use advanced 
techniques to analyse large amounts of 
data, revealing patterns and connections. 
Scientists are always pushing the boundaries, 
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looking for new insights and discoveries 
that lead to improvements in technology 
and engineering.

Scientists employ a diverse set of tools 
and techniques to uncover nature’s secrets. 
For example, microscopes delve into the 
microcosm, revealing the complicated 
workings of cells and molecules, telescopes 
pierce the veil of distance allowing us to 
observe the birth and death of stars and 
the evolution of galaxies, etc. Through 
experimentation and rigorous analysis, 
scientists build upon existing knowledge, 
refine hypotheses, and formulate new theories 
that explain the observed phenomena. 
However, science is not solely concerned 
with accumulating facts. It is a journey of 
continuous learning and discovery, driven by 
insatiable curiosity and the quest for deeper 
understanding.

The impact of scientific endeavour extends 
far beyond the pursuit of knowledge. Our 
understanding of the natural world translates 
into technological innovations that shape 
our lives and influence our future. From 
smartphones connecting us across continents 
to medical breakthroughs saving lives, 
the fruits of scientific discovery touch 
every facet of human existence. Whether 
captivated by the intricate mechanisms of 
life or awestruck by the grandeur of the 
universe, there are countless avenues for 
exploration within the realm of science. This 
field welcomes inquisitive minds, fosters 
critical thinking, and empowers individuals 
to contribute to the ever-evolving tapestry of 
human understanding. So, embark on your 

own scientific journey, embrace the joy of 
discovery, and contribute to the ongoing 
quest to unveil the secrets of the universe.

1.2.3 Engineering: Building a 
Better World

Now, imagine taking scientific knowledge 
and turning it into something tangible. That’s 
where engineering comes in. Engineers are 
the builders, inventors, and problem-solvers. 
They use scientific principles to design, 
develop, and implement solutions to real-
world challenges. From designing bridges 
to creating life-saving drugs, engineers 
translate scientific discoveries into practical 
applications.

Engineering is the art and science of 
applying scientific knowledge and principles 
to design, build, and maintain structures, 
machines, systems, and processes. It’s 
all about transforming ideas into reality, 
from towering skyscrapers to minuscule 
nanochips. Like a bridge between science 
and technology, engineers take scientific 
discoveries and use them to create practical 
solutions for everyday problems. Today, the 
field is experiencing exciting advancements. 
We can see that artificial intelligence is 
automating design processes, robotics 
are revolutionising manufacturing, and 
materials science is pushing the boundaries 
of what’s possible. From sustainable cities 
to personalised medicine, the future of 
engineering promises to be even more 
impactful and transformative, shaping our 
world in ways we can only begin to imagine.
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        Fig. 1.2.3 Engineer working on a computer 
Fig. 1.2.4 Engineer building a bridge

In short, engineering is the application 
of scientific and mathematical principles 
to design, build, and maintain systems and 
structures. Engineers work in a wide variety of 
fields, including civil engineering, mechanical 
engineering, electrical engineering, and 
software engineering. The engineering 
design process involves identifying 
problems, brainstorming solutions, designing 
prototypes, testing and refining designs, and 
implementing solutions. It is a systematic 
approach that allows engineers to create 
innovative solutions to complex challenges 
while considering factors such as cost, safety, 
and sustainability.

Engineering innovations have had 
a profound impact on society, shaping 
everything from infrastructure and 
transportation to healthcare and entertainment. 
For example, the invention of the steam 
engine revolutionised transportation and 
industry during the Industrial Revolution, 
while the development of renewable energy 
technologies is helping to address climate 
change and promote sustainability.

The field of engineering has always been 
a powerful driver of progress, shaping our 
world through innovation and problem-
solving. Today, it stands at a transformative 
era, fuelled by groundbreaking advancements 
across diverse disciplines. Some of the 

most captivating frontiers reshaping the 
engineering landscape include:

1.	 The Rise of Intelligent Automation: 
Imagine robots seamlessly collaborating 
with humans on construction sites 
managed by AI algorithms for 
unparalleled efficiency and precision. 
These intelligent machines automate 
repetitive tasks and also adapt to 
dynamic environments, revolutionising 
manufacturing, logistics, and even 
healthcare.

2.	 Sustainable Materials - Building 
a Greener Future: For example, 
the development of self-healing 
concrete automatically repairs cracks 
and promises resilient infrastructure. 
Biodegradable plastics derived from 
organic sources like algae offer a 
sustainable alternative to petroleum-
based polymers, reducing plastic 
pollution and promoting circularity. 
These innovative materials represent a 
paradigm shift towards environmentally 
conscious design and a greener future.

3.	 Bioengineering: Pushing the 
Boundaries of Life: Imagine a world 
where prosthetic limbs aren’t just 
functional but move and feel with 
the subtlety of our natural body parts. 
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Picture a reality where individuals 
with damaged organs due to disease 
or accidents can receive replacements 
crafted from bioengineered tissues, 
grown with precision in laboratories. 
This futuristic scenario paints a picture 
of a medical landscape where advanced 
technologies seamlessly merge with the 
intricacies of human physiology, offering 
not just restoration but enhancement of 
our physical capabilities.

4.	 Space Exploration: Reaching for the 
Stars: Humanity’s insatiable curiosity 
about the cosmos continues to propel 
us towards the unknown. Engineers are 
designing reusable rockets and advanced 
spacecraft, making space travel more 
accessible and sustainable. Missions 
to Mars are no longer science fiction, 
with plans for establishing human 
settlements on the red planet actively 
being explored. Such endeavours not 
only expand our understanding of the 
universe but also foster technological 
advancements that benefit life on Earth.

1.2.4 Technology: A Force 
Reshaping our World

Think of it as the innovative builder, 
taking the knowledge gained from science 
and transforming it into practical tools 
and solutions. This can be anything from 
microscopes to medicine, robots to rockets. 
Technology allows us to apply scientific 
understanding to improve our lives and 
solve real-world problems. Technology, 
in its broadest sense, refers to the tools, 
processes, and systems developed through 
the application of scientific knowledge and 
engineering principles. It serves as the bridge 
between abstract scientific findings and their 
practical implementation, shaping our world 
in profound ways.

1.2.4.1 The Role of Technology 
in Integrating Science and 
Engineering

Technology plays a crucial role in 
integrating science and engineering by 
applying scientific knowledge to create 
practical solutions to real-world problems. It 
enables engineers to design and implement 
innovative solutions that improve efficiency, 
productivity, and quality of life. It’s not 
just about smartphones and computers; 
technology encompasses everything 
from medical equipment to agricultural 
innovations, transportation systems, and 
even the materials used to build our homes.

Technological advancements have 
transformed society in countless ways, 
from the invention of the telephone and 
electricity to the development of computers 
and smartphones. These technologies 
have revolutionised communication, 
transportation, healthcare, and entertainment, 
shaping the way we live, work, and interact 
with the world.

1.2.5 The Powerful Trio in Action

Science, engineering, and technology 
don’t operate in isolation. They are a dynamic 
team, each one influencing and amplifying the 
impact of the others. The field of technology 
is marked by constant evolution, driven by 
ongoing advancements across diverse areas:

Artificial Intelligence (AI): AI and 
machine learning algorithms find application 
in various sectors, from analysing medical 
images to processing autonomous vehicles 
and optimising logistics, etc. Natural language 
processing empowers human-computer 
interaction, while robots equipped with AI 
are transforming the manufacturing industry 
with automation.

Biotechnology: The manipulation of 
biological processes at the cellular and 
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molecular level has led to innovations like 
gene editing, personalised medicine, and 
bioprinting of tissues. These advancements 
hold immense potential for addressing 
healthcare challenges and improving human 
well-being.

Nanotechnology: Engineering on the 
atomic and molecular scale is enabling the 
creation of materials with novel properties, 
leading to innovations in electronics, energy 
storage, and medical diagnostics. This 
field holds immense promise for future 
technological breakthroughs.

Quantum Computing: Harnessing 
the principles of quantum mechanics has 
the potential to revolutionise computing 
power, unlocking solutions intractable for 
conventional computers. This has applications 
in drug discovery, materials science, and 
financial modelling.

Internet of Things (IoT): Connecting 
everyday objects to the internet creates a vast 
network of data-gathering devices, enabling 
real-time monitoring and intelligent control. 
This interconnectedness is transforming 
industries like logistics and smart cities.

These are just a few examples, 
highlighting the dynamism and multifaceted 
nature of contemporary technology. Each 
advancement stems from a synergy between 
scientific discovery, engineering design, 
and technological implementation. Science 
provides the fundamental knowledge, 
engineering translates it into practical 
solutions, and technology transforms these 
solutions into tools that impact our lives.

1.2.6 Interplay Between 
Science, Engineering, and 
Technology

One example of the interplay between 
science, engineering, and technology is the 
development of the smartphone. Scientific 
research in fields such as physics and 

materials science led to the discovery of 
semiconductors and touchscreen technology, 
which engineers then utilised to design and 
build the first smartphones. These devices 
have since become indispensable tools in 
modern life, integrating communication, 
computing, and entertainment into a single 
device.

Fig. 1.2.5 Person using a smartphone

Scientific discoveries drive technological 
innovation, which in turn enables new 
engineering solutions to be developed. 
Likewise, engineering challenges often 
lead to new scientific discoveries and 
advancements. The trio works in symphony 
to solve our problems. Few examples are 
listed below:

Solving global challenges: Climate 
change, clean water, sustainable energy 
– these are complex issues demanding 
multifaceted solutions. Science, engineering, 
and technology (SET) work together to 
develop technologies like renewable energy 
sources, advanced water purification systems, 
and disaster management tools.

Improving healthcare: From early 
disease detection to personalised medicine, 
SET advancements are revolutionising 
healthcare. Scientists discover new diseases 
and treatments, engineers design medical 
devices and diagnostic tools, and technology 
facilitates remote consultations and data 
analysis.
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Fig. 1.2.6 Doctor using a robot for surgery

Enhancing communication and 
connectivity: The internet, mobile 
phones, and even social media platforms 
are all products of SET collaboration. This 
connectivity empowers individuals, facilitates 
global collaboration, and drives economic 
growth.

Boosting innovation and economic 
progress: From self-driving cars to 
artificial intelligence, SET paves the way 
for continuous innovation, creating new 
industries, jobs, and economic opportunities.

Science, engineering, and technology 
are interconnected disciplines that drive 
innovation and progress in our modern 
world. By applying the scientific method, 
engineers and scientists work together to 
create practical solutions to real-world 
problems, leading to advancements that 
improve our lives and shape the future. The 
interplay between these disciplines ensures 
that society continues to benefit from new 
discoveries, technologies, and innovations, 
driving progress and improving quality of 
life for people around the world.

1.2.7 Navigating the Ethical 
Landscape of Technological 
Advancement

The continuous evolution of scientific and 
technological innovation transforming our 
lives presents a critical juncture: ensuring 
such advancements align with ethical 
principles and serve humanity’s greater good. 

It is imperative to acknowledge the intricate 
tapestry of ethical considerations woven 
into the fabric of technological progress, 
prompting us to navigate this realm with 
utmost responsibility.

One prominent area to deal with ethical 
concerns is Artificial Intelligence (AI). 
Algorithmic biases, ingrained in training 
data, can preserve societal inequalities 
and lead to discriminatory outcomes. 
Further, automation through AI threatens 
job displacement, necessitating proactive 
measures for economic restructuring and 
equitable skill development. Moreover, 
the question of control over increasingly 
sophisticated AI systems looms large, 
demanding careful consideration of potential 
unintended consequences and responsible 
governance frameworks.

1.	 Privacy and Security: As technology 
becomes increasingly integrated into our 
lives, safeguarding individual privacy 
and ensuring robust data security are 
paramount. Balancing innovation with 
the right to privacy and protecting 
individuals from surveillance and 
misuse of personal data are ongoing 
challenges.

2.	 Equity and Access: Technological 
advancements must be accessible and 
beneficial to all, bridging the digital 
divide and ensuring equitable access to 
opportunities. Concerns about unequal 
access to education, healthcare, and other 
crucial resources due to technological 
disparity need to be addressed.

3.	 Environmental Impact: Technological 
advancements must strive for 
environmental sustainability, 
minimising or mitigating negative 
impacts on ecosystems and contributing 
to solutions for climate change and 
resource depletion. Resource depletion 
necessitates an ethical imperative 
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towards responsible management and 
exploration of alternative solutions. 
Lastly, the potential for accidents or 
deliberate misuse of technology poses 
grave risks, highlighting the need for 
robust safety measures and international 
cooperation. Responsible development 
and use of technology should prioritise 
environmental well-being.

4.	 Weaponization and Misuse: 
Technologies designed for beneficial 
purposes can be misused for harmful 
ends. From autonomous weapons to 
cyberwarfare, ethical frameworks and 
international cooperation are crucial to 
prevent the weaponization of technology 
and address potential misuse.

5.	 Job Displacement and Automation: While 
automation offers efficiency gains, it can 
also lead to job displacement in various 
sectors. Responsible implementation of 
automation requires proactive measures 
to retrain and upskill affected workers, 
ensuring a just transition to a future 
shaped by technology.

6.	 Algorithmic Bias and Fairness: 
Algorithms used in various fields, 
from social media to criminal justice, 
can perpetuate existing biases and lead 
to unfair outcomes. Identifying and 
mitigating biases in algorithms is critical 
for ensuring fairness and preventing 
discrimination.

7.	 Human Augmentation and 
Transhumanism: Technologies 
merging humans and machines raise 
existential questions about the nature 
of humanity and the potential for 
unintended consequences. Careful 
ethical considerations and public 
discourse are needed to navigate these 
uncharted territories responsibly.

8.	 Global Governance and Collaboration: 
Addressing these complex ethical 
challenges effectively requires 
international cooperation and robust 
global governance frameworks. 
Collaborative efforts involving 
scientists, policymakers, ethicists, and 
the public are crucial for establishing 
responsible norms and regulations for 
the development and use of technology.

9.	 Biotechnology and Genetics: 
Biotechnology and genetics unveil 
another complex layer of ethical 
dilemmas. Gene editing technologies 
like CRISPR, while holding immense 
potential for therapeutic interventions, 
raise concerns about altering human 
embryos and manipulating the 
very essence of life. Additionally, 
ensuring equitable access to life-
saving technologies and preventing 
the exacerbation of existing societal 
disparities remain crucial challenges.

Addressing these ethical complexities 
requires a multifaceted approach. Open 
dialogue, responsible development, robust 
ethical frameworks, and a commitment to 
human well-being are essential cornerstones 
for ensuring that technological advancements 
serve humanity’s collective good and 
create a just and sustainable future for all. 
Developing strong regulatory frameworks 
that anticipate potential risks and promote 
responsible development and application of 
technology is equally essential. Ultimately, 
all advancements must be evaluated through 
the lens of human well-being, ensuring they 
contribute to a just, equitable, and sustainable 
future for all. Only then can we ensure that 
innovation remains a force for positive 
change, shaping a future where scientific 
progress serves humanity’s collective good.
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R Recap

	♦ Science discovers the “why” and “how” through observation, experimentation, 
and analysis.

	♦ Engineering applies scientific principles to design and build solutions to real-
world problems.

	♦ Technology transforms scientific knowledge into practical tools and systems.

	♦ Scientific discoveries drive technological advancements.

	♦ Engineering challenges lead to new scientific discoveries.

	♦ Smartphones, healthcare advancements, and communication technologies 
exemplify the impact of modern science, engineering, and technology.

	♦ These fields are significantly shaping our world by tackling global issues like 
climate change and healthcare, improving communication and connectivity, 
and driving innovation and economic growth.

	♦ Technological progress brings many ethical challenges that need attention.

	♦ Artificial intelligence can show bias and may be hard to control.

	♦ New technologies can threaten personal privacy and data security.

	♦ Not everyone has equal access to technology, raising concerns about fairness.

	♦ Some technologies have a negative impact on the environment.

	♦ Advanced tools and systems can be misused or turned into weapons.

	♦ Automation may cause people to lose their jobs.

	♦ Algorithms can be unfair and lead to biased outcomes.

	♦ Technology may change human abilities through augmentation or transhumanism.

	♦ Managing global technologies needs international cooperation.

	♦ Advances in biotechnology and genetics raise serious ethical questions.
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O Objective Questions

1.	 What are the three interconnected disciplines highlighted in the text?

2.	 How does science primarily study the natural world?

3.	 What is the main focus of engineering?

4.	 What is the role of technology in solving real-world problems?

5.	 What are the two main categorizations of science mentioned?

6.	 How does engineering contribute to practical solutions?

7.	 How is technology defined in the text?

8.	 What are the main steps involved in the engineering design process?

9.	 How does science contribute to engineering?

10.	What are the main branches of natural science highlighted?

11.	What is the essence of the scientific method?

12.	What are the key areas of focus in social science?

13.	What is the ultimate goal of engineering?

14.	What does technology encompass?

15.	How does science influence engineering?

16.	What are some examples of technological innovations mentioned?

17.	What are some ethical concerns related to technological advancement?

18.	What are some emerging fields in technology?

19.	What is the objective of ensuring equitable access to technological advancements?

20.	How is science defined in the text?
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A Answers

1.	 Science, Engineering, and Technology

2.	 Through observation, experimentation, and analysis of the natural world

3.	 To apply scientific principles to design and create solutions to practical problems.

4.	 It transforms scientific knowledge into practical tools and solutions for real-
world problems

5.	 Natural science and social science

6.	 By designing, developing, and implementing solutions to real-world challenges

7.	 The tools, processes, and systems developed through the application of scientific 
knowledge and engineering principles

8.	 Identifying problems, brainstorming solutions, designing prototypes, testing 
and refining designs, and implementing solutions

9.	 By providing the fundamental knowledge and principles for designing practical 
solutions

10.	Physical sciences and earth sciences

11.	To investigate phenomena through hypotheses, experiments, and analysis of data

12.	Human behaviour, social groups, and economies

13.	To transform ideas into reality and solve practical problems

14.	Tools, processes, and systems developed through the application of scientific 
knowledge and engineering principles

15.	Fundamental knowledge and principles that inform engineering solutions

16.	Examples include smartphones, medical equipment, and renewable energy 
technologies

17.	Algorithmic biases, privacy concerns, job displacement due to automation, 
environmental impact, and weaponization of technology

18.	Artificial Intelligence, Biotechnology, Nanotechnology, Quantum Computing, 
and Internet of Things

19.	To ensure that technological advancements benefit all individuals and communities 
equally

20.	The systematic study of the natural and social world through observation, 
experimentation, and analysis.
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A Assignments

1.	 Analyse the interconnectedness of science, engineering, and technology and 
discuss how each field contributes to and influences the others, providing 
specific examples from the text to illustrate your points.

2.	 Analyse three key ethical challenges that arise with technological advancements. 
Discuss the potential social consequences of each challenge.

3.	 Discuss the ways in which technology can both contribute to and aggravate 
social inequalities.

4.	 Analyse how emerging technologies (such as AI or biotechnology) are reshaping 
social interactions and the organisation of society. Discuss potential future 
social transformations.
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Unit 
3

Importance of Research and 
Innovation for Human 
Progress

L Learning Outcomes

P Prerequisites

Upon the completion of the unit, the learner will be able to:

	♦ discuss measures for accelerated innovation and technological advancements
	♦ list research organisations across the globe that promote research and knowledge 
sharing

	♦ familiarise themselves with various innovation parks around the world
	♦ examine various ethical considerations for responsible innovation

Research organisations and innovation parks play a crucial role in fostering human 
progress worldwide by providing environments conducive to scientific inquiry, 
technological development, and entrepreneurial activity. They not only advance 
our understanding of the world but also drive practical applications that benefit 
humanity in countless ways. By fostering a culture of exploration and collaboration, 
they enable breakthroughs in science, technology, and various fields, leading to 
economic growth, job creation, and improvements in quality of life.

These hubs are essential in addressing pressing global challenges such as climate 
change, healthcare, and many other problems. Through interdisciplinary approaches 
and collaboration, researchers, entrepreneurs, and policymakers can develop innovative 
solutions to complex problems. Moreover, their focus on sustainable development 
ensures that progress is made in a way that preserves the environment and promotes 
social equity.

Overall, research organisations and innovation parks play a vital role in shaping 
a brighter, more prosperous, and sustainable future for all of humanity. They are the 
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driving force behind the continuous advancement of knowledge and the translation 
of that knowledge into meaningful innovations that benefit society as a whole.

Research organisations, Innovation parks, Innovation, Entrepreneurship

K Keywords

D Discussion

Imagine a vibrant space busy with 
scientists, entrepreneurs, and investors, all 
collaborating to bring groundbreaking ideas 
to life. This is the essence of a research 
and innovation park, a unique ecosystem 
where academia, industry, and government 
converge to accelerate progress. More than 
just physical spaces, these parks serve as 
catalysts for change, fostering innovation 
across diverse fields.

Research and innovation parks come 
in various forms, each with its individual 
focus and strengths. Some specialise in 
sectors like biotechnology or information 
technology, while others promote broader 
interdisciplinary collaboration. Regardless 
of their specific emphasis, all parks share a 
common mission: to bridge the gap between 
research and development, translating 
scientific discoveries into practical solutions 
that benefit society. These hubs offer 
numerous advantages:

1.	 Collaboration: Parks bring together 
diverse minds from different 
backgrounds, fostering cross-pollination 
of ideas and accelerating innovation.

2.	 Shared Resources: Access to expensive 
equipment, facilities, and funding 
becomes easier within a park to support 
research and development endeavours.

3.	 Entrepreneurial Support: Parks often 
incubate startups and young innovators, 
providing guidance, mentorship, and 
access to investors.

4.	 Knowledge Sharing: Open commu- 
nication and information exchange are 
encouraged within parks, leading to 
faster advancements and broader impact.

1.3.1	 The Power of Research 
and Innovation: Shaping a 
Better Future

Imagine a world without vaccines, 
smartphones, or renewable energy. Pretty 
hard, right? That’s the incredible power 
of research and innovation - the driving 
force behind human progress for centuries. 
But how exactly does it work? Where do 
these groundbreaking ideas happen? Let’s 
delve into the exciting world of research 
organisations and innovation parks and see 
how they’re shaping our future.
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1.3.2	 Why are Research and 
Innovation so Important?

We stand on the shoulders of giants, 
building upon discoveries of the past to reach 
new heights. Research helps us understand 
the world around us, while innovation 
translates that knowledge into practical 
solutions that improve our lives. Here are 
just a few reasons why it matters:

1.	 Tackling global challenges: Climate 
change, pandemics, resource scarcity 
- research and innovation hold the key 
to overcoming these pressing issues.

2.	 Improving human health: New 
medicines, diagnostic tools, and surgical 
techniques constantly emerge, pushing 
the boundaries of healthcare.

3.	 Boosting economic growth: By creating 
new industries, products, and jobs, 
innovation fuels economic prosperity 
for individuals and communities.

4.	 Enhancing our quality of life: From 
smarter infrastructure to cleaner energy, 
technological advancements directly 
impact how we live, work, and play.

Research and innovation are the driving 
forces behind progress, shaping our world 
in countless ways. From groundbreaking 
medical discoveries to cutting-edge 
technologies, the pursuit of knowledge and 
its practical application holds the key to 
solving some of humanity’s most pressing 
challenges and creating a brighter future 
for all.

1.3.3 Research Organisations 
and Innovation Parks

Research organisations play a crucial 
role in fostering innovation by providing 
the infrastructure, resources, and expertise 
necessary to conduct groundbreaking 
research. These institutions, which can 

range from universities and government 
labs to private research companies, are 
the breeding grounds for new ideas and 
discoveries. Innovation parks are specialised 
spaces designed to promote innovation, 
entrepreneurship, education, and economic 
growth, providing a supportive environment 
for businesses, researchers, and professionals.

1.3.4 Research Organisations: 
Where Ideas take Root

Think of research organisations as 
knowledge factories. These institutions, like 
universities, government labs, and private 
research companies, bring together brilliant 
minds to explore various fields. They provide 
the infrastructure, resources, and expertise 
needed to conduct groundbreaking research:

	♦ Universities: Renowned institutions 
like MIT, Cambridge, and Tsinghua 
University boast cutting-edge facilities 
and attract top researchers, generating 
impactful discoveries across diverse 
disciplines.

	♦ Government Labs: Dedicated to specific 
fields like public health or agriculture, 
government labs conduct research vital 
for societal well-being and national 
security.

	♦ Private Research Companies: Driven 
by commercial interests, companies 
like Google and Tesla invest heavily 
in research and development, leading 
to new technologies and products.

Here are some prominent research 
organisations and innovation parks across 
the globe:

1.	 ISRO (Indian Space Research 
Organisation - India) is the national 
space agency of India, responsible 
for space research and exploration. 
It operates numerous research centres 
and facilities, such as Satish Dhawan 
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Space Centre (SDSC) SHAR, Vikram 
Sarabhai Space Centre (VSSC), Indian 
Space Research Organisation Satellite 
Centre (ISRO SAC), Indian Institute 
of Remote Sensing (IIRS), etc.

Fig. 1.3.1 Logo of Indian Space Research 
Organisation (ISRO)

2.	 NASA (National Aeronautics and 
Space Administration, United States) 
is responsible for the nation’s civilian 
space programme and for aeronautics 
and aerospace research. It has numerous 
research centres and innovation hubs 
such as the Jet Propulsion Laboratory 
(JPL) and the Ames Research Center.

Fig. 1.3.2  Logo of National 
Aeronautics and Space Administration

3.	 CERN (European Organization for 
Nuclear Research - Switzerland) is 
one of the world’s largest and most 
respected centres for scientific research, 
focusing on particle physics. It operates 
the largest particle physics laboratory 
in the world, where the famous Large 

Hadron Collider (LHC) is located. 
Beyond its core mission, CERN serves 
as a dynamic hub for research and 
innovation, fostering interdisciplinary 
collaborations with academia, industry, 
and governments. Through technology 
transfer initiatives, CERN contributes 
to advancements in medical imaging, 
materials science, and information 
technology.

4.	 MIT (Massachusetts Institute of 
Technology - United States) is 
renowned for its cutting-edge research 
and innovation across various disciplines, 
including engineering, science, and 
technology. It houses numerous research 
centres and innovation initiatives, such 
as the MIT Media Lab and the MIT 
Innovation Initiative.

5.	 Indian Institute of Science (IISc) 
Bangalore - India, is a premier research 
institution in India, conducting cutting-
edge research across various disciplines, 
including engineering, science, and 
technology. It houses several research 
centres and innovation initiatives aimed 
at driving technological innovation and 
societal impact.

1.3.5 Innovation Parks: Where 
Ideas Bloom

Imagine a vibrant hub buzzing with 
creativity and collaboration. That’s what 
innovation parks are - physical spaces 
designed to accelerate innovation. They bring 
together researchers, entrepreneurs, investors, 
and businesses to nurture promising ideas:

Given below are a few examples of 
renowned innovation parks across the globe:

	♦ Cambridge Science Park (Cambridge, 
UK): The Cambridge Science Park is one 
of the oldest and most successful science 
parks in the world. The Cambridge 
Science Park is a world-renowned 
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science and technology park located in 
Cambridge, England. It was established 
in 1970 by Trinity College and has 
since become a hub for innovation 
and entrepreneurship. It hosts over 130 
companies ranging from startups to 
multinational corporations, primarily 
focused on technology, biotechnology, 
and pharmaceuticals. It focuses on a 
wide range of sectors, including:

•	 Life sciences

•	 Information technology

•	 Engineering

•	 Clean technologies

•	 Medical devices

•	 Artificial intelligence

	♦ Silicon Valley (California, USA) is 
considered the epitome of research 
and innovation. Silicon Valley is home 
to numerous research organisations, 
including Stanford University, Stanford 
Research Park, NASA, Ames Research 
Center, etc. It has been instrumental in 
the development of the tech industry, 
with companies like Google, Apple, and 
Facebook originating from this region. 
It is also home to many startups and 
venture capital firms.

Fig. 1.3.3 Silicon Valley in California, 
USA

	♦ Zhongguancun Science Park (Beijing, 
China): Often referred to as China’s 
Silicon Valley, Zhongguancun is a major 

technology hub that hosts numerous 
research institutions, universities, and 
technology companies. It has played a 
significant role in China’s technological 
advancement, particularly in areas such as 
information technology, biotechnology, 
and advanced manufacturing. It has a 
long and rich history as one of the first 
science parks and national innovation 
demonstration centres in China.

Fig. 1.3.4 Zhongguancun Science 
Park, Beijing

	♦ MIT Media Lab (Massachusetts, 
USA): Part of the Massachusetts Institute 
of Technology (MIT), the Media Lab is 
a renowned interdisciplinary research 
laboratory focused on innovation in 
technology, media, and design. It 
has been influential in developing 
cutting-edge technologies and fostering 
collaboration between academia and 
industry.

	♦ Skolkovo Innovation Center (Moscow, 
Russia): Established in 2010, Skolkovo 
is Russia’s flagship innovation 
hub, aiming to promote research, 
development, and entrepreneurship in 
key technology sectors. It offers support 
to startups and established companies 
through funding, infrastructure, and 
networking opportunities.

SG
O

U



32  SGOU - SLM - FYUGP - Value Added Course - Technology and Society

	♦ Indian Institutes of Technology 
(IITs) (India): The Indian Institutes 
of Technology (IITs) represent 
a distinguished consortium of 
engineering and technology-oriented 
research establishments in India. The 
upcoming Research and Innovation 
(R&I) Park associated with the IITs 
is poised to become a focal point 
for fostering innovation and product 
development. This endeavour seeks to 
facilitate meaningful interaction among 
institute researchers, corporate entities, 
government agencies, and burgeoning 
startups, thereby catalysing the genesis 
of pioneering technological solutions. 
The R&I Park aims to cultivate advanced 
technology platforms and nurture 
deep-tech startups. Its establishment 
is anticipated to strengthen the 
techno-entrepreneurship ecosystem 
and make significant contributions to 
regional economic growth. They have 
contributed significantly to scientific 
research, technological innovation, and 
human resource development in various 
fields, playing a crucial role in India’s 
development as a global technology hub.

Fig. 1.3.5 Indian Institute of 
Technology, Mumbai

Fig. 1.3.6 Logo of Indian Institute of 
Technology, Madras

	♦ CERN (European Organization 
for Nuclear Research) (Geneva, 
Switzerland): CERN is the world’s 
largest particle physics laboratory, where 
scientists and engineers from around 
the world collaborate to advance our 
understanding of the universe. It has 
been instrumental in numerous scientific 
breakthroughs and technological 
innovations, including the development 
of the World Wide Web.

	♦ Innovation Quarter - Netherlands: 
Innovation Quarter is an innovation 
park and investment agency in the 
Netherlands, fostering innovation and 
economic development in the region. 
It supports startups, scale-ups, and 
established companies in various sectors, 
including life sciences, cleantech, and 
IT.

	♦ Skolkovo Innovation Center - Russia: 
Skolkovo is Russia’s leading innovation 
hub, aimed at promoting technological 
innovation and entrepreneurship. It hosts 
research organisations, startups, and 
technology companies focused on areas 
such as IT, biomedicine, energy, and 
space.

	♦ Rutherford Appleton Laboratory 
(RAL) - United Kingdom: RAL is 
one of the UK’s national laboratories, 
specialising in research in areas 
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such as particle physics, astronomy, 
and space science. It houses several 
research facilities and collaborates with 
universities and industry partners on 
innovative projects.

	♦ The Fraunhofer Society in Germany: 
This is the largest organisation for 
applied research in Europe. It has over 
70 institutes that focus on a wide range 
of technologies, from manufacturing 
to healthcare.

Fig. 1.3.7 Fraunhofer Society in Germany

1.3.6 Examples of Innovation 
Blooming in Research and 
Innovation Parks

1.3.6.1	Healthcare Advancements

	♦ Developing new vaccines and drugs: 
The Zhongguancun Science Park in 
China houses companies like Genscript, 
which developed a rapid COVID-19 
detection kit within months.

	♦ Revolutionising medical devices: Silicon 
Valley parks like Stanford Research Park 
saw the creation of Intuitive Surgical, 
known for its robotic surgery systems.

	♦ Personalised medicine breakthroughs: 
The Texas Medical Center Innovation 
Institute fosters research on genetics and 
precision medicine for more targeted 
treatments.

1.3.6.2 Sustainable Technologies

	♦ Renewable energy solutions: Skolkovo 
Innovation Center in Russia supports 
startups developing next-generation 
solar panels and energy storage 
technologies.

	♦ Cleantech innovations: Research 
Triangle Park in North Carolina 
collaborates on advancements in 
biofuels, smart grids, and environmental 
monitoring.

	♦ Sustainable agriculture: Indian Institutes 
of Technology (IITs) research drought-
resistant crops and water-efficient 
irrigation systems.

1.3.6.3 Information Technology 
Innovations

	♦ Artificial intelligence advancements: 
DeepMind, based in London’s AI park, 
developed AlphaFold, a protein structure 
prediction system with transformative 
potential.

	♦ Emerging communication technologies: 
Cambridge Science Park companies 
like ARM Holdings created chipsets 
powering billions of smartphones.

	♦ Next-generation software solutions: 
Indian Innovation Parks like T-Hub 
nurture startups building innovative 
apps and digital platforms.

1.3.6.4 Space Exploration

	♦ Developing innovative spacecraft: 
ISRO’s Vikram Sarabhai Space 
Centre in India designed and launched 
Chandrayaan-1, their first lunar mission.

	♦ Pushing the boundaries of space 
exploration: NASA’s Ames Research 
Center played a crucial role in 
developing technologies for missions 
like Mars exploration.
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	♦ Private space ventures: Innovation parks 
like Skolkovo are home to companies 
aiming to make space travel more 
accessible and affordable.

1.3.6.5 Beyond Specific Fields

	♦ Cross-disciplinary collaborations: 
Innovation parks often lead to 
unexpected innovations when different 
fields intersect. For example, research on 
materials science in the MIT Media Lab 
led to advances in wearable technology.

	♦ Addressing global challenges: Parks like 
The Energy and Sustainability Hub in 
Singapore tackle problems like climate 
change and water scarcity through 
collaborative research and technology 
development.

	♦ Fostering a culture of innovation: The 
very existence of these hubs encourages 
entrepreneurial spirit, risk-taking, and 
out-of-the-box thinking, leading to 
a continuous flow of new ideas and 
solutions.

These are just a few examples, and 
countless other innovations bloom in 
research and innovation parks worldwide. 
Their contributions drive progress across 
diverse fields, shaping a better future for 
all. Research and innovation parks are more 
than mere brick-and-mortar structures; they 
are vibrant ecosystems that surpass the 
ordinary, thriving on collaboration, shared 
resources, and entrepreneurial spirit. These 
hubs convene diverse minds from academia 
and industry, fostering a cross-pollination 
of ideas that ignites progress. Functioning 
as catalysts for innovation, parks provide 
access to sophisticated equipment, specialised 
facilities, and critical funding, nurturing both 
budding startups and established innovators. 
This potent combination translates to 
economic growth, attracting investments 
and generating jobs that invigorate regional 
economies. However, the impact extends 

beyond financial measures. By supporting 
research organisations, fostering these 
innovation ecosystems, and nurturing a 
culture of inquiry, we unlock the potential 
for a brighter future, one where humanity can 
collectively tackle challenges and flourish.

1.3.7 Ethical Frameworks and 
Guidelines for Responsible 
Innovation

As the pace of innovation accelerates, 
concerns about its potential negative impacts 
grow alongside it. To ensure that new 
technologies benefit society responsibly, 
various ethical frameworks and guidelines 
have been developed. Here are some key 
points:

	♦ Respect for Human Rights: Ensuring 
that individuals are treated with fairness 
and dignity is paramount. This includes 
upholding rights such as privacy, 
autonomy, and equality, ensuring that 
technologies respect and uphold these 
fundamental human rights.

	♦ Societal Well-being: The focus of 
technological innovation should be 
on benefiting society as a whole. 
Innovations should address significant 
challenges such as climate change, 
poverty, and social inequality, aiming 
to improve the quality of life for all 
individuals and communities.

	♦ Transparency and Accountability: 
Openness about the functioning and 
potential impacts of technologies is 
essential. Transparency ensures that 
users and stakeholders are informed 
about how technologies work and their 
potential consequences. Moreover, 
mechanisms for accountability are 
necessary to address any harm or 
adverse effects caused by technologies, 
holding responsible parties accountable 
for their actions.
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	♦ Precautionary Principle: In situations 
where the potential risks of a new 
technology are uncertain, it is prudent 
to exercise caution. Taking proactive 
measures to assess and mitigate risks 
before widespread deployment can 
help prevent or minimise adverse 
consequences.

	♦ Fairness and Justice: Access to the 
benefits of new technologies should be 
equitable and inclusive. Technological 
advancements should not exacerbate 
existing inequalities or create new forms 
of disadvantage. Instead, efforts should 
be made to ensure that all individuals, 
regardless of their background or 
circumstances, have fair opportunities 
to benefit from technological progress.

	♦ Environmental Sustainability: 
Technologies should be developed and 
used in a manner that is environmentally 
sustainable. This involves considering 
the potential environmental impacts of 
technologies throughout their lifecycle 
and striving to minimise negative effects 
on the natural world. Promoting eco-
friendly practices and minimising 
resource consumption are essential for 
preserving the health and integrity of 
the planet for future generations.

1.3.8 Examples of Ethical 
Frameworks

UNESCO Declaration of Ethical 
Principles in Relation to Artificial 
Intelligence: This framework focuses 
on fostering ethical AI development 
and use, emphasising principles such as 
fairness, transparency, accountability, and 
inclusiveness.

European Commission Ethics 
Guidelines for Trustworthy Artificial 
Intelligence (AI): These guidelines advocate 
for the development of human-centric AI 
systems that prioritise human values, rights, 
and dignity. They underscore the importance 
of fairness, transparency, accountability, and 
robustness in AI design and deployment.

OECD Principles for Responsible 
Innovation in Nanotechnology: This 
framework addresses the responsible 
development and application of 
nanotechnologies, considering potential 
risks and societal implications. It emphasises 
principles such as sustainability, inclusiveness, 
transparency, and stakeholder engagement.

The Asilomar AI Principles: These 
principles outline a set of guidelines for the 
beneficial and safe development of artificial 
intelligence. They cover various aspects of AI 
development, including ethics, transparency, 
safety, and societal impact, aiming to ensure 
that AI technologies serve humanity’s best 
interests while minimising potential risks.
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R Recap

	♦ The importance of research and innovation is to accelerate progress

	♦ Research organisations play a crucial role in fostering innovation by providing 
the infrastructure, resources, and expertise necessary to conduct groundbreaking 
research

	♦ Innovation parks are - physical spaces designed to accelerate innovation

	♦ The benefits of these ecosystems, including collaboration, shared resources, 
and entrepreneurial support

	♦ Research and innovation parks are more than mere brick-and-mortar structures; 
they are vibrant ecosystems that surpass the ordinary, thriving on collaboration, 
shared resources, and entrepreneurial spirit

O Objective Questions

1.	 What is the primary purpose of research and innovation parks?

2.	 Give an example of a research and innovation park in the USA.

3.	 Name the space research organisation in India.

4.	 Which research and innovation park houses companies like Genscript, which 
developed a rapid COVID-19 detection kit?

5.	 Which innovation park focuses on promoting technological innovation and 
entrepreneurship in Russia?

6.	 What is the primary goal of the Cambridge Science Park?

7.	 Which institution is known for its interdisciplinary research in technology, 
media, and design in the US?

8.	 What is the Fraunhofer Society known for?

9.	 What do you learn about the relationship between research and innovation 
parks and economic growth?
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10.	What is the role of innovation parks in fostering collaboration?

11.	How do research organisations contribute to innovation?

12.	Which principle emphasises caution in situations where the potential risks 
of a new technology are uncertain?

13.	What is the focus of ethical frameworks and guidelines for responsible 
innovation?

14.	What aspect of technological innovation should be prioritised according to 
ethical guidelines?

15.	What is the significance of innovation parks in accelerating progress?

16.	Provide an example of a successful science park mentioned in the text.

17.	What is Silicon Valley known for?

18.	Which institution is often referred to as China’s Silicon Valley?

19.	What is Skolkovo aimed at promoting?

20.	What role do government labs play in fostering innovation?

21.	How do innovation parks support entrepreneurial ventures?

22.	Which innovation park saw the creation of Intuitive Surgical?

23.	How do innovation parks foster knowledge sharing?

24.	What is the primary focus of the Indian Institutes of Technology’s (IITs) 
Research and Innovation Park?

25.	What is the role of government labs in advancing research?

A Answers

1.	 Accelerating progress and bridging the gap between research and development

2.	 Silicon Valley

3.	 ISRO (Indian Space Research Organisation)

4.	 Zhongguancun Science Park

5.	 Skolkovo Innovation Centre
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6.	 To foster innovation across diverse fields

7.	 MIT (Massachusetts Institute of Technology)

8.	 Applied research in Europe

9.	 They are directly proportional

10.	Fostering collaboration among scientists, entrepreneurs, and investors

11.	By providing infrastructure, resources, and expertise for groundbreaking 
research.

12.	Precautionary principle

13.	Benefiting society responsibly through innovation

14.	Societal well-being and human-centric design

15.	They accelerate the translation of scientific discoveries into practical solutions

16.	Cambridge Science Park

17.	Technological innovation and entrepreneurship

18.	Zhongguancun Science Park

19.	Technological innovation and entrepreneurship

20.	They conduct vital research for societal well-being and national security

21.	By providing guidance, mentorship, and access to investors

22.	Stanford Research Park

23.	By encouraging open communication and information exchange

24.	Driving technological innovation and societal impact

25.	By conducting research vital for societal well-being and national security

A Assignments

1.	 Describe how research and innovation parks help turn academic ideas into 
real-world solutions, giving examples.

2.	 Pick a famous research organisation from the text and explain how it contributes 
to innovation. Look at its resources and collaborations.
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3.	 Compare two innovation parks from the text. Talk about what makes each 
unique and how they impact local economies.

4.	 Look at how government support helps research and innovation parks grow. 
Judge if government policies help innovation.

5.	 Talk about the ethical side of innovation in parks. Why are guidelines important 
for ensuring new tech is safe and fair?

6.	 Think about the future of research and innovation parks. How might they 
change with new tech and global problems?
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Humanity and Technology
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L Learning Outcomes

P Prerequisites

Upon completion of the unit, the learner will be able to:

	♦ describe how changes in the way ancient humans lived, used resources, and 
related to nature helped them move from a nomadic life to settled agricultural 
communities

	♦ discuss the role of fire, metals, and farming techniques in shaping early food 
production and everyday life in ancient settlements

	♦ identify how early technologies contributed to the development of early social 
structures

Given the age of the Earth and the millions of species that live and have lived on 
it, humans are almost an absent-presence on Earth. Yet, in the merely few thousand 
years of our existence, we have harnessed what more than million years of evolution 
have not bestowed on any other species. But, how? By introducing that ‘something 
exponential’ to the equations of planetary time – technology! 

Technology encompasses everything humans have created, from a simple spoon 
to spaceships exploring the universe, including technology itself. From ancient 
times, technology has been the extended arm of humans towards nature, ensuring 
survival and, later, dominance, and is the expression of human ingenuity. Technology 
is thus the set of knowledge and skills humans have acquired in engaging with the 
environment towards anchoring ourselves and defining our mode of being. In the 
pursuit of life, humans have invented and re-invented technology to be defined and 
re-defined by it. The history of humanity is essentially the history of its technologi-
cal progress. Its meaning has evolved alongside humanity, reflecting our changing 
needs, values, and understanding of the world.
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Thus, technology, as the application of specific knowledge in achieving practical 
goals, has progressed in stages from tools, which augmented our physical scope, 
to machines, which capacitated us to exceed the limitations insisted upon by our 
physical bodies. Technology has now reached the phase of automation with the 
potential to work on its own, minimising human control. In our pursuit of mapping 
that which strives between humanity and technology, this unit discusses the origin 
of technology and how our ancestors corresponded to it. This unit gives us the 
transition of humans from food gatherers to food producers to settlers, aided by 
‘that’ which has later paved the way for technology.

D Discussion

Tools, Hunter-Gatherers, Bipedalism, Fire, Metals, Agriculture, Storage, Surplus, 
Civilisations, Cities, Boundaries, Trade, Slaves

K Keywords

2.1.1 Trails of Technology
Can you appreciate a paper clip as a tech-

nological object the same way a computer is? 
Although a paper clip, which is but a simple 
twist of wire, may not be as technologically 
complex as a computer, it is still techno-
logical, for it exemplifies the application 
of human inventiveness and engineering 
principles to generate a practical solution 
to a common problem. 

How about a stone or a twig? When used 
to crack open nuts, dig the ground, or reach 
distant objects, they serve as tools, simple 
yet intentional. Like the paper clip, they 
reflect human inventiveness: simple objects 
turned into functional solutions. Whether 
it is using a stone to crack nuts, a wheel to 
ease transportation, a needle to sew fabric, 
a lever to lift heavy loads, or a computer to 

process vast amounts of information, tech-
nology echoes human ingenuity. While the 
term technology is not typically associated 
with these, this has always been the essence 
of what technology is - the creative appli-
cation of knowledge and resources to solve 
practical problems.

2.1.1.1 The Precursors to 
Technology

Technology, as we know it now, is an 
inadvertent result of the technological arte-
facts of the ancient. Our ancestors, breaking 
down the bones using stone tools to extract 
the bone marrow of an animal carcass, knew 
little that they were creating history. Realising 
that a random stone picked up by an ancestor 
towards accomplishing a physical task is the 
forerunner to all we are embedded in today 
is rather humbling. The stone tools widely 
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used by our ancestors to hunt down food 
and as weapons to defend themselves against 
predator attacks mark the first instance of 
tools as technology.

It is often argued that fire and language, 
along with the stone tools of the ancients, 
merit being considered the first technologies. 
Whatever the case be, these are our first 
tools and, thereby, the first technologies. 
Being tools, they catered to an extension of 
human capabilities, allowing early humans 
to interact with their environment in new 
and more effective ways. Thus, these tools 
qualified themselves as the first instances of 
technology by embodying the most distin-
guishable and defining feature of technology 

– the deliberate modification of objects for 
specific purposes. 

The evolution of tools and technology 
closely parallels the changing modes of 
being human. From using bare hands to 
gather food, to harnessing fire and shaping 
metals, and eventually to cultivating land 
and establishing settlements, each phase 
reflects a shift in how humans related to 
their environment and to one another. These 
transitions, from gatherers to producers and 
then to settlers, mark important stages in the 
development of human life and technology 
alike. The following sections explore these 
three key transitions that shaped the trajectory 
of human civilisational advent.

Technology is older than us!

We are accustomed to thinking of ourselves as the only humans, for we are the 
only human species extant in the world for at least the last 10,000 years. We have 
also taught ourselves to think of us as the ones who first purposed stones as tools 
and tamed fire. But were we? The prevailing human narrative often portrays us 
as pioneers of technological advancements. The nearly 10,000 years of living and 
dominating the world has endorsed in us the idea that it all began with us; and is a 
lie! The history of technology precedes the history of modern humans, the homo 
sapiens.

There were at least eight other human species that inhabited the earth millions 
of years before the modern human (the homo sapiens) entered the scene. The first 
species in the human line forsook the long arms of apes for stronger legs. We might 
have thus traded the fun of swinging around on trees but, as a species, stood upright, 
walked straight and colonised new ecosystems away from the forest. In short, our 
story began roughly 1.7 million years before us, when the so-considered first human 
species, homo habilis, took the first strode over the planet!

We also do not own the credit for the first technology. A stone tool, which in 
expert terms is the first instance of technological advance, for it involved a deliberate 
modification of natural objects to serve a specific purpose, was first attempted not 
even by a human species but by Australopithecus, a close relative but not a direct 
ancestor.  Palaeontological evidence suggests that Australopithecus who lived 3.4 
million years before the first modern human and lived on the Earth for about 7 lakhs 
years before they went extinct (more than how much the modern humans have so 
far lived, which is 3 lakhs years only) and who were meat eaters used sharp stones 
purposed as a tool to extract the bone marrow of the animals they ate. 
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Again, it was not homo sapiens but homo erectus attributed with the discovery 
of the controlled use of fire. Fire, the critical technology enabling the progressive 
evolution of humans, was even used regularly and systematically by our ancestors 
for sharpening stone tools. 

In short, those inventions and adaptations that were later identified as critical to 
the evolution of humans did not come from our species but from our ancestors and 
our ancestral close relatives. We are not the first humans, and neither are we the first 
to innovate tools or techniques. They all even outlived us by a count of millions of 
years. Yet, it is the homo sapiens- ‘the wise human’ still around, the only species 
born on Earth, conscious and mindful of their own evolution and limitations.

Fig. 1.1.1 Human Lineage

2.1.2 As Gatherers
How shall we gather the life of the ancient 

humans? Let us try imagining it. Imagine 
going back in time, cancelling the entire 
history of humanity and its technological 
progress. We reach that point back in time 
to live the life of our ancient ancestors - the 
initial lot of Homo sapiens on Earth who 
were the ‘hunter-gatherers’. The time when 
humanity was not a distinct lot as we are 
today, but just another animal among the 
world’s myriad fauna and flora. Barring 
the air that you breathe in, everything else 
essential for sustenance needs to be either 
gathered or hunted down. You are but a living 

body reduced to two organs: the stomach 
and the heart! A stomach that demands to be 
filled at its call and a heart that is constantly 
on vigil of the threats. What then was our 
most accessible tool? Hands!

2.1.2.1 Human Hands and 
Transition

We have all seen a baby grow. If not the 
mouth, how do babies access the world? 
Using their hands! They reach out to the 
world, wandering away from their mother’s 
breast through their hands. We see, hear, 
feel, and thereby explore, but it is with our 
hands that we grab and make things our own. 
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The first species that stood on their hind 
limbs, or at least attempted to do so, has, 
in effect, decided the fate of humanity. Our 
great cousins, the great apes, are convinc-
ingly bipedal, though they use a variety of 
other locomotor modes. Even in the early 
primates, even if they were not full-time 
bipeds, the anterior limbs were adapted to 
grasp objects. They evolved so, as it was 
a favourable trait. Positioning themselves 
in the hindlimbs allowed them access to 
fruits up in the tree, and those who could 
do it fetched more food than others. This 
ensured a more reliable supply of food and 
facilitated the handling and repurposing of 
stones as tools, aiding them in defense against 
predators and in hunting. 

Over time, this practice ensured better 
motor control and natural selection endorsed 
it. The specialised hand structure was also 
reinforced as the primates were hand-
to-mouth feeders. Although bipedalism 
significantly compromised the speed of the 
organism, it ensured the added advantage 

of being able to use their posterior limbs as 
hands, and the benefit of this outweighed the 
disadvantage of reduced speed; therefore, 
it endured. 

The human hand is even more special-
ised than that of chimps or other primates. 
The most complex adaptation involves the 
human thumb. A fully independent muscle 
ensures remarkable strength, and the propor-
tional length of the thumb and other fingers 
allows for an opposable thumb with a pre-
cise and firm grasp between its tip and the 
other fingertips, allowing them to handle and 
modify objects into practical tools. The cave 
paintings of the Upper Palaeolithic period 
are a grand testimony to the sophistication 
acquired by human hands in terms of holding 
and manipulating objects.

2.1.2.2 From Holding to Shaping 
Tools

We have seen that the position of the first 
technological invention is contested. For 
some, it is stone tools, but for others, it is 

Fig. 1.1.2 Depicts the advantages of an opposable thumb, enabling better grip,  
control, and precision
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the taming of fire, and for yet others, it is 
using language.  All of these are inevitably, 
at first, tools. Yet a stone tool is the first thing 
we laid our hands on to be manipulated later 
for our purposes. 

Let us examine how a stone or bone 
(crude) tool may be considered technol-
ogy. We see technology as the application 
of specific knowledge to achieve practical 
goals. Since we were biologically not like 
other animals with beaks or claws, hands 
were mostly our means. Therefore, we needed 
tools to hunt, cut, and process food. They 
discovered that by shaping stones and bones 
into specific forms, they could create tools 
to fulfill their needs. They applied particular 

knowledge (the reshaping of stones or bones) 
to achieve practical goals (such as hunting, 
cutting, and processing food).

This also demonstrated inventiveness 
and early engineering principles, like mate-
rial selection (like choosing the ones that 
were hard enough). It also involved shaping 
techniques such as percussion and pressure 
flaking to shape the materials into desired 
forms, like sharp edges for cutting or scrap-
ing.  The design has also evolved over time 
based on trial and error, with improvements 
made to enhance functionality and efficiency. 
Thus, the ability to design and craft effec-
tive tools required skill and knowledge that 
were passed down through generations, 

                     
  Fig. 1.1.3 Ancient stone tools (for more details on ancient stone tools, follow the 

link provided, https://stonetoolsmuseum.com/stone-tool-types/)

                    
    Fig. 1.1.4 Ancient bone tools from the Mitchell site, South Dakota
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showcasing a form of early technological 
innovation and cultural transmission (skill 
development).

2.1.2.3 Tool Use and Its Impact

The use of tools by ancient humans also 
brought the following advantages.

i. Tools as Extensions of Capabilities
Primitive tools extended our physical 

capabilities, allowing us to interact with the 
environment in new and more effective ways. 
Without tools, our hands alone cannot grasp 
certain materials securely, cut through rigid 
substances, or dig into the ground efficiently. 
Tools functioned as extensions of the hand, 
enhancing strength, precision, and reach, 
and enabling tasks that would otherwise 
be impossible or demanding. 

ii. Problem-solving and Innovation
The creation and use of tools involved 

problem-solving at every stage. Early humans 
had to select appropriate raw materials, 
devise methods to shape them, and adapt 
tools to suit specific tasks. This process 
encouraged innovation and contributed to 
the development of cognitive skills such as 
planning, reasoning, and experimentation. 

iii. Improved Access to Resources
Stone tools made it easier to perform 

essential tasks such as butchering animals, 
processing plant materials, digging for tubers, 
and shaping wood and bone into additional 
tools. This improved efficiency in resource 
extraction expanded the range of materials 
early humans could utilise for survival. 

iv. Social and Cultural Impact
The sharing and transmission of tool-

making skills fostered social learning, 
cooperation, and intergenerational knowledge 
transfer. As groups adapted to diverse 
environments, distinct tool types developed, 
reflecting cultural differences and local 
ecological needs.

v. Foundation of Future Technologies
This laid the groundwork for all subsequent 

technological advancements. It demonstrated 
the ability to manipulate materials, solve 
problems creatively, and adapt to changing 
environments, and paved the way for more 
complex tools and technologies in later 
periods.

2.1.3  As Food Producers
The transition of humans from food 

gatherers to food producers is one of the most 
decisive events in human history. All that is 
human now was born then. This is the point 
at which we began to demarcate ourselves 
from animals. We are no longer seekers of 
the universe or nature but producers of our 
own needs and, later, even producers of needs 
themselves. This transition was not the result 
of a single discovery, but rather a series 
of developments that emerged gradually. 
Among the most influential were the taming 
of fire, the discovery and use of metals, and 
farming.

2.1.3.1 Taming of Fire

How the archaic people learned to control 
fire is uncertain, yet its significance in shaping 
human history is undeniable. One of the 
earliest purposeful uses of fire may have 
been in what we now call ‘fire farming’, 
which is the deliberate burning of vegetation 
to stimulate the growth of underground food 
plants like geophytes. Our archaic ancestors 
likely observed that such plants grew more 
abundantly after natural wildfires, and 
during periods of food scarcity they began 
to replicate this process intentionally. This 
marked one of the first known instances of 
our species consciously manipulating their 
environment to secure a food source, a step 
that likely paved the way for later farming 
practices. More than just enhancing nutrition, 
this control over fire and food sources may 
have contributed to a shift in human self-
perception. With skills in hunting, fishing, 
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and now controlling one of the vital forces of 
nature, early humans may have begun to see 
themselves as distinct from other animals, 
capable of reshaping their world rather than 
merely adapting to it.

In addition to its role in food production 
and acquisition, fire became a powerful tool 
in the survival and evolution of early humans. 
It provided several advantages such as, 

i. Improved Food Processing
The taming of fire enabled humans to 

cook their food, and the consumption of 
cooked food led to important physiological 
changes that supported human evolution. 
Cooking made food easier to digest and 
more nutritious, contributing to increased 
brain size and enhanced cognitive abili-
ties. It also led to reductions in tooth size, 
jawbone, and mouth structure. Unlike the 
protruding jaws of chimpanzees, which limit 
their ability to speak, the reshaped human 
jaw facilitated the development of complex 
speech and language. 

Fig 1.1.5 The protruding jaw vs. the 
human jaw

ii. Improved Hunting Practices
Fire helped drive animals out of hiding, 

create distractions, and harden wooden 
spears, thereby increasing the effectiveness 
and success rate of hunting larger animals.

iii. Protection from Predators

Fire provided early humans with a pro-
tective barrier against nocturnal predators by 
creating a controlled area of safety around 

their campsites, effectively deterring poten-
tial attacks.

2.1.3.2 Use of Metals
The technological artefacts of ancient 

humans are so decisive that the Stone Age, 
Bronze Age, and Iron Age derived their iden-
tities from the tool-making technologies that 
prevailed during each. The discovery and use 
of metals was an important step in human 
history, marking the move from the Stone 
Age to the Metal Ages. Early humans first 
found metals like gold, silver, and copper in 
their natural form and used them primarily 
for decoration and ceremonial purposes. 
Later, they learned how to extract metals 
from ores by heating and melting them, a 
process called smelting. This allowed them 
to make stronger and longer-lasting tools 
and weapons compared to those made from 
stone or bone.

The use of metals not only changed many 
aspects of the lives of the ancient humans 
but also marked the beginning of significant 
transformations for humanity as discussed 
below. 

i. Improved Tools and Efficiency 
Metal implements were stronger and 

more durable than their stone or wooden 
predecessors, enabling people to clear 
land more quickly for farming, hunt more 
effectively, and construct more durable 
shelters. This increased efficiency helped 
support larger communities and more 
complex societies.

ii. Enhanced Protection and Warfare

Metal weapons, such as swords, spears, 
and shields, provided better defence and 
attack capabilities. Communities with metal 
weapons had an advantage in protecting 
themselves and expanding their territories, 
influencing the balance of power in ancient 
societies.
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iii. Social and Economic Influence 
Metal objects became valuable status 

symbols. Possessing finely crafted metal 
items indicated wealth and power, defin-
ing social hierarchies. Metals also became 

essential trade commodities, creating eco-
nomic networks that connected different 
groups and regions.

   Fig 1.1.6 Iron-age tools excavated from Wilzenberg, Germany

Fig 1.1.7 Bronze age tools (Source:https://museum.wales/media-dams/778c0eb6-
9728-329d-a131-599b2f8f3810/large/ )
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iv. Rise of Skilled Craftsmen and Guilds
Metallurgy required specialised skills, 

leading to the emergence of skilled workmen 
who mastered the techniques of extracting 
and shaping metals. Over time, these crafts-
men often organised into groups or guilds, 
which helped preserve knowledge, main-
tain quality, and pass skills down through 
generations.

v. Expansion of Trade and Cultural 
Exchange
The demand for metals and metal goods 

fostered trade routes that linked distant com-
munities. These exchanges involved not only 
goods but also ideas, technologies, and cul-
tural practices, promoting wider interaction 
and cooperation among early civilisations.

2.1.3.3 Agriculture
The emergence of agriculture marked a 

turning point in human history, often referred 
to as the Neolithic Revolution or the First 
Agricultural Revolution. This transition 
from a hunter-gatherer way of life to one 
of food production reshaped human life in 
profound ways. It involved the domestica-
tion of plants and animals, leading to the 
development of permanent settlements and 

the rise of civilisation. 

However, agriculture or farming was not 
a sudden invention; it was the result of cen-
turies of observation, crude experimentation, 
and gradual technological innovation. Early 
humans noticed patterns in plant growth, the 
effects of seasonal changes, and the potential 
of seeds to regenerate new life. From this, 
the practice of deliberate planting evolved, 
a cognitive leap that required memory, plan-
ning, and patience.

Agriculture transformed human life in 
several important ways as discussed below. 

i. Early Tools and Innovations
Farming created the need for new tools 

to prepare land and process harvests. Simple 
tools like digging sticks and sickles were first 
used, and later improved using metals such 
as copper and bronze. Tools like the plough, 
grinding stones, and mortars for processing 
grains helped transform raw harvests into 
edible forms. 

ii. Irrigation
Another major innovation that agriculture 

necessitated was irrigation. Early farmers 
learned to divert and control river water 

         
Fig 1.1.8  Ancient farming tools unearthed from Alexandria Troas, Turkey

SG
O

U



51  SGOU - SLM - FYUGP - Value Added Course - Technology and Society

using canals, channels, and reservoirs. These 
systems not only enabled agriculture in 
arid regions but also made farming more 
predictable and less dependent on rainfall. 

iii. Storage and Surplus
Farming provided a more reliable and 

predictable source of food compared 
to hunting and gathering. Structures 
like granaries and pottery jars allowed 
communities to preserve grains and pulses 
for use during droughts or winters. 

iv. Population Growth
With a steady food supply, communities 

could support more individuals. This led to 
population growth, reduced the need for 
migration, and allowed for the formation 
of larger, more permanent settlements. 

v. Division of Labour
As food production improved, many were 

freed from the need to produce their own 
food. They began to take on specialised 
roles, such as tool-making, pottery, trade, 
construction, and religious duties, leading 
to the emergence of more complex and 
organised societies.

vi. Development of Trade
Surpluses in food and crafted goods 

enabled the exchange of resources between 
communities. Farming communities 
exchanged crops, tools, and crafts, which 
led to the growth of local and long-distance 
trade networks.

vii. Social Organisation and Governance
Managing land, water, and surplus food 

required coordination. This gave rise to 
leadership structures, shared rules, and early 
forms of governance to maintain order and 
cooperation within growing settlements. 

viii. Technological and Cultural 
Advancements

Settled life allowed time and space for 
invention and expression. Agricultural 

communities improved tools, developed 
better shelters, and began creating art, 
recording knowledge, and practicing religious 
rituals. 

ix. Beginning of Civilisations
Over time, farming villages grew into 

towns and cities. These became centres of 
culture, politics, and learning, marking the 
beginning of civilisations.

x. The Cognitive Shift
Perhaps most importantly, agriculture 

required a shift in human cognition. 
Unlike foraging, which responded to 
immediate needs, farming demanded 
delayed gratification, long-term planning, 
and sustained attention to seasonal cycles, 
instilling a new relationship with time, nature, 
and labour, a worldview that defines much 
of modern society.

2.1.4 The Settlers
It was indeed the Neolithic Revolution that 

marked one of the most profound transitions 
in human history, from foragers in the wild to 
producers and settlers. Can you think of the 
unassuming yet revolutionary ‘technology’ at 
the heart of this transformation, that altered 
the course of human history? The seed! Not 
a tool of stone or a weapon of bronze, but 
a tiny, living promise. 

Once the ancient humans learned not 
just to gather plants, but to grow them, or 
to coax wheat from dry soil and tame barley 
under the sun, their relationship with the land 
changed. No longer did they wander; they 
stayed. And staying meant settling. Settling 
meant building. And building meant drawing 
lines, between what was mine and what was 
not. And, there began the civilisational saga 
of humanity. 

2.1.4.1 Private Property

The shift to agriculture during the 
Neolithic period changed not only how 
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humans obtained their food but also how 
they viewed the land. In places like the Fertile 
Crescent, a region stretching across mod-
ern-day Iraq, Syria, and Turkey, evidence of 
early cultivation of wheat and barley shows 
that people began to settle permanently near 
fertile soils. As they invested labour into 
clearing fields, digging irrigation canals, and 
constructing granaries, the idea of exclusive 
use and ownership of land began to take 
shape.

Archaeological sites such as Çatalhöyük 
(modern-day Turkey) provide evidence 
of permanent dwellings arranged closely 
together, but without streets, suggesting a 
tightly knit society where territorial bound-
aries were forming, even within shared 
spaces. Over time, surplus food and stored 
goods resulted in economic differentiation. 
Some had more than others, and those who 
controlled more land or resources achieved 
higher status.

Advances in tools and methods reinforced 
this transition. The invention of ploughs, the 

use of animal traction, and storage techniques 
(such as clay granaries and ceramic jars) 
made land more productive and, therefore, 
more valuable. As agriculture spread, the 
concept of private property became more 
formalised, leading to the earliest legal 
codes, such as the Code of Hammurabi, 
which included specific laws about land 
ownership and inheritance. Consequently, 
the act of owning land was not just about 
survival; it became a statement of power, 
identity, and permanence.

2.1.4.2 States and Boundaries
As agricultural surpluses increased, early 

farming villages were able to support larger 
populations and foster specialised occupations 
such as tool-making, trading, and religious 
leadership. The increasing social complexity, 
combined with the necessity to manage 
resources and organise labour effectively, 
gradually led to the transformation of villages 
into towns and, eventually, the first cities.

Fig. 1.1.9 The Dawn of Civilisation
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This process necessitated more structured 
systems of administration. The coordination 
of irrigation, land distribution, food storage, 
and workforce management required 
collective decision-making, record-keeping, 
and governance. These developments laid the 
groundwork for the formation of the earliest 
state systems. A notable example is the 
region of Sumer in southern Mesopotamia, 
where, by approximately 3000 BCE, cities 
such as Uruk had established centralised 
government institutions, religious temples, 
and bureaucratic organisations.

This transition was neither smooth nor 
inevitable. The marking of boundaries 
demanded rules, and those rules gave rise 
to something even more enduring, the state. 
States were born as protectors of property and 
enforcers of social order. They drew maps, 
raised armies, and made laws. These early 
governments were less about ideology and 
more about the practical need to maintain 
control over land, people, and resources.

Technological innovations played a crucial 
role in this transformation. The invention of 
writing, like the cuneiform script, enabled 
officials to document agricultural yields, tax 
obligations, and legal codes. Additionally, 
the use of surveying instruments, early 
mathematical techniques, and advancements 
in architecture facilitated the planning and 
construction of agricultural fields, storage 
facilities, and public infrastructure. Physical 
structures such as city walls, canals, and 
roads not only served defensive and practical 
functions but also delineated the physical and 
symbolic boundaries of emerging city-states.

These boundaries carried significant 
practical, cultural, and political meanings, 
marking territories controlled by specific 
groups or rulers. As urban centres 
expanded and interacted with neighbouring 
communities, they increasingly asserted 
authority over surrounding lands, leading to 
the earliest concepts of territorial sovereignty 
and political borders.

Fig. 1.1.10 Code of Hammurabi, one of the oldest known legal codes in human 
history, dating back to 1754 BCE in ancient Mesopotamia.
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2.1.4.3 Slaves and Trade
The surplus generated by farming sup-

ported new economic activities, but also 
created social inequalities. The rise of prop-
erty ownership coincided with the emergence 
of slavery, a system where human beings 
themselves became commodities, exchanged 
like goods within the expanding trade net-
works. In many ancient societies, those who 
controlled land and resources began to own 
other people. The earliest records of slav-
ery date back to Mesopotamia and Egypt 
of around 3000 BCE, where slaves were 
employed in agriculture, household labour, 
temple service, and large-scale construction 
projects, such as the pyramids and ziggurats.

Slaves were often captives of war, or 
individuals who had sold themselves (or 
their children) into servitude due to debt. 
The Code of Hammurabi lists laws regarding 
the treatment and value of slaves, showing 
that they were considered part of the prop-
erty system.

At the same time, long-distance trade 
networks flourished, enabled by both tech-
nological and social developments. The 
invention of the wheel and sailing vessels 
allowed goods to move across land and 
sea. The Indus Valley, Mesopotamia, and 
Ancient Egypt all engaged in extensive trade, 
exchanging textiles, spices, metals, pottery, 
and sometimes even human labour.

Trade routes such as the Silk Road and 
maritime links across the Arabian Sea also 
emerged. Farming communities, which 
had previously been largely self-sufficient, 
became integrated into expansive systems of 
exchange. This integration facilitated both 
economic growth and cultural interaction, but 
also introduced dynamics of exploitation, a 
dual legacy that continued through history. 

Thus, the foundation of modern society 
can be traced back to these early civilisations. 
Property, state power, and trade structured 
life in ways that would persist. This was not 
merely a transition in how humans lived, 
but in what it meant to be human.

Fig. 1.1.11 Ziggurat, pyramidal stepped temple towers of Mesopotamia 
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R Recap

	♦ Ancient artefacts as the precursors of technology

	♦ Early humans as hunter-gatherers

	♦ Role of hands in human evolution and tool use

	♦ Tools as extensions of our physical capabilities

	♦ Impact of tool use 

	♦ From foragers to producers

	♦ Factors that contributed to the transition to producers: fire, the use of metals, 
and agriculture

	♦ Taming of fire and its impact

	♦ Discovery of metals and the significance

	♦ Neolithic Revolution or the First Agricultural Revolution

	♦ Transition from producers to settlers

	♦ The advent of civilisations

	♦ Beginning of the idea of private property

	♦ Formation of towns and cities to emergence of states and boundaries

	♦ Slavery and civilisational advances

	♦ Trade expansion

O Objective Questions

1.	 What was the mode of survival of early humans?

2.	 What distinctive feature allowed early humans to grasp and manipulate tools, 
contributing significantly to their survival and success?

3.	 What, though significantly compromised the speed of the organism, ensured 
the added advantage of free posterior limbs?
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4.	 What crucial element did early humans master to provide warmth, enable 
cooking, and offer protection, thereby significantly enhancing their chances 
of survival?

5.	 What did early humans create using stones and bones to extend their physical 
capabilities?

6.	 What was one of the benefits of taming fire for early humans?

7.	 What is the process by which early humans extracted metals from ores by 
heating and melting them?

8.	 What were the key advantages of metal tools compared to stone or bone tools?

9.	 What is the term used to describe the transition from a hunter-gatherer way of 
life to one of agriculture and settled farming?

10.	What innovation allowed early farmers to divert and control river water to 
support agriculture in areas with limited rainfall?

11.	What term describes an association of craftsmen or merchants of the medieval 
period?

12.	What is often cited as a major factor leading to the emergence of early settlements?

13.	What was the role of granaries in early human societies?

14.	What was the result of settled life on human societies?

15.	Name the system in which humans themselves became commodities, exchanged 
like goods.

A Answers

1.	 Hunter-gatherers or foragers

2.	 Primate hands

3.	 Bipedalism

4.	 Fire 

5.	 Tools

6.	 Cooking

7.	 Smelting
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8.	 Strength and durability

9.	 Neolithic Revolution

10.	Irrigation

11.	Guild 

12.	Agriculture

13.	Storage of surpluses

14.	Civilisation

15.	Slavery

A Assignments

1.	 Describe the evolution of human hands and its significance in tool use.

2.	 Discuss the impact of fire on early human societies.

3.	 Explain the significance of metal use in human history.

4.	 Describe the Neolithic Revolution and its impact on human societies.

5.	 Analyse the role of technological advancements in the development of early 
human societies, particularly in the transition from a nomadic to a sedentary 
way of life.
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Unit 
2

Science and Reason for 
Human Progress

L Learning Outcomes

P Prerequisites

Upon completion of the unit, the learner will be able to:

	♦ describe how Enlightenment thinking, with its emphasis on reason and scientific 
enquiry, influenced changes in technology, production, and society

	♦ recognise key inventions and discoveries that changed the modes of production 
during the modern period

	♦ discuss how technological advances contributed to the modernisation process

What is your idea of a ‘modern’ human? One who responds to the world, or one 
who seeks to transform it? For much of human history, human life was shaped by 
the rhythms of nature. They planted when the rains came, moved when the weather 
changed, and made meaning through stories that explained the unknown. 

But it changed. Gradually, humans began to ask not just how to live within the 
world, but whether the world itself could be known, understood, and transformed. 
This marked the beginning of what would become the scientific turn, a trans-
formation not only in tools and technologies but also in how we thought about 
knowledge, agency, and human existence in the world. It was a movement away 
from accepting the world as given, toward systematically questioning, observing, 
and experimenting with it. 

As humans sought to apply their growing understanding of the world, knowledge 
turned into application. The abstract pursuit of reason and enquiry began to yield 
concrete outcomes. Machines, first simple, then increasingly complex, emerged as 
tools through which human will could be extended beyond bodily limits. They tilled 
land, spun cloth, printed books, and eventually calculated, stored, and transmitted 
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information. With each new machine, human labour, perception, and even imagi-
nation were redefined. 

Machines became both a symbol and a vehicle of progress, embodying the belief 
that the world could not only be known but made better, faster, and more efficient. 
But it also raised new questions about dependence, control, inequality, and the 
changing meaning of being human in a world increasingly mediated by technology.

By reflecting on the promises and contradictions of a world shaped by human 
rationality and the scientific spirit, this unit traces the path from Enlightenment 
ideals to the transformation of production, knowledge, and global life. It also 
examines how scientific and rational thinking became central to modern econo-
mies, governance, warfare, and social life, and how technology emerged as both a 
product of this shift and a force that reshaped it. While the unit maps this historical 
and conceptual terrain, it also encourages the learners to reflect on the enduring 
questions it raises: Has reason truly liberated humanity, or simply reorganised the 
systems that govern us? Has technological mastery deepened our understanding, 
or merely expanded our means of control? Do we understand the world better, or 
have we only multiplied the tools with which to manage it?

Reason, Progress, Mechanisation, Steam engine, Gun Powder, Industrialisation, 
Trade, Markets, Nation-states, World wars

K Keywords

D Discussion

2.2.1 Enlightenment and the 
Rise of Scientific Temper

What happens when a civilisation pauses 
to ask not what the world means, but how 
it works - when the human mind, after cen-
turies of being tied to tradition, doctrine, 
and fear, begins to trust its own capacity 
to reason, to observe, and to question? The 
Enlightenment marks such a turning point 
in human history, a moment when thinking 

itself was reconfigured.

Often described as the Age of Reason, the 
enlightenment was more than an intellec-
tual movement of the 17th and 18th century 
Europe. It was a profound shift in the human 
relationship with truth, power, and possibil-
ity. At its heart was the belief that human 
beings, through reason and observation, 
could understand the natural world, improve 
society, and shape their own destinies. This 
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was a radical departure from centuries of 
reliance on religious authority, monarchy, 
and custom.

This epistemological shift gave rise to 
what we now call the scientific temper, 
a disposition that values evidence over 
assumption, enquiry over dogma, and 
method over myth. The enlightenment did 
not merely illuminate the world; it reoriented 
humanity’s gaze.

2.2.1.1 Enlightenment and the 
Technological Imagination

The Enlightenment not only transformed 
ideas about knowledge and society but 
also laid the groundwork for profound 
technological advancement. By promoting 
rational enquiry, experimentation, and 
empirical validation, Enlightenment thinking 
helped unlock the practical applications of 
science in ways that reshaped the material 
world.

i. Changed Perception of Nature
One of the key outcomes of the 

Enlightenment was the emergence of a 
mindset that viewed nature not as sacred 
or untouchable, but as a system governed 
by rational, discoverable laws.

ii. Knowledge as a Tool for Innovation
This shift positioned knowledge not just as 

contemplation or wisdom, but as a practical 
tool, one that could be used to manipulate, 
improve, and innovate upon the material 
world.

iii. Scientific Method as aCatalyst
The emphasis on systematic observation, 

precision, and experimentation led to concrete 
scientific and technological advances in fields 
such as mechanics, chemistry, navigation, 
and agriculture.

iv. Technological Surge
Inventions like the steam engine, 

spinning jenny, power loom, and improved 
metallurgical processes emerged during this 
period, enabling the infrastructural and 
economic shifts that would then define the 
Industrial Revolution.

v. Cultural Environment for Innovation
While technological change had material 

and economic drivers, the Enlightenment 
supplied the cultural and intellectual 
framework in which innovation could flourish 
by valuing enquiry, evidence, and human 
agency.

Fig. 2.1.1 Man, Controller of the Universe, is a fresco by Diego Rivera, 
showcasing humanity’s relationship with technology
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vi. Technology for Human Progress
This period also saw a growing belief 

that technology could be used to improve 
human life. No longer seen as mere marvels, 
machines came to symbolise progress itself. 
Technological advancement was thus 
understood not as isolated innovation, but 
as part of a broader, rational, human-centered 
project of societal improvement. 

vii. An Enduring Ideal
From this confluence of ideas and inv-

entions emerged a powerful modern ideal: 
that science and technology together can 
build a more productive, predictable, and 
better world, a belief that still informs our 
thinking today.

Thus, during this era, technology emerged 
not in isolation but as the outcome of a larger 
philosophical commitment that human 
reason, guided by empirical evidence and 

free enquiry, could lead to progress, liberty, 
and the improvement of both knowledge 
and society. 

2.2.2 Inventions, Discoveries, 
and the Changed Mode of 
Production

If the enlightenment ignited the flame of 
rational enquiry, it was the Industrial Age 
that sustained and expanded it, turning 
ideas into machines and ideals into material 
realities. The spirit of scientific temper that 
had once challenged superstition and dogma 
extended itself into the structures of work, 
life, and economy. Knowledge no longer 
remained confined to books and academia, 
but materialised in engines, factories, and 
electricity grids. This section explores how 
scientific understanding translated into 
technological progress, radically altering 
production and society.

 
      Fig. 2.1.2 Watt’s Steam Engine

SG
O

U



63  SGOU - SLM - FYUGP - Value Added Course - Technology and Society

 
Fig. 2.1.3 Spinning Jenny

   

2.2.2.1 Major Inventions and 
Discoveries

Scientific curiosity, encouraged by 
enlightenment values, soon found expression 
in tangible innovations that redefined human 
capability and set the stage for subsequent 

technological revolutions. Some of them 
are discussed below. 

i. Steam Engine
Among the most transformative was 

the steam engine, refined by James Watt, 
which laid the foundation for the Industrial 

Fig. 2.1.4 Water Frame
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Revolution. The steam power enabled 
machines to operate independently of human 
or animal strength, revolutionising transport, 
and manufacturing.

ii. Mechanisation of the Textile Industry
Inventions such as the spinning jenny, 

water frame, and power loom mechanised 
textile production, shifting work from slow, 
home-based handcrafting to rapid factory 
processes.

iii. Electricity
With pioneers like Michael Faraday, 

Thomas Edison, and Nikola Tesla converting 
scientific insights into technologies that 
powered machines and illuminated the night, 
the discovery and mastery of electricity 
introduced a transformative source of energy 
that was cleaner, more efficient, and more 
adaptable than before. It also redefined the 
pace of life, extending productive hours 
beyond the daylight and easing the physical 

                
      Fig. 2.1.5 Powerloom invented by Edmund Cartwright

Fig. 2.1.6 Michael Faraday, one of 
the world’s greatest experimental 
physicists, invented the electric motor, 
dynamo, and was the first to produce 
electric current from a magnetic field

Fig. 2.1.7 Thomas Alva 
Edison, who invented 
the incandescent light 
bulb, phonograph, motion 
picture camera
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burdens once bound to natural cycles and 
manual labour.   

iv. The Telegraph and the Telephone
These collapsed distances and turned 

communication from a matter of days 
or weeks into moments, forever altering 
how societies connected, coordinated, and 
conceived of space and time.

 

Fig. 2.1.8. Nikola Tesla, whose pioneering work on alternating current (AC) systems 
revolutionised the transmission and use of electricity, shaping modern electrical infrastructure 

                                            Fig. 2.1.9 The Morse Code 
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Fig 2.1.10 The First Telephone

v. The Internal Combustion Engine
This invention promoted new modes of 

transport such as automobiles and airplanes, 
drastically changing mobility and commerce.

vi. Advances in Chemistry
Pioneers like Antoine Lavoisier laid 

the foundations of modern chemistry by 
identifying elements and understanding 
chemical reactions, which in turn influenced 
developments in medicine, manufacturing, 
and agriculture.

vii. Navigation and Exploration Technologies
Innovations such as the marine 

chronometer enhanced navigational precision, 
opening new horizons for global exploration, 
expanding trade networks, and fostering 
cultural exchange on an unprecedented scale.

viii. Agricultural Innovations
Mechanised tools like seed drill 

revolutionised farming efficiency, boosting 
crop yields, supporting population growth, 
and urbanisation. 

2.2.2.2 From Craft to Factory System
Before the industrial age, production 

was primarily manual, local, and artisanal. 

Craftsmen held deep knowledge of their 
trades, working independently or in small 
workshops. Their connection to the object 
they created was personal, slow, and 
skill-based.

With the rise of the factory system, pro-
duction became centralised, standardised, and 
mechanised. The logic of industrial efficiency 
demanded that tasks be divided, simplified, 
and repeated. Labourers no longer needed 
to know the entire craft; they had to master 
only a single, repetitive part of the process.

Effects on Labour, Productivity, and Social 
Organisation

The shift from craft to factory system had 
significant effects that changed the nature 
of work, the experience of the worker, and 
the organisation of the society. The new 
mode of production was both a technological 
innovation and a social experiment, reshaping 
not only how goods were produced but also 
how human lives were organised around 
labour.

Productivity accelerated as machines 
could perform repetitive tasks faster and 
more consistently than humans. As a result, 
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production was no longer determined by the 
worker; rather, the worker was shaped by 
the demands of production.

Labour, once embedded in community, 
family, and the natural manners of life, 
became a regulated, clock-bound activity 
organised for maximum efficiency. Thus, 
it became specialised, hierarchical, and 
impersonal. Workers were paid for their 
time rather than their skill.

Social classes got restructured, with a 
growing industrial bourgeoisie accumulating 
wealth and influence, while a vast urban 
proletariat laboured under difficult conditions. 
And, urban centres swelled as people moved 
from rural areas to factory towns, leading 
to crowded living conditions, new forms 
of social unrest, and the rise of labour 
movements. Simultaneously, industrial 
wealth supported the growth of infrastructure, 

education systems, and public institutions, 
laying the groundwork for both capitalist 
expansion and democratic reforms.

In essence, technological advancements 
of the industrial age not only transformed the 
economy but also altered the very pattern of 
human life, changing where people lived, how 
they worked, what they produced, and even 
how they understood their place in society. 
The path from Enlightenment rationality to 
industrialisation reflects a significant shift in 
human history: from thinking to doing and 
from theoretical knowledge to technological 
might.  Science and reason, once tools for 
understanding the world, had now become 
instruments for reshaping it. But this also 
brought with it pressing concerns about 
equity, ethics, labour, and the social costs 
of progress, issues that remain relevant and 
unresolved even today. 

   Fig 2.1.11 Painting by Claude Monet, named Arrival of the Normandy Train, Gare 
Saint-Lazare, captures the steam, smoke, and energy of the industrial age
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2.2.3 Factories, Trade 
Networks, and the Role of 
Gunpowder Technology

As machines redefined production and 
cities swelled with workers, the momentum 
of change went beyond the confines of 
the factory. The transformation was not 
limited to the workshop or the laboratory, 
but permeated continents and empires, 
influencing commerce, colonisation, and the 
development of the modern state. Factories 
became symbols not only of industrial 
progress but of a new global order. Trade 
networks expanded, propelled by maritime 
innovation and geopolitical ambitions. And 
in the background, a subtle yet decisive 
invention was altering the dynamics of power, 
enabling conquest, colonisation, and control 
on an unprecedented scale – gunpowder!

2.2.3.1 Expansion of Trade and 
Maritime Technologies

While the factory system changed 

production, advances in maritime technology 
revolutionised markets and distribution. 
Ships became faster, sturdier, and capable 
of navigating vast distances. Innovations such 
as the magnetic compass, cartography, and 
the chronometer (for determining longitude 
at sea) allowed sailors to travel farther with 
greater precision.

These developments enabled the expan-
sion of long-distance trade, and subsequently 
colonisation, linking industrial centres in 
Europe with resource-rich colonies in Asia, 
Africa, and the Americas. Raw materials, 
such as cotton, sugar, rubber, and spices, 
flowed in from the colonies, while manu-
factured goods were sent back to them. This 
created a new global economic network, 
with the West at its industrial centre and 
the rest of the world often reduced to sup-
pliers of labour or extractable wealth. Trade 
was no longer a local or regional affair but 
contributed to the expansion of empires, 
supported by scientific advances, driven by 
commerce, and maintained through political 
and military power.

Fig. 2.1.12 Trade routes that shaped the world
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2.2.3.2 Gunpowder Technology and 
its Impact on Military Power and 
Colonisation

Gunpowder is a chemical explosive first 
developed in China, believed to have been 
discovered by alchemists searching for an 
elixir of immortality. Introduced to Europe 
from China via the Islamic world, gunpowder 
became the backbone of military might. 
What began as an accidental invention soon 
reshaped the world, revolutionising warfare 
and giving European powers a decisive edge 
in global colonisation. By the early modern 
period, it powered cannons, muskets, and 
warships, technologies that changed the 
balance of power between civilisations.

The impact of gunpowder technology on 
military power and colonisation is outlined 
below.

i.	 Transformed Warfare

Gunpowder led to the development of 
firearms and artillery, rendering traditional 

fortifications and medieval combat methods 
ineffective.

ii.	 Enhanced Military Effectiveness 
Armies could strike with greater force 

and precision from a distance, inflicting 
greater damage and reducing reliance on 
large number of troops and hand-to-hand 
combat or sheer manpower.

iii.	 Centralised State Power
The production and deployment of 

gunpowder weapons required resources, 
coordination, and technical expertise, 
fostering the rise of powerful, centralised 
governments capable of sustaining 
professional armies.

iv.	 Supported European Imperial 
Expansion

Technological superiority hence gained 
in warfare allowed European powers to 
conquer and control vast territories across 
Asia, Africa, and the Americas.

 
    Fig. 2.1.13 Ancient maritime routes connecting India
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v.	 Subjugation of Indigenous Empires
Empires like the Aztecs, Incas, and many 

African kingdoms fell rapidly to smaller 
European forces armed with gunpowder 
weapons.

vi.	 Established Naval Supremacy
Armed warships equipped with cannons 

allowed European powers to dominate sea 
routes and thereby establish overseas empires.

vii.	Redefined Colonisation
Colonisation was no longer just a political 

or economic process, but one heavily driven 
by technological domination and military 
coercion. 

2.2.4 Colonisation, 
Urbanisation, and 
Technological Expansion

If factories remade labour, and steamships 
redrew trade routes, it was colonisation 
that redrew the world map. And yet, 
colonisation was not just about political 
dominance. It was about a worldview that 
saw technological superiority as civilisational 
entitlement. As machines grew in power and 
precision, they also fed the illusion that the 
West not only could, but should, reshape 
the rest of the world. Colonisers believed 
that technological advancement justified 
control, as if possessing the ability to build 
railways granted the authority to rule those 
who did not. The colonial encounter, then, 
was not just a military project. It was also a 
technological, economic, and epistemological 
effort to redefine power. 

Meanwhile, urbanisation emerged as the 
physical face of progress and its social cost. 
As cities expanded with rising skylines and 
extending rail networks, old ways of life were 
displaced, new hierarchies formed, and the 
environment suffered under the pressure of 
rapid and unchecked expansion. With the 
rise of mechanised production and colonial 

trade, urban centres became hubs attracting 
labour, capital, and ambition. The railway 
station became the heart of the modern city, 
alive with movement and commerce. The 
factory shaped the city’s sense of time, the 
warehouse defined its use of space, and 
the dockyard connected it to the world. To 
keep pace, new urban infrastructures, paved 
roads, sewage systems, gas lamps, water 
pipelines, emerged to support the city’s 
growing demands. 

2.2.4.1 Social and Environmental 
Consequences of Rapid 
Urbanisation

While cities became symbols of industrial 
progress, they also exposed their human 
and ecological cost. The factory consumed 
labour, and the city consumed land. Forests 
were cleared, rivers redirected, and the air 
filled with smoke. The urban poor lived in 
conditions that were often worse than rural 
poverty, crowded dwellings, polluted water, 
long working hours, and minimal rights.

Urbanisation also restructured social 
life. The traditional community gave way 
to the impersonal crowd. Kinship and caste 
yielded (partially) to class and wage. The 
rhythms of seasons were replaced by the 
ticking of clocks. The result was a new kind 
of alienation, from nature, from others, and 
from oneself.

2.2.4.2 Technology, Economy, and 
State Power

By the 19th century, the link between 
technology, economic expansion, political 
dominance, and social structures had become 
no longer incidental but foundational. 
Technological advancements of the period 
not only altered how we lived and worked, but 
also reshaped who we were to one another. 

Expansion of State Power
The modern nation-state emerged as both 

a promoter and a product of technological 
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advancement. Governments supported 
infrastructure projects like railways, 
telegraphs, canals, not just for commerce, 
but for administration, control, and military 
logistics. The state was no longer a passive 
observer. It assumed the role of a planner, 
investor, and enforcer of technological 
progress. In return, technology provided 
the state with new tools of governance, such 
as censuses, surveillance, transportation, and 
communication. As Michel Foucault would 
later observe, power was no longer only 
about force; it was also about knowledge 
and systems.

Social Reorganisation
Feudal ties weakened, and a new industrial 

class structure took form. At the top were 
capitalists, who owned the means of 
production; at the base, the working class, 
who sold their labour for wages. While this 
spurred unprecedented growth, it resulted 
in unprecedented inequality. Education 
systems were reformed to supply a workforce 
equipped with the skills required by industrial 
economies. Although social mobility became 
more attainable, it remained restricted. 
Traditional hierarchies, such as caste in 
India, were challenged, yet often persisted 
in adapted economic forms. And society 
itself became something to be engineered, 
like machines, cities, and empires.

Economic Transformation
As feudal systems declined, they were 

replaced by capitalist economies where 
mechanised and accumulation of capital was 
considered the key. Human worth began to be 
measured in terms of economic productivity. 
This shift brought both empowerment and 
exploitation. On the one hand, workers gained 
legal rights and a role in the emerging political 
order. On the other hand, they were treated 
as units of labour, commodities to be trained, 
managed, and replaced as needed. Thus, the 
worker came to be viewed simultaneously 

as a citizen with rights and as a commodity 
to be managed. 

As the world was wired, mined, mapped, 
and mechanised, the idea of progress became 
a doctrine. The Enlightenment had once asked 
us to question authority, to seek knowledge, 
and to better the human condition. But by 
the time its technological offspring matured, 
humanity found itself caught in a paradox: 
empowered yet estranged, connected yet 
divided, advanced yet increasingly unsure 
of where progress was leading.

2.2.5 Markets, Nation-State, 
and World Wars

The transition from the 19th to the 20th 
century was more than just a chronological 
shift. It witnessed a massive reordering of 
the social, political, and economic landscape. 
Markets, which had been largely local and 
focused on exchanging goods, expanded 
into larger systems that influenced national 
and global economies, promoting industrial 
capitalism. At the same time, the nation-
states, empowered by new technology, grew 
stronger in terms of economic control and 
warfare. 

These developments shaped the nature of 
conflicts that followed. The world wars were 
not only the result of political tensions but 
were closely linked to advances in industry 
and technology. Understanding this period 
requires examining how economic systems, 
state power, and technological progress 
interacted to influence both peace and war.

2.2.5.1 Technology, Political 
Economy, and Global Conflict

Expanding the discussion on markets 
and nation-states, this section highlights 
how technological change and economic 
structures contributed more directly to the 
causes and character of global conflict.
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i. Industrialisation and Economic 
Competition

Advances in industrial technology 
expanded production capacities, leading to 
increased competition among nation-states 
for resources, raw materials, and markets. 
This economic rivalry intensified tensions 
and rivalries on a global scale.

ii. Militarisation driven by Technological 
Innovation

Technological progress enabled the 
development of more advanced weaponry, 
communication systems, and transportation 
(e.g., railways, telegraphs), allowing states to 
mobilise large armies and coordinate military 
strategies more effectively.

iii. Economic Integration and 
Interdependence

While global markets expanded, economic 
interdependence created vulnerabilities; 
Disruptions in trade or united access to 
resources could escalate conflicts between 
competing powers.

iv. State Control over Economy and Industry
Nation-states increasingly intervened 

in their economies to support military 
preparedness, directing industrial production 
toward armaments and war supplies, which 
in turn heightened national rivalries and the 
arms race.

v. Monopolies and Industrial Cartels
The concentration of industrial power in 

monopolies and cartels often aligned with 
national interests, reinforcing competition 
among states for technological and economic 
dominance.

vi.Technological Advances in 
Communication and Intelligence

Innovations such as the telephone, 
radio, and coded communication improved 
espionage and diplomatic manoeuvring, 

contributing to the complexity of international 
relations and the buildup to war.

vii. Economic Crises and Social Unrest
Fluctuations in industrial production 

and economic instability led to social and 
political unrest within countries, sometimes 
prompting governments to adopt aggressive 
foreign policies as a way to divert attention 
from internal challenges.

Thus, the fusion of technology and state 
power accelerated arms races and geopolit-
ical rivalries. Industrial capacity became a 
crucial factor in national security, leading 
countries to invest heavily in both innovation 
and production. The nature of warfare itself 
shifted from the localised and personal to 
the industrialised and impersonal. The stage 
was set for conflicts far larger and deadlier 
than before.

2.2.5.2 World Wars as Technological 
and Social Turning Points

The two World Wars were not only events 
of unprecedented destruction but also critical 
turning points in the history of technology 
and society. They transformed the rela-
tionship between science, industry, and the 
state, creating new systems of production, 
organisation, and control that continued into 
peacetime. The wars accelerated techno-
logical innovation while also altering the 
structures of labour, gender roles, and global 
power relations as outlined below.

i. Mass Mobilisation and Technological 
Integration

Both World Wars required the large-
scale coordination of resources, labour, and 
knowledge. Scientific research and indus-
trial production became central to the war 
effort, establishing new forms of collabo-
ration between governments, universities, 
and private industries.
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Fig. 2.1.14 World War I – British Medium Mark A Whippet Tanks advance past the body of a 
dead soldier (source: https://www.theatlantic.com/photo/2014/04/world-war-i-in-photos-tech-

nology/507305/ )

Fig. 2.1.15 French lookouts posted in a barbed-wire covered trench (source: https://www.
theatlantic.com/photo/2014/04/world-war-i-in-photos-technology/507305/ )
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Fig. 2.1.17. Turkish troops using heliograph, a wireless solar telegraph (WWI) (source: 
https://www.theatlantic.com/photo/2014/04/world-war-i-in-photos-technology/507305/ )

Fig. 2.1.16. A German A7V tank loaded onto a railroad flat car for transport 
(source: https://www.theatlantic.com/photo/2014/04/world-war-i-in-photos-

technology/507305/ )
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ii. Mechanisation and the Changing Nature 
of Warfare

From tanks and aircraft to chemical 
weapons and submarines, the World Wars 
witnessed the application of industrial 
technologies to military purposes. The 
mechanisation of warfare reduced the role 
of individual combat and marked a shift 
toward systematic, impersonal forms of 
violence.

iii. Expansion of State Institutions and 
Planning

Governments expanded their role in 
managing economies and societies during 
wartime. Central planning, rationing, and 
the regulation of labour and production set 
precedents for post-war economic models, 
including welfare states and public infra-
structure systems.

iv. Scientific Research and Technological 
Advancement

Wartime priorities led to significant sci-
entific advances, including developments in 

radar, computing, and later, nuclear technol-
ogy. These breakthroughs not only influenced 
the outcome of the wars but also reshaped 
post-war science and geopolitics.

v. Shifts in Labour and Gender Roles
With large numbers of men mobilised 

for combat, women entered industrial and 
administrative workforces in new ways. 
Though often temporary, this shift chal-
lenged existing gender norms and laid the 
groundwork for future social change.

vi. Global Realignments and Decolonisation
The wars weakened European colo-

nial powers and altered global political 
alignments. Technological and economic 
reconstruction after World War II played a 
central role in the emergence of new powers 
and the restructuring of global institutions.
vii. Memory, Trauma, and the Human 
Condition

The scale of destruction, displacement, 
and death in both wars prompted new ways 
of thinking about human vulnerability, 

      
Fig 2.1.18 Women engaged in welding jobs (source: https://www.theatlantic.com/

photo/2014/04/world-war-i-in-photos-technology/507305/ )
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         Fig. 2.1.20 Children of an eastern suburb of London made homeless during war 
(source: https://www.reuters.com/news/picture/75-iconic-photos-from-world-war-two-

idUSRTX7T4FI/ )

       
Fig. 2.1.19. The sunken battleship USS Arizona, after the Japanese raid on Pearl Harbor (source: 

https://www.reuters.com/news/picture/75-iconic-photos-from-world-war-two-idUSRTX7T4FI/ )
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ethics, and international cooperation. This 
was reflected in the establishment of the 
United Nations and growing attention to 
human rights.

In short, the World Wars were more 
than military conflicts, but catalysts of 
deep structural change. The devastation 
and destruction of the world wars forced 
humanity to confront the double-edged sword 
of technological progress. While technology 
had the power to build civilisations, it also 
had the power to destroy them. The world 
that emerged was markedly different, more 

interdependent, more regulated, and more 
acutely aware of both the possibilities and 
dangers of technological power. Scientific 
research shifted towards peaceful uses, but 
the legacy of technological warfare remained 
deeply embedded.

The 20th century thus provided a crucial 
lesson: technology is not neutral. It reflects 
human values, ambitions, and fears. It shapes 
societies but is also shaped by them in return. 
The future, as always, depends on how we 
choose to employ our creations.

R Recap

	♦ Enlightenment and the focus on rational enquiry, experimentation, and empirical 
validation

	♦ Rise of scientific temper

	♦ Enlightenment impact on 

	♦ understanding of nature

	♦ knowledge

	♦ method of enquiry

	♦ technology

	♦ cultural environment 

	♦ idea of human progress

	♦ as an ideal

	♦ Major inventions and discoveries that set the stage for technological revolutions

	♦ Industrialisation and the shift from craft to factory system

	♦ Effects of factory system on labour, productivity, and social organisation

	♦ The shift: from thinking to doing, and from theoretical knowledge to techno-
logical might
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	♦ Factories as symbols of industrial progress and a new global order

	♦ Developments in maritime technologies and the expansion of trade

	♦ Gunpowder technology and its impact on militarisation

	♦ Technological expansion and how it contributed to colonisation and urbanisation

	♦ Technological advancements and the emergence of modern state, social reor-
ganisation, and economic transformation 

	♦ Technological influence on global conflicts

	♦ World Wars and their impact on humanity

O Objective Questions

1.	 What were the ideals of the Enlightenment?

2.	 Which intellectual movement preceded the industrial revolution?

3.	 Which invention is associated with James Watt?

4.	 Which term describes a mindset that value evidence over belief?

5.	 What powered the early textile industry revolution?

6.	 What was the first invention that enabled long distance communication?

7.	 What system submerged artisanal production?

8.	 Which innovation extended productive hours beyond daylight?

9.	 Name one innovation that improved navigation.

10.	In industry driven economy, what class controlled the means of production? 

11.	Gunpowder technology was first developed in which country?

12.	Which mode of transport became central to the expansion of industrial cities?

13.	What economic system gradually replaced feudalism during industrialisation?

14.	Which explosive substance revolutionised warfare and supported European 
colonisation?

15.	Which historical events accelerated scientific research in areas like radar, com-
puting, and nuclear technology, while also reshaping global power structures?
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A Answers

1.	 Rational enquiry, experimentation, and empirical validation

2.	 Enlightenment

3.	 Steam engine

4.	 Scientific temper

5.	 Steam 

6.	 Telegraph 

7.	 Factory system

8.	 Electricity 

9.	 Magnetic compass/cartography/chronometer 

10.	Capitalist 

11.	China 

12.	Railway

13.	Capitalism 

14.	Gunpowder

15.	World Wars

A Assignments

1.	 Evaluate how did the Enlightenment lay the groundwork for technological 
advancement. 

2.	 Discuss the impact of steam engine on industrial production. 

3.	 What role did gunpowder technology play in the spread of European colonisation?

4.	 How did the state expand its power during industrialisation? 

5.	 Compare and contrast the artisanal production system with the factory system. 
What were the social and economic implications of this transition?

6.	 How did technological progress reshape human relationships, labour structures, 
and perceptions of identity in the 19th century?
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Unit 
3

Knowledge Fission and 
New World Order

L Learning Outcomes

P Prerequisites

Upon completion of the unit, the learner will be able to:

	♦ describe how globalisation and technological advances have increased 
interdependence across continents and transformed everyday life,

	♦ identify the impact of electronics, computing, and the internet on patterns of 
production, communication, and social interaction,

	♦ recognise how advances in artificial intelligence and related technologies are 
reshaping the ways in which humans work, connect, and engage with the world.

Can a machine think? Can it know? And, if it can, what does that mean for us? 
What do you think will happen if a machine not only follows commands but begins 
to learn, adapt, and make decisions on its own? What becomes of human knowledge, 
once passed linearly from person to person, begins to multiply and fragment through 
automated systems, fast, vast, and often beyond our immediate grasp?

This is not just a thought experiment; it is the reality we are beginning to inhabit. 
From tools that extend the body to machines that multiply the physical effort, we 
have entered the era of automation, characterised by technologies that operate with 
increasing independence and algorithmic intelligence. Today, there are machines 
that can process enormous amounts of data, detect patterns, draw conclusions, 
and even generate knowledge at speeds and scales beyond human comprehension.  
Knowledge, once transmitted through human memory, language, and community, is 
now dispersed across algorithms, networks, and code, becoming fractured, proliferated, 
and sometimes detached from context or accountability. 

This knowledge fission gives rise to a world that is no longer simply changing, 
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but being continuously recalibrated. Being non-neutral, it disrupts hierarchies and 
reconfigures power structures.  Information circulates globally within seconds, 
institutions struggle to keep pace, and the boundary between the artificial and the 
organic becomes increasingly blurred. As automated systems quietly shape what 
we see, believe, and choose, they also reconfigure the very order of the world, 
ushering in what gets referred to as a new world order.

By exploring how knowledge fragments and multiplies in the digital age, this 
unit explores the shifts in global connections, communication, and ways of living. 
It highlights how these changes, driven by automation and emerging technologies, 
challenge our understanding of what it means to be human in the era of automation.

Globalisation, Digital, Connectivity, Electronic, Internet, Network, Information 
Technology, Information Overload, Artificial Intelligence

K Keywords

D Discussion

2.3.1 Globalisation and Cross-
Continental Interdependence

What does it mean when the world feels 
smaller, not in terms of physical distance, 
but in shared experiences, when events 
in one corner of the globe reverberate 
across continents, touching lives in distant 
lands? This is the reality of globalisation, a 
phenomenon that is at once economic, cultural, 
technological, and political, reshaping the 
framework of human society. Globalisation 
refers to the growing interconnection of 
people and nations across the world. But 
to understand globalisation is to recognise 
how our fates, ambitions, and challenges 
are increasingly entwined beyond borders 
and boundaries.

2.3.1.1 Technology: The Engine of 
Global Connectivity

If globalisation is the process of global 
integration, technology is the engine propelling 
it forward. The rise of telecommunications, 
the internet, air travel, and digital platforms 
has compressed time and space, making the 
exchange of information and goods almost 
instantaneous. This connectivity means that 
a financial crisis in New York can shake 
markets in Mumbai; a viral video from Seoul 
can inspire protests in Paris; and a pandemic 
originating in one city can become a global 
emergency within weeks.

This unprecedented level of global 
connectivity is made possible by a range 
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of technologies that collapse distance and 
accelerate interaction as listed below.

i.	 Submarine Fibre-Optic Cables, 
which are the undersea cables that 
can transmit massive amount of 
data between continents at incred-
ible speeds, and thus form the 
core of global internet.

ii.	 Satellite Communication Syst-
ems, which enable long distance 
communication and data trans-
mission with the artificial 
satellites as the relay points.

iii.	 High-speed Internet and 
Broadband Networks, which 
offer fast and continuous data 
transfer, enabling quick access 
to online services, streaming, and 
communication across digital 
devices.

iv.	 Smartphones and Mobile Data 
Networks are the devices and 
wireless systems that allow 
people to connect to the internet 
from almost anywhere, increasing 
global connectivity.

Fig. 2.3.1 Submarine fibre-optic cable (TeleGeography provides the submarine 
cable map, https://www.submarinecablemap.com/ )

v.	 Digital Social Media Platforms 
refer to websites, apps, or 
platforms like YouTube that 
allow people to create, share, 
and exchange content instantly 
across the world. 

vi.	 Global Air Travel and Logistics 
Systems refer to the network of 
airplanes and shipping services 
that rapidly transport people and 
goods worldwide, enabling swift 
international trade, tourism, and 
cultural exchange.

vii.	Cloud Computing Infrastructure 
allows data to be stored on 
powerful remote servers instead of 
locally or on personal computers, 
enabling real-time collaboration 
and access. 

viii.	Real-time Financial Tech-
nology (FinTech) or financial 
technology refers to the digital 
tools that allow instant global 
financial transactions, such 
as online banking, mobile 
payments apps, digital money 
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Data localisation refers to the practice of storing and processing data within 
the borders of a specific country or region. This requires that data collected or 
generated within a particular jurisdiction be stored on servers or systems physically 
located within that same jurisdiction. It is done to enhance data security, protect 
user privacy, and ensure compliance with local laws and regulations, thereby giving 
governments more control over data and allowing them to better safeguard their 
citizens’ information.

Fig. 2.3.2 Visual representation of India’s GSAT satellite, the nation’s 
primary communication satellite series

transfers, and cryptocurrency. 

ix.	 AI-powered Translation and 
Communication Tools enable 
real-time translation and cap-
tioning, allowing people who 
speak different languages to 
communicate and collaborate 
more easily. 

2.3.1.2 Impact of Globalisation on 
Technology

Just as technological advances facilitated 
globalisation, the expanding reach of global 
markets and international cooperation also 
shaped the direction and pace of technological 
development. The following points illustrate 
how globalisation and cross-continental 
interdependence actively influenced inno-
vation, design, and the spread of technology 

across the world.

i.	 Increased Demand for Conn-
ectivity: The global expansion 
of trade and communication 
increased the demand for faster, 
and more reliable connectivity, 
driving innovations like undersea 
fibre-optic cables and 5G 
networks.

ii.	 Development of Scalable Tech-
nologies: The rise of global 
businesses has driven the devel-
opment of scalable technologies, 
such as cloud computing (e.g., 
Amazon Web Services or Google 
Cloud) and enterprise software 
(e.g., Salesforce), which adapt 
to growing demand and sup-
port operations across multiple 
countries.
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iii.	 Innovation through Competition 
and Collaboration: Global expo-
sure encouraged both competition 
and cooperation in technology 
development, such as smartphone 
manufacturers competing to gen-
erate the next breakthrough.

iv.	 Technology Transfer and 
Diffusion: Cross-border inter-
dependence has facilitated the 
flow of technology especially 
from developed to developing 
nations such as the adoption of 
solar technology from Germany 
and China in the rural regions of 
other parts of the world. 

v.	 Automation Technologies: To 
remain competitive in global 
supply chains, industries increas-
ingly rely on automation and data 
analytics. For example, compa-
nies like Amazon utilise robots 
and AI-powered logistics sys-
tems in their global warehouses 
to manage inventory, minimise 
human error, and expedite deliv-
ery across continents. 

vi.	 Security and Regulation Tech-
nologies: As data and financial 
flows became global, so did the 
cybersecurity threats and the need 
for regulation. Technologies such 
as end-to-end encryption (e.g., 
used by WhatsApp) and advanced 
cybersecurity protocols are now 
essential for protecting data in 
cross-border communication.

Thus, to grasp globalisation is also to 
accept a paradox: we live in a world that is 
simultaneously more connected and more 
divided. The digital and physical networks 
linking continents create unprecedented 
opportunities for cooperation and 
innovation, but also amplify inequalities and 
vulnerabilities, prompting us to ask: What 
responsibilities do we have to people we will 

never meet, but whose lives are affected by 
our digital actions or consumption? How do 
we build trust in a world of deepfakes and 
digital surveillance? Can a globally connected 
world foster solidarity and care, or does it 
deepen divisions?

2.3.2 Electronics and Changed 
Mode of Life

Imagine waking up to a morning without 
checking your smartphone. For most today, 
this is nearly impossible. Electronics have 
moved beyond tools; they have become 
extensions of our very selves, altering how we 
interact with the world and each other. This 
technology-driven intimacy redefines what it 
means to be local and global simultaneously, 
inviting us to consider: how does the presence 
of these devices alter our daily existence, 
social bonds, and sense of self within this 
sprawling network?

2.3.2.1 The Rise of Electronic 
Devices: From Novelty to Necessity

How is an electronic device different 
from an electric one? While both rely on 
electricity, the distinction lies in function. 
Electric devices use electricity to generate 
power or motion, such as light bulbs, fans, 
or toasters. In contrast, electronic devices 
control the flow of electrical currents to 
process, transmit, or store information. 
This fundamental difference has allowed 
electronic technologies to become central 
to communication, computation, and 
automation.

From the invention of the radio to the rise 
of artificial intelligence, electronic devices 
have reshaped human life in complex and 
far-reaching ways. What began as discrete 
innovations now forms a dense technological 
web that intersects with nearly every human 
activity, as outlined below. 
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i.	 From Morse Code to Smart-
phones: Modern communication 
began with the electric telegraph 
in the 1830s, which used 
Morse code and evolved into 
wireless radios and telephones, 
culminating in smartphones that 
combine voice, text, video, and 
internet in one device.

ii.	 Electronics in Health, Home, 
and Work: Electronics support 
healthcare (heart monitors 
and insulin pumps), automate 
homes (smart lights and security 
systems), boost workplace 
productivity (biometric scanners 
and cloud-based tools), and 
redefine leisure (gaming consoles 
and smart TVs). 

iii.	 Digital Infrastructure and Global 
Interdependence:Electronic 
devices do not function in 
isolation, but rely on invisible 
global infrastructures, such as 
satellites, fibre-optic cables, 
and cloud servers, making even 
personal activities like streaming, 
navigation, or online payments 
part of a deeply interconnected 
world.

iv.	 The Cognitive and Cultural 
Impacts of the Electronic Age: 
The shift from physical to digital 
interaction has restructured 
how people learn, remember, 
and socialise. Electronic media 
compress time and space, 
allowing for immediate access 
to global knowledge, but also 
generating challenges such as 
information overload, shortened 
attention spans, and reduced face-
to-face interaction. 

2.3.2.2 Reflecting on the Electronic 
Epoch

As electronic technologies become 
increasingly integrated into every aspect 

of human life, they do more than offer con-
venience or speed. They begin to shape how 
people think, feel, relate to one another, 
and even understand themselves. The rise 
of electronic devices has not only changed 
communication and access to information but 
has also transformed the human experience 
in subtle and profound ways, as discussed 
below. 

i.	 Changing Human Relationships 
in a Digitally Connected World

Electronic technologies have 
made global connections easier, 
but digital interactions often lack 
the emotional depth of face-to-
face communication, risking more 
superficial relationships shaped 
by curated online personas. 

ii.	 Attention, Memory, and Mental 
Space in the Age of Constant 
Stimulation
Digital platforms compete for 
our attention with constant noti-
fications and content, which 
fragment focus, reduce oppor-
tunities for deep thinking, and raise 
concerns about declining memory 
and cognitive engagement.

iii.	 Redefining Work, Learning, and 
Leisure

The digital age has blurred the 
boundaries between work, learning, 
and leisure, offering flexibility but 
also contributing to overwork, 
social isolation, and a considerable 
decline in physical and mental 
well-being.

iv.	 Identity and Self-expression in 
the Digital World
While digital platforms have 
become important spaces for self-
expression and global connection, 
online identities may often be 
curated, shaped by audience 
reactions, visibility, and the 
pursuit of approval.
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v.	 Navigating information overload
The internet offers overwhel-
mingly vast amounts of 
information. In a world where 
anyone can publish instantly, 
being truly informed means 

questioning sources and verifying 
facts.

vi.	 Connectivity, rest, and the 
human cost
Constant digital connectivity 
offers speed and convenience, but 

Fig 2.3.3 An early computer

Fig. 2.3.4. Margaret Hamilton, computer scientist who led the Software Engineering Division 
of MIT Instrumentation Laboratory, with the listings of the software developed for the first 

Apollo Mission
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its nonstop nature may disrupt rest, 
increase stress, and contribute to 
anxiety and burnout, highlighting 
the need for healthy boundaries 
with technology.

As electronic devices become more 
advanced, offering recommendations, making 
decisions, and predicting behaviour, the way 
we relate to technology is becoming com-
plex. On the one hand, technology provides 
us with greater access to information and 
enables us to accomplish more with ease. 
On the other hand, it creates new forms of 
dependence.  Many people now feel unable 
to manage daily life without their phones or 
smart devices, raising important questions: 
Are we still in control of our choices? How 
much do we shape technology, and how much 
does it shape us? In a world where machines 
assist, guide, and sometimes decide for us, 
we are challenged to rethink what it means 
to act freely and what it means to be human. 

2.3.3 Computers and the Shift 
in Patterns 

In a quiet room somewhere in the early 
1990s, a young programmer typed lines 
of code that would one day allow people 
across continents to send messages, share 
pictures, even transfer money in seconds. 
That programmer was not building a 

factory, but a protocol, an invisible set of 
rules through which people would speak, 
trade, and organise. Today, such moments 
seem unremarkable, even mundane. But 
they mark the beginning of a significant 
shift: one in which the tools of production, 
connection, and imagination moved from 
physical machines to digital systems. And 
in doing so, they reconfigured the boundar-
ies between work and life, space and time, 
human and machine.

2.3.3.1 The Evolution of Computing
To understand this shift, we must first 

appreciate the long arc of computing, how 
machines built to calculate artillery trajecto-
ries or census data evolved into companions 
for everyday life. Early computers, such 
as the ENIAC or IBM’s 7090, were enor-
mous, expensive, and confined to specialised 
institutions. Their power lay in speed, in 
automating complex calculations that would 
take humans hours or days to perform.

But the real revolution began when com-
puting became personal. With the arrival 
of the microprocessor in the 1970s and the 
personal computer in the 1980s, the once-dis-
tant world of computation entered homes, 
schools, and small businesses. Word pro-
cessors replaced typewriters; spreadsheets 
replaced ledgers; video games became a new 

TCP/IP stands for Transmission Control Protocol/Internet Protocol, the funda-
mental communication protocol suite that enables data exchange across the internet. 
These two protocols work together to ensure data is sent and received accurately. 
IP is responsible for directing packets of data to their destination using unique IP 
addresses, much like a postal system delivering mail. However, IP alone does not 
guarantee that the data arrives correctly or in order. TCP (Transmission Control 
Protocol) complements this by ensuring the reliable delivery of data. It breaks the 
information into smaller packets, checks for errors, reorders packets if they arrive 
out of sequence, and requests retransmission if necessary. Together, TCP and IP 
provide a structured and dependable method for devices on different networks to 
communicate, forming the core infrastructure that supports all internet-based activ-
ities, from browsing websites to streaming video and sending emails.
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kind of play. The computer became not only 
a tool for professionals but also a medium 
for expression, learning, and communication.

And yet, this was still just the begin-
ning. Over time, computing would extend 
beyond the keyboard and screen. It would 
be embedded into appliances, cars, and even 
wearable devices. With mobile phones evolv-
ing into pocket-sized computers and smart 
technologies entering our homes, we found 
ourselves surrounded by invisible systems, 
constantly processing, predicting, adjusting.

2.3.3.2 The Internet
Imagine what computers would be without 

the internet. They would still be revolutionary 
but isolated and limited to only what is stored 
locally or shared minimally. If computers 
enabled us to process information faster and 
handle what once seemed unmanageable, 
the internet revolutionised its applicabil-
ity by overcoming the physical barriers of 
distance and time. More than a tool, the 
internet constitutes a new kind of space: 
one that transcends geographical boundar-
ies, dissolves hierarchies and distinctions 
between producers and consumers, experts 
and amateurs, centre and periphery.

At its core, the internet is a vast, decen-
tralised network of interconnected computer 
systems that communicate through a set 
of standardised protocols, primarily TCP/
IP (Transmission Control Protocol/Internet 
Protocol). In simple terms, it is the global 
network of networks. However, beyond its 
technical architecture, the internet is a par-
ticipatory space where users generate, share, 
and modify content. It may be understood 
as a dynamic infrastructure that supports 
communication, commerce, education, or 
governance, redefining the traditional con-
cepts of space, time, and authority.

The internet has profoundly transformed 
economic, social, and cultural domains by 
enabling instant communication, fostering 

global connectivity, and creating new 
opportunities for education, commerce, 
and governance. But this dissolution of 
boundaries brings its own paradoxes. While 
the internet offers boundless connection, it 
also creates new kinds of fragmentation as 
discussed below. 

i. Privacy Issues
Privacy concerns on the internet involve 

the risk of personal data being collected, 
stored, or shared without informed consent. 
This includes surveillance by governments 
or corporations, as well as data breaches that 
expose sensitive user information.

ii. Cybersecurity Threats

The internet is vulnerable to a range of 
cyber threats such as hacking, malware, 
phishing, and ransomware. These attacks 
can compromise system integrity, disrupt 
services, and lead to financial or informational 
losses.

iii. Digital Divide

The digital divide refers to the unequal 
access to internet services due to differences in 
socioeconomic status, geographical location, 
or infrastructure. This disparity limits 
opportunities for education, employment, 
and participation in the digital economy for 
underserved populations.

iv. Information Overload and 
Misinformation

The vast and unfiltered nature of online 
content can overwhelm users, making 
it challenging to distinguish credible 
information from false or misleading content. 
This contributes to confusion, misinformed 
decision-making, and the rapid spread of 
disinformation.

v. Addiction and Mental Health
Excessive internet use, particularly social 

media and gaming, has been linked to 
addictive behaviours, reduced attention span, 
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and impaired real-world social interaction. 
It can also contribute to anxiety, depression, 
and sleep disturbances.

vi. Ethical and Legal Concerns

The internet raises complex issues related 
to intellectual property, copyright infringe-
ment, online harassment, and censorship. 
Legal frameworks often lag behind techno-
logical developments, leading to ambiguities 
in how online behaviour is regulated or 
sanctioned. 

Thus, with the internet, we are more con-
nected, yet not always more understood.

2.3.3.3 Information Technology and 
the Transformation 

Information Technology (IT) refers 
broadly to the use of computers, networks, 
software, and other digital systems to store, 
process, transmit, and retrieve data. Termed 
so, its primary function lies in the man-
agement and manipulation of information 
through technological means. While ear-
lier modes of handling information such as 
writing, printing, and telecommunications 
already shaped the course of civilisation, 
the emergence of IT introduced a qualitative 
leap in the speed, scale, and complexity 
with which information could be accessed 
and applied.  

While traditional industrial systems valued 
physical labour and material goods, the 
spread of information technology shifted 
it from factories to digital networks, from 
tools to platforms, and from physical presence 
to digital processes, the effects of which is 
outlined below. 

i. Collapse of Spatial and Temporal 
Boundaries

Communication that once depended on 
physical proximity or lengthy delays now 
happens in real time across continents. 

Economic transactions, governance pro-
cesses, and academic collaborations are 
increasingly digitised, allowing for greater 
efficiency, accessibility, and responsiveness.

ii. Evolution of Automation

Automation took on new forms: than 
being just robotic arms on assembly lines, but 
intelligent systems managing supply chains, 
customer relations, and entire financial 
portfolios. For example, a single algorithm 
might optimise the shipping of thousands of 
products worldwide, or a database system 
could monitor health records for millions, 
detecting patterns no human eye could see.

iii. Knowledge Production and Dissemination
Massive amounts of data can now be gen-

erated, analysed, and shared across platforms, 
enabling new forms of insight, research, and 
decision-making. For example, in education, 
IT has democratised access to knowledge 
through online learning environments and 
open-access resources. 

iv. New forms of Work
Digital tools facilitate remote teamwork, 

virtual offices, and cloud-based collabora-
tion, replacing traditional paper files and 
face-to-face meetings. Professions such as 
teaching, therapy, and law are adapting to 
this new digital environment.

v. Restructuring of Economies and Labour 
Markets

New industries such as software devel-
opment, data analytics, cybersecurity, and 
digital marketing have emerged, while 
traditional sectors have been transformed 
through automation and platform-based 
models. The gig economy, remote work, 
and e-commerce are direct outcomes of this 
technological shift, blurring the boundaries 
between formal and informal labour. 

However, these advances also come with 
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profound challenges. The same technolo-
gies that enable global connectivity can also 
deepen inequalities, threaten privacy, and 
disrupt mental well-being. The rapid pace 
of change has created skill gaps, regulatory 
vacuums, and ethical dilemmas. Thus, the 
transformation is not only technical, but also 
emotional and cultural. What does it mean 
to ‘go to work’ when your office is your 
laptop? How do teams build trust without 
physical proximity? And when work follows 
us home, through notifications, deadlines, 
and endless connectivity, where do we draw 
the line between labour and life?

2.3.4 Artificial Intelligence 
(AI) and the Reinstatement of 
Human Engagement

It begins with a simple question: what 
happens when we build a machine that can 
learn? Not just obey, not just compute, but 
learn, reason, and even generate. For centu-
ries, humans have invented tools that extend 
their bodily limits: the wheel for movement, 
the plough for strength, the telescope for 
sight. But artificial intelligence is different. 
It is a tool that stretches the mind. It does not 
just do what we say, it attempts to predict 
what we want, what we mean, and what 
we might do next. And in that moment, the 
traditional boundaries between human and 
machine, thinker and tool, begin to blur.

Today, artificial intelligence is no longer a 
distant, speculative future. It is present in the 
voice assistant that schedules your meetings, 
in the recommendation system that curates 
your playlist, and in the chatbot that handles 
customer complaints. It is writing essays, 
composing music, drafting legal documents, 
and even co-authoring academic research. 
And with each new development, we are 
asked, implicitly and urgently, to reconsider 
how we define human labour, judgment, 
creativity, and even consciousness itself.

2.3.4.1 What Is Artificial  Intelligence? 
To understand the challenge and promise 

of AI, we need to go beyond the headlines. 
Artificial Intelligence, at its core, refers to 
systems that mimic human cognitive func-
tions such as learning from data, identifying 
patterns, solving problems, and sometimes 
even adapting their own behaviour. Early 
AI was narrow in the sense that they were 
systems trained for very specific tasks, like 
playing chess, sorting images, or predicting 
traffic.

But today’s AI is increasingly general 
in its ambition. Machine learning systems 
ingest vast amounts of data and extract 
insights without needing explicit rules. 
Neural networks, loosely modelled on the 
human brain, simulate complex reasoning 
patterns. Generative AI can produce new 
text, images, or code with minimal prompts 
often in human-like or creative forms, out-
puts that did not previously exist.

2.3.4.2 Rewriting the Human Task: 
Labor, Creativity, and Judgment

Artificial Intelligence (AI) is not only 
changing how tasks are performed, but also 
challenging fundamental assumptions about 
labour, creativity, and human judgment as 
discussed below. 

i. Transformation of work
AI is no longer limited to industrial auto-

mation; it now performs complex tasks across 
professional sectors such as scanning and 
analysing thousands of legal cases within 
seconds, detecting anomalies in financial 
systems, diagnosing diseases from medical 
scans with expert-level accuracy, translat-
ing languages, summarising long texts, and 
interpreting customer sentiment.

ii. Redefining (not just replacing) Labour
AI shifts the nature of work by collabo-

rating with humans, especially in creative
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Types of Artificial Intelligence 

Artificial Intelligence (AI) can be classified in several ways, but a commonly 
accepted framework divides it into three main types based on the system’s capabilities: 

Narrow AI (or Weak AI): This is the most prevalent form of AI in use today. 
Narrow AI is designed to perform a specific task or a limited set of tasks with high 
efficiency, such as language translation, facial recognition, voice assistants, or rec-
ommendation systems. It does not possess consciousness or genuine understanding.
Its intelligence is task-specific and heavily dependent on the data it has been trained 
on. Most machine learning and deep learning applications fall under this category.

General AI (or Strong AI): General AI refers to a hypothetical system that 
possesses the ability to understand, learn, and apply knowledge across a wide 
range of tasks, similar to human intelligence. It would be capable of reasoning, 
problem-solving, and adapting to unfamiliar situations without being explicitly 
programmed for each scenario. General AI remains an aspirational goal and has 
not yet been realised in practice.

 Super AI: This is a theoretical form of AI that would surpass human intelligence 
across all domains such as creativity, decision-making, emotional intelligence, and 
more. Often discussed in speculative and philosophical debates, Super AI raises 
important ethical and existential questions about control, autonomy, and the role 
of human beings in a world with superintelligent machines. As of now, it remains 
purely conceptual.

These categories help us think about the evolution of AI not only in terms of 
technical advancement but also in terms of its societal and philosophical implica-
tions. While current AI systems are powerful, they are still far from replicating the 
full range of human cognitive capabilities.

and cognitive domains. For example, in the 
arts, AI helps generate melodies or visual 
styles, which human creators then refine, 
or in education, AI enables personalised 
learning experiences custom-made to each 
student. 

iii. Emergence of Hybrid Work Models
The new paradigm is not full automation 

or substitution, but hybridisation, a model 
in which human insight and machine calcu-
lation become entwined. Human intuition, 
judgment, and emotion interact with machine 
speed, data, and pattern recognition. Creative, 
strategic, and analytical roles are co-shaped 
by both human and machine intelligence.

This shift, though interesting, raises pro-
found philosophical questions. If an AI can 
paint like a master, compose like a composer, 
write like a novelist - what distinguishes 
human creativity? Is it intention? Emotion? 
Context? Or is it the imperfections and intu-
itions that machines still lack?

2.3.4.3 Ethical, Social, and 
Economic Implications of AI

With such power, however, come pro-
found dilemmas. The integration of AI into 
everyday life is not merely a technical issue, 
but an ethical and social reckoning, as dis-
cussed below. 
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i. Bias in AI systems
AI systems learn from historical data, 

which often reflects the prejudices and 
inequalities of our societies. This has led 
to real-world harms: discriminatory loan 
approvals, biased hiring algorithms, and 
unequal policing systems. If AI mirrors 
society, then flawed data produces flawed 
intelligence.

ii. Ambiguity of Responsibility
Who is accountable when an autonomous 

car causes an accident? When an AI system 
wrongly denies a patient access to treatment? 
When an algorithm subtly but persistently 
shapes what millions believe to be true? 
As machines become more autonomous, 
assigning blame or liability becomes more 
complex.

iii. Economic Dislocations
AI threatens to automate many routine 

cognitive jobs, leading to potential job loss 
and economic inequalities between those who 
develop AI technologies and those whose 
work is displaced by them. For some, this 
is a call to upskill and adapt. For others, it 
signals a widening chasm between those 
who build the systems and those displaced 
by them.

iv. Surveillance and Autonomy
The widespread integration of AI with data 

surveillance raises concerns about individ-
ual privacy, freedom of choice, and the line 
between helpful personalisation and subtle 
manipulation. AI is embedded in a world of 
constant data collection. Our movements, 
preferences, and interactions are continuously 
monitored not just for convenience but for 
control. Where, then, do we draw the line 
between personalisation and manipulation?

            
  Fig 2.3.5 Portrait of Edmond de Belamy, the first AI generated artwork to be auctioned
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2.3.4.4 From Mastery to 
Coexistence: Rethinking Human-
Machine Relations

Perhaps the most fundamental shift 
brought about by artificial intelligence is 
in the way it redefines our relationship with 
intelligent machines. For centuries, tech-
nology has been seen as an extension of 
human will, a servant to our needs, a neutral 
amplifier of our goals. But AI introduces 
something novel: systems that appear to 
think for themselves. And while they do not 
possess consciousness or self-awareness 
(at least not yet), their behaviour is often 
surprising, emergent, and opaque.

This demands a rethinking of engage-
ment. No longer are we simply operators 
or users, we become collaborators, cura-
tors, and co-creators. We must learn not 
just how to use AI, but how to work with 
it, how to question its outputs, understand 

its limitations, and reflect on its influence.

The image of AI as a rival, a machine that 
threatens to outsmart or replace us, is only 
one part of the story. The deeper challenge 
is to imagine AI as a mirror: one that reflects 
the values, structures, and assumptions we 
embed within it. It forces us to ask: what 
kind of intelligence do we value? What 
kind of decisions should remain human? 
And how do we shape the future, not just 
through what we build, but through what 
we choose to preserve?

In this sense, AI does not merely mark 
a technological shift. It marks a civilisa-
tional moment,  a time when our tools are 
no longer just instruments, but interlocutors. 
And the conversation they open is not just 
about efficiency or productivity, but about 
meaning, ethics, and the evolving essence 
of being human.

       
Fig 2.3.6 The Next Rembrandt, the project that utilised AI and data analysis to create a 

painting in the style of Dutch master Rembrandt van Rijn
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R Recap

	♦ Globalisation as the interconnection of people and nations across the world.

	♦ Instant communication and access to information reshape economies, cultures, 
and societies.

	♦ Technological innovations and globalisation

	♦ Impact of globalisation on technological development

	♦ Electronics as an integral part of living

	♦ The varying modes of electronic presence

	♦ Effect of electronics on humans

	♦ Invention of computers and the subsequent revolution 

	♦ Evolution of computing

	♦ Internet as a new space that dissolves boundaries and offers boundless connection

	♦ Internet challenges: privacy, cybersecurity threats, digital divide, information 
overload and misinformation, addiction and mental health, ethical and legal 
concerns

	♦ Information technology and the new world

	♦ IT driven transformations

	♦ AI as machines that can learn and generate

	♦ AI transforming the human mode of living

	♦ AI and what it means to humansSG
O

U



96  SGOU - SLM - FYUGP - Value Added Course - Technology and Society

O Objective Questions

1.	 What are the cables that lie beneath the oceans and transmit a massive amount 
of data called?

2.	 Which protocol suite forms the foundation of internet communication?

3.	 Which term explains the use of artificial satellites orbiting the Earth to transmit 
signals for various forms of communication?

4.	 What allows data to be stored on powerful remote servers and not locally?

5.	 Which term refers to the use of technology to improve and automate financial 
services?

6.	 What is ‘google translate’ an example of?

7.	 What was the communication code used in the first telegraphs?

8.	 Which term describes the technologies that can grow and handle increased 
demand without losing performance or needing major redesign?

9.	 Give an example of a scalable technology. 

10.	Which invention in the 1970s made it possible to build smaller, affordable 
personal computers and thus instrumental in the beginning of an era of personal 
computing?

11.	Which term describes the unequal access to digital technologies?

12.	Name any one early computer.

13.	Which term refers to the systems that mimic human cognitive functions, and 
can learn and adapt?

14.	What is the term for AI that can ingest vast amount of data and extract insights 
without needing explicit rules?

15.	What is the term for AI that can produce new text, images, or code with minimal 
prompts, and produce outputs that did not previously exist?
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A Assignments

1.	 Discuss the mutual influence of globalisation and technological innovation. 
Provide examples to support your answer.

2.	 What are the cognitive and emotional consequences of living in an age of 
constant digital connectivity? Reflect using everyday experiences.

3.	 Examine the role of digital infrastructure (like cloud computing and submarine 
cables) in shaping today’s global interdependence.

A Answers

1.	 Submarine fibre-optic cables

2.	 TCP/IP protocol

3.	 Satellite Communication System

4.	 Cloud computing

5.	 FinTech

6.	 AI-powered translation tool

7.	 Morse code

8.	 Scalable technologies

9.	 Computing platforms such as AWS or Google Cloud, or enterprise software 
such as SAP or Salesforce

10.	Microprocessors 

11.	Digital divide

12.	ENIAC/IBM’s 7090

13.	Artificial Intelligence

14.	Machine Learning

15.	Generative AI

SG
O

U



98  SGOU - SLM - FYUGP - Value Added Course - Technology and Society

R Reference

1.	 Baecker, R.M. (2019). Computers and Society: Modern Perspectives. Oxford 
University Press. 

2.	 Cipolla-Ficarra, F.V., Ficarra, M.V., Cipolla-Ficarra, M.C., Quiroga, A., Alma, 
J., & Carre, J. (2017). Technology- Enhanced Human Interaction in Modern 
Society. IGI Global

3.	 Ertel, W. (2018). Introduction to Artificial Intelligence. Springer International 
Publishing. 

4.	 Kennedy, N. (2018). The Industrialization of Intelligence: Mind and Machine 
in the Modern Age. Taylor & Francis. 

5.	 Menon, R.V.G. (2010). Technology and Society. Dorling Kindersley. 

6.	 West, D.M. (2019). The Future of Work: Robots, AI, and Automation. Bloomsbury 
Academic.
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Use AI in a Responsible Way. Springer International Publishing. 
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4.	 Hawking, S. (2022). Will Artificial Intelligence Outsmart Us? John Murray. 

4.	 Discuss the transformation of computing from large-scale machines to ubiquitous 
embedded systems. How did this impact everyday life?

5.	 Analyse how the internet redefined traditional concepts of space, time, and 
authority. Support your answer with examples.

6.	 In what ways can we reimagine our relationship with AI not as a tool, but as 
a collaborator or mirror? Discuss the ontological and ethical aspects.
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                      MODEL QUESTION PAPER SETS

SG
O

U



101  SGOU - SLM - FYUGP - Value Added Course - Technology and Society

  SREENARAYANAGURU OPEN UNIVERSITY
MODEL QUESTION PAPER (SET 1)

QP CODE: ………						      Reg. No: ………...............
								        Name	 : ………………...

THIRD SEMESTER EXAMINATION
VALUE ADDED COURSE

SGB24SO101VC – TECHNOLOGY AND SOCIETY
(CBCS - UG)

2024 - Admission Onwards

Time: 1 Hour                                                                                                        Max Marks: 23

                                                      Section A

                                        Objective Type Questions

           Answer any five of the following, each question carries 1 mark

                                                                                                                         (5x1=5)

1.	 What do you mean by Human Augmentation? 

2.	 Define Digital Divide.

3.	 Which invention is considered to have revolutionized the first industrial revolution?

4.	 What does technology encompass?

5.	 Which innovation improved navigation?

6.	 Which organization is responsible for space research and exploration in India?

7.	 What was the first invention that facilitated long distance communication?

8.	 In a sentence state what do you mean by Sustainable Technology?

                                                       Section B

                                                Very Short Answers

             Answer any four of the following, each question carries 2 marks

                                                                                                                         (4x2=8)

9.	 What were the ideas of Enlightenment?

10.	What is the importance of research and innovation in a society that is intertwined 
with technology? 

11.	Describe how electronic devices is a necessity. 
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12.	How did the fourth industrial revolution challenge traditional boundaries?

13.	What is AI? State the different types of AI.

14.	Briefly discuss the Fifth industrial revolution. 

                                                         Section C

                                                     Short Answers

            Answer any two of the following, each question carries 5 marks

                                                                                                                       (2x5=10)

15.	Correlate between enlightenment and technology.

16.	what are the ethical concerns to be mindful of while considering technological 
advancement? 

17.	Examine the evolving relationship between humans and machines in the context 
of work, identity, and social interaction.
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SREENARAYANAGURU OPEN UNIVERSITY
MODEL QUESTION PAPER (SET 2)

QP CODE: ………						      Reg. No: ………...............
								        Name	 : ………………...

THIRD SEMESTER EXAMINATION
VALUE ADDED COURSE

SGB24SO101VC – TECHNOLOGY AND SOCIETY
(CBCS - UG)

2024 - Admission Onwards

Time: 1 Hour                                                                                                        Max Marks: 23

                                                       Section A

                                        Objective Type Questions

          Answer any five of the following, each question carries 1 mark

                                                                                                                         (5x1=5)

1.	 What is Asilomar AI principles? 

2.	 Which intellectual movement preceded the industrial revolution?

3.	 Who is credited with the invention of the steam engine?

4.	 Define Nanotechnology.

5.	 Why is the invention of the Wheel significant?

6.	 What do you mean by Algorithm Bias?

7.	 What is the Fraunhofer Society known for?

8.	 What is the primary goal of CERN?

                                                      Section B

                                             Very Short Answers

         Answer any four of the following, each question carries 2 marks

                                                                                                                         (4x2=8)

9.	 What are the characteristics of the first industrial revolution?

10.	 List the impact of gunpowder technology on military and colonialism.

11.	What are the ethical guidelines for responsible innovation?

12.	Describe the advantages of having research hubs.
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13.	Examine and state the methods and modes of technology by which global connectivity 
is enabled.

14.	Explain how fire became a powerful tool in the survival and evolution of early 
humans.

                                                             Section C

                                                          Short Answers

               Answer any two of the following, each question carries 5 marks

                                                                                                                       (2x5=10)

15.	Discuss how the shift from craft to factory system impacted labor, productivity 
and social organization.

16.	List the prominent research hubs and innovation parks in India. Assess their importance 
in advancing the country technologically. 

17.	How is the World War, considered a critical turning point in the history of technology 
and society?
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