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Dear learner,

I extend my heartfelt greetings and profound enthusiasm as I warmly wel-
come you to Sreenarayanaguru Open University. Established in Septem-
ber 2020 as a state-led endeavour to promote higher education through 
open and distance learning modes, our institution was shaped by the 
guiding principle that access and quality are the cornerstones of equity. 
We have firmly resolved to uphold the highest standards of education, 
setting the benchmark and charting the course.

The courses offered by the Sreenarayanaguru Open University aim to 
strike a quality balance, ensuring students are equipped for both personal 
growth and professional excellence. The University embraces the wide-
ly acclaimed "blended format," a practical framework that harmonious-
ly integrates Self-Learning Materials, Classroom Counseling, and Virtual 
modes, fostering a dynamic and enriching experience for both learners 
and instructors.

The University aims to offer you an engaging and thought-provoking ed-
ucational journey. The Postgraduate Programme in Sociology naturally 
follows from the undergraduate programme. It mainly focuses on theories 
and practical applications. The programme uses vivid examples to make 
the subject interesting and relevant to learners. By combining academic 
content with empirical evidence, the programme becomes both unique 
and practical. The Self-Learning Material has been meticulously crafted, 
incorporating relevant examples to facilitate better comprehension.

Rest assured, the university's student support services will be at your dis-
posal throughout your academic journey, readily available to address any 
concerns or grievances you may encounter. We encourage you to reach 
out to us freely regarding any matter about your academic programme. It 
is our sincere wish that you achieve the utmost success.

Regards, 
Dr.  Jagathy Raj V. P.						      01-01-2025
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2 SGOU - SLM - MA Sociology - Science, Technology and Society

UNIT
1 The Rise of Modern Science

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ understand the historical processes that led to the development of modern 
science

	♦ analyse the impact of the Renaissance, Enlightenment, and Scientific Rev-
olution on scientific thought

	♦ examine the emergence of academic disciplines and the role of universities 
in shaping scientific research

	♦ critically evaluate the institutionalisation of science through formal re-
search structures

Modern science is a systematic enterprise that builds and organizes knowledge 
in the form of testable explanations and predictions about the universe. It represents 
a fundamental shift from traditional knowledge systems, incorporating empirical 
observation, experimentation, and rational analysis. The emergence of modern 
science is deeply intertwined with historical transformations that shaped human 
understanding of the natural world. From the revival of classical knowledge 
during the Renaissance to the rationalism of the Enlightenment and the empirical 
rigor of the Scientific Revolution, each period contributed to the establishment of 
systematic methodologies and academic disciplines.

The rise of modern science was not a singular event but a gradual evolution, 
influenced by the expansion of universities, the development of specialized 
fields, and the creation of scientific societies. These institutions fostered a culture 
of inquiry, debate, and peer review, ensuring that knowledge production was 
rigorous and verifiable. Advances in technology, such as the printing press, 
facilitated the dissemination of scientific ideas, allowing knowledge to be shared 
and refined across different regions and intellectual communities.

Today, modern science continues to evolve, shaping and being shaped by 
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3SGOU - SLM - MA Sociology -  Science, Technology and Society

Discussion

Keywords
Rationalisation, Science, Religion, Scientific, Knowledge

technological advancements, societal needs, and interdisciplinary collaborations. 
The foundational principles established through centuries of intellectual progress 
remain at the core of scientific inquiry, guiding humanity’s pursuit of knowledge 
and innovation.

1.1.1 Definition and Scope of Modern Sci-
ence

Modern science is distinguished by its reliance on 
empirical evidence, systematic experimentation, and logical 
reasoning. It encompasses a broad range of fields, including 
natural sciences (such as physics, chemistry, and biology), 
social sciences (such as sociology and economics), and 
applied sciences (such as engineering and medicine). The 
scientific method, which involves observation, hypothesis 
formulation, experimentation, and analysis, serves as the 
foundation for scientific inquiry.

Science has evolved from a body of isolated knowledge to 
an integrated system of theories and laws that explain natural 
phenomena. The scope of modern science extends beyond 
theoretical advancements to practical applications that 
have revolutionized industries, healthcare, communication, 
and technology. This evolution has been influenced by 
key historical events, institutional developments, and the 
emergence of specialized disciplines.

The natural sciences seek to understand the physical 
world through systematic observation and experimentation, 
uncovering fundamental principles that govern the universe. 
Fields such as physics explore the laws of motion and 
energy, chemistry delves into molecular interactions, and 
biology examines living organisms and ecosystems. These 
disciplines provide the basis for technological innovations 
that have transformed daily life, from medical advancements 

	♦ Science

	♦ Logical

	♦ Natural 
sciences
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4 SGOU - SLM - MA Sociology - Science, Technology and Society

	♦ Transdisciplinary

to energy solutions.

Social sciences, on the other hand, investigate human 
behaviour, societies, and economic structures. Disciplines 
such as sociology and psychology analyse cultural patterns 
and cognitive processes, while economics examines market 
systems and resource distribution. These fields contribute to 
policymaking, social development, and economic planning, 
ensuring a more comprehensive understanding of human 
interactions.

Applied sciences bridge theoretical knowledge and 
real-world applications, driving progress in engineering, 
medicine, and environmental studies. Innovations in medical 
science have led to breakthroughs in disease treatment and 
preventive healthcare, while engineering advancements have 
shaped transportation, infrastructure, and digital technology. 
Environmental science plays a crucial role in addressing 
climate change and sustainable resource management.

Furthermore, interdisciplinary research has gained 
prominence, integrating knowledge from multiple scientific 
fields to tackle complex global challenges. Emerging 
fields such as artificial intelligence, biotechnology, and 
nanotechnology exemplify the interconnected nature of 
modern science, where collaboration across disciplines 
accelerates innovation and discovery.

Modern science also relies on institutional support, 
including universities, research centres, and funding bodies, 
which facilitate scientific progress through structured 
education and research programs. The peer-review system 
ensures the reliability of scientific findings, promoting 
transparency and continuous refinement of knowledge.

As science continues to advance, ethical considerations and 
societal implications remain integral to scientific inquiry. The 
responsible use of technology, equitable access to scientific 
benefits, and sustainability concerns highlight the evolving 
relationship between science and society. Ultimately, 
modern science serves as both a tool for understanding the 
natural world and a driving force for technological and social 
progress.

1.1.1.1 The Role of Historical Transformation in 
Scientific Progress

The advancement of science has been deeply influenced 
by historical events and intellectual movements. The 

	♦ Social science

	♦ Application

	♦ Learning

	♦ Ethical SG
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transition from ancient and medieval thought to modern 
scientific inquiry was marked by significant paradigm 
shifts, including the Renaissance, the Enlightenment, and 
the Scientific Revolution.

During the Renaissance, there was a revival of classical 
knowledge, leading to innovations in art, literature, and 
science. Thinkers such as Leonardo da Vinci and Galileo 
Galilei emphasized observation and experimentation, 
challenging traditional doctrines and setting the stage 
for modern scientific methods. The Renaissance also 
encouraged a humanistic approach, which placed a greater 
emphasis on the study of nature and the development of 
critical thinking skills. This period witnessed the growth of 
scientific illustrations, anatomical studies, and engineering 
advancements that laid the groundwork for later scientific 
achievements.

The Enlightenment further advanced scientific 
progress by promoting reason, skepticism, and empirical 
investigation. Philosophers such as Francis Bacon and René 
Descartes laid the intellectual groundwork for the scientific 
method, advocating for systematic observation and rational 
analysis. Bacon’s inductive reasoning emphasized the 
importance of data collection and experimentation, while 
Descartes’ rationalism provided a mathematical foundation 
for understanding the physical world. The rise of scientific 
academies and intellectual salons during this period 
facilitated the exchange of ideas and accelerated discoveries 
in fields such as physics, chemistry, and medicine.

The Scientific Revolution was a defining period in the 
history of science, marked by ground breaking discoveries 
by figures such as Copernicus, Kepler, and Newton. These 
advancements redefined humanity’s understanding of the 
universe, established physics and astronomy as rigorous 
scientific disciplines, and reinforced the importance 
of empirical evidence. Copernicus’ heliocentric model 
challenged the long-standing geocentric theory, while 
Kepler’s laws of planetary motion provided a mathematical 
explanation of celestial mechanics. Newton’s laws of motion 
and universal gravitation unified scientific thought and 
demonstrated the power of mathematical principles in 
explaining natural phenomena.

As scientific knowledge expanded, institutions such 
as universities and research academies played a crucial 

	♦ Evolution

	♦ Knowledge

	♦ Scientific 

	♦ Scientific 
discoveries SG
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6 SGOU - SLM - MA Sociology - Science, Technology and Society

role in fostering inquiry and disseminating knowledge. 
The professionalization of science in the 19th century 
further strengthened scientific disciplines, leading to the 
establishment of peer review systems and global scientific 
collaborations. Scientific journals emerged as a means of 
documenting and sharing research, ensuring transparency 
and accountability in scientific inquiry. Governments and 
private institutions began funding research initiatives, 
leading to the development of modern laboratories and 
large-scale experiments.

The rise of modern science is a result of continuous historical 
transformation, intellectual inquiry, and institutional 
development. From the early Renaissance to contemporary 
advancements, science has evolved into a structured and 
methodical pursuit of knowledge that shapes the modern 
world. The interplay between historical movements, 
technological innovations, and academic institutions has 
ensured that scientific progress remains dynamic, self-
correcting, and essential to human advancement.

1.1.2 Renaissance and the Scientific 
Awakening

The Renaissance (14th–17th century) was a period of 
cultural and intellectual rebirth that emphasized a return 
to classical Greek and Roman texts. The revival of classical 
knowledge was facilitated by scholars who rediscovered and 
translated ancient manuscripts, leading to a renewed interest 
in fields such as mathematics, astronomy, and medicine. 
Humanist thinkers promoted education and critical thinking, 
encouraging a more analytical approach to knowledge.

One of the most significant developments of this period 
was the application of classical learning to empirical 
observation. This approach marked a departure from the rigid 
scholasticism of the medieval period and laid the foundation 
for modern scientific thought. Universities and academies 
played a crucial role in disseminating classical knowledge, 
fostering an environment where intellectuals could engage in 
rigorous debate and experimentation.

The Renaissance also witnessed the fusion of artistic and 
scientific endeavours, with figures like Leonardo da Vinci 
embodying the ideal of a polymath who applied scientific 
principles to art and engineering. His anatomical studies 
and mechanical designs demonstrated the potential of 
empirical observation in advancing knowledge. Similarly, 

	♦ Institutionalisation 

	♦ Dynamic

	♦ Rebirth

	♦ Empirical

	♦ Culture and 
science
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advancements in cartography, architecture, and medical 
sciences during this period showcased the practical 
applications of classical learning.

Furthermore, the invention of the printing press 
by Johannes Gutenberg revolutionized the spread of 
knowledge, making classical texts and new scientific works 
more accessible. This facilitated the rapid dissemination of 
ideas, enabling scholars across Europe to collaborate and 
build upon each other’s discoveries. The combination of 
revived classical wisdom and new empirical approaches set 
the stage for the scientific advancements that followed in the 
Enlightenment and the Scientific Revolution.

1.1.2.1 Role of Art, Literature, and Humanism 
in Scientific Thought

The Renaissance was not only a period of scientific 
progress but also a flourishing of art and literature, which 
influenced scientific thought. Artists such as Leonardo 
da Vinci integrated scientific principles into their work, 
studying anatomy, perspective, and engineering to enhance 
realism in their creations. Da Vinci’s detailed anatomical 
sketches, based on direct observation, contributed to medical 
knowledge and set new standards for scientific illustration.

Humanism, a key intellectual movement of the 
Renaissance, emphasized the potential of human reason 
and individual inquiry. This philosophical approach 
encouraged scientists to challenge traditional dogmas and 
seek explanations based on evidence. Literary works of the 
period also reflected this shift, promoting ideals of discovery 
and exploration that paralleled scientific advancements.

Art and literature played a crucial role in the dissemination 
of scientific ideas. The development of perspective in 
painting, for example, was influenced by mathematical 
principles, demonstrating the intersection between artistic 
and scientific innovation. Writers and philosophers, such as 
Francis Bacon and Galileo, used literary works to popularize 
scientific concepts, making complex ideas more accessible 
to broader audiences. The printing press further facilitated 
this process, allowing books and manuscripts to be widely 
distributed, thereby accelerating the spread of new scientific 
theories.

By fostering a culture of curiosity, critical thinking, and 
intellectual exchange, the Renaissance laid the groundwork 

	♦ Dissemination 
of knowledge

	♦ Arts and 
culture

	♦ Rational

	♦ Popularising 
knowledge SG
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for the scientific methodologies that define modern science. 
The integration of artistic creativity and humanist philosophy 
into scientific inquiry helped break away from medieval 
constraints, enabling a more systematic and empirical 
approach to understanding the natural world.

1.1.2.2 Early Contributions: Leonardo da Vinci, 
Copernicus, Galileo

Leonardo da Vinci (1452–1519) exemplified the Renaissance 
ideal of a polymath. His studies in anatomy, engineering, 
and physics demonstrated a keen observational approach 
that prefigured modern scientific methods. His notebooks 
contain detailed drawings and hypotheses that anticipated 
later discoveries in fluid mechanics, flight, and human 
physiology.

Nicolaus Copernicus (1473–1543) revolutionized 
astronomy with his heliocentric model, which proposed that 
the Sun, rather than the Earth, was at the center of the universe. 
This challenged the long-standing Ptolemaic system and laid 
the groundwork for modern celestial mechanics.

Galileo Galilei (1564–1642) built upon Copernican theory 
through empirical observation. Using a telescope, he provided 
evidence supporting heliocentrism, discovered the moons 
of Jupiter, and studied planetary motion. His advocacy for 
observational science and experimentation contributed 
significantly to the development of the scientific method.

1.1.2.3 The Invention of the Printing Press and 
Knowledge Dissemination

One of the most transformative developments of the 
Renaissance was the invention of the printing press 
by Johannes Gutenberg in the mid-15th century. This 
technological breakthrough revolutionized the way 
knowledge was recorded, preserved, and shared. Before 
the printing press, books were laboriously copied by hand, 
making them expensive and rare. Gutenberg’s movable-type 
press enabled the mass production of books, dramatically 
increasing literacy rates and the accessibility of scientific 
texts.

The dissemination of knowledge through printed materials 
played a crucial role in advancing scientific thought. Scholars 
across Europe could now read and critique each other’s work, 
leading to a more collaborative and cumulative approach 
to scientific progress. Scientific texts, such as Copernicus’ 

	♦ Inquisitiveness

	♦ Scientific 
approach

	♦ Challenging 
and relearning

	♦ Scientific 
method

	♦ Accessibility 

	♦ Spread of 
Knowledge
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De revolutionibus, Galileo’s Sidereus Nuncius, and 
Newton’s Principia Mathematica, reached a wider audience, 
influencing generations of thinkers and accelerating the 
spread of revolutionary ideas.

The printing press also facilitated the standardization of 
scientific terminology and the establishment of scientific 
journals. By the 17th century, institutions such as the Royal 
Society and the French Academy of Sciences began publishing 
journals to document discoveries and encourage scholarly 
discourse. This marked the beginning of modern scientific 
communication, where peer review and reproducibility 
became essential components of scientific validation.

The Renaissance and the Scientific Awakening marked a 
transformative era in human history, characterized by the 
revival of classical knowledge, the integration of humanist 
principles into scientific inquiry, and ground-breaking 
contributions by pioneering figures such as Leonardo da 
Vinci, Copernicus, and Galileo. These advancements laid 
the intellectual and methodological foundations for the 
Enlightenment and the Scientific Revolution, fostering a 
culture of empirical research and rational analysis.

The invention of the printing press played a pivotal role in 
the dissemination of scientific ideas, facilitating knowledge 
exchange across borders and disciplines. As universities and 
scientific institutions grew, they reinforced the principles of 
systematic inquiry and academic rigor that define modern 
science. The legacy of this period endures in contemporary 
scientific thought, where empirical evidence, logical 
reasoning, and interdisciplinary collaboration continue to 
drive progress. The Renaissance’s emphasis on observation, 
experimentation, and open inquiry remains central to the 
scientific enterprise, shaping our understanding of the 
natural world and our ability to innovate for the future.

1.1.2.4 Enlightenment and the Rise of Scientific 
Rationalism

The Enlightenment, an intellectual movement of the 17th 
and 18th centuries, emphasized reason as the primary source 
of knowledge. This period saw a shift from religious dogma 
and superstition to empirical investigation and logical 
thinking. Skepticism played a critical role in challenging 
established norms, encouraging scientists and philosophers 
to question traditional beliefs and seek evidence-based 
conclusions. Empiricism, which stressed the importance of 

	♦ Standarisation

	♦ Humanistic 
inquiry 

	♦ Exchange of 
knowledge

	♦ Emergence 
of Reason, 
Skepticism, and 
Empiricism
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10 SGOU - SLM - MA Sociology - Science, Technology and Society

sensory experience in forming knowledge, gained prominence 
through the works of thinkers like John Locke and David 
Hume. These intellectual currents laid the groundwork for 
a scientific culture that valued experimentation, observation, 
and critical inquiry.

Reason was positioned as a tool to understand the 
natural world and human society, leading to significant 
advancements in science, philosophy, and political thought. 
Enlightenment thinkers sought to explain natural phenomena 
without reliance on supernatural interpretations, instead 
advocating for rational explanations supported by evidence. 
This intellectual shift paved the way for the development of 
the scientific method and encouraged a systematic approach 
to understanding the universe.

1.1.2.5 Key Philosophical Contributions: 
Francis Bacon and René Descartes

Two of the most influential figures in shaping 
Enlightenment thought and scientific rationalism were 
Francis Bacon and René Descartes. Francis Bacon (1561–1626) 
is often credited with formalizing the inductive method of 
scientific inquiry. In his work Novum Organum (1620), he 
argued that knowledge should be derived from systematic 
observation and experimentation rather than abstract 
speculation. Bacon’s emphasis on empirical data collection 
and controlled experimentation laid the foundation for 
modern scientific methodology.

René Descartes (1596–1650), on the other hand, championed 
rationalism, asserting that reason is the fundamental source 
of knowledge. In Discourse on Method (1637), Descartes 
introduced the concept of deductive reasoning, which 
involves drawing specific conclusions from general 
principles. His famous statement, Cogito, ergo sum (“I 
think, therefore I am”), underscored the importance of doubt 
and logical analysis in acquiring knowledge. While Bacon 
and Descartes approached scientific inquiry from different 
perspectives—empiricism and rationalism, respectively—
their contributions collectively shaped the modern scientific 
worldview.

1.1.2.6 The Scientific Method and Its 
Formalization

The Enlightenment played a crucial role in refining 
and formalizing the scientific method. Building upon the 

	♦ Prioritising 
reason
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principles established by Bacon and Descartes, scientists of 
this era developed systematic approaches to inquiry that 
emphasized hypothesis testing, controlled experimentation, 
and repeatability. The works of Isaac Newton, particularly 
Principia Mathematica (1687), demonstrated the application of 
mathematical reasoning to physical laws, further cementing 
the role of the scientific method in research.

The formalization of the scientific method led to increased 
collaboration among scholars, the establishment of academic 
institutions dedicated to research, and the standardization 
of peer review practices. This methodological rigor not only 
advanced scientific disciplines but also influenced broader 
areas of intellectual inquiry, including economics, political 
science, and psychology. Through the Enlightenment, 
science transitioned from an isolated pursuit of knowledge to 
an organized, systematic endeavour that shaped the modern 
world. The emphasis on reason, skepticism, and empiricism 
continues to define scientific inquiry today, ensuring that 
discoveries are grounded in evidence and critical analysis.

The impact of the scientific method extended beyond the 
natural sciences to fields such as economics, psychology, 
and political science. By promoting a culture of critical 
inquiry and evidence-based reasoning, the Enlightenment 
laid the foundation for modern scientific advancements that 
continue to shape contemporary thought and innovation.

1.1.3 The Scientific Revolution (16th–18th 
Century)

Before the Scientific Revolution, much of European 
thought was influenced by Aristotelian philosophy, which 
emphasized qualitative descriptions of nature. Knowledge 
was based on logical reasoning and observation but lacked 
rigorous experimentation. The transition to empirical 
science began when scholars started questioning classical 
theories and emphasizing systematic observation and 
experimentation. The works of figures such as Nicolaus 
Copernicus and Galileo Galilei played a significant role 
in challenging the geocentric model and introducing 
heliocentrism. This shift laid the foundation for the modern 
scientific approach, which relied on mathematical reasoning, 
empirical verification, and experimental methodology.

	♦ Positivism

	♦ Organised 
pursuit of 
knowledge

	♦ Critical inquiry

	♦ Aristotelian 
Thought to 
Empirical 
Science SG
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1.1.3.1 Major Figures and Their Contributions: 
Kepler, Newton, Boyle

Johannes Kepler formulated the laws of planetary motion, 
demonstrating that planets move in elliptical orbits rather 
than perfect circles. His work provided crucial evidence for 
the heliocentric model.

Isaac Newton synthesized Kepler’s findings with Galileo’s 
work on motion, developing the laws of motion and universal 
gravitation. His work, Principia Mathematica, is considered 
one of the most influential scientific texts of all time.

Robert Boyle, often regarded as the father of modern 
chemistry, conducted experiments on gases, leading to 
Boyle’s Law. His work emphasized the importance of 
controlled experiments and the mechanical philosophy in 
explaining natural phenomena.

1.1.3.2 Development of Physics, Astronomy, and 
Experimental Science

The Scientific Revolution saw significant progresses 
in physics and astronomy. Galileo’s use of the telescope 
allowed him to observe celestial bodies, proving that the 
moon had craters, and that Jupiter had moons, challenging 
the perfection of heavenly bodies assumed in Aristotelian 
cosmology. His experimental work on motion and inertia 
laid the groundwork for classical mechanics, demonstrating 
that natural phenomena could be studied quantitatively and 
systematically. Galileo’s emphasis on empirical evidence and 
mathematics set the stage for modern scientific methods.

Isaac Newton’s contributions unified the laws of motion 
and gravitation, explaining planetary orbits and the forces 
governing physical interactions on Earth and in space. His 
work in “Principia Mathematica” provided a mathematical 
foundation for mechanics and astronomy, transforming 
physics into a precise and predictive science. Newton’s 
laws of motion and universal gravitation demonstrated that 
celestial and terrestrial physics followed the same principles, 
revolutionizing the understanding of the universe.

Experimental science became a cornerstone of knowledge 
production, with systematic methods being developed to 
test and refine hypotheses. Robert Boyle’s work in chemistry, 
particularly his formulation of Boyle’s Law, demonstrated 
the importance of controlled experiments in establishing 
scientific principles. The refinement of instruments such as 

	♦ Scientific 
development
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microscopes and barometers expanded the scope of scientific 
investigation, allowing researchers to explore previously 
unseen aspects of nature.

The development of experimental science also led to 
advances in medical and biological research. William Harvey’s 
discovery of blood circulation challenged longstanding 
misconceptions in anatomy and physiology, emphasizing 
the importance of direct observation and experimentation in 
medical science. The integration of experimental approaches 
in various disciplines established science as a dynamic and 
self-correcting field, where theories were continually tested 
and revised based on empirical evidence.

The impact of these developments extended beyond 
academia, influencing industrial advancements and 
technological innovations. The application of scientific 
principles in engineering, navigation, and manufacturing led 
to significant improvements in transportation, agriculture, 
and public health. As scientific knowledge expanded, 
institutions such as the Royal Society and the French 
Academy of Sciences provided platforms for collaboration 
and knowledge exchange, further advancing scientific 
inquiry.

By the 18th century, physics and astronomy had 
established themselves as distinct and rigorous scientific 
disciplines, setting the foundation for further discoveries 
in the 19th and 20th centuries. The legacy of the Scientific 
Revolution continues to shape contemporary research and 
technological advancements, demonstrating the enduring 
relevance of empirical science in understanding and 
improving the world.

1.1.3.3 Impact on Society and Traditional Be-
lief Systems

The Scientific Revolution fundamentally altered the 
relationship between science, religion, and society. It 
introduced a new way of understanding the natural world 
based on empirical evidence and rational thought, which 
often conflicted with traditional belief systems. The decline 
of scholasticism, which had dominated medieval intellectual 
thought, gave way to a scientific culture that prioritized 
observation and experimentation over religious doctrine.

One of the most notable conflicts between science and 
religion occurred during Galileo’s trial by the Catholic Church. 

	♦ Revising

	♦ Industrial 
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Galileo’s support for the heliocentric model, which placed 
the Sun rather than the Earth at the centre of the universe, 
challenged the long-standing geocentric view endorsed by 
religious authorities. This led to his condemnation and house 
arrest, exemplifying the broader struggle between emerging 
scientific discoveries and established theological teachings.

Beyond its immediate conflict with religious institutions, 
the Scientific Revolution influenced broader societal changes. 
The application of scientific principles led to technological 
innovations that transformed industries, improving 
agriculture, manufacturing, and navigation. The rational 
mindset encouraged by the scientific method also contributed 
to the development of secular philosophies, emphasizing 
reason and empirical inquiry over tradition and faith. 
Moreover, the shift toward scientific thinking influenced 
education and governance. Enlightenment thinkers, inspired 
by scientific progress, advocated for evidence-based policies 
and democratic principles. This movement played a crucial 
role in shaping modern political and legal systems, promoting 
ideas of human rights, liberty, and progress grounded in 
rational discourse rather than divine authority.

The legacy of the Scientific Revolution extends into 
contemporary society, where scientific advancements 
continue to challenge and redefine traditional beliefs. From 
the theory of evolution to breakthroughs in genetics and 
space exploration, scientific discoveries continuously reshape 
our understanding of the world. While tensions between 
science and certain ideological frameworks persist, the 
overall impact of the Scientific Revolution has been to foster 
a culture of inquiry, innovation, and progress that continues 
to drive modern civilization forward.

1.1.4 Emergence of Academic Disciplines
During the early periods of scientific inquiry, knowledge 

were pursued by polymaths—individuals who engaged in 
multiple fields of study. Scholars like Leonardo da Vinci, 
Isaac Newton, and Gottfried Wilhelm Leibniz contributed 
to diverse disciplines, from mathematics and physics to 
philosophy and engineering. Their ability to integrate 
knowledge from various domains allowed for ground-
breaking insights and holistic understanding. However, 
as scientific knowledge expanded, specialization became 
necessary. The increasing complexity of scientific inquiry 
led to the division of knowledge into distinct academic 
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disciplines, allowing for deeper exploration and innovation 
in specific fields.

The transition to specialized disciplines were accelerated 
during the 18th and 19th centuries, particularly with the rise 
of industrialization and the need for technical expertise. The 
demand for advanced knowledge in specific areas, such as 
medicine, chemistry, and engineering, necessitated a shift 
from broad-based learning to focused study. As research 
institutions and universities grew, they began offering 
structured curricula dedicated to disciplines, reinforcing 
specialization.

The development of professional societies, research 
institutions, and academic journals further reinforced this 
shift, establishing specialized domains of knowledge that 
required rigorous training and peer evaluation. Scientific 
disciplines became more distinct, each with its own 
methodologies, terminologies, and research frameworks. 
This evolution enabled deeper scientific breakthroughs, 
fostering an era of rapid progress in fields such as physics, 
biology, and applied sciences. The division of labour in 
scientific research ensured that experts could delve into 
specific challenges, leading to significant technological and 
theoretical advancements.

Specialization also led to interdisciplinary collaborations, 
where experts from different fields work together to solve 
complex problems. This approach has been particularly 
evident in contemporary science, where disciplines such 
as biophysics, computational biology, and environmental 
science integrate knowledge from multiple domains to 
address modern challenges. While specialization has been 
crucial for progress, maintaining a broad perspective 
remains valuable, as it allows for cross-disciplinary insights 
that can drive innovation and discovery.

1.1.4.1 Institutionalization of Knowledge and 
Scientific Classification

The formalization of academic discipline was marked by 
the establishment of universities, research academies, and 
professional organizations. Institutions such as the Royal 
Society (founded in 1660), the French Academy of Sciences 
(founded in 1666), and later institutions like the Max Planck 
Institutes played crucial roles in the organization and 
advancement of scientific research. Scientific classification 
also became essential in structuring knowledge. Influenced 
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by Enlightenment thinkers, scholars sought to systematically 
categorize different branches of science. Carl Linnaeus’ 
taxonomic system in biology, Dmitri Mendeleev’s periodic 
table in chemistry, and Euclidean and non-Euclidean 
geometry in mathematics exemplified this effort to bring 
order to scientific understanding. The rise of peer-reviewed 
journals, such as Nature and Science, provided platforms for 
the exchange of ideas, allowing scholars to refine theories 
and build upon existing research. Standardized curricula 
in universities ensured that scientific knowledge was 
transmitted systematically, fostering a culture of innovation 
and scholarly rigor.

1.1.4.2 Evolution of Key Disciplines: Physics, 
Chemistry, Biology, Mathematics

1.	 Physics: The development of physics as a distinct dis-
cipline can be traced to the works of Galileo, Newton, 
and later figures like Maxwell and Einstein. Newto-
nian mechanics provided a mathematical framework 
for understanding motion and forces, while Max-
well’s equations revolutionized electromagnetism. In 
the 20th century, quantum mechanics and relativity 
theory transformed the understanding of matter and 
energy, paving the way for technological advance-
ments such as semiconductors and nuclear energy.

2.	 Chemistry: Chemistry emerged as a separate disci-
pline with the discovery of fundamental elements 
and the formulation of the periodic table by Mende-
leev. Antoine Lavoisier’s work on chemical reactions 
laid the foundation for modern chemistry, transition-
ing it from alchemy to an empirical science. The field 
expanded into organic chemistry, physical chemistry, 
and biochemistry, leading to breakthroughs in medi-
cine, industry, and materials science.

3.	 Biology: The formalization of biology as a science 
was significantly influenced by Charles Darwin’s 
theory of evolution and Gregor Mendel’s principles 
of genetics. Advances in microbiology by Louis Pas-
teur and Robert Koch laid the groundwork for med-
ical and environmental biology. The 20th and 21st 
centuries saw rapid developments in molecular bi-
ology, genomics, and biotechnology, revolutionizing 
healthcare and environmental conservation.
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4.	 Mathematics: Mathematics evolved from practical 
arithmetic and geometry to an abstract, structured 
discipline essential for all scientific fields. The con-
tributions of Euclid, Newton, Gauss, and Hilbert 
helped shape the development of algebra, calculus, 
and modern mathematical logic. Today, mathemat-
ics underpins advancements in data science, cryp-
tography, artificial intelligence, and computational 
modelling.

The emergence of academic disciplines has shaped the 
structure of modern science, allowing for focused research 
and technological progress. The institutionalization of 
knowledge and the classification of scientific fields continue to 
evolve, responding to new discoveries and interdisciplinary 
collaborations that challenge traditional boundaries.

1.1.5 Universities and Formal Research
Before the establishment of modern universities, various 

centres of learning across different civilizations played a 
crucial role in preserving, expanding, and transmitting 
knowledge. These institutions, ranging from ancient 
Greek academics to Islamic madrasas and medieval 
European cathedral schools, served as hubs of intellectual 
activity, fostering advancements in diverse fields such 
as philosophy, mathematics, astronomy, and medicine. 
One of the earliest known centres of learning was Plato’s 
Academy in ancient Greece, founded around 387 BCE. The 
Academy became a significant institution for philosophical 
and scientific discourse, attracting scholars who engaged in 
rigorous discussions on metaphysics, ethics, and political 
theory. Aristotle, one of Plato’s most famous students, later 
established the Lyceum, where empirical observation and 
systematic inquiry were emphasized, laying the groundwork 
for scientific methodology.

In the Islamic world, the House of Wisdom in Baghdad 
also known as the Grand Library of Baghdad, founded 
during the Abbasid Caliphate in the 8th century, became a 
renowned intellectual centre. Scholars from diverse cultural 
and religious backgrounds gathered there to translate and 
expand upon Greek, Persian, and Indian texts. The House of 
Wisdom contributed immensely to the fields of mathematics, 
astronomy, medicine, and philosophy. Figures like Al-
Khwarizmi, the father of algebra, and Ibn Sina, whose works 
in medicine were foundational for centuries, emerged from 
this vibrant intellectual atmosphere. The spread of such 
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knowledge through the Islamic world influenced the later 
European Renaissance.

Meanwhile, medieval Europe saw the rise of cathedral 
schools, which laid the foundation for the establishment of 
universities. The University of Bologna, founded in 1088, was 
recognised as the oldest continuously operating university in 
the world. Initially focusing on legal studies, it soon expanded 
to include philosophy, medicine, and the arts. The University 
of Paris, known for its theological and philosophical teachings, 
became another leading institution of medieval scholarship, 
fostering intellectual debates that shaped European thought. 
Monastic schools also played an essential role in preserving 
classical knowledge during the early Middle Ages. Monks in 
monasteries meticulously copied and studied ancient texts, 
ensuring that Greek and Roman works survived and were 
reintroduced to Europe during the Renaissance. These early 
centres of learning not only safeguarded knowledge but also 
stimulated intellectual exchanges between civilizations. Their 
contributions laid the foundation for the modern university 
system, influencing the development of education, research, 
and scientific thought. Through translation movements, 
scholarly debates, and the establishment of institutional 
structures, these centres ensured the continuity and evolution 
of human understanding, shaping the intellectual traditions 
that continue to guide learning today.

The emergence of modern universities in the 12th and 
13th centuries, such as the University of Paris and the 
University of Oxford, marked a significant shift in knowledge 
dissemination. These institutions developed structured 
curricula, formal degrees, and research-oriented faculties, 
leading to the professionalization of scientific inquiry. By 
the 19th century, universities became centres of specialized 
education, fostering disciplines like physics, chemistry, and 
biology. As universities evolved, they adopted systematic 
approaches to education, integrating rigorous examinations 
and formalized academic degrees. The medieval university 
model was based on the trivium (grammar, logic, and 
rhetoric) and quadrivium (arithmetic, geometry, music, and 
astronomy), which laid the foundation for modern liberal arts 
education. Over time, the curriculum expanded to include 
professional and applied sciences, reinforcing universities as 
institutions of comprehensive learning. The establishment 
of research universities in the 19th and early 20th centuries, 
such as those modelled after the Humboldtian system in 
Germany, revolutionized higher education. These institutions 
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emphasized both teaching and research, fostering innovation 
and scientific discovery. Universities like Harvard, Oxford, 
and Heidelberg played pivotal roles in shaping modern 
disciplines and influencing global academic standards.

Today, modern universities continue to be dynamic 
institutions, driving knowledge creation and societal 
progress through interdisciplinary research and global 
collaboration. With advancements in digital education and 
online learning, universities are further expanding their 
reach, making higher education more accessible than ever 
before.

1.1.5.1 The Rise of Scientific Societies: Royal 
Society, French Academy of Sciences

The 17th and 18th centuries witnessed the formation of 
scientific societies dedicated to advancing research and 
promoting knowledge exchange. Among the most influential 
were the Royal Society of London, founded in 1660, and the 
French Academy of Sciences, established in 1666. These 
institutions provided platforms for collaboration among 
scholars, facilitating the publication of scientific discoveries 
and the standardization of methodologies.

The Royal Society of London was formed under the 
patronage of King Charles II and became a pioneering 
institution in empirical scientific inquiry. It encouraged 
experimentation and observation as central tenets of 
scientific progress. Through its publication, the Philosophical 
Transactions, the Royal Society established one of the first 
peer-reviewed scientific journals, allowing for the systematic 
dissemination of research findings.

Similarly, the French Academy of Sciences played a 
crucial role in organizing and funding scientific research 
in France. Founded by Louis XIV under the guidance of 
his finance minister Jean-Baptiste Colbert, the Academy 
attracted leading scientists such as René Descartes and Blaise 
Pascal. The Academy’s emphasis on systematic research 
and theoretical advancements contributed significantly to 
fields such as physics, astronomy, and engineering. These 
scientific societies laid the groundwork for modern scientific 
institutions and practices. They fostered interdisciplinary 
collaboration, encouraged rigorous experimentation, and 
established mechanisms for verifying and publishing 
scientific knowledge. Their legacy continues today in 
the form of academic journals, research institutions, and 
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international scientific collaboration, which remain essential 
to the progress of science and technology.

1.1.5.2 Peer Review and the Standardization of 
Scientific Research

The peer review system, established in the 18th and 
19th centuries, played a critical role in maintaining the 
integrity and credibility of scientific research. By subjecting 
research findings to rigorous evaluation by experts, peer 
review ensured the reliability of scientific knowledge. The 
standardization of methodologies, ethical guidelines, and 
academic publishing further strengthened the scientific 
community, enabling continuous progress in various 
disciplines. The establishment of universities and formal 
research institutions has profoundly shaped the scientific 
landscape, promoting systematic inquiry and fostering 
innovation. These developments laid the groundwork for 
the structured scientific enterprise that continues to drive 
technological and intellectual advancements today.

	♦ Credibility

The rise of modern science was characterized by significant transformations in 
knowledge production, methodology, and institutional support. The Renaissance 
revived classical learning and emphasized humanistic inquiry, the Enlightenment 
promoted reason and empirical investigation, and the Scientific Revolution laid the 
foundation for modern scientific disciplines. These periods collectively fostered a 
shift from speculative thought to systematic observation and experimentation. The 
Renaissance reintroduced ancient Greek and Roman ideas, sparking intellectual 
curiosity and a renewed emphasis on empirical study. The Enlightenment further 
reinforced these principles by advocating for rationalism and skepticism, leading 
to the refinement of the scientific method. The Scientific Revolution provided the 
necessary framework for the development of physics, astronomy, chemistry, and 
biology, establishing science as a structured and self-correcting discipline.

The emergence of specialized academic fields, the foundation of universities, 
and the creation of scientific societies ensured that knowledge was systematically 
organized, shared, and expanded. These developments not only transformed the 
intellectual landscape of their time but also laid the groundwork for contemporary 
scientific advancements. The principles established during these transformative 
periods continue to influence modern science and technology. The emphasis on 
observation, experimentation, and peer review remains central to scientific inquiry 
today. Technological innovations, from space exploration to genetic engineering, 
can trace their conceptual roots to the methodologies developed during the 
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Scientific Revolution and the Enlightenment. Furthermore, the institutionalization 
of research through universities and scientific societies has ensured a continuous 
expansion of knowledge, fostering interdisciplinary collaboration and innovation. 
The legacy of these historical movements underscores the importance of critical 
thinking, empirical validation, and ethical considerations in the pursuit of scientific 
progress.

Self-Assessment Questions
1.	 How did the Renaissance contribute to the rise of modern science?
2.	 What were the key scientific advancements during the Enlightenment?
3.	 How did the Scientific Revolution change the approach to scientific in-

quiry?
4.	 What role did universities play in the institutionalisation of scientific 

research?
5.	 What are the major challenges faced by modern universities in scien-

tific research?
6.	 How did the Industrial Revolution influence university curricula and 

research priorities?
7.	 Why is interdisciplinary collaboration important in modern scientific 

research?
8.	 What are some ethical concerns associated with contemporary scientif-

ic advancements?
9.	 How did the establishment of academic journals shape scientific knowl-

edge dissemination?
10.	 In what ways has the digital transformation impacted university-based 

research and education?

1.	 Describe the historic events that led to development of modern science?

2.	 Evaluate how scientific revolution reshaped the traditional knowledge 
and its accumilation?

AssignmentsS
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3.	 Assess how the emergence of academic disciplines shaped the structure 
of modern science? 

4.	 Discuss the role of scientific socities inadvancing research and knowledge 
exchange.

SG
O
U



23SGOU - SLM - MA Sociology -  Science, Technology and Society

Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed for 
each paragraph. The space given below can be used for listing the questions.
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Modernisation and Capitalism

Learning Outcomes

Background

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

	♦ understand the key concepts and characteristics of modernisation
	♦ analyse the impact of modernisation on societies, economies, and cultures
	♦ examine the fundamental features of industrial capitalism and its role in 

shaping modern economic systems
	♦ critically evaluate the relationship between modernisation, capitalism, and 

technological advancements

Modernisation and capitalism are two intertwined processes that have shaped 
the contemporary world. Modernisation refers to the transition from traditional, 
agrarian societies to industrialized and technologically advanced ones. It is 
characterized by scientific progress, urbanization, bureaucratic governance, and 
shifts in cultural and social structures. Industrial capitalism, which emerged 
alongside modernisation, is an economic system based on private ownership, 
wage labor, and market competition. Together, these phenomena have 
transformed human civilization, leading to unprecedented economic growth, 
technological innovation, and social change.

The origins of modernisation can be traced back to the Renaissance and 
Enlightenment, but it gained momentum during the Industrial Revolution (18th–
19th centuries). Capitalism, particularly in its industrial form, flourished because 
of technological advancements, mechanization, and global trade. However, 
modernisation and capitalism have also faced criticism for their role in economic 
inequalities, environmental degradation, and cultural homogenization. This 
unit explores these concepts in depth, highlighting their historical development, 
characteristics, and implications for society.

UNIT
2
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Keywords
Transition, Industrialization, Urban, Rationalization, Economy

Discussion

1.2.1 Concept of Modernisation
Modernisation is the process by which societies move 

from traditional, agrarian economies to industrial and 
technologically advanced ones. It is often associated 
with urbanization, secularization, rationalization, and 
bureaucratic organization. Scholars such as Max Weber, 
Émile Durkheim, and Walt Rostow have contributed to the 
theoretical understanding of modernisation.

Weber emphasized rationalization as a key element of 
modernisation, arguing that societies progress by adopting 
systematic, efficiency-driven processes in governance, 
economy, and social institutions. His concept of the 
Protestant Ethic and the Spirit of Capitalism highlights how 
religious values contributed to economic rationalization and 
industrial growth. Durkheim, on the other hand, analysed 
modernisation from a sociological perspective, focusing on 
the shift from mechanical solidarity (based on homogeneity 
and tradition) to organic solidarity (based on specialization 
and interdependence in modern societies).

Rostow’s “Stages of Economic Growth” model outlines 
five distinct stages that societies undergo to become modern:

1.	 Traditional Society – Characterized by subsistence 
agriculture, limited technological advancement, and 
hierarchical social structures.

2.	 Preconditions for Take-off – Development of infra-
structure, accumulation of capital, and the begin-
nings of industrialization.

3.	 Take-off – Rapid industrialization, urbanization, 
and growth in investment and production.

	♦ Social mobility

	♦ Progress and 
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	♦ Technological 
revolution

4.	 Drive to Maturity – Diversification of industries, ex-
pansion of technological innovation, and improved 
education systems.

5.	 Age of High Mass Consumption – Advanced econ-
omies with widespread consumer goods, high living 
standards, and service-based industries.

1.2.2 Features of Modernisation
Modernisation is characterized by several interrelated 

features:
1.	 Technological Advancement

Technological advancement is a cornerstone of 
modernisation, enabling societies to progress in various 
domains, including industry, agriculture, communication, 
and healthcare. The introduction of steam engines during 
the Industrial Revolution, the invention of the telegraph and 
telephone, and the development of artificial intelligence in 
the digital age have revolutionized production processes 
and global connectivity. For example, the Green Revolution 
in agriculture introduced high-yield crops and advanced 
irrigation systems, significantly increasing food production 
and reducing famine rates in many developing countries. 
However, technological advancements also pose challenges 
such as job displacement due to automation, digital divides, 
and cybersecurity threats.

2.	 Urbanization

Urbanization refers to the migration of populations from 
rural to urban areas, leading to the expansion of cities. 
This phenomenon is closely linked to industrialization, 
as urban centres offer better employment opportunities, 
healthcare, and education. For instance, the rise of 
megacities like New York, Tokyo, and Mumbai showcases 
the rapid urban expansion fuelled by industrial capitalism. 
However, urbanization also presents challenges, including 
overcrowding, inadequate infrastructure, pollution, and 
increased socio-economic disparities. The growth of slums in 
developing countries, such as Dharavi in Mumbai, highlights 
the downside of rapid urbanization when city planning and 
resource allocation fail to keep pace.

3.	 Political and Social Change
Modernisation has facilitated democratic governance, 

political participation, and social justice movements. 

	♦ In migration SG
O
U



27SGOU - SLM - MA Sociology -  Science, Technology and Society

The transition from monarchical and feudal systems to 
democratic states was influenced by Enlightenment ideals 
emphasizing liberty and human rights. Events such as the 
French Revolution (1789) and the Civil Rights Movement 
in the U.S. (1960s) illustrate how modernisation fosters 
political and social reforms. Moreover, legal advancements 
like universal suffrage and gender equality laws have 
been driven by modern ideals. However, modernisation 
has also led to authoritarian regimes using technology for 
mass surveillance, as seen in some contemporary states, 
highlighting its dual nature.

4.	 Secularization

Secularization is the declining influence of religious 
institutions in political and social life, replaced by scientific 
reasoning and secular governance. This shift is evident in 
countries that have adopted separation of church and state, 
such as France and the United States. Scientific advancements, 
including Darwin’s theory of evolution, challenged religious 
explanations of the natural world, leading to increased 
secular thought. However, secularization has been met with 
resistance in many societies where religious beliefs remain 
central to cultural identity and governance. The ongoing 
debate over religious freedom and secular policies in 
education and public institutions highlights the complexities 
of this process.

5.	 Economic Development
Economic development refers to the transformation 

from agrarian economies to industrial and service-based 
economies. This shift is driven by technological innovation, 
globalization, and industrial capitalism. Countries like 
South Korea and Singapore rapidly modernized through 
investments in industrial infrastructure and education, 
transitioning from agrarian economies to global economic 
hubs. However, economic development has also led to 
concerns about resource depletion, income inequality, 
and labor exploitation. The emergence of multinational 
corporations and global trade agreements has further 
complicated economic relationships between developed and 
developing nations.

6.	 Education and Literacy

Education and literacy play a crucial role in modernisation 
by fostering scientific knowledge, technical skills, and critical 
thinking. The establishment of public education systems, 
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research universities, and online learning platforms has 
expanded access to knowledge. Countries that prioritize 
education, such as Finland and Japan, demonstrate high 
levels of human capital development and economic 
prosperity. However, educational disparities persist, with 
many developing regions lacking adequate access to quality 
education, thus limiting modernisation potential. Moreover, 
the rise of digital education and artificial intelligence-
driven learning platforms is reshaping traditional education 
systems, raising questions about the future of knowledge 
dissemination.

1.2.2.2 Impact of Modernisation
Modernisation has significantly influenced societies 

worldwide, bringing both progress and challenges. Its 
impact can be seen in various domains, including economic 
growth, technological advancements, urbanization, and 
cultural transformations. However, modernisation has also 
led to environmental issues, social inequalities, and cultural 
disruptions. Understanding its multifaceted consequences 
is crucial for developing sustainable policies that balance 
growth with ethical considerations.

1.	 Economic Growth and Industrial Expansion

One of the most significant outcomes of modernisation 
has been rapid economic development. The transition from 
agrarian economies to industrial and service-based economies 
has increased productivity, improved living standards, and 
expanded global trade networks. Countries such as Japan, 
South Korea, and China have successfully modernized their 
economies through industrialization, technology-driven 
growth, and infrastructure investments. However, economic 
modernisation has also resulted in income inequality, job 
displacement due to automation, and financial crises. The 
increasing dominance of multinational corporations has 
created global wealth disparities, with developed nations 
reaping the most benefits while developing countries 
struggle with debt and economic dependency.

2.	 Technological Advancements and Innovation
Modernisation has fuelled scientific and technological 

innovations, leading to breakthroughs in medicine, 
transportation, communication, and artificial intelligence. 
Innovations such as the internet, automation, and renewable 
energy have revolutionized industries, making processes 

	♦ Cultural capital

	♦ Significance of 
modernisation

	♦ Economic 
development SG

O
U



29SGOU - SLM - MA Sociology -  Science, Technology and Society

more efficient and cost-effective. The healthcare sector has 
also benefited from modernisation, with advancements in 
medical imaging, vaccines, and biotechnology significantly 
improving life expectancy and quality of life. However, 
the rapid pace of technological change has raised ethical 
concerns, including privacy issues, cybersecurity threats, 
and the potential loss of jobs due to artificial intelligence and 
automation. The digital divide, wherein access to technology 
remains unequal across different socioeconomic groups, 
continues to be a pressing challenge.

3.	 Urbanization and Infrastructure Development

Urbanization is a direct consequence of modernisation, 
as people migrate from rural areas to cities in search of 
better job opportunities, healthcare, and education. The 
growth of megacities like Shanghai, New York, and São 
Paulo showcases the extent of urban expansion driven by 
industrial capitalism. While urbanization has contributed 
to economic dynamism, it has also led to challenges such 
as overcrowding, housing shortages, traffic congestion, and 
pollution. In many developing nations, informal settlements 
and slums have emerged due to inadequate urban planning, 
resulting in poor sanitation, lack of clean water, and increased 
vulnerability to health crises. Sustainable urbanization, 
incorporating green technologies and smart city initiatives, 
is essential to mitigating these problems.

4.	 Environmental Challenges and Climate Change

Despite its many benefits, modernisation has 
contributed significantly to environmental degradation. 
The mass production and industrialization associated with 
modernisation have led to deforestation, air and water 
pollution, and greenhouse gas emissions. Climate change, 
driven by fossil fuel consumption and unsustainable 
agricultural practices, threatens global ecosystems and 
biodiversity. Events such as rising sea levels, extreme 
weather conditions, and resource depletion highlight the 
urgent need for sustainable development strategies. While 
modernisation has enabled renewable energy innovations, 
many industries continue to rely on non-renewable resources, 
exacerbating environmental concerns. Governments and 
global organizations must implement strict environmental 
policies to ensure that modernisation progresses without 
further harming the planet.
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5.	 Social Inequalities and Labor Exploitation

While modernisation has created wealth and opportunities, 
it has also led to widening socioeconomic gaps. The 
concentration of wealth in the hands of a few, as seen in 
capitalist economies, has resulted in economic inequality 
and labor exploitation. In many developing countries, 
industrialization has led to poor working conditions, child 
labor, and unfair wages, particularly in manufacturing sectors 
such as textiles and electronics. The rise of the gig economy, 
while providing flexible employment opportunities, has also 
raised concerns about job security, fair wages, and workers’ 
rights. Social policies and labor laws must evolve alongside 
modernisation to protect workers from exploitation and 
ensure equitable economic participation.

6.	 Cultural Transformations and Identity Loss

Modernisation has had a profound impact on cultural 
traditions and societal norms. The spread of global media, 
Western consumer culture, and digital communication 
has led to cultural homogenization, where local traditions 
and indigenous knowledge systems are being replaced 
by dominant global cultures. For example, the increasing 
influence of Hollywood, fast food chains, and Western 
fashion trends has altered traditional lifestyles in many non-
Western societies. While globalization fosters cross-cultural 
interactions and diversity, it also raises concerns about 
cultural erosion and loss of heritage. Many communities are 
striving to preserve their linguistic and artistic traditions 
amidst the pressures of modernisation.

7.	 Political and Governance Challenges

The modernisation of governance structures has 
introduced both democratic advancements and authoritarian 
challenges. While many nations have embraced democratic 
governance, promoting transparency, civil liberties, and 
human rights, others have used modernisation tools such 
as mass surveillance, artificial intelligence, and digital 
propaganda to maintain authoritarian control. The Arab 
Spring uprisings exemplify how modernisation, particularly 
through social media, can facilitate political movements and 
citizen activism. However, the increasing use of big data and 
artificial intelligence in governance raises ethical concerns 
about privacy, freedom of speech, and state control over 
digital infrastructure.
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Modernisation has transformed societies, economies, 
and governance systems, bringing numerous benefits while 
also presenting significant challenges. While it has driven 
economic prosperity, technological progress, and improved 
living standards, it has also contributed to environmental 
crises, economic inequality, labor exploitation, and cultural 
homogenization. Addressing these challenges requires a 
balanced approach that integrates sustainable development, 
ethical technological advancements, and inclusive social 
policies. Moving forward, modernisation must be pursued 
in a way that fosters equity, sustainability, and global 
cooperation, ensuring that progress benefits all members of 
society while minimizing its negative consequences.

1.2.2.3 Criticism 
Modernisation theory has been widely debated, with critics 

arguing that it is Eurocentric, assuming that all societies must 
follow the same developmental path as Western nations. 
This perspective implies that industrialization, urbanization, 
and secularization are the only markers of progress, often 
overlooking the diverse cultural and economic contexts of 
different societies. Many scholars challenge this assumption, 
arguing that modernisation theory neglects indigenous 
knowledge systems, traditional governance structures, 
and alternative forms of economic development that exist 
outside Western models.

One of the strongest critiques of modernisation theory 
comes from dependency theory, which suggests that 
modernisation often reinforces global inequalities rather 
than eliminating them. According to scholars such as Andre 
Gunder Frank and Immanuel Wallerstein, developing 
countries remain economically dependent on wealthier 
nations due to historical patterns of colonial exploitation, 
unequal trade relationships, and the dominance of 
multinational corporations. This results in a global economy 
where resources and wealth continue to flow from the Global 
South to the Global North, leaving poorer nations in a state 
of perpetual economic subordination. For example, many 
African and Latin American countries struggle with debt 
dependency and resource extraction industries controlled 
by foreign corporations, limiting their ability to modernize 
on their own terms.

Additionally, critics argue that modernisation often leads 
to cultural homogenization, eroding traditional values, 
languages, and ways of life. The spread of Western consumer 
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culture, fast food chains, Hollywood films, and global 
fashion brands, has resulted in the decline of indigenous 
and local cultures. While globalization has fostered cultural 
exchange, it has also raised concerns about the loss of unique 
cultural identities. For example, the dominance of English as 
a global language has marginalized indigenous languages, 
leading to their gradual disappearance. Similarly, traditional 
agricultural practices have been replaced by large-scale 
industrial farming, altering local food systems and rural 
economies.

1.2.2.4 Alternative Models of Development
In response to these criticisms, alternative models of 

development have emerged that challenge the one-size-fits-all 
approach of modernisation theory. These models emphasize 
sustainability, social equity, and local empowerment rather 
than merely economic growth and industrialization. Some 
of the key alternative perspectives include:

1.	 Sustainable Modernisation – This approach inte-
grates economic progress with environmental sus-
tainability. It advocates for the use of renewable 
energy, eco-friendly urban planning, and green tech-
nologies to ensure that modernisation does not come 
at the cost of environmental degradation. Countries 
such as Sweden and Denmark have successfully 
adopted sustainable modernisation strategies, in-
vesting in wind and solar energy, sustainable public 
transport systems, and carbon-neutral policies.

2.	 Human Development Approach – Proposed by Am-
artya Sen and Mahbubul Haq, this model prioritizes 
education, healthcare, and social well-being over 
mere economic output. The United Nations Human 
Development Index (HDI) is based on this perspec-
tive, measuring a country’s development based on 
life expectancy, literacy rates, and standard of living, 
rather than just GDP. Countries such as Norway and 
Finland, which invest heavily in social welfare, con-
sistently rank high on the HDI.

3.	 Postcolonial and Indigenous Perspectives – Many 
scholars and activists advocate for development 
models that respect indigenous knowledge systems 
and traditional governance structures. Indigenous 
communities in Latin America, Canada, and Austra-

	♦ Cultural 
homogenization

SG
O
U



33SGOU - SLM - MA Sociology -  Science, Technology and Society

lia have resisted Western development models, pro-
moting economic and environmental policies that 
align with their cultural values. For example, Ecua-
dor and Bolivia have enshrined the rights of nature 
in their constitutions, recognizing the legal status of 
ecosystems and prioritizing ecological balance over 
industrial growth.

4.	 Degrowth Movement – This radical alternative to 
modernisation challenges the idea that continuous 
economic growth is necessary for progress. Advo-
cates of degrowth argue that reducing consumption, 
shortening work hours, and promoting communal 
living can lead to a more sustainable and equitable 
society. While this approach is controversial, it has 
gained traction in discussions about climate change 
and overconsumption, particularly in wealthy na-
tions.

1.2.2.5 The Evolving Nature of Modernisation
Modernisation is not a static concept; it continues 

to evolve in response to technological advancements, 
globalization, and shifting political ideologies. While some 
aspects of modernisation—such as industrialization and 
urbanization—remain central to economic progress, new 
debates have emerged regarding digital modernisation, 
artificial intelligence, and the ethics of technological 
progress. For example, countries like China and India are 
modernizing rapidly, but their approaches differ from 
Western models. China’s state-led modernisation strategy, 
which blends capitalist economic policies with strong 
governmental control, challenges the traditional notion 
that modernisation must be linked to democracy. Similarly, 
India’s modernisation is deeply influenced by its historical 
and cultural context, balancing technological progress 
with traditional practices such as Ayurveda and rural self-
sufficiency movements.

Another crucial aspect of modern modernisation debates 
is the role of automation and artificial intelligence (AI). While 
AI-driven industries promise efficiency and productivity 
gains, they also raise concerns about mass unemployment, 
data privacy, and ethical AI governance. The rise of smart 
cities, digital economies, and remote work suggests that 
modernisation in the 21st century will be heavily shaped by 
technological integration and digital transformations.
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While modernisation has undeniably led to economic 
growth, technological advancements, and improved living 
standards, its critiques highlight deep-seated structural 
inequalities, cultural disruptions, and environmental 
consequences. The Eurocentric biases of traditional 
modernisation theories, as well as the challenges of global 
inequalities, unsustainable development, and cultural 
homogenization, demonstrate the need for alternative and 
inclusive development approaches.

As modernisation continues to evolve, policymakers and 
societies must embrace context-sensitive, sustainable, and 
equitable modernisation models that prioritize social well-
being, environmental stewardship, and cultural diversity. 
By learning from both the successes and failures of past 
modernisation efforts, future development strategies can 
create a more just, inclusive, and sustainable global society.

1.2.3 Concept and Features of Industrial 
Capitalism

Industrial capitalism is an economic system that emerged 
during the Industrial Revolution. It is based on private 
ownership of production, wage labour, profit maximization, 
and competitive markets. Unlike earlier forms of capitalism, 
such as mercantile capitalism, industrial capitalism relies on 
mechanization and factory-based production.

1.	 Private Property and Ownership

One of the fundamental principles of industrial capitalism 
is the concept of private property and ownership. In capitalist 
economies, individuals and businesses have the right to own 
and control resources such as land, factories, and machinery. 
This principle enables entrepreneurs to invest in businesses, 
develop infrastructure, and generate wealth. Unlike in 
feudal or socialist systems, where land and production may 
be controlled by the state or communal groups, capitalist 
economies rely on private investment and competition to 
drive innovation and efficiency. For example, the growth of 
corporations such as Ford, General Electric, and Microsoft 
showcases how private ownership has fuelled industrial 
and technological advancements. However, critics argue 
that excessive privatization can lead to monopolies, wealth 
concentration, and economic disparities.
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2.	 Wage Labour

Wage labour is a defining feature of industrial capitalism, 
where workers sell their labour in exchange for wages rather 
than producing goods for personal consumption or bartering. 
This system replaced feudal labour structures, where 
peasants worked on land owned by nobility. The industrial 
revolution led to the rise of factory labour, requiring workers 
to specialize in specific tasks in mass production settings. 
While wage labour has enabled millions of people to earn 
incomes and improve their living standards, it has also 
resulted in worker exploitation, poor working conditions, and 
income inequality. For instance, early industrial labourers 
in textile mills and coal mines faced long working hours, 
low wages, and hazardous environments. Today, debates 
about minimum wage laws, labour unions, and job security 
continue to shape discussions about wage labour in capitalist 
economies.

3.	 Market Economy

Industrial capitalism operates on a market economy, 
where prices and production levels are determined by 
supply and demand rather than central state planning. This 
economic model encourages competition, efficiency, and 
consumer choice. When demand for a product increases, 
businesses expand production and hire more workers, 
leading to economic growth. Conversely, when demand 
falls, businesses may downsize or shift production. Countries 
like the United States, Germany, and Japan have thrived 
under market-driven capitalism, developing advanced 
industries in automobiles, technology, and pharmaceuticals. 
However, market economies can also lead to economic 
recessions, income inequalities, and financial crises when 
left unregulated, as seen in the Great Depression (1929) 
and the 2008 financial crisis. Governments often intervene 
with policies such as taxation, social welfare programs, and 
financial regulations to address market failures.

4.	 Profit Motive

A key driving force of industrial capitalism is the profit 
motive, where businesses operate with the primary goal of 
maximizing profits. Entrepreneurs and corporations invest in 
production, innovation, and labour to increase revenues and 
minimize costs. The profit motive encourages risk-taking, 
competition, and efficiency, leading to the development 
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of new technologies, improved products, and economic 
expansion. For example, companies like Apple, Amazon, 
and Tesla have revolutionized industries by constantly 
seeking new markets and innovative products. However, the 
relentless pursuit of profit can sometimes lead to unethical 
business practices, such as environmental degradation, 
worker exploitation, and price manipulation. Corporate 
social responsibility (CSR) initiatives aim to balance profit-
seeking with ethical considerations, promoting sustainable 
and fair business practices.

5.	 Industrialization and Mechanization

Industrial capitalism is closely linked to industrialization 
and mechanization, where mass production of goods is 
facilitated by advanced machinery, automation, and factory 
systems. The 18th and 19th centuries saw a dramatic shift from 
manual labor to mechanized production, leading to faster 
manufacturing, increased output, and lower production 
costs. Innovations such as the steam engine, assembly line, 
and electricity-powered machinery transformed industries 
like textiles, steel, and transportation. In modern times, 
advancements in robotics, artificial intelligence, and 3D 
printing continue to drive industrial progress. However, 
mechanization has also displaced workers, leading to 
concerns about automation-driven unemployment. While 
industrialization has raised global living standards, it has 
also contributed to environmental issues such as pollution, 
resource depletion, and carbon emissions, necessitating 
sustainable industrial practices.

6.	 Financial Institutions and Capital Markets

The growth of industrial capitalism has been supported 
by the development of financial institutions and capital 
markets, which facilitate investment, business expansion, 
and economic stability. Banks, stock exchanges, and credit 
systems enable companies to raise capital, fund innovations, 
and expand operations. For example, the New York Stock 
Exchange (NYSE) and London Stock Exchange (LSE) have 
played a crucial role in funding global corporations. Financial 
institutions also provide loans, insurance, and investment 
opportunities that drive economic activity. However, the 
financial sector has also been criticized for speculative 
bubbles, banking crises, and economic manipulation. Events 
such as the 2008 global financial crisis, caused by risky 
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lending practices, highlight the dangers of unregulated 
financial markets. As a result, many governments implement 
financial regulations to prevent economic instability while 
still encouraging investment and economic growth.

Industrial capitalism has transformed global economies 
by fostering private ownership, market-driven production, 
and technological innovation. While it has generated 
unprecedented wealth, improved living standards, and 
driven industrial progress, it has also contributed to economic 
inequality, labor exploitation, and environmental challenges. 
Understanding the key features of industrial capitalism—
such as wage labor, market economies, industrialization, 
and financial institutions—is essential for analyzing modern 
economic systems. Moving forward, balancing economic 
growth with sustainability, ethical business practices, and 
social equity will be crucial in shaping the future of industrial 
capitalism.

1.2.3.1 Impact of Industrial Capitalism
Industrial capitalism has been instrumental in driving 

economic growth, innovation, and global trade. It has led 
to the creation of mass consumer markets and improved 
productivity, resulting in higher living standards for many. 
However, capitalism has also been criticized for contributing 
to economic inequality, labor exploitation, environmental 
degradation, and cyclical economic crises. The rise of 
monopolies, worker exploitation in early factories, and 
financial instability highlight some of the challenges inherent 
in industrial capitalism. 

1.	 Economic Growth and Innovation

Industrial capitalism has significantly contributed to global 
economic expansion by encouraging entrepreneurship, 
technological advancements, and industrial production. 
Nations such as the United States, Germany, and Japan have 
benefited immensely from capitalist economies, leading to 
rapid industrialization and improved standards of living. The 
profit-driven nature of capitalism has also spurred scientific 
research, technological breakthroughs, and infrastructure 
development, fostering an environment where businesses 
compete to enhance efficiency and consumer satisfaction. 
However, this rapid growth has also resulted in unequal 
wealth distribution, where large corporations and a few 
wealthy individuals control a significant share of the global 
economy.
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2.	 Labour Exploitation and Income Inequality

While industrial capitalism has created job opportunities, 
it has also led to exploitation and poor working conditions, 
particularly during the early phases of industrialization. In 
the 19th and early 20th centuries, factory workers endured 
long hours, unsafe environments, and minimal wages. The 
emergence of labour unions and worker rights movements 
helped improve conditions, but income disparities remain a 
concern in modern capitalism. Today, corporate outsourcing 
and the gig economy have introduced new forms of labor 
exploitation, where workers in developing nations often 
endure low wages and poor job security while producing 
goods for multinational corporations. The growing wage 
gap between CEOs and workers further illustrates how 
capitalism benefits the wealthy disproportionately.

3.	 Environmental Degradation and Resource Ex-
ploitation

The capitalist drive for profit has often led to unsustainable 
industrial practices, deforestation, pollution, and climate 
change. The reliance on fossil fuels, intensive agriculture, and 
mass production has accelerated environmental degradation. 
For instance, industrial pollution from factories and 
automobiles has contributed to air and water contamination, 
affecting both human health and ecosystems. Capitalist 
economies have also encouraged the overexploitation 
of natural resources, resulting in deforestation, soil 
depletion, and loss of biodiversity. Although sustainable 
business models and green technologies are gaining 
traction, industries driven by profit often resist stringent 
environmental regulations.

4.	 Financial Crises and Market Instability

Industrial capitalism is prone to boom-and-bust cycles, 
where periods of economic prosperity are followed by 
financial downturns. Historical examples include the Great 
Depression (1929), the dot-com crash (2000), and the global 
financial crisis (2008). These crises often stem from market 
speculation, deregulation, and risky financial practices, 
demonstrating capitalism’s inherent instability. The 2008 
financial crisis, for example, resulted from excessive risk-
taking in the banking sector, leading to a global economic 
downturn that affected millions of jobs and businesses. 
While government interventions such as bailouts and 
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financial regulations have helped stabilize economies, the 
recurring nature of economic crises suggests that capitalist 
markets remain vulnerable to systemic risks.

5.	 Consumer Culture and Overproduction

Capitalism has fuelled the rise of mass consumerism, 
where economic growth is heavily dependent on high levels 
of consumption. The proliferation of advertising, marketing, 
and planned obsolescence encourages individuals to purchase 
more goods than they need, leading to waste generation and 
unsustainable consumption patterns. For example, the fast 
fashion industry produces cheap clothing at the expense 
of environmental sustainability, with millions of garments 
discarded each year. While consumer culture has provided 
greater access to goods and services, it has also reinforced 
materialism, social pressures, and environmental harm.

6.	 Monopolies and Corporate Dominance

Although capitalism promotes competition, it has also 
led to the rise of monopolies and corporate consolidation, 
where a few large companies dominate entire industries. 
Tech giants such as Google, Amazon, and Facebook control 
vast amounts of global data, raising concerns about market 
manipulation, privacy violations, and lack of competition. 
Similarly, pharmaceutical and energy industries have 
been criticized for prioritizing profit over accessibility and 
affordability. Monopolistic practices can stifle innovation, 
suppress small businesses, and limit consumer choices. 
Antitrust laws and regulatory policies aim to curb corporate 
dominance and promote market fairness, but enforcement 
remains a challenge.

Industrial capitalism has played a vital role in shaping 
the modern global economy, driving economic growth, 
technological progress, and job creation. However, it has 
also led to economic inequality, environmental degradation, 
labour exploitation, and financial instability. While capitalism 
fosters innovation and wealth generation, it requires strong 
regulatory frameworks, ethical business practices, and 
sustainable economic models to address its shortcomings. 
Moving forward, balancing profit-driven growth with 
social responsibility and environmental conservation will 
be essential in ensuring that industrial capitalism remains 
beneficial for all members of society.
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In the 21st century, capitalism continues to evolve with 
digital transformation, automation, and globalization. 
However, it faces new challenges such as climate change, 
labor displacement due to AI and robotics, and growing 
income disparities. Concepts like corporate social 
responsibility (CSR), green capitalism, and the sharing 
economy are gaining prominence as alternatives that aim 
to balance economic growth with social and environmental 
concerns.

1.	 Digital Transformation and Automation

One of the biggest challenges for capitalism today is the 
rise of digital transformation and automation, which have 
revolutionized industries but also disrupted traditional 
labor markets. The increasing use of artificial intelligence 
(AI), robotics, and machine learning has led to higher 
productivity and lower costs for businesses but has also 
raised concerns about job displacement. For instance, 
industries such as manufacturing, retail, and logistics are 
seeing a shift towards automated production lines and 
self-service technologies, reducing the demand for human 
labor. While automation creates new high-skilled jobs in 
AI development and cybersecurity, it also exacerbates the 
skills gap and income inequality, leaving many low-skilled 
workers unemployed or underpaid.

2.	 Climate Change and Environmental Concerns

As industrial capitalism continues to drive economic 
expansion, it also contributes significantly to climate change 
and environmental degradation. The excessive use of fossil 
fuels, deforestation, and pollution has led to global warming, 
threatening ecosystems and human livelihoods. The rise 
of green capitalism, which promotes sustainable business 
practices, renewable energy investments, and corporate 
accountability, aims to address these environmental 
concerns. Governments and corporations are increasingly 
focusing on carbon neutrality, sustainable supply chains, 
and green technologies to balance economic growth with 
ecological responsibility. However, many critics argue that 
profit-driven corporations prioritize short-term gains over 
long-term sustainability, making environmental reforms 
slow and inconsistent.
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3.	 Income Inequality and Wealth Concentration
Despite the wealth generated by capitalism, income 

inequality continues to grow. The richest 1% of the global 
population owns a disproportionately large share of wealth, 
while many workers struggle with low wages and job 
insecurity. The rise of the gig economy, characterized by 
temporary, freelance, or contract-based jobs, has further 
highlighted disparities in income distribution. While gig 
work offers flexibility, it often lacks benefits such as health 
insurance, job security, and retirement plans. Governments 
worldwide are debating universal basic income (UBI), 
higher minimum wages, and labour protections as potential 
solutions to ensure that capitalism remains inclusive and 
fair.

4.	 The Role of Corporate Social Responsibility (CSR)

To address social and environmental issues, many 
corporations are adopting Corporate Social Responsibility 
(CSR) initiatives, integrating ethical practices into their 
business models. CSR encourages companies to focus on 
fair wages, ethical supply chains, community engagement, 
and environmental sustainability. Large multinational 
corporations like Google, Microsoft, and Unilever have 
implemented sustainability programs, aiming to reduce 
their carbon footprints and improve working conditions for 
employees. However, critics argue that CSR efforts are often 
superficial and driven by public relations concerns rather 
than genuine commitment to social justice. Governments 
and consumers are increasingly demanding greater 
corporate accountability and transparency to ensure that 
CSR initiatives lead to meaningful change.

5.	 The Sharing Economy and Alternative Business 
Models

In response to traditional capitalist structures, alternative 
economic models such as the sharing economy and 
cooperative businesses have gained popularity. Companies 
like Uber, Airbnb, and WeWork represent a shift towards 
peer-to-peer transactions and decentralized economic 
activities, allowing individuals to rent or share resources 
rather than purchase them outright. This model has provided 
new income opportunities but has also raised concerns 
about worker exploitation, lack of regulation, and market 
monopolization. Additionally, worker cooperatives, where 
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employees collectively own and manage businesses, offer an 
alternative to traditional corporate hierarchies, promoting 
fair wages and democratic decision-making.

6.	 Government Regulation and Market Reform

As capitalism evolves, governments play a crucial role in 
ensuring economic stability, consumer protection, and fair 
market competition. Policies such as progressive taxation, 
antitrust laws, and labor rights protections help curb the 
negative effects of capitalism, such as monopolies and 
exploitation. Countries with strong social welfare programs, 
such as Scandinavian nations, demonstrate how regulated 
capitalism can balance market freedom with social equity. 
However, the challenge remains in finding the right 
balance between government intervention and free market 
principles, as excessive regulation can stifle innovation while 
inadequate oversight can lead to financial crises.

The future of capitalism depends on its ability to adapt 
to modern challenges while ensuring economic, social, and 
environmental sustainability. While digital transformation, 
automation, and globalization present new opportunities 
for economic expansion, they also create risks related 
to job displacement, climate change, and inequality. 
Emerging alternatives such as green capitalism, the sharing 
economy, and CSR-driven business models offer promising 
solutions but require strong government policies, corporate 
accountability, and ethical business practices to be effective. 
Moving forward, the focus must be on creating a more 
inclusive, sustainable, and equitable global economy that 
prioritizes both profit and social well-being.

	♦ Regulation
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Summarised Overview

Modernisation and industrial capitalism have   significantly  shaped  
contemporary society, driving technological progress, economic growth, and 
improved living standards. However, they have also led to environmental 
degradation, economic disparities, and social inequalities. The tension between 
profit-driven industrial expansion and environmental sustainability remains a 
key challenge, with green capitalism offering a potential but uncertain solution. 
Socially, modernisation has expanded access to education and healthcare 
but has also contributed to cultural homogenization and digital divides. 
Industrial capitalism’s cyclical financial crises and the rise of automation further 
complicate economic stability, raising concerns about labor rights and workforce 
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reskilling. Moving forward, balancing economic efficiency with social equity 
and environmental responsibility is essential. Collaborative efforts among 
policymakers, businesses, and global institutions will be crucial in ensuring that 
modernisation remains inclusive, ethical, and sustainable for future generations.

1.	 What are the primary characteristics of modernisation?

2.	 How did the Industrial Revolution contribute to modernisation?

3.	 Explain the differences between traditional and modern societies.

4.	 What are the key features of industrial capitalism?

5.	 How does capitalism differ from other economic systems like socialism 
and feudalism?

6.	 Discuss the impact of modernisation on social and political structures.

7.	 What role does technological advancement play in modernisation?

8.	 What are the advantages and disadvantages of industrial capitalism?

9.	 How do contemporary challenges such as climate change and automation 
affect capitalism?

10.	What are alternative economic models to industrial capitalism, and how 
do they address its shortcomings?

Self-Assessment Questions

1.	 Define modernization and discuss its key features in the context of science 
and technology.

2.	 How has industrial capitalism influenced technological advance-
ments?	

3.	 Define industrial capitalism and its features.

4.	 Evaluate and discuss how modernization has redefined the strcuture of 
society.
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed for 
each paragraph. The space given below can be used for listing the questions.
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Indian Scenario -  Reception of Modern 
Science in India

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ understand the historical and social factors influencing the reception of 
modern science in India

	♦ examine the relationship between the Indian social structure and scientific 
progress

	♦ analyse the impact of brain drain and brain gain on India’s scientific de-
velopment

	♦ evaluate India’s science policies, particularly the Nehruvian vision for sci-
entific progress

	♦ assess the role of scientific laboratories and institutions in shaping India’s 
research and technological advancements

The reception of modern science in India has been shaped by a complex  
interplay of historical, social, and political factors. Before the advent of British 
rule, India had a rich tradition of scientific and mathematical contributions, 
particularly in fields such as astronomy, medicine, and metallurgy. Ancient 
Indian scholars such as Aryabhata, Charaka, and Sushruta made significant 
advances in their respective fields, contributing to the global knowledge base. 
However, with the establishment of British colonial rule, indigenous knowledge 
systems were marginalized in favour of Western scientific frameworks 
introduced through colonial educational policies. While this transition helped 
India integrate into modern scientific discourses, it also led to a decline in 
traditional learning centres and research methodologies.

Post-independence, recognizing the role of science and technology in nation-
building, India prioritized scientific and technological development to achieve 
economic growth, industrialization, and self-reliance. Under the leadership 
of Jawaharlal Nehru, the Indian government adopted a state-led approach to 
scientific research, investing heavily in higher education, research institutions, 
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Keywords
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Research institutions

Discussion

and industrial research laboratories. This vision led to the establishment of premier 
institutions such as the Indian Institutes of Technology (IITs), the Indian Space 
Research Organisation (ISRO), the Council of Scientific and Industrial Research 
(CSIR), and the Bhabha Atomic Research Centre (BARC). These institutions played 
a critical role in advancing India’s nuclear research, space exploration, medical 
sciences, and industrial technology.

Despite these advancements, India’s scientific landscape continues to face 
multiple challenges. Issues such as brain drain, where talented scientists and 
engineers migrate abroad for better opportunities, remain a pressing concern. 
Additionally, limited investment in research and development (R&D) compared to 
developed nations has hindered India’s ability to compete in cutting-edge scientific 
innovation. Socio-economic disparities also persist, limiting access to scientific 
education and research opportunities for marginalized communities. Nevertheless, 
government policies, private sector investments, and international collaborations 
are helping India overcome these obstacles, paving the way for a robust scientific 
future. This unit explores these themes in detail, highlighting both achievements 
and ongoing challenges in India’s journey towards scientific excellence.

1.3.1 Indian Social Structure and Science
India’s social structure has had a profound impact on the 

reception and development of modern science. Historically, 
access to scientific education was restricted by caste, class, 
and gender barriers. The colonial education system, while 
introducing modern scientific curricula, largely catered 
to the elite sections of society, leaving vast sections of 
the population excluded from formal scientific training. 
Post-independence, India made efforts to democratize 
access to scientific education. The reservation policies for 
Scheduled Castes (SCs), Scheduled Tribes (STs), and Other 
Backward Classes (OBCs) have played a role in expanding 
opportunities in scientific fields. Government initiatives 
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such as the Sarva Shiksha Abhiyan, Rashtriya Madhyamik 
Shiksha Abhiyan, and the National Education Policy 2020 
have been instrumental in promoting inclusivity in education. 
However, challenges such as rural-urban disparities, gender 
gaps in STEM education, and economic constraints still 
hinder equitable participation in scientific research.

1.3.1.1 Caste and Access to Science Education
The historical exclusion of marginalized communities 

from higher education has had long-term effects on their 
representation in scientific research. The introduction of 
affirmative action policies in higher education institutions 
has helped bridge some gaps, but structural inequalities 
persist. The lack of quality primary education in rural areas, 
inadequate access to digital resources, and socio-economic 
barriers continue to limit opportunities for marginalized 
groups in STEM fields.

1.3.1.2 Gender Disparities in STEM
Although there has been significant progress in increasing 

women’s participation in science and technology, gender 
disparities remain a concern. Women scientists have 
historically faced challenges such as limited research 
funding, societal expectations, and workplace discrimination. 
However, initiatives like “Women in Science” programs 
by the Department of Science and Technology (DST) 
and scholarships for female students in STEM (Science 
Technology Engineering and Mathematics) have encouraged 
greater participation.

1.3.1.3 Rural-Urban Divide in Scientific 
Advancement

The divide between urban and rural India continues 
to impact access to scientific education and research 
opportunities. Urban centres have better infrastructure, well-
funded universities, and access to research facilities, whereas 
rural students often struggle with poor educational resources, 
lack of mentorship, and limited exposure to modern scientific 
advancements. Government schemes like Digital India and 
Atal Tinkering Labs aim to bridge this gap by providing 
digital literacy and scientific exposure to rural students.

1.3.1.4 Contributions of Indian Scientists from 
Marginalized Backgrounds

Despite these challenges, many scientists from 
underprivileged backgrounds have made remarkable 
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contributions to Indian science. Dr. Raghunath Anant 
Mashelkar, a renowned scientist in polymer chemistry, and 
Dr. Meghnad Saha, who developed the Saha ionization 
equation, emerged from modest backgrounds and 
played pivotal roles in India’s scientific advancements. 
Their achievements highlight the potential for excellence 
regardless of social constraints, given the right support and 
opportunities.

1.3.1.5 Government Interventions and Policy 
Measures

The Indian government has taken significant steps to 
make science education more inclusive and accessible, with 
various policies and initiatives aimed at fostering scientific 
research and innovation across different sections of society. 
Some of these initiatives include:

	♦ INSPIRE Program (Innovation in Science Pur-
suit for Inspired Research) – A government ini-
tiative that aims to attract young talent towards 
careers in science and research by offering schol-
arships and mentorship programs.

	♦ Rashtriya Avishkar Abhiyan – Aimed at pro-
moting scientific curiosity among school stu-
dents, particularly in rural areas, by integrating 
hands-on learning and research exposure into 
school curricula.

	♦ National Science and Technology Entrepre-
neurship Development Board (NSTEDB) – Pro-
vides financial assistance, incubation support, 
and training for young scientists and entrepre-
neurs to encourage innovation and commercial-
ization of scientific research.

	♦ Atal Innovation Mission (AIM) – Established 
under the NITI Aayog, this program aims to 
create a culture of innovation and entrepreneur-
ship through initiatives like Atal Tinkering Labs, 
where students engage in hands-on STEM learn-
ing.

	♦ Digital India Initiative – Aims to bridge the ru-
ral-urban divide in access to digital education 
and scientific resources, ensuring that students 
from remote areas can benefit from online learn-
ing and virtual laboratories.

	♦ Women Scientists Scheme (WOS) – Introduced 
by the Department of Science and Technology 
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(DST), this initiative provides fellowships and re-
search grants to encourage women’s participation 
in STEM fields.

	♦ Research and Development (R&D) Grants and 
Tax Incentives – The government provides fund-
ing for scientific research institutions and indus-
tries engaged in innovation, along with tax in-
centives to promote private sector investment in 
R&D.

1.3.1.6 Challenges in Implementation
Despite these extensive policy measures, challenges remain 

in ensuring their effective implementation. Issues such as 
lack of awareness in rural areas, inadequate infrastructure, 
bureaucratic inefficiencies, and limited industry-academia 
collaboration hinder the full potential of these programs. 
Many educational institutions in rural and semi-urban areas 
lack qualified faculty, laboratories, and digital resources, 
preventing students from fully utilizing these government 
initiatives. Additionally, research funding remains 
concentrated in elite institutions, leaving smaller universities 
and research centers with limited resources.

1.3.1.7 Strategies
To further strengthen India’s position in global scientific 

research and innovation, the following strategies can be 
adopted:

	♦ Expanding Research Infrastructure – Increased 
funding for research institutions in tier-2 and tier-
3 cities to ensure equitable access to scientific edu-
cation and innovation.

	♦ Strengthening Industry-Academia Collabora-
tions – Encouraging partnerships between uni-
versities, industries, and research organizations 
to promote applied research and commercializa-
tion of scientific discoveries.

	♦ Improving STEM Education in Rural Areas – Es-
tablishing more Atal Tinkering Labs and Digital 
Learning Centers in remote areas to bridge the ru-
ral-urban gap in scientific education.

	♦ Encouraging Public-Private Partnerships – Le-
veraging corporate investments and philanthrop-
ic contributions to fund STEM education and re-
search initiatives.

	♦ Promoting Inclusive Scientific Policies – Ensur-
ing that marginalized groups, including women, 
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SC/ST students, and differently-abled individ-
uals, receive continued support in pursuing ca-
reers in science and technology.

India has made commendable progress in promoting 
scientific education and research, yet challenges of 
accessibility, equity, and resource allocation persist. While 
government interventions have played a significant role 
in expanding opportunities, there is a continued need for 
policy reforms, infrastructure enhancement, and sustainable 
investment in research and development. Moving forward, 
India must focus on strengthening grassroots-level STEM 
education, fostering innovation ecosystems, and promoting 
global collaborations to ensure that science and technology 
remain drivers of national growth and social progress.

Despite these initiatives, the effectiveness of such 
programs depends on their implementation, funding, and 
outreach. There is a need for continued focus on scientific 
infrastructure, mentorship programs, and financial aid 
to ensure equitable access to science education across all 
sections of society. India’s social structure continues to shape 
the accessibility and advancement of modern science. While 
significant strides have been made in breaking down caste, 
gender, and regional barriers, challenges remain in ensuring 
equal opportunities and resources for all. Moving forward, 
India must strengthen its efforts in STEM education reforms, 
rural outreach programs, and financial incentives to enable 
a more inclusive and diverse scientific community. Only 
through these measures can India fully leverage its human 
capital for scientific innovation and technological progress.

1.3.2 Brain Drain
Brain drain refers to the migration of highly skilled 

professionals, particularly scientists, engineers, and medical 
experts, to foreign countries in search of better opportunities. 
This phenomenon has been a persistent challenge for India, 
with many talented individuals choosing to work in countries 
with superior research facilities, advanced technology, and 
higher salaries, such as the United States, Canada, and 
Europe. While this migration has benefited individuals, it 
has also created gaps in India’s scientific and technological 
development.

1.3.2.1 Consequences of Brain Drain
The impact of brain drain is significant, affecting various 
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aspects of India’s economy and research landscape:

	♦ Loss of Intellectual Capital – The departure of 
highly skilled professionals result in a shortage 
of experts in key research and industrial sectors, 
weakening the country’s innovation capacity. The 
absence of top scientists and engineers limits the 
development of cutting-edge technology and re-
duces India’s ability to compete in global scientif-
ic research.

	♦ Limited Innovation – The migration of top-tier 
researchers and professionals hinders advance-
ments in space research, healthcare, artificial in-
telligence, and defence technology. India’s scien-
tific institutions often struggle to fill vacancies left 
by departing experts, slowing down progress in 
crucial areas.

	♦ Economic Costs – The government and educa-
tional institutions invest substantial resources in 
training professionals, but when they migrate, 
their expertise benefits foreign economies instead. 
The financial burden of subsidized education for 
students who eventually work abroad creates a 
net loss for India’s economy.

	♦ Dependence on Foreign Expertise – India of-
ten relies on imported technologies and foreign 
consultants, slowing down the development of 
self-sufficient research ecosystems. Instead of be-
ing a leader in technological advancements, India 
frequently becomes a consumer of foreign-devel-
oped innovations.

To mitigate these effects, India has introduced incentives 
and policy interventions to encourage skilled professionals 
to contribute to national development. Increased research 
funding, better salaries, and improved working conditions 
have started to reverse the trend of migration, leading to a 
gradual shift towards brain gain.

1.3.2.2 Factors Driving Brain Drain
Several factors contribute to the continuous migration of 

skilled professionals from India:

	♦ Lack of Research Funding – Compared to devel-
oped nations, India allocates a smaller percentage 
of its GDP to research and development (R&D), 
leading to fewer opportunities for ground break-
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ing work. Many research institutions face budget 
constraints, outdated equipment, and limited ac-
cess to international collaborations, making for-
eign universities and laboratories more attractive 
for Indian scientists.

	♦ Better Career Prospects Abroad – Higher sala-
ries, well-funded research infrastructure, and ac-
cess to global networks make foreign institutions 
a preferred choice for Indian professionals. Many 
Indian graduates, especially those from premier 
institutions like IITs, AIIMS, and IISc, receive 
lucrative offers from multinational corporations 
and world-class universities.

	♦ Limited Industry-Academia Collaboration – In 
many developed nations, strong partnerships 
between industries and universities foster inno-
vation and provide hands-on research opportu-
nities. India’s gap between academia and indus-
try means fewer funded projects, fewer research 
fellowships, and limited chances for applied re-
search. This lack of synergy pushes Indian sci-
entists and engineers to seek better collaborative 
environments abroad.

	♦ Quality of Life Considerations – Many profes-
sionals migrate seeking a better work-life bal-
ance, advanced healthcare, quality education for 
their children, and social security benefits. Devel-
oped countries often offer superior living condi-
tions, higher safety standards, and progressive 
workplace policies, making them more attractive 
destinations for skilled professionals.

1.3.2.3 Social and Economic Impact
Brain drains not only affect scientific progress but also 

leads to broader economic and social consequences:

	♦ The migration of highly skilled workers reduces 
India’s global research competitiveness, impact-
ing fields such as biotechnology, artificial intelli-
gence, and space exploration.

	♦ Private sector companies often struggle to retain 
top talent, forcing them to rely on international 
hires or outsourced expertise.

	♦ The government’s investment in education and 
training does not yield direct national benefits, 
as many skilled graduates contribute to the eco-
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nomic and technological growth of foreign coun-
tries instead.

1.3.2.4 Mitigating Brain Drain
The Indian government has introduced several measures 

to retain talent and attract skilled professionals back to the 
country:

	♦ Increased Research Funding – The government 
has raised financial support for R&D, encourag-
ing Indian scientists to undertake high-impact re-
search within the country. The Prime Minister’s 
Research Fellowship (PMRF) aims to provide 
competitive stipends to attract top PhD scholars.

	♦ Expansion of Startups and Entrepreneurial Op-
portunities – Initiatives such as Startup India, 
Make in India, and Digital India promote domes-
tic entrepreneurship and technological innova-
tion, providing skilled professionals with oppor-
tunities to develop and commercialize their ideas 
locally.

	♦ Returning Scientist Programs – Fellowships such 
as the Ramanujan Fellowship and Ramalingaswa-
mi Re-entry Fellowship offer attractive financial 
incentives and research grants to scientists return-
ing from abroad to work in Indian institutions.

	♦ Public-Private Research Collaborations – 
Strengthening ties between government research 
institutions, private industries, and global univer-
sities helps create more internationally competi-
tive work environments, reducing the need for 
professionals to migrate for better research pros-
pects.

	♦ Policy Reforms and Ease of Doing Research – 
The government is working on streamlining bu-
reaucratic procedures to reduce red tape, simplify 
research funding applications, and ensure quick-
er approval processes for scientific projects.

While brain drain remains a challenge, India is making 
steady progress in reversing the trend through policy 
interventions, research funding, and private sector 
engagement. A more sustainable scientific ecosystem, 
offering competitive career opportunities, stronger industry 
collaborations, and improved infrastructure, will be key in 
ensuring that India retains and nurtures its vast talent pool. 
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Moving forward, India must continue to innovate policies, 
expand research funding, and foster an inclusive, globally 
competitive scientific community to minimize brain drain 
and maximize brain gain.

1.3.3 Brain Gain: The Reverse Trend
In recent years, India has seen a shift towards brain gain, 

where skilled professionals return to the country to contribute 
to its scientific and technological development. This trend is 
driven by multiple factors, including government initiatives, 
improved research infrastructure, private sector growth, 
and a sense of national pride.

1.3.3.1 Factors Contributing to Brain Gain
	♦ Government Initiatives – Policies and programs 

have been introduced to encourage Indian-origin 
scientists and engineers to return, including:

•	 Ramanujan Fellowship – Provides finan-
cial support to outstanding Indian scien-
tists returning from abroad to conduct 
high-quality research.

•	 Vaibhav Summit – A platform connect-
ing global Indian scientists with Indian re-
search institutions to foster innovation.

•	 Startup India Program – Encourages entre-
preneurship and technological innovation 
among returning professionals, offering 
funding and incubation support.

	♦ Growth of Research Ecosystems – Indian sci-
entific institutions such as IITs, IISc, ISRO, and 
AIIMS have significantly enhanced their research 
infrastructure, attracting top talent back to India. 
State-of-the-art laboratories, increased funding, 
and international collaborations make India a 
more attractive destination for scientific profes-
sionals.

	♦ Expanding Private Sector Opportunities – The 
rise of multinational companies, technology start-
ups, and research-focused industries has created 
lucrative job prospects for skilled professionals. 
Companies such as TCS, Infosys, and Biocon are 
offering competitive salaries and research oppor-
tunities, reducing the need for scientists to seek 
employment abroad.

	♦ National Pride and Contribution to Develop-
ment – Many Indian professionals are driven by 
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a desire to contribute to national progress, men-
tor young scientists, and participate in India’s 
growth story. The success of initiatives such as 
Chandrayaan, Gaganyaan, and COVID-19 vac-
cine development has reinforced the idea that In-
dian science and technology can compete on the 
global stage.

1.3.3.2 Impact of Brain Gain
The increasing return of skilled professionals has had 

significant positive effects on India’s scientific, technological, 
and economic landscape:

	♦ Increased Research Output – Returning scientists 
have played a key role in establishing world-class 
research centres in fields like biotechnology, ar-
tificial intelligence, space technology, and renew-
able energy. Their expertise and experience help 
improve the quality of scientific publications and 
patents originating from India.

	♦ Strengthened Industry Links – Indian profes-
sionals with international experience are fostering 
global collaborations between Indian research in-
stitutions and universities abroad. This enhances 
India’s participation in global scientific projects, 
joint ventures, and knowledge-sharing initiatives.

	♦ Innovation and Entrepreneurship – Many return-
ees have launched startups and research-based 
companies, contributing to India’s innova-
tion-driven economy. Fields like pharmaceuticals, 
artificial intelligence, and clean energy have par-
ticularly benefited from returning talent, leading 
to new business models and high-tech solutions.

	♦ Development of High-Tech Industries – With 
more trained professionals returning, industries 
such as defence technology, aerospace, and bio-
medical research are witnessing significant ad-
vancements. Organizations like DRDO, ISRO, 
and AIIMS are leveraging this expertise to ac-
celerate scientific discoveries and technological 
breakthroughs.

1.3.3.3 Challenges and Future Directions
Despite these advancements, certain challenges remain in 

fully capitalizing on brain gain:

	♦ National 
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	♦ Retention of Talent – Ensuring that returning 
professionals have long-term career growth op-
portunities, stable funding, and recognition is 
crucial to maintaining their presence in India.

	♦ Administrative Bottlenecks – Simplifying bu-
reaucratic processes, reducing red tape, and im-
proving ease of research funding can encourage 
more scientists to stay in India.

	♦ Strengthening Research Culture – India needs to 
foster a more dynamic and flexible research envi-
ronment, allowing for greater academic freedom, 
interdisciplinary collaboration, and risk-taking in 
innovation.

	♦ Encouraging Public-Private Collaboration – En-
hanced partnerships between government re-
search institutions and private enterprises can 
create more job opportunities, better funding 
models, and stronger innovation ecosystems.

While brain drain remains a challenge, India is making 
significant strides in reversing this trend through policy 
interventions, improved research facilities, and private 
sector involvement. The shift towards brain gain suggests 
that India is becoming a more attractive destination for 
skilled professionals, leading to advancements in science, 
technology, and industrial research. Moving forward, 
sustained investment in research, industry-academia 
partnerships, and incentives for returning scientists will be 
crucial in ensuring India’s leadership in global innovation.

1.3.4 Science Policy - Nehruvian View
The foundation of India’s science and technology policy 

was laid by Jawaharlal Nehru, the first Prime Minister of 
India. His vision for scientific progress was rooted in the 
belief that scientific research and technological advancements 
were essential for economic and social development. Nehru 
emphasized state-sponsored research, industrialization, 
and the application of science for nation-building. His 
policies placed strong emphasis on self-reliance, human 
capital development, and scientific temper, shaping India’s 
approach to modernisation.

1.3.4.1 Key Aspects of Nehruvian Science 
Policy

Establishment of Scientific Institutions – Recognizing 
the need for advanced research and technical education, 
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Nehru oversaw the creation of institutions such as:

•	 Indian Institutes of Technology (IITs) – Cen-
tres of excellence in engineering and technolo-
gy education.

•	 Indian Statistical Institute (ISI) – A premier 
institute for statistical research and applica-
tions.

•	 Atomic Energy Commission (AEC) – Estab-
lished in 1948 to spearhead India’s nuclear en-
ergy program.

•	 Council of Scientific and Industrial Research 
(CSIR) – A network of national laboratories 
promoting industrial and scientific research.

•	 All India Institute of Medical Sciences 
(AIIMS) – A premier institution for medical 
education and research.

•	 Tata Institute of Fundamental Research 
(TIFR) – A key research institute for physics 
and mathematics.

•	 National Institute of Technology (NITs) – 
Established to provide technical education in 
various regions of India.

•	 Indian Agricultural Research Institute (IARI) 
– A leading institute in agricultural research 
and innovation.

Five-Year Plans and Science Development – Nehru 
integrated scientific and technological growth into India’s 
economic planning through Five-Year Plans. These plans 
focused on:

•	 Investment in industrial research – To pro-
mote technological self-sufficiency.

•	 Advancement in defence technology – 
Strengthening national security through in-
digenous research.

•	 Agricultural innovations – The groundwork 
for the Green Revolution, which later boosted 
food production.

Public Sector Dominance – Nehru believed that scientific 
research should be state-driven rather than left to private 
enterprises. Under his leadership:

•	 ISRO was founded as INCOSPAR in 1962, 
marking the beginning of India’s space re-
search program.
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•	 Bhabha Atomic Research Centre (BARC) 
was established, driving India’s nuclear en-
ergy advancements.

•	 Government-led initiatives in telecommu-
nications, steel production, and power gen-
eration paved the way for India’s industrial 
expansion.

1.3.4.2 Impact of Nehruvian Science Policy
Nehru’s policies had a long-lasting impact on India’s 

scientific and technological landscape. His vision not 
only strengthened India’s scientific foundation but also 
influenced economic growth, technological advancements, 
and education policies. The following are some of the key 
impacts of Nehruvian science policy:

Strengthened Scientific Temper
One of Nehru’s most significant contributions was his 

emphasis on scientific temper—a rational and inquiry-based 
approach to knowledge. He encouraged Indians to embrace 
science as a tool for societal progress, moving away from 
superstitions and traditional beliefs. His speeches and policies 
promoted secularism, logical reasoning, and empirical 
research, which played a crucial role in transforming India’s 
intellectual and educational framework. The Scientific 
Policy Resolution (1958) further institutionalized this vision, 
declaring science and research as essential for national 
development.

Industrial and Technological Growth
Under Nehru’s leadership, India established key industries, 

laboratories, and research centres, leading to a significant 
expansion of scientific and technological capacities. Public 
sector enterprises such as Hindustan Aeronautics Limited 
(HAL), Bharat Heavy Electricals Limited (BHEL), and Steel 
Authority of India Limited (SAIL) were created to promote 
self-reliance in industrial production. These state-driven 
initiatives provided the technological backbone for India’s 
industrialization, reducing dependence on foreign expertise 
and fostering indigenous capabilities in defence, energy, 
and infrastructure.

Increased Focus on Higher Education
Nehru recognized that scientific and technical education 

was essential for economic development. His policies 
prioritized investment in higher education, resulting in the 
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establishment of:

	♦ IITs (Indian Institutes of Technology) – Providing 
world-class engineering and technical education.

	♦ IISc (Indian Institute of Science) – Fostering scien-
tific research and innovation.

	♦ AIIMS (All India Institute of Medical Sciences) – 
Advancing medical education and healthcare re-
search.

	♦ Agricultural Universities – Promoting ad-
vancements in farming techniques, which later 
played a crucial role in the Green Revolution. 
These institutions produced a highly skilled work-
force capable of driving scientific research, indus-
trialization, and technological advancements in 
India.

1.3.4.3 Challenges and Limitations
While Nehru’s policies laid a solid foundation for India’s 

scientific development, they were not without challenges 
and limitations. Some of the key issues include:

Over-Reliance on State-Driven Models
Nehru’s approach heavily relied on government-

led research and public sector enterprises, limiting the 
participation of the private sector in scientific research and 
innovation. While state-run institutions played a crucial 
role in early scientific advancements, the absence of private 
investments restricted technological commercialization and 
slowed down industrial innovation. In contrast, Western 
countries, with a balance between state and private funding, 
saw rapid advancements in research and development.

Bureaucratic Hurdles
Centralized planning and government control often led 

to bureaucratic inefficiencies and delays in decision-making. 
Scientific institutions and industrial projects suffered from 
slow administrative processes, funding delays, and excessive 
regulatory oversight. This hindered the pace of research and 
technological implementation, limiting India’s ability to 
compete with rapidly advancing global economies.

Underdeveloped Industrial Research Ecosystem
Despite significant investment in science, India’s industrial 

research and development (R&D) sector remained weak 
compared to Western nations. The lack of industry-academia 
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collaboration meant that many research findings were not 
translated into commercial applications. This resulted in 
limited technology exports, slowing India’s progress in 
the global scientific community. The emphasis on heavy 
industries and state-owned enterprises also restricted the 
growth of small and medium-scale enterprises (SMEs), 
which in many countries drive technological innovation.

Limited Focus on Emerging Technologies
While Nehru’s policies strengthened fundamental 

research in engineering, physics, and agriculture, there was 
less focus on emerging fields such as electronics, computer 
science, and biotechnology during his tenure. This meant 
that India lagged behind developed nations in early digital 
revolutions and high-tech industries. It was only in the 1980s 
and 1990s that India began to catch up with advancements 
in information technology and software development.

1.3.4.4 Post-Nehru Reforms and Legacy
Although Nehru’s state-driven science policy laid a strong 

foundation, subsequent governments introduced reforms to 
address its limitations:

•	 Liberalization of the economy (1991) – Encour-
aged private sector participation in scientific re-
search and technology-driven industries.

•	 Public-Private Research Collaborations – 
Strengthened partnerships between universities, 
industries, and global research institutions, lead-
ing to greater technology transfer and innovation.

•	 Increased Investments in IT & Biotechnology – 
India became a leader in software development, 
pharmaceuticals, and biotechnology, areas that 
were underdeveloped during Nehru’s tenure.

•	 Expansion of Space Research – ISRO, which 
began under Nehru, saw exponential growth, 
launching satellites and advancing space tech-
nology through missions like Chandrayaan and 
Mangalyaan.

Nehruvian science policy transformed India into a 
nation with strong scientific and industrial foundations. 
His vision for scientific temper, self-reliance, and 
technological development ensured that India could build 
its nuclear, space, industrial, and educational sectors. While 
some challenges persisted, particularly in bureaucratic 
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inefficiencies and limited private sector participation, later 
reforms helped address these gaps. Today, India continues 
to benefit from Nehru’s scientific vision, making strides in 
advanced research, technology-driven industries, and global 
innovation leadership. His contributions remain a crucial 
part of India’s scientific and economic evolution, paving the 
way for future growth and technological advancements.

Nehruvian science policy laid the groundwork for India’s 
emergence as a scientific and technological powerhouse. 
His vision for self-reliance, industrial growth, and scientific 
temper continues to shape modern India’s research 
policies. However, adapting to contemporary challenges 
requires greater industry participation, deregulation, and 
global integration to sustain India’s leadership in science, 
technology, and innovation.

1.3.5 Scientific Laboratories and 
Institutions

India has a well-established network of scientific 
laboratories and research institutions that contribute to 
technological innovation, space exploration, healthcare, and 
industrial development. Some of the most notable institutions 
include:

	♦ Council of Scientific and Industrial Research 
(CSIR) – A network of 38 national laboratories 
conducting research in diverse scientific fields.

	♦ Indian Space Research Organisation (ISRO) – 
India’s premier space agency responsible for mis-
sions such as Chandrayaan, Mangalyaan, and 
Gaganyaan.

	♦ Bhabha Atomic Research Centre (BARC) – A 
leader in nuclear energy research and applica-
tions.

	♦ All India Institute of Medical Sciences (AIIMS) 
– A premier institution for medical research and 
healthcare advancements.

	♦ National Institute of Technology (NITs) and 
Indian Institutes of Science Education and Re-
search (IISERs) – Prominent institutions for ad-
vanced scientific education and research.

These institutions have played a crucial role in India’s 
scientific achievements, fostering research collaborations, 
technological advancements, and global competitiveness.
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Notable Scientific Institutions in Kerala
In addition to national institutions, Kerala has also 

contributed significantly to India’s scientific progress 
through premier research centres:

•	 Vikram Sarabhai Space Centre (VSSC) – A 
leading center for space research under ISRO, 
located in Thiruvananthapuram.

•	 Sree Chitra Tirunal Institute for Medical 
Sciences and Technology (SCTIMST) – A re-
nowned institution for medical research and 
technology.

•	 Rajiv Gandhi Centre for Biotechnology 
(RGCB) – Focuses on research in molecular bi-
ology and biotechnology.

•	 Kerala Agricultural University (KAU) – En-
gaged in agricultural research, supporting 
farmers and agricultural innovation.

•	 Indian Institute of Space Science and Tech-
nology (IIST) – Trains future scientists and 
engineers for space research and technology.

•	 Five-Year Plans and Science Development – 
Nehru integrated scientific and technological 
growth into India’s economic planning through 
the Five-Year Plans. The primary focus was to 
enhance self-sufficiency in industrial research, 
ensuring that India did not rely excessively 
on foreign expertise. A strong emphasis was 
placed on heavy industries, defence research, 
and agricultural advancements, paving the 
way for the Green Revolution in later years. 
Research institutions received significant state 
support, fostering technological independence 
and innovation. These investments also led to 
the growth of defence laboratories, industrial 
research centres, and agricultural research in-
stitutions, making India a key player in scien-
tific and technological progress.

Public Sector Dominance – Nehru strongly advocated for 
a state-driven model of scientific research and technological 
development, emphasizing that science should be used for 
national development rather than profit-making by private 
enterprises. As a result, major scientific initiatives were 
under government control, ensuring that research was 
aligned with national priorities. The establishment of ISRO 

	♦ Kerala states 
progress
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(initially INCOSPAR in 1962) marked the beginning of India’s 
space research program, while Bhabha Atomic Research 
Centre (BARC) played a pivotal role in India’s nuclear 
research and energy sector. Additionally, state-led projects in 
telecommunications, power generation, and steel production 
played a crucial role in India’s industrial expansion. These 
policies laid a strong foundation for technological self-
reliance, encouraging future innovations in various scientific 
domains.

	♦ Science for 
development

The reception of modern science in India has been shaped by a complex interplay 
of historical developments, social structures, and policy-driven initiatives. While 
India has made remarkable progress in scientific research and technological 
innovation, several challenges continue to hinder its full potential. Brain 
drain, inadequate funding for research, and socio-economic disparities remain 
persistent concerns. Despite these obstacles, India has built a robust scientific 
ecosystem through public investment, leading to notable advancements in nuclear 
technology, space research, pharmaceuticals, and information technology.

The Nehruvian emphasis on scientific progress laid the foundation for a 
state-led approach to research and development, fostering institutions like IITs, 
ISRO, CSIR, and AIIMS. However, the global research landscape has evolved, 
necessitating greater private sector participation, interdisciplinary research, and 
stronger international collaborations. As India integrates further into the global 
economy, policies must shift to encourage innovation, ease regulatory bottlenecks, 
and enhance industry-academia partnerships.

India’s scientific institutions have gained international recognition, yet 
challenges such as unequal access to STEM education, inadequate research 
infrastructure, and the rural-urban divide need to be addressed. Strengthening 
funding mechanisms, promoting start-up culture in deep-tech sectors, and 
ensuring equitable access to scientific knowledge will be crucial in the coming 
years. Moving forward, India must prioritize retaining scientific talent, fostering 
a culture of innovation, and aligning scientific advancements with national and 
global sustainability goals to remain competitive in the knowledge economy. 
India’s journey in science and technology reflects both achievements and 
challenges. While scientific advancements have contributed significantly to 
national progress, addressing issues such as research funding, equitable access, 
and global competitiveness remains crucial. By fostering a culture of innovation, 
interdisciplinary collaboration, and sustainable scientific growth, India can 
continue to be a global leader in science and technology.

Summarised Overview
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1.	 How has the Indian social structure influenced the reception of modern 
science?

2.	 What are the causes and consequences of brain drain in India?
3.	 Discuss the impact of Nehruvian science policy on India’s technologi-

cal development.
4.	 How have scientific laboratories and institutions contributed to India’s 

research ecosystem?
5.	 What measures can be taken to address the challenges of brain drain 

and promote brain gain?
6.	 How does India’s approach to science policy compare with that of oth-

er developing nations?
7.	 What role do private sector investments play in strengthening scientific 

research in India?

Self-Assessment Questions

1.	 Analyze the relationship between Indian social structure and the de-
velopment of science in the country.

2.	 Discuss the issues of brain drain and brain gain in India’s scientific 
community.

3.	 Explain the Nehruvian approach to science policy and its long-term 
impact on India’s scientific institutions.

4.	 What role do scientific laboratories and institutions play in India’s tech-
nological growth?

Assignments
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed for 
each paragraph. The space given below can be used for listing the questions.
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Technology, Knowledge and 
Power

BLOCK-02
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UNIT
1 Technology as Science and Knowledge

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ understand the relationship between technology, science and knowledge
	♦ analyse how knowledge is categerized and valued academic and social 

context
	♦ critically assess the technological intervention in science and knowledge

The distinction between science and non-science has been a long-debated 
topic in philosophy and sociology. Science is often viewed as a systematic 
approach in understanding the world, based on empirical evidence and rational 
inquiry. However, different philosophical traditions have shaped the criteria 
for what constitutes scientific knowledge. Two major perspectives in this debate 
are logical positivism and interpretivism. While logical positivism emphasizes 
objectivity, verification, and empirical testing, interpretivism argues for the 
subjective and contextual nature of knowledge. 

For centuries, Western thought has drawn a hard line between what it 
considers “science” and what it dismisses as non-science or pseudo-science. The 
scientific method—rooted in observation, hypothesis, and experimentation—
claims to be the ultimate path to truth. Anything that does not fit within this 
framework—be it astrology, traditional medicine, or indigenous knowledge—
is often marginalized. But is this division as clear as it seems? If a physicist 
calculating planetary motion is practicing science, what about an indigenous 
farmer who predicts the rains with stunning accuracy based on generations of 
observation? If we call one “scientific” and the other “folk wisdom,” are we 
being objective, or are we imposing a worldview shaped by power and historical 
dominance?
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Keywords

Knowledge, Postivism, Interpretivism, Non-science, Falsiability

Long before Newton’s laws or Pasteur’s discoveries, indigenous communities 
around the world had mastered agriculture, metallurgy, medicine, and navigation. 
Polynesians crossed vast oceans without modern instruments. Ayurveda 
and Chinese medicine diagnosed and treated illnesses in ways that modern 
pharmaceuticals now seek to understand. But because these systems evolved 
outside the institutions of Western science, they were often dismissed.

Popular science—simplified and widely shared knowledge—also plays a role 
in bridging or distorting science. Social media, for example, spreads both accurate 
and misleading scientific claims, influencing public perceptions in unpredictable 
ways. Where, then, do we draw the line between legitimate knowledge and 
misinformation?

The academic world is not just about knowledge—it is also about power. 
Universities, research institutions, and funding bodies decide what gets studied, 
published, and accepted. Historically, European colonial powers dismissed 
indigenous sciences as “myth” while elevating their own scientific traditions as 
universal truths. Even today, academic disciplines operate within hierarchies—
physics and mathematics often enjoy more prestige than sociology or anthropology.

But are these categories natural, or are they shaped by economic, political, and 
cultural forces? Who gets to define what is “real” knowledge?

Science is not just a body of facts; it is a human endeavour shaped by history, 
culture, and power. As we explore these topics, we must ask ourselves: Are we 
truly open to all forms of knowledge, or are we unconsciously bound by inherited 
biases? By questioning the traditional boundaries between science and non-science, 
we might just discover that knowledge—like the universe it seeks to explain—
is far more interconnected than we ever imagined. This unit explores these two 
perspectives and their implications for defining science and non-science. 
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Discussion

2.1.1 Logical Positivism: The Scientific 
Approach

Imagine a person claiming that a magical force determines 
the future. You ask for proof, and they respond, “You just have 
to believe.” Now, contrast this with a scientist who predicts 
an eclipse using mathematical calculations, and the event 
happens exactly as forecasted. This fundamental difference 
between mere belief and verifiable knowledge is what logical 
positivism sought to address. Logical positivism, also known 
as logical empiricism, emerged in the early 20th century as a 
philosophical movement aiming to establish a strict criterion 
for scientific knowledge. The movement was pioneered by 
the Vienna Circle, a group of philosophers and scientists, 
including Moritz Schlick, Rudolf Carnap, and Otto Neurath. 
Their goal was to eliminate ambiguity and subjectivity from 
knowledge by ensuring that only statements that could 
be empirically verified would be considered meaningful. 
Logical positivism played a crucial role in shaping modern 
scientific methodology by emphasizing observation, 
verification, and logical consistency.

Key Principles of Logical Positivism:

1.	 Verification Principle: The Test for Meaningful-
ness

2.	 Empirical Observation: The Foundation of Scien-
tific Knowledge

3.	 Elimination of Metaphysics: Separating Science 
from Speculation

4.	 Mathematical and Logical Consistency: Precision 
in Science

2.1.1.1 Impact on Science and Criticism of 
Logical Positivism

Logical positivism had a profound influence on the 
natural sciences, particularly in fields like physics, chemistry, 
and biology. It helped establish the modern scientific 
method, emphasizing hypothesis testing, experimentation, 
and empirical validation. However, the movement 

	♦ Logical 
positivism
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faced significant challenges. One major criticism was that 
the verification principle itself could not be empirically 
verified—ironically making it self-defeating. Additionally, 
many scientific theories involve abstract concepts (such as 
quarks or dark matter) that are not directly observable but 
are inferred through indirect evidence. This realization led 
to the evolution of logical positivism into more flexible forms 
of scientific philosophy, such as Karl Popper’s falsification, 
which argued that scientific theories should be judged by 
their ability to be tested and potentially falsified rather than 
strictly verified.

Despite these criticisms, logical positivism played a crucial 
role in shaping the standards of scientific inquiry. It reinforced 
the idea that knowledge should be based on observable, 
testable, and logically coherent principles, leaving a lasting 
legacy in the philosophy of science. Logical positivism sought 
to distinguish science from pseudoscience and meaningful 
knowledge from unverifiable speculation. By emphasizing 
empirical verification, rejecting metaphysics, and insisting on 
logical consistency, it helped refine scientific methodologies 
and elevate the standards of inquiry. However, its rigid 
criteria eventually gave way to more nuanced perspectives 
that acknowledged the complexities of scientific theorization 
and discovery. Today, while logical positivism as a strict 
philosophy has been largely abandoned, its core principles 
continue to influence how we define and evaluate scientific 
knowledge.

2.1.1.2 Interpretivism: A Challenge to 
Positivism

In contrast, interpretivism emerged as a response to 
logical positivism, particularly in the social sciences. Imagine 
an anthropologist studying an isolated tribe. A positivist 
approach might count how often tribal members perform 
certain rituals, but an interpretivist would ask: “What do these 
rituals mean to the people?” Interpretivists argue that human 
behaviour, culture, and society cannot be studied using the 
same methods as the natural sciences. Instead, understanding 
social phenomena requires subjective interpretation and 
contextual analysis. 

Key Principles of Interpretivism:
1.	 Subjectivity and Meaning: Beyond Numbers
2.	 Qualitative Methods: Exploring the Human Expe-

rience

	♦ Testing and 
verification

	♦ Pseudoscience 
vs Knowledge

	♦ InterpretationSG
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3.	 Understanding Over Explanation: The Human    
   Perspective

4.	 Cultural and Historical Context: Knowledge in  
   Perspective

Logical positivism and interpretivism represent two 
contrasting ways of understanding the world. While 
logical positivism has propelled scientific advancement 
by demanding empirical verification and logical precision, 
interpretivism reminds us that human experiences cannot 
always be reduced to formulas. Both approaches have their 
strengths and limitations, and together, they contribute to a 
more comprehensive understanding of reality.

2.1.2 Science vs. Non-Science: Implications 
of Both Approaches

The debate between logical positivism and interpretivism 
raises important questions about what counts as science. 
Logical positivists maintain that only empirical, testable 
knowledge qualifies as scientific, whereas interpretivists 
expand the definition to include subjective and contextual 
understandings. This fundamental division has profound 
implications for various academic disciplines and real-
world applications. For example, in the field of medicine, 
positivist approaches dominate through controlled clinical 
trials and laboratory experiments, ensuring that treatments 
are evidence-based and replicable. However, alternative 
medical practices, such as traditional Chinese medicine or 
Ayurveda, incorporate holistic and interpretive perspectives 
that consider patient experiences, cultural traditions, and 
individualized treatments. While logical positivists might 
dismiss such approaches as unscientific, interpretivists argue 
that understanding patient narratives and cultural factors is 
crucial to healthcare.

Similarly, in the social sciences, logical positivism supports 
quantitative methods like surveys and statistical analysis to 
identify patterns in human behaviour. Interpretivists, on the 
other hand, emphasize qualitative research methods such 
as in-depth interviews and ethnographic studies to capture 
the nuances of human experience. For instance, while a 
positivist might study crime rates through numerical data 
and correlations, an interpretivist would explore personal 
narratives of criminals to understand their motivations 
and socio-cultural influences. This dichotomy also plays 
out in legal and political studies. Positivist approaches to 

	♦ Dichotomy 

	♦ Science vs. 
Non-Science

	♦ Qualitative and 
quantitative 
Inferences 
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law emphasize codified statutes, precedent, and empirical 
evidence in judicial decisions. Interpretivist approaches, 
however, highlight the importance of context, historical 
influences, and moral reasoning in legal interpretation. A 
purely positivist legal system might strictly enforce the letter 
of the law, whereas an interpretivist approach would consider 
the spirit of the law and the broader societal implications of 
a verdict.

Ultimately, both perspectives contribute to a richer 
understanding of the world. While logical positivism 
ensures rigor and reliability, interpretivism acknowledges 
the complexity of human experiences that cannot always 
be reduced to formulas and data points. Recognizing the 
strengths and limitations of each approach allows for a more 
comprehensive and nuanced exploration of knowledge 
across disciplines.

Feature
Logical 

Positivism
Interpretivism

Focus
Objective 

knowledge
Subjective meaning

Methodology
Experiments, 
statistics

Interviews, case 
studies

Nature of 
Science

Universal laws
Context-dependent 
understanding

Fields of 
Application

Natural 
sciences

Social sciences

From a positivist perspective, fields like history, literature, 
and philosophy may be considered non-scientific due to their 
lack of empirical verification. However, interpretivists argue 
that knowledge should not be limited to empirical testing, 
as understanding human behaviour requires different 
methodologies. The distinction between science and non-
science is complex and shaped by different epistemological 
traditions. Logical positivism establishes strict empirical 
criteria for scientific knowledge, emphasizing verification and 
objectivity. Interpretivism, on the other hand, broadens the 
scope of science by incorporating subjective and qualitative 
methods, particularly in the study of human behaviour 
and society. Rather than viewing one approach as superior, 
contemporary scholars often advocate for a combination of 
both perspectives to enrich our understanding of science and 

	♦ Methodical or 
humanistic

	♦ Scientific and 
non-scientific
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its relationship with knowledge production.

2.1.2.1 Karl Popper’s Falsifiability Criterion: 
Science as a Process of Disproof

Philosopher Karl Popper challenged the verification 
principle of logical positivism by proposing falsifiability as 
the defining criterion of scientific knowledge. According 
to Popper, scientific theories must be testable in a way that 
allows them to be proven false. If a theory cannot, even in 
principle, be disproven by evidence, then it is not scientific. 
For example, consider Einstein’s theory of general relativity. 
When first proposed, it made predictions about how light 
bends around massive objects. In 1919, an experiment 
conducted during a solar eclipse confirmed Einstein’s 
predictions, thereby strengthening the theory. However, 
what makes relativity scientific is that it could, in principle, 
have been proven false if the observations had contradicted 
it. By contrast, astrology makes vague and unfalsifiable 
claims. If an astrologer predicts that “you will face challenges 
this week,” there is no clear way to prove this false, as 
“challenges” are subjective and open to interpretation. 
This makes astrology non-scientific according to Popper’s 
criterion.

2.1.2.2 Thomas Kuhn’s Paradigm Shifts: Sci-
ence as an Evolving Discipline

Thomas Kuhn, in his influential work The Structure of 
Scientific Revolutions, argued that science does not progress 
in a straight line but rather through paradigm shifts. 
A paradigm is a framework of theories, methods, and 
assumptions that guide scientific research. Philosopher 
Thomas Kuhn challenged the logical positivist view that 
science progresses in a straightforward, cumulative manner. 
Instead, he argued that scientific knowledge evolves through 
paradigm shifts—fundamental changes in the way scientists 
view the world. According to Kuhn, scientific progress 
occurs in the following stages:

1.	 Normal Science: Working Within an Accepted 
Paradigm

Most of the time, scientists operate within a well-
established framework or paradigm. For example, in the 
18th and 19th centuries, Newtonian physics was widely 
accepted, and researchers used it to explain motion, gravity, 
and mechanics. During this phase, scientists focus on solving 

	♦ Falsifiability: 
Testable

	♦ Guiding 
scientific 
research

	♦ Static
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problems within the existing model rather than questioning 
its foundations.

2.	 Anomalies Appear: Questioning the Dominant 
Model

Over time, inconsistencies or unexplained phenomena—
called anomalies—accumulate. For instance, in the late 19th 
century, scientists studying the speed of light found results 
that did not align with Newtonian physics. These anomalies, 
at first, might be ignored or considered minor errors.

3.	 Crisis and Revolution: The Shift to a New Para-
digm

When anomalies become too significant to ignore, a 
scientific crisis emerges. During this period, new theories 
are proposed to better explain observations. In the case of 
physics, Albert Einstein’s theory of relativity provided a 
revolutionary framework that resolved the inconsistencies 
of Newtonian physics. This marked a paradigm shift—a 
fundamental change in scientific thinking. Kuhn’s theory 
highlights that science is not just about accumulating facts 
but also about shifting perspectives when existing models 
fail to explain new findings. This idea challenges the logical 
positivist view that science follows a purely linear and 
objective path.

2.1.2.3 Beyond Rigid Dichotomies: Bruno La-
tour’s Actor-Network Theory

Bruno Latour, a sociologist of science, argued that science 
is not just about objective facts but also about networks of 
relationships between scientists, institutions, technology, 
and society. His Actor-Network Theory (ANT) suggests 
that scientific knowledge is shaped by interactions between 
humans and non-human elements (such as laboratory 
instruments and funding bodies). For example, the 
development of the COVID-19 vaccine was not just about 
pure scientific discovery. It involved collaboration between 
researchers, pharmaceutical companies, governments, and 
even public trust in vaccines. ANT shows that scientific 
progress depends on both human and material factors, 
challenging the idea that science exists in isolation from 
society.

	♦ Inconsistencies

	♦ Scientific crisis

	♦ Knowledge 
network SG
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Science vs. Non-Science: Practical Examples
The debate between scientific and non-scientific 

knowledge can be better understood through real-world 
examples:

1.	 Astrology vs. Astronomy: A Case of Verification
Astrology claims that human personalities and 

future events are influenced by the positions of celestial 
bodies. However, its predictions are vague and cannot 
be systematically tested. In contrast, astronomy relies on 
precise calculations, observations, and verifiable evidence. 
While astrology remains popular in culture, it does not meet 
the scientific criteria of testability and falsifiability.

2. Ayurvedic vs. Allopathic Medicine: Different Approaches to 
Healing

Ayurvedic medicine, rooted in ancient Indian traditions, 
focuses on holistic healing, using natural herbs and dietary 
practices. Allopathic medicine (modern Western medicine) 
is based on rigorous scientific testing, clinical trials, and 
empirical evidence. While Ayurveda offers valuable 
insights into health and wellness, its effectiveness is harder 
to verify through scientific methods compared to allopathic 
treatments, which rely on standardized testing and proven 
outcomes.

Scientific knowledge is not static—it evolves through 
challenges, debates, and paradigm shifts. Logical positivism 
emphasizes verification and empirical observation, while 
Kuhn’s paradigm shifts and Latour’s Actor-Network Theory 
highlight the social and historical dimensions of science. The 
distinction between science and non-science is not always 
straightforward, but understanding these perspectives 
allows for a more comprehensive view of knowledge and 
progress.

Logical positivism and interpretivism represent two 
contrasting approaches to understanding the world. While 
logical positivism has propelled scientific advancement by 
demanding empirical verification and logical precision, 
interpretivism reminds us that human experiences cannot 
always be reduced to formulas. The inclusion of perspectives 
from Popper, Kuhn, and Latour demonstrates that science 

	♦ Dynamic

	♦ Balance 
between 
empirical and 
interpretive 
approach
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is not static but evolves through critical scrutiny, paradigm 
shifts, and socio-political influences. Ultimately, a balanced 
approach that recognizes the strengths and limitations of 
both empirical and interpretive methods provides a richer 
understanding of knowledge and reality.

2.1.3 Indigenous and Popular Science

1.	 Indigenous Knowledge vs. Western Scientific 
Knowledge

Indigenous knowledge refers to long-standing traditions 
and practices passed down through generations within a 
community. Unlike Western scientific knowledge, which 
is based on standardized experiments and universal laws, 
indigenous knowledge is often localized, holistic, and 
deeply connected to cultural and environmental contexts. 
For example, indigenous communities in the Amazon have 
developed sophisticated methods for sustainable farming 
in rainforest conditions, which differ significantly from 
industrial agricultural techniques used in the West.

Western scientific knowledge tends to prioritize objectivity, 
quantification, and controlled experimentation, whereas 
indigenous knowledge emphasizes lived experience, oral 
traditions, and community-based learning. While Western 
science often seeks to uncover universal principles, indigenous 
knowledge is context-dependent and deeply intertwined 
with cultural identity and environmental stewardship.

2.	 Vandana Shiva’s Critique of Western Epistemology 
and Knowledge Politics

Vandana Shiva, an influential environmental activist 
and scholar, has been a vocal critic of Western scientific 
epistemology and the power structures that govern 
knowledge production. She argues that Western science 
often dismisses indigenous and local knowledge systems 
as “unscientific” or “primitive,” reinforcing colonial and 
capitalist systems of domination. According to Shiva, this 
marginalization of indigenous knowledge has contributed to 
environmental degradation and the loss of biodiversity.

A key example is the Green Revolution, where Western 
agricultural technologies, including chemical fertilizers and 
genetically modified seeds, were promoted as solutions to 
food scarcity. However, Shiva and other critics argue that 
these interventions disrupted traditional farming methods, 

	♦ Traditional vs 
Modern

	♦ Mainstreaming

	♦ Disruptive vs 
Harmonious 
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led to soil depletion, and made farmers dependent on 
multinational corporations. By reclaiming indigenous 
seed-saving practices and advocating for food sovereignty, 
Shiva highlights how local knowledge systems can provide 
sustainable alternatives to industrial agriculture.

2.1.3.1 Indigenous Science in Practice

1.	 Traditional Agricultural Techniques: Sustainable 
Farming

Indigenous communities have developed agricultural 
techniques that promote ecological balance and long-
term sustainability. One well-known example is the 
“Three Sisters” method used by Native American tribes. 
This involves planting corn, beans, and squash together 
in a mutually beneficial system: corn provides a natural 
structure for beans to climb, beans enrich the soil with 
nitrogen, and squash spreads along the ground, preventing 
weed growth and retaining soil moisture. Unlike modern 
industrial farming, which often relies on chemical fertilizers 
and pesticides, this indigenous technique demonstrates an 
early understanding of sustainable agriculture. Similarly, in 
parts of Africa and Asia, shifting cultivation (also known as 
slash-and-burn agriculture) has been practiced for centuries. 
While often criticized in modern environmental debates, 
when done traditionally, it allows soil to regenerate and 
supports biodiversity. Indigenous farmers also engage in 
seed saving and selective breeding, practices that have led 
to the development of resilient crop varieties suited to local 
environments.

2.	 Indigenous Healing Practices: Traditional Medi-
cine and Modern Science

Many traditional medicine systems, such as Ayurveda 
in India, Traditional Chinese Medicine (TCM), and African 
herbal medicine, have been used for thousands of years to 
treat illnesses. These systems rely on plant-based remedies, 
holistic healing, and personalized treatments. While some 
indigenous medical practices were dismissed as unscientific, 
modern pharmacology has validated many traditional 
remedies. A classic example is aspirin, derived from willow 
bark, which indigenous healers in Europe and North 
America used for pain relief long before it was synthesized 
by pharmaceutical companies. Similarly, quinine, a 
treatment for malaria, was discovered through indigenous 

	♦ Native practices 

	♦ Traditional 
medical 
practices
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knowledge of the cinchona tree in South America. The World 
Health Organization (WHO) has recognized the potential of 
traditional medicine and integrates aspects of it into modern 
healthcare systems, especially in regions where Western 
medicine is less accessible.

3.	 Water Conservation Methods: Indigenous Innova-
tions in Resource Management

Water scarcity is a pressing global issue, yet indigenous 
communities have long developed strategies to manage and 
conserve water sustainably. In Rajasthan, India, step wells 
(baoris or jhalaras) have been used for centuries to collect and 
store rainwater, ensuring a year-round water supply even 
in arid conditions. Similarly, the “Zing” system in Ladakh 
channels glacial meltwater into storage areas for use in 
agriculture. In Peru, indigenous people developed “amunas,” 
ancient water-harvesting systems that direct excess rainfall 
into underground aquifers to recharge groundwater levels. 
These methods are now being revisited as sustainable 
alternatives to large-scale dam projects, which often disrupt 
ecosystems and displace communities.

4.	 Folk Knowledge and Grassroots Innovations in Sci-
ence

While Western science has led to significant technological 
advancements, folk knowledge and grassroots innovations 
have also contributed to scientific progress. Rural farmers, 
artisans, and local innovators often develop low-cost, 
sustainable solutions tailored to their unique environments. 
For example, Indian farmer Rajaram Bhagat developed a low-
cost method to extract essential oils from medicinal plants 
using traditional techniques, providing economic benefits to 
local communities while preserving indigenous knowledge. 
Similarly, the Honey Bee Network in India documents and 
supports grassroots innovations, demonstrating that science 
is not limited to elite institutions but also thrives in everyday 
problem-solving within communities. By recognizing 
the contributions of indigenous and popular science, we 
can build a more inclusive and diverse understanding of 
knowledge, ensuring that traditional wisdom and scientific 
progress work hand in hand.

2.1.3.2 The Contribution of Folk Knowledge 
and Grassroots Innovations to Science

Indigenous knowledge is not static; it evolves through 
experimentation and adaptation. Grassroots innovators, 
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particularly in rural communities, have created sustainable 
and cost-effective solutions based on local knowledge. For 
example:

	♦ The “Honey Bee Network” in India documents 
and promotes rural innovations, such as low-cost 
water pumps, organic pest control methods, and 
eco-friendly housing materials.

	♦ Farmers in the Philippines have developed their 
own pest-resistant rice varieties through selec-
tive breeding, reducing dependence on chemical 
pesticides.

	♦ Indigenous weavers in South America have de-
veloped natural dyeing techniques that are now 
being studied for their environmentally friendly 
applications in the textile industry.

Rather than viewing indigenous knowledge as outdated 
or inferior to Western science, recognizing its contributions 
allows for a more holistic approach to problem-solving. 
Many modern scientists now work alongside indigenous 
communities to integrate traditional wisdom with 
contemporary research, leading to more inclusive and 
sustainable scientific advancements. By understanding 
and respecting indigenous science, we can challenge the 
dominance of Western epistemology and recognize diverse 
ways of knowing. This shift not only enriches scientific 
discourse but also promotes social and environmental justice 
by valuing the knowledge of historically marginalized 
communities.

2.1.4 Categorizations and Power Relations 
in Academia

Scientific knowledge is not just about discovering truths—
it is also about who gets to decide what counts as valid 
knowledge. Academic institutions, funding agencies, and 
peer review systems all play a role in determining which 
research is legitimized and which is dismissed. This process 
is not neutral; it is shaped by social, political, and economic 
forces. Understanding these dynamics is crucial for critically 
evaluating scientific knowledge. Rather than assuming that 
science is purely objective, it is important to recognize how 
power, funding, and institutional structures influence what 
is considered legitimate science.
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1.	 Power/Knowledge: Michel Foucault’s Perspective

French  philosopher  Michel Foucault argued that knowledge 
and power are deeply intertwined. According  to Foucault, 
those in positions of authority define what is considered 
“true” knowledge. Academic disciplines, universities, and 
research institutions function as gatekeepers, determining 
which ideas are accepted and which are marginalized. This 
means that science is not just an objective pursuit of truth but 
also a site of power struggles.

For example, during the early 20th century, disciplines 
like anthropology categorized indigenous knowledge as 
primitive or unscientific. However, many of these traditional 
practices, such as herbal medicine and ecological conservation 
methods, have since been validated by modern research. 
Foucault’s analysis helps us understand how the authority 
to categorize and validate knowledge is often linked to 
historical and political power structures.

This idea extends to contemporary debates as well. 
Climate science, for example, faces significant resistance 
from industries that have a financial stake in fossil fuels. 
Powerful corporations fund studies that downplay human-
caused climate change, influencing public perception and 
policy decisions. Similarly, pharmaceutical companies 
may prioritize research that leads to profitable drugs while 
neglecting studies on affordable or natural treatments.

2.	 Institutional Gatekeeping and the Politics of 
Research

Universities and funding agencies play a critical role in 
determining which scientific questions receive attention. 
Research that aligns with dominant political or economic 
interests is more likely to receive grants and institutional 
support, while studies that challenge prevailing systems 
may struggle for recognition. The peer review system, 
meant to ensure scientific rigor, can sometimes reinforce 
existing power structures by favouring established scholars 
over new or controversial perspectives. One example of 
institutional gatekeeping is the historical exclusion of women 
and minorities from STEM fields. For decades, women were 
discouraged from pursuing careers in physics, mathematics, 
and engineering. Even today, studies show that women and 
marginalized groups face biases in hiring, publishing, and 
funding opportunities. This structural inequality shapes the 
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direction of scientific progress and limits diverse perspectives 
in research.

3.	 The Influence of Corporations on Scientific Knowl-
edge

Corporate funding plays a significant role in shaping 
scientific research. In fields such as pharmaceuticals, 
biotechnology, and environmental science, private companies 
fund studies that align with their business interests. This 
influence can lead to biases in published research, where 
studies highlighting the benefits of a company’s product are 
more likely to receive funding and publication.

A well-documented example is the tobacco industry’s 
efforts to suppress research on the harmful effects of smoking. 
For decades, cigarette companies funded misleading studies 
that cast doubt on the link between smoking and lung 
cancer, delaying regulatory actions. Similar tactics have been 
used by the fossil fuel industry to challenge climate science 
and by pharmaceutical companies to prioritize profitable 
treatments over public health solutions.

Scientific knowledge is shaped not just by empirical 
evidence but also by the social and political forces that 
govern academia. Foucault’s concept of power/knowledge 
helps us understand that science is not purely objective but 
is influenced by those who control its institutions. Funding 
agencies, peer review systems, and corporate interests 
all contribute to determining which scientific ideas gain 
legitimacy. Recognizing these power dynamics allows us to 
critically engage with scientific discourse and advocate for 
a more inclusive and transparent approach to knowledge 
production.

2.1.4.1 Gender Bias in STEM Fields
Power relations in academia also influence who gets to 

participate in scientific research. Women and marginalized 
groups have historically been excluded from STEM 
(Science, Technology, Engineering, and Mathematics) fields. 
Even today, gender bias persists in hiring practices, grant 
allocations, and publication opportunities. For instance, 
studies have shown that women’s research papers are cited 
less frequently than those of their male colleagues, which 
negatively affects their career progression. Additionally, 
women are under -represented in leadership positions within 
academia and scientific institutions. This imbalance limits 
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diversity in research perspectives and reduces opportunities 
for mentorship and networking for aspiring female scientists.

Another critical issue is the historical focus of medical 
research on male subjects. Many clinical trials and drug 
studies have been conducted primarily on men, leading to 
gaps in understanding how diseases and treatments affect 
women. A well-documented example is cardiovascular 
research, where symptoms of heart attacks in women were 
often overlooked because studies were based on male patients. 
This lack of representation has had real consequences, as it 
delayed proper diagnosis and treatment for women suffering 
from heart conditions. Gender bias is also evident in funding 
allocations. Studies indicate that research proposals submitted 
by female scientists receive lower funding than those from 
male applicants, even when the quality of the research is 
comparable. This systemic disadvantage makes it harder for 
women to advance their scientific careers and contribute to 
ground breaking discoveries.

Furthermore, the work of women scientists has historically 
been overlooked or credited to male colleagues. Rosalind 
Franklin, for example, played a crucial role in discovering 
the structure of DNA, but her contributions were largely 
overshadowed by the recognition given to James Watson 
and Francis Crick. Similar patterns can be seen across 
various fields, where women’s intellectual labour has been 
underappreciated or erased from historical narratives. 
Addressing these biases requires systemic changes, including 
more inclusive hiring and promotion policies, gender-
sensitive research funding, and better representation of 
women in leadership positions. 

Efforts such as mentorship programs, scholarships for 
women in STEM, and policy changes in academic institutions 
are crucial steps toward closing the gender gap in science. The 
categorization and legitimization of knowledge are not purely 
objective processes but are influenced by power dynamics 
in academia. Foucault’s concept of power/knowledge 
reveals how authority structures define what counts as 
science. Funding agencies and corporate interests shape 
research priorities, sometimes leading to biased outcomes. 
Additionally, systemic inequalities continue to affect who 
gets to contribute to scientific knowledge. Understanding 
these factors is essential for creating a more inclusive and 
unbiased scientific community.
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The relationship between technology, science, and knowledge by analyzing 
how different forms of knowledge are categorized and valued in academic and 
societal contexts. It examines the distinction between science and non-science, 
questioning the rigid boundaries that often separate empirical, Western scientific 
traditions from other knowledge systems. The discussion includes indigenous 
and popular science, highlighting how traditional knowledge systems and 
local innovations contribute to scientific understanding despite often being 
marginalized. Additionally, it considers how power relations in academia 
influence the recognition and legitimacy of different forms of knowledge, shaping 
research priorities, funding, and institutional acceptance. By critically assessing 
these categorizations, the topic encourages a broader and more inclusive 
understanding of science and technology.

Summarised Overview

1.	 How is technology related to science and knowledge in society?

2.	 What is the difference between science and non-science?

3.	 Why is indigenous knowledge often considered less scientific than West-
ern science?

4.	 How does popular science influence public understanding of technology?

5.	 What role does power play in determining what is considered “valid” 
knowledge in academia?

6.	 How have historical and cultural contexts shaped the way we categorize 
scientific knowledge?

7.	 Why do certain scientific disciplines receive more funding and recogni-
tion than others?

8.	 How do sociologists critique the exclusion of indigenous and local knowl-
edge systems from mainstream science?

9.	 In what ways does technology reinforce existing power relations in soci-
ety?

10.	How can academia become more inclusive in recognizing diverse forms 
of knowledge?

Self-Assessment Questions
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Assignments

1.	 Analyze the relationship between Indian social structure and the devel-
opment of science in the country.

2.	 Discuss the issues of brain drain and brain gain among India’s scientific 
community.

3.	 Explain the Nehruvian approach to science policy and its long-term im-
pact on India’s scientific institutions.

4.	 What role do scientific laboratories and institutions play in India’s tech-
nological growth?
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed for 
each paragraph. The space given below can be used for listing the questions.
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Globalisation and Market Oriented 
Knowledge Production

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ assess the influence of capitalist funding on university research and aca-
demic freedom

	♦ examine the growing interrelationship between industry and universities 
in knowledge production

	♦ analyse the transition of science and technology from public resources to 
privatized intellectual property

	♦ explore the ethical and economic consequences of patents on scientific in-
novation and accessibility

 Globalisation has transformed not only economies and cultures but also the 
way knowledge is produced, disseminated, and valued. In the past, knowledge 
generation was largely shaped by state-funded institutions, universities, and 
independent scholars working within disciplinary frameworks. However, 
with the rise of market-driven economies and global interconnectedness, 
knowledge production has increasingly aligned with commercial and economic 
priorities. The shift toward market-oriented knowledge production means that 
research and innovation are often driven by profitability, industry demands, 
and economic competitiveness rather than purely intellectual or societal 
advancement. Universities and research institutions now operate in a highly 
competitive global environment, where securing corporate funding, patents, 
and international rankings determines their influence and sustainability. Fields 
such as biotechnology, artificial intelligence, and pharmaceutical research 
have seen significant private sector involvement, often prioritizing commercial 
viability over broader societal needs.

Moreover, the influence of multinational corporations and venture capital 
firms has led to concerns about the commodification of knowledge. Academic 
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Discussion

Keywords
Capitalism, Industry collaboration, Patent, Academic commercialization, 

Market-driven research

research is frequently shaped by market needs, resulting in a focus on applied 
science, patentable discoveries, and industry partnerships while sometimes 
neglecting fundamental research in the humanities or social sciences. This 
transformation raises critical questions about intellectual independence, access to 
knowledge, and the ethical implications of profit-driven research. As knowledge 
becomes increasingly commercialized, disparities in access to education and 
research funding widen, particularly between the Global North and South. 
Countries with strong economic resources dominate the knowledge economy, 
reinforcing power imbalances in global academia. This evolving landscape 
necessitates a critical examination of how knowledge is produced, who controls 
it, and how it serves both market interests and public good.

2.2.1 R&D – Capitalist Interventions in 
Academia and Funding

The history of research and development (R&D) is 
deeply tied to the ways societies have organized knowledge 
production. For much of human history, scientific inquiry and 
technological advancements were primarily state-funded or 
supported by ruling elites, with knowledge seen as a public 
good meant to serve national interests, social progress, 
and intellectual exploration. However, the latter half of 
the 20th century saw a significant shift toward corporate-
driven research, where knowledge became increasingly 
privatized and commodified. This transformation reflects 
broader economic and political shifts, particularly the rise 
of neoliberal policies and market-oriented approaches to 
science and technology.

2.2.1.1 State-Funded Research: The Early 
Model

Historically, governments and public institutions 
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played a dominant role in funding scientific research. 
Before the 20th century, scientific exploration was often 
the domain of universities, national academies, and state-
sponsored institutions. Monarchies and governments 
supported exploration, medical advancements, and 
technological progress as a means of strengthening state 
power and improving public welfare. A key moment in the 
institutionalization of public-funded research came in the 
20th century, particularly during the World Wars and the 
Cold War, when nations recognized the strategic importance 
of technological innovation. Some major examples include:

World War II and the Manhattan Project: One of the 
most famous examples of publicly funded research is the 
Manhattan Project, a U.S. government-funded initiative 
that led to the development of nuclear weapons. This large-
scale scientific endeavor demonstrated how state funding 
could drive groundbreaking research with far-reaching 
consequences.

NASA and the Space Race: During the Cold War, the 
U.S. and Soviet Union heavily invested in space exploration, 
leading to the creation of agencies like NASA. These 
programs were fully state-funded and driven by geopolitical 
competition rather than market considerations.

Public Health and Medical Advancements: Many 
significant medical breakthroughs, including the development 
of vaccines (such as the polio vaccine by Jonas Salk), were 
the result of publicly funded research. Salk notably refused 
to patent the polio vaccine, famously stating, “Could you 
patent the sun?”—a testament to the ethos of knowledge as 
a public good.

These examples highlight how state investment in R&D 
was primarily driven by national security, public health, 
and economic stability, with an emphasis on open access to 
knowledge and long-term societal benefits.

2.2.1.2 The Shift Toward Privatization: The 
1970s and Beyond

While governments remained the primary funders of R&D 
throughout the mid-20th century, the landscape began to 
change in the 1970s and 1980s. Several factors contributed to 
the increasing privatization of scientific research:

	♦ Public funded

	♦ State motivated
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1.	 Neoliberal Economic Policies and Market-Orient-
ed Science

The rise of neoliberal economic policies, particularly in the 
United States and the United Kingdom under leaders like 
Ronald Reagan and Margaret Thatcher, led to reductions 
in government spending on public services, including 
higher education and research institutions. The prevailing 
belief was that the private sector could drive innovation 
more efficiently than the state, resulting in policy shifts that 
encouraged corporate investment in research. Universities 
and research institutions increasingly sought partnerships 
with private enterprises, shifting their priorities from pure 
scientific exploration to commercially viable projects.

2.	 The Bayh-Dole Act (1980) and the Commercializa-
tion of Knowledge

A pivotal moment in the commercialization of knowledge 
was the passage of the Bayh-Dole Act in the United States. 
Before this law, discoveries made using federal research 
grants remained the property of the government, meaning 
they were publicly accessible but often underutilized by 
private industry. The Bayh-Dole Act allowed universities 
and research institutions to patent discoveries made using 
federal funding and license them to private companies. 
While this incentivized technological innovation and 
entrepreneurship, it also led to concerns that publicly 
funded knowledge was increasingly being monopolized by 
corporations rather than serving the broader public interest.

3.	 Decline in Public R&D Funding and the Rise of 
Corporate Influence

As corporate involvement in research grew, public funding 
for basic research began to decline. Many universities and 
public research institutions, once primarily government-
funded, turned to private corporations for financial support. 
This shift altered research priorities, with an increasing 
focus on areas with high commercial potential rather than 
purely scientific or socially beneficial pursuits. For example, 
pharmaceutical research has largely moved toward the 
development of high-profit drugs rather than investing 
in less lucrative but socially essential treatments, such as 
antibiotics or treatments for rare diseases.
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4.	 The Biotechnology and Pharmaceutical Boom: Pat-
ents and Profits

The emergence of biotechnology and pharmaceutical 
industries as major research funders in the late 20th century 
exemplifies the shift from public knowledge to proprietary 
knowledge. Unlike earlier public health initiatives where 
vaccines and medicines were developed for widespread use, 
modern drug development became a for-profit enterprise. 
Many life-saving drugs, originally developed through 
publicly funded research, were later patented by private 
companies, leading to high prices and limited accessibility. 
A well-known example is insulin: though it was originally 
discovered with public funding, insulin patents were later 
acquired by private firms, leading to skyrocketing costs that 
made the drug unaffordable for many patients.

2.2.1.3 Public vs. Private Control: Consequenc-
es and Debates

The increasing privatization of knowledge has led to 
debates about access, innovation, and ethical considerations. 
Supporters argue that private investment accelerates 
technological advancement, provides financial incentives for 
research, and brings discoveries to market more efficiently. 
Critics, however, contend that corporate control limits access 
to essential knowledge, prioritizes profit over public welfare, 
and restricts the open exchange of scientific ideas. The shift 
from public to private control over knowledge production is 
a defining feature of contemporary R&D, shaping everything 
from medical advancements to technological innovation. 
Understanding the historical context of this transformation 
helps highlight the ongoing challenges in balancing 
commercial interests with public good in scientific research.

2.2.1.4 University Research: From Public Good 
to Commercial Enterprise

In the past, university research was largely considered 
a public good. Universities were seen as institutions 
dedicated to the pursuit of knowledge for the sake of 
human advancement. However, as public funding declined, 
universities increasingly sought partnerships with private 
corporations. This shift resulted in several key changes:

Patent-Driven Research: Universities began to prioritize 
research that could yield patents and generate revenue 
through licensing agreements. This marked a departure from 
traditional open-access research models.

	♦ Profit 
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The Role of Private Funding in Research Agendas: 
Research topics are now often influenced by corporate 
interests rather than pure academic curiosity. Fields such as 
artificial intelligence, pharmaceuticals, and biotechnology 
are dominated by private funding, shaping the direction of 
scientific inquiry.

The Growth of Industry-Sponsored Research Centres: 
Many universities have established research centres funded 
by corporations. While these partnerships have led to 
technological advancements, they have also raised concerns 
about academic freedom and conflicts of interest.

2.2.1.5 Consequences of the Shift toward Pri-
vate Control over Knowledge

The increasing dominance of private funding in research 
and development has raised significant ethical and social 
concerns:

Restricted Access to Knowledge: The privatization of 
research results has led to paywalls, patents, and licensing 
fees, making it harder for independent researchers, 
developing nations, and the general public to access critical 
scientific knowledge.

Bias in Research Prioritization: Corporate-driven research 
often prioritizes profitable fields, such as pharmaceuticals 
and technology, while underfunding areas that do not 
promise immediate financial returns, such as environmental 
science and public health.

Erosion of Academic Independence: As universities 
become increasingly dependent on private funding, there 
is a growing concern that industry sponsors may influence 
research outcomes, undermining scientific integrity.

The transition from state-funded research to corporate-
driven R&D represents a fundamental shift in how 
knowledge is produced, controlled, and distributed. While 
privatization has led to increased investment in certain fields 
and technological advancements, it has also raised important 
questions about access, ethics, and the role of knowledge in 
society. Understanding this evolution is crucial in assessing 
the implications of knowledge commercialization and 
exploring ways to balance scientific progress with public 
welfare. The challenge for contemporary academia is to 
ensure that research remains both innovative and socially 
responsible, without compromising accessibility and ethical 
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considerations.

2.2.1.6 The Role of Funding in Shaping Re-
search Agendas

Funding plays a critical role in shaping the direction and 
priorities of academic and scientific research. The availability 
and sources of financial support—whether from government 
bodies, private corporations, or philanthropic organizations—
significantly influence what research gets conducted, which 
disciplines receive attention, and how findings are applied 
in real-world contexts. The nature of funding, particularly 
its objectives and restrictions, often determines whether 
research is geared toward fundamental scientific discoveries, 
immediate technological applications, or specific commercial 
interests. This section explores the influence of government 
and private funding on research priorities, examines case 
studies of historically significant funding trends, and assesses 
the impact of neoliberal policies on public universities and 
research institutions.

2.2.1.7 Government and Private Funding: Influ-
ence on Research Priorities

Governments allocate substantial funds to scientific and 
academic research through grants, subsidies, and institutional 
budgets. Public funding typically prioritizes projects that align 
with national interests, including economic development, 
public health, defense, and technological innovation. Agencies 
such as the National Science Foundation (NSF) in the United 
States and similar bodies worldwide play a crucial role in 
setting research agendas by issuing calls for proposals on 
pre-determined themes. These themes often reflect political 
priorities, such as climate change mitigation, renewable 
energy development, or biomedical advancements.

Private funding, on the other hand, frequently originates 
from corporations, industry consortia, and venture 
capital firms. These sources tend to support research 
with direct commercial applications, favoring fields such 
as pharmaceuticals, artificial intelligence, and materials 
science. While private funding can drive innovation and 
rapid development, it also raises concerns about conflicts of 
interest and the potential for biased research outcomes. For 
example, pharmaceutical companies funding clinical trials 
may prioritize studies that are likely to yield profitable drug 
formulations rather than those addressing less commercially 
viable diseases.
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	♦ Council of Scientific and Industrial Research 
(CSIR) (India) – Funds research in diverse scien-
tific disciplines.

	♦ Department of Science and Technology (DST) 
(India) – Provides financial support for research 
in science and technology.

	♦ Indian Council of Medical Research (ICMR) (In-
dia) – Supports biomedical and health research 
in India.

	♦ University Grants Commission (UGC) (India) – 
Offers research funding to universities and high-
er education institutions.

	♦ National Science Foundation (NSF) (USA) – Sup-
ports research in all non-medical fields of science 
and engineering.

	♦ National Institutes of Health (NIH) (USA) – 
Funds biomedical and public health research.

	♦ European Research Council (ERC) (EU) – Pro-
vides funding for scientific and technological re-
search.

	♦ Department of Energy (DOE) (USA) – Supports 
research in energy production, sustainability, 
and nuclear security.

	♦ Natural Sciences and Engineering Research 
Council (NSERC) (Canada) – Supports univer-
sity-based research in natural sciences and engi-
neering.

These agencies play a crucial role in setting research 
agendas by issuing calls for proposals on pre-determined 
themes. These themes often reflect political priorities, such as 
climate change mitigation, renewable energy development, 
or biomedical advancements.

	♦ Tata Trusts (India) – Provides grants for scientif-
ic, social, and educational research.

	♦ Infosys Science Foundation (India) – Funds re-
search in engineering, mathematical sciences, 
and humanities.

	♦ Biocon Foundation (India) – Supports biotech-
nology and healthcare-related research.

	♦ Bill & Melinda Gates Foundation (USA) – Sup-
ports global health and development research.

	♦ Howard Hughes Medical Institute (HHMI) 
(USA) – Funds biomedical research.

	♦ Wellcome Trust (UK) – Supports scientific and 
health-related research worldwide.

	♦ National and 
global funding 
agencies

	♦ National and 
foreign private 
funding sources
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	♦ Google DeepMind (UK) – Invests in artificial in-
telligence research.

	♦ Pharmaceutical companies (e.g., Pfizer, Novar-
tis, Johnson & Johnson) – Fund clinical trials and 
drug development.

	♦ Silicon Valley venture capital firms (e.g., Sequoia 
Capital, Andreessen Horowitz) – Invest in tech-
nology and biomedical startups.

While private funding can drive innovation and rapid 
development, it also raises concerns about conflicts of 
interest and the potential for biased research outcomes. For 
example, pharmaceutical companies funding clinical trials 
may prioritize studies that are likely to yield profitable drug 
formulations rather than those addressing less commercially 
viable diseases.

2.2.1.8 Historical Trends in Funding and Their 
Impact

One of the most significant examples of government funding 
shaping research priorities is military-funded research in the 
United States, particularly during and after World War II. 
The establishment of institutions like the Defense Advanced 
Research Projects Agency (DARPA) and increased funding 
for military-related scientific research led to ground breaking 
developments in computing, aerospace technology, and 
telecommunications. The internet itself, initially developed 
as ARPANET, is a direct outcome of such funding. While 
these advancements benefited civilian applications, they also 
demonstrate how government funding can direct research 
toward defense and strategic interests at the expense of 
purely theoretical or humanitarian investigations.

Another important case is the pharmaceutical industry’s 
influence on medical research. Large pharmaceutical 
corporations invest heavily in clinical trials and drug 
development, often steering research toward profitable 
areas such as chronic disease treatments rather than 
preventive medicine or vaccines for diseases affecting lower-
income populations. This has led to controversies over the 
accessibility and affordability of life-saving medications, as 
well as concerns about transparency and the suppression of 
unfavourable trial results.

Furthermore, the shift toward applied over theoretical 
research has been reinforced by both government and private 
funding. Governments increasingly demand measurable 
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economic and social returns on research investments, 
leading universities and research institutions to prioritize 
applied sciences and technology transfer over fundamental 
scientific inquiry. This has resulted in declining support for 
pure mathematics, theoretical physics, and basic humanities 
research, disciplines whose long-term contributions may not 
be immediately apparent but are crucial for foundational 
knowledge.

2.2.1.9 Neoliberal Policies and Their Impact on 
Public Universities

The rise of neoliberal economic policies has had profound 
consequences for higher education and research institutions, 
particularly in public universities. Budget cuts, privatization 
efforts, and a shift toward self-financing have forced many 
universities to seek alternative funding sources, including 
corporate partnerships and tuition hikes. This trend has led 
to the commodification of education and research, where 
universities increasingly function as businesses that prioritize 
market-driven research over independent academic inquiry.

In countries such as the United Kingdom and the United 
States, public universities have experienced significant 
reductions in state funding, compelling them to compete 
for corporate sponsorships and external grants. This has 
resulted in a research culture that prioritizes commercially 
viable projects, often at the expense of critical social sciences, 
humanities, and fundamental scientific research. The 
pressure to secure external funding also affects academic 
freedom, as researchers may feel constrained in pursuing 
controversial or politically sensitive topics that could deter 
potential funders.

Additionally, the emphasis on self-financing has led to 
the proliferation of patenting and commercialization within 
academia. Universities increasingly patent their research 
findings and enter into licensing agreements with private 
firms, blurring the lines between academic inquiry and 
industrial research. While this model fosters innovation 
and economic growth, it also raises ethical concerns about 
knowledge privatization and reduced access to publicly 
funded research.

Funding is a powerful determinant of research direction, 
shaping which topics receive attention and how knowledge 
is generated and applied. While government funding has 
historically driven large-scale scientific and technological 
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advancements, private funding has introduced market-
driven priorities that influence the trajectory of research. The 
impact of neoliberal policies on public universities further 
exacerbates these trends, compelling institutions to prioritize 
financial sustainability over academic independence. As 
funding landscapes continue to evolve, it is crucial to ensure 
that research remains diverse, ethical, and oriented toward 
the broader public good, rather than being dictated solely by 
economic or political imperatives.

2.2.1.10 Conflicts of Interest and Ethical Dilem-
mas

The corporatization of research has led to conflicts of 
interest, including biased studies, lack of transparency, 
and ethical concerns. When corporations fund research, 
they may influence results to align with their commercial 
interests. A well-documented example is the tobacco 
industry funding studies that downplayed the health risks 
of smoking. Similarly, pharmaceutical companies sometimes 
sponsor studies to favor their drugs, leading to concerns over 
objectivity.

2.2.1.11 Consequences of Academic Freedom 
and Knowledge Production

Academic freedom is increasingly under pressure due 
to the growing influence of corporate funding and the 
structural demands of modern academia. Researchers often 
face constraints in publishing critical findings due to the 
dominance of corporate-sponsored journals and tenure 
insecurity. The “publish or perish” culture forces academics 
to prioritize quantity over quality, often leading to rushed 
publications and an emphasis on commercially viable topics 
rather than foundational research.

2.2.1.12 Corporate Sponsorship and Publishing 
Pressures

Many leading academic journals are owned by major 
publishing houses with close corporate ties. Researchers may 
feel compelled to align their work with industry interests to 
secure publication in prestigious journals, leading to potential 
biases and self-censorship. For example, pharmaceutical 
companies often fund clinical research published in top 
medical journals, sometimes leading to biased reporting 
of drug efficacy and safety. In India, private universities 
and research institutions increasingly rely on corporate 
partnerships for funding, affecting the independence of 
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research agendas. The shift towards commercially driven 
research reduces opportunities for critical studies in social 
sciences and humanities, areas often overlooked by corporate 
sponsors.

2.2.1.13 Corporate Patents and Restricted 
Knowledge Access

The rise of corporate patents has also limited open-access 
knowledge and interdisciplinary research. Patents held 
by pharmaceutical and technology companies restrict the 
sharing of scientific discoveries, slowing down innovation 
and collaboration. A well-documented example is the 
pharmaceutical industry’s use of patents to control drug 
pricing and accessibility, as seen in the case of Novartis’ 
legal battle over generic cancer drugs in India. Similarly, 
in the tech industry, corporate ownership of AI research 
has hindered open-source developments. Companies like 
Google DeepMind and OpenAI have faced criticism for 
restricting access to machine-learning models that could 
benefit broader scientific communities.

2.2.1.14 Impact on Interdisciplinary Research
Corporate-funded research often focuses on highly 

specialized fields with direct commercial applications, 
discouraging interdisciplinary studies. Areas such as climate 
science, public health, and fundamental physics struggle 
to attract funding compared to applied research in AI, 
pharmaceuticals, and materials science. The lack of cross-
disciplinary collaboration limits holistic problem-solving 
and innovative breakthroughs. In conclusion, the increasing 
dependence on corporate funding and competitive 
publishing cultures poses significant challenges to academic 
freedom and knowledge production. Addressing these 
issues requires stronger regulatory frameworks, increased 
public funding for independent research, and more open-
access initiatives to ensure that scientific knowledge remains 
a public good rather than a commercial commodity.

2.2.2 Interrelationship Between Industry 
and Universities

The relationship between industry and universities 
has evolved significantly over time, transitioning from 
knowledge production primarily for social welfare to 
research increasingly driven by market utility. Early 
university research, particularly in fields like agriculture and 
public health, was largely funded by governments to benefit 
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society as a whole. However, with the rise of industrialization 
and economic liberalization, corporate funding has played a 
greater role in shaping academic research priorities.

One of the most significant turning points in university-
industry collaboration was the Bayh-Dole Act of 1980 in 
the United States. This legislation allowed universities and 
other research institutions to patent inventions developed 
with federal funding. As a result, universities became more 
engaged in commercial research, leading to a surge in patents, 
technology transfer agreements, and startup incubators 
within academic institutions. While this act accelerated 
innovation and strengthened ties between academia and 
industry, it also raised concerns about prioritizing profit over 
unbiased scientific discovery.

In India, a similar shift toward market-driven research 
has been observed. Historically, institutions like the Indian 
Agricultural Research Institute (IARI) focused on state-
funded agricultural research that improved food security 
and rural livelihoods. However, in recent decades, industries 
such as biotechnology, pharmaceuticals, and information 
technology have become key stakeholders in university 
research collaborations. Organizations like the Biotechnology 
Industry Research Assistance Council (BIRAC) now provide 
funding and support for industry-oriented academic research.

The transition from state-funded to corporate-driven 
research has had profound implications. While industry 
collaboration has led to technological advancements, it has 
also introduced challenges such as intellectual property 
restrictions, limitations on open-access knowledge, and ethical 
dilemmas in research focus. For example, pharmaceutical 
companies often fund university research on patentable 
drugs rather than on affordable, generic alternatives, thereby 
influencing healthcare accessibility. These developments 
highlight the growing role of industry in shaping academic 
knowledge production and the need for policies that balance 
commercial interests with public welfare. 

2.2.2.1 The Corporate Takeover of Higher Edu-
cation

a.	 The Rise of Industry-Funded Research Centres    
           within Universities

Corporations are increasingly investing in university 
research by establishing dedicated research centres within 
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academic institutions. These industry-funded centres focus 
on fields with high commercial potential, such as artificial 
intelligence, biotechnology, pharmaceuticals, and materials 
science. Notable examples include Google’s AI Lab at the 
University of Toronto, Microsoft Research collaborations 
with MIT, and pharmaceutical companies funding medical 
research labs in universities like Harvard Medical School 
and the All India Institute of Medical Sciences (AIIMS). 
While these collaborations often lead to rapid technological 
advancements and funding inflows for universities, they 
also raise concerns about research bias, intellectual property 
ownership, and the prioritization of commercial over social 
interests.

b.	 Curriculum Shifts toward Employability-Driv  
            en Education
The influence of corporate funding has led to significant 

shifts in university curricula, with a strong emphasis on 
employability and industry-relevant skills. Governments 
and universities worldwide have prioritized STEM (Science, 
Technology, Engineering, and Mathematics) education, 
often at the expense of humanities, social sciences, and 
critical thinking disciplines. In India, the National Education 
Policy (NEP) 2020 emphasizes vocational training and 
employability skills, aligning higher education with 
industry needs. Similarly, in the United States, universities 
increasingly offer industry-backed certification programs 
and partnerships with corporations like IBM and Amazon 
Web Services. This shift, while beneficial for workforce 
readiness, raises concerns about the diminishing role of 
liberal arts education in fostering critical thinking and 
holistic knowledge development.

c.	 The Rise of Business-Oriented University 	       
           Governance

Universities are adopting corporate-style governance 
structures, with business leaders occupying influential 
positions on university boards and decision-making bodies. 
Many higher education institutions now have corporate 
executives, venture capitalists, and industry representatives 
shaping policies, funding allocations, and curriculum 
development. For example, Stanford University’s Board 
of Trustees includes executives from Silicon Valley tech 
giants, influencing research directions toward innovation-
driven entrepreneurship. In India, private universities such 
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as Ashoka University and O.P. Jindal Global University 
have strong industry partnerships, with board members 
actively involved in shaping academic priorities to align 
with corporate interests. This model has sparked debates 
on whether universities are prioritizing profit motives over 
independent academic inquiry and the public good.

While corporate involvement in higher education 
can enhance research opportunities, innovation, and 
job placements, it also poses risks such as research 
commercialization, reduced academic freedom, and the 
marginalization of disciplines that do not yield immediate 
financial returns. Balancing industry collaboration with 
academic integrity remains a crucial challenge for universities 
worldwide.

2.2.2.2 Knowledge as a Commodity: Universities 
as Profit-Oriented Institutions

The transformation of universities into profit-driven 
entities has led to fundamental changes in the structure and 
purpose of higher education. As institutions seek financial 
sustainability, tuition fees, commercialization of research, 
and aggressive branding strategies have taken precedence 
over traditional academic values.

Rising tuition fees, especially in private institutions, have 
made higher education increasingly inaccessible to lower-
income students. Universities now prioritize revenue-
generating research, often partnering with industries for 
patents and licensing agreements. Branding efforts, including 
global university rankings and high-profile research 
initiatives, have become crucial for attracting students and 
funding.

The growing cost of higher education has led to a surge 
in student debt, particularly in countries like the United 
States and India, where loan-based education financing has 
become the norm. The global education market, fueled by 
international student mobility and franchised university 
campuses, has turned education into a commercialized 
service rather than a public good.

Private universities, such as Amity University in India and 
the University of Phoenix in the U.S., operate with a strong 
business model focused on high tuition fees, corporate tie-
ups, and market-driven courses. Similarly, online education 
platforms like Coursera and Udemy have monetized 
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learning, offering certification programs at a cost, often in 
collaboration with traditional universities.

2.2.2.3 Impact on Academic Research and 
Innovation

Industry funding plays a significant role in determining 
the focus and scope of academic research, often favoring 
commercially viable outcomes over purely scientific 
inquiries. This shift has led to multiple consequences:

	♦ Corporate sponsors often prioritize research with 
profitable applications, such as funding pharma-
ceutical drug trials rather than preventive health-
care initiatives. For example, many major drug 
companies invest heavily in developing medica-
tions for chronic conditions, which ensure long-
term consumer dependency, while funding for 
vaccine research or lifestyle-based interventions 
remains relatively lower.

	♦ Many industry-funded projects require research-
ers to sign non-disclosure agreements (NDAs), re-
stricting open dissemination of findings. Patent-
ing of research outcomes further limits academic 
collaboration and interdisciplinary research, as 
universities and corporations seek to maximize 
financial returns rather than share knowledge 
freely. This trend has been observed in biotech-
nology and artificial intelligence research, where 
corporate interests often control access to critical 
data and innovations.

	♦ The growing pressure to publish commercially 
relevant findings has contributed to a decline in 
research integrity. The “publish or perish” culture 
incentivizes universities and researchers to prior-
itize quantity over quality, sometimes leading to 
the fabrication or misrepresentation of data to se-
cure continued funding. The replication crisis—
where many studies fail to be reproduced due 
to flawed methodologies or biased reporting—is 
a direct result of this pressure. For example, in 
psychology and biomedical sciences, numerous 
high-profile studies funded by industry partners 
have faced scrutiny for producing results that 
could not be replicated independently.

These factors collectively reshape the academic landscape, 
prioritizing profit-driven research over knowledge creation 
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for public benefit. Without strong institutional safeguards, 
the commercialization of research risks compromising the 
core values of academic inquiry, transparency, and ethical 
responsibility.

2.2.3 Science and Technology from Public 
Resource to Intellectual Property and 
Patent

Scientific advancements have historically been driven 
by publicly funded research institutions and government-
backed projects. Some of the most significant technological 
and scientific breakthroughs originated in state-funded 
initiatives, demonstrating the power of collective investment 
in knowledge generation. Examples include:

The National Aeronautics and Space Administration 
(NASA) has played a pioneering role in space exploration, 
satellite technology, and materials science. Research 
conducted by NASA has led to innovations that extend far 
beyond space travel. The development of satellite-based 
Global Positioning System (GPS) technology revolutionized 
navigation and geolocation, while advancements in 
materials science resulted in the creation of memory foam, 
initially designed for astronaut safety but now widely used 
in consumer products such as mattresses and footwear. 
Additionally, NASA’s work in remote sensing and earth 
observation has contributed significantly to climate change 
research and disaster management.

This ambitious, publicly funded initiative aimed to map 
the entire human genome, making genetic information 
accessible for further research. Completed in 2003, it laid 
the groundwork for advances in personalized medicine, 
biotechnology, and gene therapy. The project’s success led to 
breakthroughs in diagnosing genetic disorders, developing 
targeted cancer therapies, and understanding hereditary 
diseases. However, in the aftermath of the project, many of 
the resulting innovations and genetic discoveries have been 
patented and commercialized by private biotechnology and 
pharmaceutical companies, raising concerns about access to 
life-saving treatments.

The European Organization for Nuclear Research (CERN) 
has been at the forefront of particle physics research, most 
notably contributing to the discovery of the Higgs boson 
particle. This publicly funded institution has also played 
a significant role in technological advancements beyond 
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fundamental physics. One of CERN’s most influential 
contributions is the creation of the World Wide Web, 
developed by Tim Berners-Lee in 1989 as a tool for researchers 
to share information more efficiently. Today, the internet 
has become an essential global infrastructure, though much 
of its commercial landscape is now dominated by private 
corporations that monetize access and data.

The origins of the internet can be traced back to the 
Advanced Research Projects Agency Network (ARPANET), 
a project funded by the U.S. Department of Defense in 
the 1960s. Initially developed to facilitate communication 
between government and academic institutions, ARPANET 
laid the foundation for the modern internet. Over time, private 
companies have commercialized the internet, leading to the 
rise of tech giants such as Google, Facebook, and Amazon, 
which now control vast amounts of data, digital services, 
and online infrastructure. While the internet remains a 
crucial public utility, concerns about data privacy, digital 
monopolies, and corporate control over online information 
have emerged as significant challenges.

These examples highlight how publicly funded 
research has fuelled scientific and technological progress, 
only for many of these innovations to be privatized and 
commercialized by corporate entities. The shift from publicly 
accessible knowledge to proprietary intellectual property 
raises critical ethical and economic questions about the 
accessibility of research outcomes, the role of private profit 
in scientific discovery, and the future of public investment 
in innovation.

Despite these publicly funded discoveries, neoliberal 
economic policies have increasingly led to the privatization 
of scientific knowledge. Governments have reduced direct 
funding for research while promoting private-sector 
investment and commercialization. As a result, many 
innovations that originated in publicly funded institutions 
are now controlled by private corporations, limiting public 
access and raising concerns about profit-driven knowledge 
production.

One major shift occurred through legislative changes, 
such as the Bayh-Dole Act (1980) in the U.S., which allowed 
universities and researchers to patent publicly funded 
discoveries. This legislation encouraged collaboration 
between academia and industry but also led to increased 
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privatization of knowledge. In India, similar trends can be 
seen in initiatives like Startup India, where public research 
institutions are encouraged to commercialize their findings.

Pharmaceutical research offers a notable example of this 
transition. Many life-saving drugs, including treatments for 
diseases like HIV/AIDS and cancer, were initially developed 
with government funding. However, patents and exclusivity 
agreements granted to private corporations have restricted 
access to affordable medications. The case of Gilead Sciences 
and its hepatitis C drug, Sofosbuvir, demonstrates how a 
drug developed with public funding became unaffordable 
for many due to corporate pricing strategies.

Similarly, agricultural biotechnology has seen a shift from 
state-funded research in food security to corporate-controlled 
genetically modified (GM) crops. Companies like Monsanto 
(now Bayer) have patented seeds developed through publicly 
funded agricultural research, limiting farmers’ rights to 
save and replant seeds, thereby increasing dependence on 
corporate suppliers.

The privatization of innovation raises concerns about 
equitable access to scientific advancements and the 
prioritization of research that serves commercial rather than 
social needs. As industries gain control over patents and 
intellectual property rights, the traditional model of open-
access scientific knowledge is being replaced by profit-driven 
research, often at the expense of broader public benefit. 
However, in recent decades, neoliberal economic policies 
have increasingly shifted the control of scientific discoveries 
from public institutions to private enterprises. This transition 
is evident in:

	♦ Privatization of publicly funded discoveries – 
Breakthroughs developed through public invest-
ment are often patented and commercialized by 
private corporations, limiting public access to 
knowledge.

	♦ University-industry partnerships – Universities 
collaborate with corporations to monetize re-
search findings, leading to patents and exclusive 
licensing deals that prioritize profit over open 
knowledge dissemination.

2.2.3.1 The Patent System and Knowledge 
Ownership

Intellectual property (IP) laws, particularly patents, 
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have significantly shaped the way knowledge is owned 
and accessed in modern research. While patents serve as 
incentives for innovation by granting temporary monopolies 
to inventors, they also create barriers to the free exchange of 
knowledge. This has led to ethical concerns regarding access 
to critical technologies, pharmaceuticals, and agricultural 
innovations.

IP laws grant exclusive rights to inventors and corporations, 
limiting public access to important scientific discoveries and 
innovations. This has been particularly evident in sectors such 
as biotechnology, pharmaceuticals, and digital technology, 
where patent protections often restrict affordable access to 
life-saving drugs, essential agricultural resources, and new 
technological developments.

	♦ Companies such as Monsanto (now part of Bayer) 
have patented genetically modified (GM) crops, 
requiring farmers to purchase new seeds each 
planting season instead of saving and reusing 
seeds. This has placed financial strain on small 
farmers, particularly in developing countries like 
India, where cases of farmer suicides have been 
linked to debt incurred from purchasing expen-
sive GM seeds.

	♦ Patents in the pharmaceutical industry have re-
stricted access to essential medicines, particular-
ly in developing nations. One notable example is 
the case of HIV/AIDS medications in the 1990s, 
where patent protections by major pharmaceu-
tical companies kept drug prices high, prevent-
ing access for millions in Africa. It was only af-
ter pressure from global health organizations 
and the introduction of generic alternatives that 
affordable treatment became widely available. 
Similarly, during the COVID-19 pandemic, de-
bates arose over patent waivers for vaccines to 
ensure equitable global distribution.

	♦ Many corporations and research institutions have 
sought to patent traditional knowledge without 
recognizing or compensating indigenous com-
munities. Examples include attempts to patent 
neem (a medicinal plant widely used in India) 
and turmeric for its therapeutic properties. Such 
cases have led to legal battles over biopiracy, 
raising ethical questions about knowledge own-
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ership and the exploitation of traditional wisdom 
for corporate profit.

2.2.3.2 Open Science vs. Corporate Control
The debate between open science and corporate control has 

intensified in recent years, as access to knowledge becomes 
increasingly privatized. While corporations seek to patent 
and commercialize scientific discoveries, the open-access 
movement fights to ensure that knowledge remains publicly 
available.

	♦ Initiatives such as Sci-Hub and public genome 
databases have emerged as forms of resistance 
against knowledge privatization. Sci-Hub, often 
referred to as the “Pirate Bay of Science,” pro-
vides free access to millions of academic papers, 
challenging expensive journal paywalls. Public 
genome databases, like those created during the 
Human Genome Project, ensure that genetic re-
search remains accessible to all scientists rather 
than being monopolized by biotech companies.

	♦ Organizations like Doctors Without Borders (MSF) 
and the Access to Medicines Campaign have 
fought to democratize knowledge, particularly in 
the pharmaceutical industry. These groups advo-
cate for fair pricing and the removal of intellectual 
property barriers that prevent life-saving medi-
cines from reaching underprivileged populations.

	♦ Insulin, developed with public funds in the ear-
ly 20th century, was intended to be an affordable 
medication for diabetes patients. However, cor-
porate control by pharmaceutical giants has led 
to excessive pricing, limiting access for millions of 
diabetics worldwide. Advocacy groups continue 
to push for lower prices and generic alternatives 
to break the monopolistic hold over insulin pro-
duction.

The battle between open science and corporate control 
underscores the tension between public interest and private 
profit, shaping the future of knowledge production and 
dissemination.

2.2.3.3 Alternatives to Market-Driven Science
In response to the increasing commercialization of research, 

alternative models of knowledge production have emerged. 
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Community-driven research initiatives, such as citizen 
science and grassroots innovation, have encouraged public 
participation in scientific inquiry, emphasizing cooperative 
knowledge-sharing rather than profit-driven outcomes. The 
open-source technology movement, represented by projects 
like Linux, Creative Commons, and open AI research, 
has demonstrated how collaborative, non-commercial 
approaches can lead to groundbreaking technological 
advancements. These models promote transparency and 
accessibility in research and innovation.

Governments in some regions have actively prioritized 
public research initiatives. Scandinavian countries, for 
instance, have established policies that treat knowledge 
as a social good, funding public universities and research 
institutions to ensure that advancements in science and 
technology benefit society rather than private corporations. 
These policies provide a framework for balancing innovation 
with ethical considerations, making research more inclusive 
and socially responsible.

	♦ Alternative 
models

	♦ Prioritizing 
public 
research

The increasing commercialization of knowledge production has led to growing 
concerns about accessibility, equity, and the prioritization of public interest 
over profit-driven motives. To counteract the commodification of research and 
education, alternative models have been proposed that emphasize cooperative 
knowledge-sharing and public investment in science. Some of these approaches 
include:

One such alternative is Cooperative Universities, which are governed by 
faculty, students, and communities rather than corporate interests. These 
institutions prioritize open knowledge production, ensuring that research and 
education serve societal well-being rather than private profit. By decentralizing 
governance and resisting commercial pressures, cooperative universities offer a 
model that aligns knowledge creation with democratic values and social justice.

Another approach is Publicly Funded Open Research, which expands 
government support for research initiatives while ensuring that findings remain 
freely accessible to all. This model reduces dependence on proprietary databases 
and paywalled journals, fostering a culture of open collaboration. Public funding 
mechanisms, when directed towards open-access publishing and freely available 
research outputs, enhance global knowledge-sharing and benefit both academia 
and society at large.

Summarised Overview
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Lastly, Social Innovation Hubs provide community-driven spaces that foster 
research and technological development outside the constraints of corporate 
funding. These hubs bring together researchers, entrepreneurs, and activists to 
address pressing social challenges through collaborative efforts. By focusing 
on innovation that directly serves local and global communities, these spaces 
promote inclusive and sustainable knowledge economies.

Activism and academic resistance also play a crucial role in reshaping the future 
of science and education. Movements advocating for open-access publishing, 
public funding for research, and the de-commodification of higher education 
are essential in ensuring that knowledge remains a public good rather than a 
market-driven commodity. By promoting policies that prioritize knowledge 
democratization, fostering collaboration across disciplines, and resisting the 
encroachment of corporate control, the future of academic inquiry can be aligned 
more closely with societal needs and global development goals.

1.	 How has capitalist intervention shaped the direction of academic research 
and development?

2.	 Discuss the benefits and drawbacks of university-industry collaborations.

3.	 How does globalization impact the autonomy of scientific research?

4.	 In what ways does intellectual property law affect scientific innovation 
and public access?

5.	 Analyse the role of multinational corporations in controlling knowledge 
production.

6.	 Should universities prioritize market-driven research over fundamental 
research? Why or why not?

7.	 What are the socio-political consequences of privatizing public-funded 
research?

8.	 How do patents on life-saving drugs affect healthcare accessibility?

9.	 Discuss the ethical implications of industry-funded research in academia.

10.	What alternative models exist for funding scientific research beyond cor-
porate investment?

Self-Assessment Questions
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1.	 Examine the role of R&D and capitalist interventions in shaping academia 
and funding.

2.	 Describe does the relationship between industry and universities affect 
scientific innovation.

3.	 Discuss the transition of science and technology from being a public re-
source to becoming intellectual property.

4.	 Does the increasing commercialization of knowledge benefit scientific in-
novation, or does it create new barriers to access.

5.	 Evaluate does corporate funding in academia affect the independence of 
scientific research.

6.	 Consider the ethical implications of transitioning science and technology 
from public resources to intellectual property.

Assignments
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed for 
each paragraph. The space given below can be used for listing the questions.
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Social Science and Science

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ explain the principles of positivism and its impact on social science re-
search

	♦ critically evaluate the subject-object dichotomy and its implications for sci-
entific inquiry

	♦ assess the strengths and limitations of quantitative techniques in social re-
search

	♦ analyze the role of technology in shaping contemporary sociological re-
search methods

The relationship between social science and science has long been a subject 
of debate within sociology and philosophy. While the natural sciences rely on 
empirical observation, experimentation, and quantitative analysis, social sciences 
deal with complex human behaviours, cultural dynamics, and societal structures, 
raising questions about the appropriateness of scientific methodologies in studying 
society. It is important to explore key epistemological and methodological debates 
that shape the study of social phenomena in relation to science and technology. 
This unit provides a foundational understanding of the relationship between 
science, technology, and social research. By critically examining the influence 
of positivism, objectivity, quantitative methods, and technology, students will 
develop a nuanced perspective on how scientific approaches shape the study of 
society.

UNIT
3

Keywords

Positivism, Social theory, Objectivity, Subjectivity, Quantitative research, Digital 
methodologies, AI in research, Ethical concerns
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Discussion
2.3.1 Positivism and Social Theory

Positivism, introduced by Auguste Comte, sought to 
apply scientific principles to the study of society. Comte 
believed that, like the natural world, social phenomena 
followed observable laws that could be systematically 
studied using empirical methods. This perspective heavily 
influenced early sociological research, leading to the 
development of statistical and survey-based methodologies. 
Logical positivism further reinforced the idea that scientific 
knowledge should be based on verifiable empirical evidence. 
However, critics argue that human behaviour cannot always 
be reduced to universal laws, as it is influenced by subjective 
experiences, historical contexts, and cultural variations. The 
rise of interpretivism, critical theory, and constructivist 
approaches challenged positivism by emphasizing meaning, 
agency, and social context.

2.3.1.1 The Emergence of Positivism
Positivism emerged in the early 19th century as a 

philosophical approach to understanding society through 
scientific principles. French philosopher Auguste Comte 
(1798–1857) is credited with developing the concept of 
positivism, arguing that human thought progresses through 
three stages: the theological stage (dominated by religious 
explanations), the metaphysical stage (characterized by 
abstract philosophical reasoning), and the scientific or 
positive stage (where empirical observation and scientific 
methods are used to explain reality).

Comte believed that society, like the natural world, 
operates according to laws that can be discovered through 
systematic observation and empirical analysis. He sought to 
establish sociology as a discipline that applies methods from 
the natural sciences, such as observation, experimentation, 
and classification, to study social phenomena. Comte’s 
emphasis on empirical research laid the foundation for later 
developments in sociological theory and methodology. His 
ideas influenced early sociologists like Émile Durkheim, who 
applied statistical methods to study social facts, reinforcing 
the idea that social phenomena could be measured 
objectively.

	♦ Assimilation of 	
technology and 	
society  

	♦ Law of three 
stages 
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2.3.1.2 Logical Positivism and Its Influence on 
Social Research Methodologies

Building on Comte’s ideas, logical positivism emerged in 
the early 20th century as a more refined version of positivist 
philosophy, primarily associated with the Vienna Circle—a 
group of philosophers and scientists who sought to establish 
a unified scientific approach to all fields of knowledge, 
including the social sciences. Logical positivists, such as 
Moritz Schlick and Rudolf Carnap, argued that knowledge 
should be based on verifiable empirical data and logical 
reasoning, rejecting metaphysical speculation and subjective 
interpretations.

In social research, logical positivism encouraged the use 
of quantitative methods, emphasizing statistical analysis, 
hypothesis testing, and the development of generalizable 
theories. This approach led to the widespread adoption 
of surveys, experiments, and standardized measurement 
techniques in sociology. For example, Durkheim’s study 
on Suicide (1897) exemplifies a positivist approach, as he 
used statistical data to identify correlations between social 
integration and suicide rates, demonstrating that social 
phenomena could be studied scientifically.

Logical positivism also influenced the development of 
structural-functionalism, which viewed society as a system of 
interrelated parts operating according to discoverable laws. 
Scholars like Talcott Parsons applied positivist principles 
to analyse social structures and their functions, reinforcing 
the belief that social research should focus on identifying 
patterns and causal relationships.

2.3.1.3 Critiques of Positivism: Interpretivist, 
Constructivist, and Critical Perspectives

Despite its impact, positivism has faced significant 
criticism from various sociological traditions that question its 
applicability to the study of human society. Interpretivism, 
constructivism, and critical theory offer alternative 
perspectives that challenge the assumptions of positivism.

Interpretivism
This perspective, associated with thinkers like Max Weber 

and George Herbert Mead, argues that human behaviour 
cannot be understood solely through empirical observation 
and statistical analysis. Instead, social research should 

	♦ Verifiable 
knowledge

	♦ Logical 
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functionalism
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focus on meaning, context, and subjective experiences. 
Interpretivists advocate qualitative methods, such as 
interviews and ethnography, to explore how individuals 
construct and interpret social reality. For example, Weber’s 
concept of Verstehen emphasizes the need for researchers 
to place themselves in the shoes of social actors to grasp the 
meanings behind their actions. Similarly, Mead’s work on 
symbolic interactionism explores how individuals develop 
self-identity through social interactions, highlighting the 
significance of subjective experiences in shaping human 
behaviour.

Constructivism
This approach, influenced by phenomenology and 

symbolic interactionism, argues that knowledge and reality 
are socially constructed rather than objectively discovered. 
Scholars like Peter Berger and Thomas Luckmann emphasize 
that social reality is created through human interactions 
and shared meanings, challenging the positivist notion 
of objective laws governing society. A key illustration of 
constructivism is seen in the concept of social construction 
of reality, where institutions, cultural norms, and even 
scientific knowledge are viewed as products of collective 
human agreement rather than inherent truths. For instance, 
the classification of mental illnesses has evolved over time, 
reflecting changing societal attitudes rather than fixed 
biological realities.

Critical Theory
Developed by the Frankfurt School, critical theory 

critiques positivism for being overly deterministic and failing 
to account for power structures and social inequalities. 
Thinkers like Theodor Adorno and Jürgen Habermas argue 
that positivist research often reinforces the status quo rather 
than challenging dominant ideologies. They advocate for 
a more reflexive approach that considers historical and 
political contexts in social analysis. For instance, Adorno’s 
critique of the culture industry highlights how mass media 
and capitalist enterprises shape public consciousness, 
reinforcing consumerism and passive acceptance of social 
norms. Habermas, on the other hand, emphasizes the 
role of communicative action in fostering democratic 
discourse, arguing that knowledge production should serve 
emancipatory goals rather than merely describing social 
patterns. These alternative perspectives to positivism have 

	♦ Interpretive 
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significantly enriched sociological research, emphasizing the 
need for methodological pluralism and deeper engagement 
with social meanings, power dynamics, and historical 
contexts in the study of society. These critiques highlight 
the limitations of positivism in capturing the complexity 
of human behavior, leading to a greater appreciation for 
mixed-methods approaches that combine quantitative and 
qualitative techniques.

2.3.1.4 The Debate Between Natural and Social 
Sciences

One of the central debates in sociology concerns whether 
social sciences should adopt the methodologies of natural 
sciences. Positivists argue that social phenomena follow 
universal laws, making it possible to study society using 
the same scientific principles applied in physics, chemistry, 
and biology. However, critics contend that social sciences 
differ fundamentally from natural sciences due to the role of 
human consciousness, agency, and cultural variability.

2.3.1.5 Arguments in Favor of a Scientific Approach

Social phenomena exhibit patterns and regularities that can 
be measured and analysed, much like natural phenomena. 
Proponents of a scientific approach argue that human 
behavior, despite being complex, follows identifiable 
patterns that can be systematically studied. For example, 
demographic studies show that factors like income, education, 
and geography influence voting behaviour. Similarly, crime 
rate patterns can be analysed using statistical models to 
understand correlations between socio-economic conditions 
and criminal activities.

Empirical research methods, such as surveys and 
experiments, allow for the testing of hypotheses and the 
establishment of causal relationships. Social scientists use 
controlled experiments, longitudinal studies, and large-
scale surveys to identify cause-and-effect relationships. For 
instance, studies on education policies often use randomized 
controlled trials (RCTs) to determine the effectiveness of 
teaching methods. In psychology, experiments on group 
behaviour, such as the Stanford Prison Experiment, have 
provided insights into the effects of power dynamics on 
human behaviour.

Scientific approaches contribute to evidence-based 
policymaking, improving societal outcomes through data-
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driven interventions. Many government policies rely 
on empirical social science research to design effective 
interventions. For example, economic policies addressing 
poverty and unemployment often use statistical models to 
assess the impact of various social welfare programs. The 
use of big data in urban planning helps cities optimize 
traffic flow, reduce pollution, and improve public transport 
efficiency.

2.3.1.6 Arguments against a Scientific 
Approach

Human behaviour is influenced by emotions, beliefs, and 
subjective meanings, which cannot always be quantified. 
Unlike natural sciences, where phenomena follow predictable 
physical laws, human behavior is shaped by subjective 
experiences, cultural norms, and emotions. For example, the 
motivations behind religious beliefs or artistic expression 
cannot be fully captured through statistical analysis. 
Interpretivist scholars argue that qualitative methods, such 
as ethnography and in-depth interviews, are better suited to 
understanding the complexity of human interactions.

Social sciences deal with dynamic and context-dependent 
phenomena, making it difficult to establish universal laws. 
Unlike physics or chemistry, where experiments yield 
consistent results, social sciences must account for cultural 
and historical contexts that influence behavior. For instance, 
economic theories that work in one country may not apply in 
another due to differences in governance, culture, or societal 
structures. The unpredictability of human societies makes it 
challenging to develop fixed, universally applicable laws.

Ethical and political considerations often shape social 
research, raising questions about researcher bias and 
power dynamics. Social research is embedded in power 
structures and can be influenced by ideological biases. 
For example, studies funded by corporate interests may 
promote findings favorable to their business objectives, as 
seen in pharmaceutical research or climate change debates. 
Additionally, research on marginalized communities must 
be conducted ethically, ensuring that participants’ voices and 
perspectives are not overshadowed by dominant narratives.

Philosophers like Wilhelm Dilthey and Charles Taylor 
have argued that the social sciences should focus on 
understanding (Verstehen) rather than explaining (Erklären) 
human behaviour. This distinction suggests that while 

	♦ Social 
interventions

	♦ Subjectivity

	♦ Unpredictable 

	♦ Vested interests

	♦ Interpretive 
understansding

SG
O
U



121SGOU - SLM - MA Sociology -  Science, Technology and Society

natural sciences seek to uncover objective laws, social sciences 
should prioritize interpretative methods that capture the 
richness of human experiences.

The debate over positivism and its application in 
social research continues to shape the methodologies and 
theoretical frameworks used in sociology. While positivist 
approaches have contributed to the development of rigorous, 
systematic research techniques, critiques from interpretivist, 
constructivist, and critical perspectives highlight the need for 
more nuanced and context-sensitive methodologies. As the 
field of sociology evolves, scholars increasingly recognize the 
value of integrating multiple approaches to achieve a more 
comprehensive understanding of social reality.

2.3.2 Subject-Object Dichotomy
One of the fundamental debates in social sciences revolves 

around the subject-object dichotomy, which questions whether 
social phenomena can be studied with the same objectivity 
as natural sciences. Positivists argue that researchers can 
remain detached from their subjects, maintaining scientific 
neutrality. However, interpretivists challenge this notion, 
asserting that human behavior is deeply influenced by 
social context, emotions, and meanings that cannot be fully 
captured through purely objective methods. This debate 
continues to shape the methodologies used in sociology and 
related disciplines.

The roots of the subject-object dichotomy can be traced 
back to René Descartes’ philosophy, which emphasized a 
clear separation between the thinking subject (the observer) 
and the external world (the object of observation). This 
dualism influenced the development of the scientific 
method, reinforcing the idea that researchers must distance 
themselves from their subjects to achieve objectivity. In social 
sciences, this perspective led to the dominance of quantitative 
methods, where data is treated as an independent reality, 
separate from human interpretation. However, critics argue 
that complete objectivity is an illusion in social research. 
Unlike natural sciences, where experiments can be controlled, 
social scientists engage with human subjects whose beliefs, 
behaviors, and responses are shaped by cultural and historical 
contexts. For example, a sociological study on poverty is not 
just an objective observation but is also influenced by the 
researcher’s theoretical framework and potential biases.

Feminist scholars, particularly those associated with 
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standpoint theory, have been vocal critics of the traditional 
notion of objectivity in science. Standpoint theory, developed 
by scholars like Sandra Harding and Dorothy Smith, argues 
that knowledge is socially situated and that marginalized 
groups offer unique perspectives that challenge dominant 
paradigms. For instance, early sociological research often 
reflected the perspectives of elite, male scholars, overlooking 
the lived experiences of women and other oppressed groups. 
Feminist researchers emphasize the importance of reflexivity 
in social research—acknowledging the researcher’s 
positionality and its influence on the study’s findings. They 
advocate for methodologies that incorporate subjective 
experiences, such as ethnography and participatory action 
research, to provide a more holistic understanding of social 
phenomena.

Case Studies: How Subject-Object Relations Shape 
Knowledge Production in Sociology

1.	 Max Weber’s Verstehen Approach: Weber argued 
that to understand social action, researchers must 
adopt an interpretive approach that considers the 
subjective meanings individuals attach to their ac-
tions. His concept of Verstehen (understanding) 
highlights the need for empathy and context in so-
ciological analysis, contrasting with purely objective 
methodologies.

2.	 Race and Ethnicity Studies: In studies on race and 
ethnicity, objectivity has often been contested. His-
torically, research conducted by white scholars on 
racial minorities has been criticized for reinforcing 
stereotypes and failing to capture the lived realities 
of marginalized groups. The rise of critical race the-
ory has emphasized the importance of insider per-
spectives and subjective experiences in knowledge 
production.

3.	 Medical Sociology and Patient Narratives: Tradi-
tional medical research often prioritizes clinical data 
over patient experiences. However, medical sociolo-
gists argue that understanding illness requires inte-
grating subjective narratives, as seen in qualitative 
studies on chronic disease patients, where lived ex-
periences reveal the psychological and social dimen-
sions of health beyond mere biological symptoms.

	♦ Inclusivity 
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By addressing these complexities, the subject-object 
dichotomy debate highlights the ongoing tensions between 
positivist and interpretivist approaches in social science 
research. It underscores the necessity of methodological 
pluralism—recognizing that both objective measurements 
and subjective interpretations contribute to a comprehensive 
understanding of society.

2.3.3 Predominance of Quantitative Tech-
niques in Social Research

Quantitative research methods gained prominence in 
sociology in the late 19th and early 20th centuries, influenced 
by the success of the natural sciences in explaining physical 
phenomena through measurement and statistical analysis. 
Early sociologists, such as Émile Durkheim, pioneered the 
use of quantitative techniques in their studies, exemplified 
by Durkheim’s seminal work Suicide (1897), which analysed 
suicide rates across different social groups to establish 
correlations between social integration and suicide rates. 
The development of survey research, social statistics, and 
computational methods further solidified the dominance of 
quantitative approaches in social science research.

Advantages of Quantitative Techniques

1.	 Reliability and Replicability – Quantitative research 
relies on standardized measurement techniques, en-
suring that findings can be replicated and verified 
by other researchers. This strengthens the credibility 
of the results and allows for systematic comparisons 
across different populations and time periods.

2.	 Generalizability – Large-scale surveys and statisti-
cal analyses enable researchers to derive conclusions 
that apply to broader populations. By using repre-
sentative samples and probability sampling meth-
ods, quantitative research can produce findings that 
are applicable beyond specific case studies.

3.	 Data-Driven Policymaking – Governments, organiza-
tions, and policymakers rely on quantitative research 
to make informed decisions. Social indicators such as 
census data, crime rates, employment statistics, and 
public health surveys provide empirical evidence 
for formulating and evaluating policies aimed at ad-
dressing societal issues.

	♦ Knowledge 
production in 
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Limitations of Quantitative Techniques

1.	 Neglect of Meaning and Subjectivity – Critics ar-
gue that quantitative methods often fail to capture 
the subjective experiences, meanings, and emotions 
that shape human behavior. Unlike qualitative ap-
proaches, which prioritize in-depth understanding, 
quantitative research tends to reduce complex social 
phenomena into numerical data.

2.	 Oversimplification of Social Reality – The focus on 
statistical relationships can lead to an oversimplifi-
cation of social dynamics. Human behavior is influ-
enced by cultural, historical, and contextual factors 
that may not be adequately represented in numerical 
data alone.

3.	 Ethical and Interpretative Challenges – Large-scale 
quantitative research, such as national surveys and 
big data analysis, may raise ethical concerns related 
to privacy, informed consent, and data misuse. Ad-
ditionally, the interpretation of statistical findings 
can be influenced by biases in data collection, analy-
sis, and presentation.

2.3.3.1 Alternative Approaches: Mixed-Methods 
Research and Qualitative Innovations

In response to the limitations of purely quantitative 
methods, many researchers advocate for mixed-methods 
research, which integrates both quantitative and qualitative 
approaches. By combining statistical analysis with 
interviews, ethnography, and case studies, mixed-methods 
research provides a more comprehensive understanding 
of social phenomena. For example, studies on poverty 
may use quantitative data to assess income disparities 
while incorporating qualitative narratives to explore 
lived experiences and coping strategies of marginalized 
communities.

Qualitative innovations, such as participatory action 
research, digital ethnography, and discourse analysis, offer 
alternative ways of understanding social reality beyond 
numerical data. These approaches emphasize context, 
interaction, and meaning, challenging the notion that social 
research must adhere strictly to scientific measurement 
principles.

In conclusion, while quantitative techniques play a vital 

	♦ Mixed 
methodology
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role in social research by providing empirical evidence 
and statistical insights, their limitations necessitate 
complementary approaches. The ongoing debate over 
methodology highlights the importance of integrating 
diverse research strategies to achieve a more nuanced and 
holistic understanding of society.

 2.3.4 Use of Technology in Social Research
Technological advancements have significantly 

transformed social research methodologies. The rise of big 
data, artificial intelligence (AI), and machine learning has 
enabled sociologists to analyse vast amounts of information 
from various sources, such as social media, government 
records, and online transactions. These methods allow for 
more precise pattern recognition, predictive modelling, and 
the study of complex social interactions at an unprecedented 
scale. For example, AI-driven sentiment analysis helps 
sociologists assess public opinion on social issues based on 
social media posts. 

One striking example of big data in sociology is the 
analysis of human migration patterns using mobile phone 
data. Sociologists have used anonymized call detail records 
(CDRs) to track population movements after natural 
disasters, such as the 2010 Haiti earthquake. This data 
helped humanitarian agencies efficiently allocate resources 
to affected areas. Similarly, AI-driven sentiment analysis has 
been applied to Twitter posts to study mental health trends, 
allowing researchers to track rising levels of depression and 
anxiety in real time, especially during global crises like the 
COVID-19 pandemic.

2.3.4.1 Online Ethnography and Social Media 
Analytics as New Research Frontiers

Traditional ethnographic research, which involves in-
depth fieldwork and participant observation, has evolved 
with digital technology. Online ethnography, also known 
as virtual ethnography or ethnography, involves studying 
online communities, digital interactions, and virtual 
identities. Researchers analyse discussion forums, digital 
activism, and online behaviours to understand contemporary 
social dynamics. Social media analytics, which examines 
trends and discourse on platforms like Twitter and Facebook, 
has also become a crucial tool for studying public sentiment, 
political movements, and cultural shifts.

	♦ Research 
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A famous case of online ethnography is Gabriella 
Coleman’s study of Anonymous, the hacktivist group. By 
immersing herself in online forums and tracking the group’s 
digital activism, she documented their political motivations 
and decentralized organizational structure. Another 
example is digital activism in the Arab Spring, where 
researchers analyzed Facebook and Twitter discussions to 
understand how social media facilitated protests in Tunisia 
and Egypt. Social media analytics have also been used to 
study misogyny in online gaming communities, identifying 
patterns of harassment through linguistic analysis of chat 
logs.

2.3.4.2 Ethical Concerns in Technology-Driven 
Social Research 

The use of technology in social research raises several 
ethical issues. One major concern is privacy, as researchers 
often collect data from online sources without obtaining 
direct consent from individuals. Surveillance concerns also 
arise when governments or corporations use social research 
for monitoring and controlling populations. Additionally, 
biases in AI algorithms and data interpretation can reinforce 
societal inequalities. Ethical frameworks, such as informed 
consent, anonymization, and transparency, are essential in 
mitigating these challenges.

A major  controversy in data ethics is Cambridge 
Analytica’s use of Facebook data during the 2016 U.S. 
presidential election. The company collected personal 
data from millions of users without their consent, raising 
concerns about privacy and the ethical use of social media 
data in political campaigns. Another ethical dilemma arises 
in predictive policing, where AI algorithms have been 
used to forecast crime hotspots. Studies have shown that 
these systems often reinforce racial biases because they 
rely on historical arrest data, leading to over-policing in 
marginalized communities.

2.3.4.3 Application of Computational Sociology 
in Studying Social Behaviour

Computational sociology integrates computer science 
and social science to analyse human behaviour through 
large-scale simulations and data modelling. One prominent 
example is the study of misinformation spread on social 
media. Researchers use network analysis to track how false 
information propagates and influences public opinion. 
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Another case is predictive policing, where AI is employed 
to identify crime hotspots based on historical data. While 
these applications provide valuable insights, they also raise 
concerns about bias, privacy, and ethical decision-making in 
law enforcement and public policy.

Computational sociology has been instrumental in tracking 
the spread of fake news. Researchers at MIT found that false 
news spreads six times faster than true news on Twitter, 
largely due to human behaviour rather than bots. This insight 
has helped platforms design better misinformation detection 
systems. Another example is network analysis of terrorist 
organizations, where AI has been used to map connections 
between extremist groups, helping intelligence agencies 
disrupt recruitment patterns. These examples demonstrate 
the transformative impact of technology in sociology, while 
also highlighting the ethical and methodological challenges 
that come with digital research.

	♦ Case studies

This unit explores the relationship between social science and scientific 
methodologies, critically analysing the role of positivism, objectivity, quantitative 
techniques, and technology in social research. The unit begins with the emergence 
of positivism, introduced by Auguste Comte, which applies scientific principles 
to the study of society. It then examines logical positivism, which reinforced 
empirical and statistical methods in social research. However, positivism has 
been challenged by interpretivist, constructivist, and critical theories, which argue 
that human behaviour cannot be studied purely through empirical observation. 
The debate over whether society can be studied like natural sciences remains 
central to sociological discourse. This section addresses the epistemological 
divide between objectivity and subjectivity in social sciences. Cartesian dualism 
reinforced the separation of observer and observed, influencing scientific inquiry. 
Feminist scholars and standpoint theory critique the idea of absolute objectivity, 
arguing that knowledge is shaped by social positions and power dynamics. Case 
studies illustrate how researcher perspectives influence sociological knowledge 
production. 

The rise of quantitative methods in sociology emphasized reliability, statistical 
rigor, and generalizability. These techniques have supported evidence-based 
policymaking but face criticism for overlooking human agency and social 
context. The section explores the limitations of quantitative approaches and 
introduces mixed-methods research as an alternative that integrates qualitative 

Summarised Overview
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insights. Advancements in big data, AI, and machine learning have transformed 
sociological research by enabling large-scale data analysis. Online ethnography 
and social media analytics have become key tools for studying digital interactions 
and societal trends. However, these technological methods raise ethical concerns 
regarding privacy, surveillance, and data ethics. Case studies highlight the role of 
computational sociology in understanding misinformation, predictive policing, 
and online behaviour. This unit critically examines the scientific foundations of 
social research while addressing its philosophical, methodological, and ethical 
challenges.

1.	 How does positivism shape the methodologies used in social science 
research?

2.	 Discuss the critiques of positivism from interpretivist, constructivist, 
and critical perspectives.

3.	 What is the subject-object dichotomy, and why is it significant in social 
research?

4.	 How has feminist theory challenged traditional notions of scientific ob-
jectivity?

5.	 Compare and contrast the strengths of quantitative and qualitative re-
search methods.

6.	 How has big data influenced the way sociological research is conduct-
ed?

7.	 What ethical concerns arise from the use of AI and machine learning in 
social science research?

8.	 Explain how social media analytics is used in studying contemporary 
social movements.

9.	 How do technological advancements redefine the epistemological 
boundaries of social research?

10.	 What are the potential risks and benefits of using computational sociol-
ogy for policymaking?

Self-Assessment Questions
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1.	 How does the dominance of positivism in social sciences shape the way 
we understand society?

2.	 How does the subject-object dichotomy in social research influence 
knowledge production and power structures?

3.	 What are the limitations of quantitative research methods in capturing 
complex social realities?

4.	 How has digital technology transformed research methodologies in so-
cial sciences?

5.	 How does positivism shape social theory in scientific research?
6.	 Explain the subject-object dichotomy in the context of social research.
7.	 Critically analyze the predominance of quantitative techniques in so-

cial research.
8.	 How has technology influenced modern social research methods?

Assignments

Suggested Reading
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tion of Technology. Cambridge: The MIT Press.
2.	 Chowdhry, K. (Eds.). (1974). Science Policy and National Development. 

New Delhi: Macmillan.
3.	 McGinn, R. (1991). Science, Technology and Society. New Jersey: Prentice 

Hall, Englewood Cliffs.
4.	 Polanyi, K. (1975). The Great Transformation. New York: Octagon Press. 

(Chapters 5, 6, 14 and 15).
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed for 
each paragraph. The space given below can be used for listing the questions.

BLOCK-03
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Major Technological 
Interventions

BLOCK-03
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UNIT
1

Technological Interventions in 
Re-defining Space and Time 

Learning Outcomes

Background

On completion of this unit, the learner will be able to: 

	♦ understand how technology has redefined industrialization, urbanization 
and migration

	♦ analyse how society has been redefined due to the technological interven-
tion

	♦ critically assess the technological interventions in industry,urbanisation 
and migration

Technological advancements have continuously reshaped human experiences 
of space and time, particularly in the realms of industrialization, urbanization, and 
migration. The Industrial Revolution marked a significant turning point, where 
mechanization and automation not only increased production efficiency but also 
altered the spatial organization of labor and industry. Factories and transportation 
networks redefined physical distances, compressing time by enabling faster 
production, trade, and communication. Urbanization, driven by technological 
innovations, transformed cities into centers of economic activity and social change. 
The development of railways, automobiles, and telecommunications reduced the 
constraints of physical space, allowing for the expansion of metropolitan areas 
and the rise of interconnected urban networks. Smart cities, digital infrastructure, 
and high-speed transport systems further accelerated urban growth, redefining 
how people interact with their environments. Migration patterns have also 
been deeply influenced by technology, as improved transportation and digital 
connectivity have made movement across vast distances more accessible and 
efficient. The rise of globalization, facilitated by technological interventions, 
has enabled labor mobility, cross-border trade, and cultural exchanges, altering 
traditional notions of national boundaries and geographic limitations. Overall, 
technological innovations have continuously compressed time and space, creating 
a world where industrial activities, urban expansion, and migration flows occur at 
an unprecedented pace. These advancements challenge conventional structures 
and necessitate adaptive policies to address economic, social, and environmental 
implications in an increasingly interconnected world.

SG
O
U



133SGOU - SLM - MA Sociology -  Science, Technology and Society

Discussion

3.1.1 Industrialization
Industrialization has been one of the most significant 

drivers of technological change, transforming production 
methods and economic structures. The Industrial 
Revolution is often regarded as one of the most significant 
transformations in human history due to its extensive 
influence on daily life. The term “Industrial Revolution” 
describes a historical era that began in 18th-century Great 
Britain, characterized by an accelerated pace of change. 
This rapid advancement in technical innovation led to the 
development of various new tools and machines, along 
with more nuanced improvements in labor, production, 
and resource utilization. The word “technology,” 
originating from the Greek term techne, meaning art or 
craft, encompasses both these aspects of innovation. The 
technological revolution, along with the perception of ever-
increasing change, predates the 18th century and continues 
to the present day. What set the Industrial Revolution apart 
was the integration of technology with industry. Pioneering 
inventions and innovations significantly influenced nearly 
every sector of human activity, industrializing existing fields 
while also giving rise to new industries. 

The first Industrial Revolution had a profound impact on 
society and the economy. The steam engine’s development 
was a groundbreaking advancement during the Industrial 
Revolution. Originally created by Thomas Newcomen in 
1712 to extract water from coal mines, it was later refined 
by James Watt, who significantly boosted its efficiency and 
adaptability. This innovation led to:

	♦ Greater productivity across industries by offer-
ing a dependable power source.

	♦ The expansion of factories beyond water-depen-
dent locations, fostering the rise of industrial cit-
ies.

	♦ Industrial 
revolution

Keywords

Globalisation, Geo-spatial, Digitalisation, Networking, Social inequality, Digital 
nomadism
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	♦ Advancements in transportation, as steam en-
gines powered trains and ships, streamlining the 
movement of goods and people.

  Industrialization spurred urbanization as people 
migrated from rural areas to cities in search of employment. 
The rising demand for labor contributed to the expansion of 
the working class, while the emergence of the factory system 
led to the decline of the traditional cottage industry. This 
period also fueled international trade and the development 
of capitalist economies. However, industrialization brought 
challenges, particularly for the working class. Factories 
imposed poor working conditions, extended hours, and 
meager wages. The transition to industrial production 
displaced many skilled artisans, increasing poverty and 
unemployment. One of the most damaging consequences of 
this era was environmental pollution and degradation.

The significance of the first industrial revolution can 
be seen in the technological advancements, it introduced 
groundbreaking machines and technologies that enhanced 
manufacturing efficiency. Innovations such as the steam 
engine, spinning jenny, and power loom revolutionized 
production methods and laid the foundation for modern 
industrial mechanization. This spurred economic growth 
as the period saw the expansion of international trade 
and the rise of capitalist economies. Increased demand for 
goods spurred industrial growth, creating new markets and 
economic opportunities. It also facilitated the transition from 
an agrarian-based economy to an industrial one. 

This fast-paced industrialization created employment 
opportunity urging people to shift from rural areas to 
urban areas for work. The Industrial Revolution accelerated 
urbanization as people flocked to cities for work. Rapid city 
expansion necessitated the development of infrastructure, 
including roads, transportation systems, and housing. This 
in turn brought about social changes and transformations 
including the rise of the labor movement in response to 
the growing working class. The factory system replaced 
the traditional cottage industry, leading to widespread 
unemployment and poverty among displaced artisans. 
Industrialization caused environmental degradation 
resulting in significant environmental harm, including air 
and water pollution and depletion of natural resources. 
The long-term consequences of industrialization have 
driven efforts to develop sustainable technologies and 
environmental policies aimed at mitigating pollution and 

	♦ Change and 
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preserving ecosystems. 

3.1.1.1 Silicon Valley: The Global Technology 
Hub

Silicon Valley is a globally recognized center for innova-
tion, technology, and entrepreneurship, located in the 
southern part of the San Francisco Bay Area, California, 
USA. It is home to some of the world’s largest technology 
companies, startups, and research institutions, making it a 
key driver of the digital revolution and global technological 
advancements. The origins of Silicon Valley can be traced 
back to the early 20th century when Stanford University 
played a crucial role in fostering technological innovation. 
During World War II and the Cold War, the region saw rapid 
advancements in electronics and defense technologies. The 
term “Silicon Valley” was coined in the 1970s due to the high 
concentration of companies manufacturing silicon-based 
semiconductors, which became the foundation for modern 
computing.

Silicon Valley is home to some of the most influential 
companies in the world, including Apple, Google (Alphabet 
Inc.), Facebook (Meta), Tesla, Intel, Nvidia, Netflix, 
Adobe, Cisco, HP, and many others. These companies 
drive innovation in fields such as artificial intelligence, 
cloud computing, biotechnology, electric vehicles, and 
cybersecurity. Apart from the tech giants, the region is also 
known for its strong startup ecosystem, where entrepreneurs, 
venture capitalists, and tech experts collaborate to develop 
cutting-edge innovations. Companies like Google, Facebook, 
and Tesla all started as small startups before growing into 
global giants. Venture capital firms, such as Sequoia Capital 
and Andreessen Horowitz, play a vital role in funding new 
businesses.

One of the major driving forces behind Silicon Valley’s 
success is Stanford University and its role in fostering research, 
innovation, and entrepreneurship. Many successful startups, 
including Google and Hewlett-Packard, were founded by 
Stanford alumni. Research institutions and incubators in the 
area provide technical expertise, funding, and mentorship to 
aspiring entrepreneurs. Due to its advancements in software 
development, artificial intelligence, cloud computing, 
social media, and automation, Silicon Valley has influenced 
global technological growth and impacted industries such 
as healthcare, finance, education, and transportation. Many 

	♦ Technology hub

	♦ Industry giants

	♦ Stanford 
University
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countries have attempted to replicate its success by creating 
their own tech hubs, such as Bangalore (India), Shenzhen 
(China), and Berlin (Germany).

Despite its success, Silicon Valley faces several challenges. 
The high cost of living and housing crisis has made it one of 
the most expensive places in the U.S., leading to affordability 
issues for workers. The tech boom has also widened wealth 
inequality, with high-earning tech professionals contrasting 
starkly with lower-income communities. Additionally, there 
have been criticisms regarding workplace culture, including 
concerns about work-life balance, lack of diversity, and 
ethical dilemmas in the tech industry. Moreover, tech 
giants like Google, Facebook, and Apple face scrutiny over 
monopolistic practices and data privacy concerns, raising 
debates about the ethical responsibilities of large technology 
firms.

Looking ahead, Silicon Valley continues to evolve, with 
growing investment in artificial intelligence, blockchain, 
quantum computing, biotechnology, and renewable energy. 
While remote work trends have led some companies and 
workers to relocate, Silicon Valley remains the epicenter 
of global technological innovation. As long as it continues 
to attract top talent, foster innovation, and address its 
challenges, it will remain one of the most influential 
technology hubs in the world.

3.1.1.2 Technology Centres in India
1. Bengaluru – The Silicon Valley of India

Bengaluru, Karnataka, is widely regarded as India’s 
Silicon Valley due to its prominence in the IT and software 
industries. It is home to global technology companies such 
as Infosys, Wipro, Tata Consultancy Services (TCS), and 
IBM, along with thousands of startups. The city also hosts 
research institutions like the Indian Institute of Science 
(IISc) and the Indian Space Research Organisation (ISRO), 
making it a hub for artificial intelligence (AI), aerospace, and 
biotechnology. Bengaluru’s startup ecosystem, supported 
by venture capitalists and incubators, has made it one of the 
fastest-growing tech hubs in the world.

2. Hyderabad – The Cyberabad of India

Hyderabad, Telangana, has grown into a major IT and 
pharmaceutical hub, earning the nickname Cyberabad. It 
houses the HITEC City (Hyderabad Information Technology 
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and Engineering Consultancy City), where companies like 
Microsoft, Google, Amazon, and Facebook have their offices. 
Hyderabad is also known as the “Pharma Capital of India”, 
hosting major pharmaceutical companies such as Dr. Reddy’s 
Laboratories, Aurobindo Pharma, and Divi’s Laboratories. 
With its strong IT, biotech, and pharmaceutical industries, 
Hyderabad continues to attract global investments.

3. Pune – The Oxford of the East and IT Hub

Pune, Maharashtra, is a significant hub for IT, 
manufacturing, and education. Known as the “Oxford of 
the East”, Pune has top educational institutions producing 
a skilled workforce for industries such as automobile 
manufacturing, software development, and biotechnology. 
Companies like TCS, Infosys, Cognizant, Volkswagen, 
and Tata Motors have major operations in Pune. The city’s 
proximity to Mumbai and strong infrastructure make it a 
preferred destination for industrial growth.

4. Chennai – The Detroit of India

Chennai, Tamil Nadu, is called the “Detroit of India” due 
to its dominance in automobile manufacturing. It is home 
to companies like Hyundai, Ford, Nissan, Ashok Leyland, 
and TVS Motors. Besides automobiles, Chennai is also an 
important center for IT, electronics, and aerospace industries. 
The city has a growing presence of multinational IT firms, 
including Cognizant, Accenture, and HCL Technologies. 
With a strong port infrastructure, Chennai plays a key role 
in India’s export economy.

5. Mumbai – India’s Financial and Industrial Capital

Mumbai, Maharashtra, is India’s financial capital, housing 
the Bombay Stock Exchange (BSE), Reserve Bank of India 
(RBI), and headquarters of leading banks and corporations. 
It is also a major hub for manufacturing, media, and 
the entertainment industry (Bollywood). The city has a 
strong presence of multinational corporations, startups, 
and industrial zones, making it a key economic center. 
Additionally, Mumbai’s Jawaharlal Nehru Port (JNPT) is 
India’s busiest container port, facilitating international trade.

6. Delhi-NCR – The Emerging Tech and Industrial Hub

The Delhi-National Capital Region (NCR), including 
Gurugram and Noida, is an emerging IT and industrial hub. 
Gurugram has evolved into a corporate and IT center, with 
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major companies like Google, IBM, and Genpact establishing 
offices. Noida, on the other hand, is known for its electronics 
manufacturing and media industries, hosting companies 
like Samsung, HCL, and Times Group. The region’s strong 
infrastructure, metro connectivity, and international airport 
have attracted major investments.

7. Ahmedabad – The Textile and Manufacturing Hub

Ahmedabad, Gujarat, is known as the Manchester of India 
due to its booming textile industry. The city also has a strong 
presence in chemical, pharmaceutical, and automobile 
manufacturing, with companies like Adani Group, Zydus 
Cadila, and Tata Motors operating here. Gujarat’s GIFT 
City (Gujarat International Finance Tec-City) is an emerging 
financial and fintech hub, promoting India’s global financial 
services sector.

8. Coimbatore – The Manchester of South India

Coimbatore, Tamil Nadu, is another major textile and 
engineering hub known for its large number of textile mills, 
precision engineering firms, and small-scale industries. 
The city has also developed a strong startup ecosystem, 
particularly in automation and industrial engineering.

9. Visakhapatnam – The Port and Industrial Hub

Visakhapatnam (Vizag), Andhra Pradesh, is a significant 
port city and industrial center, known for its shipbuilding, 
steel, and petrochemical industries. It houses companies like 
Hindustan Shipyard, Bharat Heavy Electricals (BHEL), and 
GAIL. The presence of Vizag Steel Plant and multiple special 
economic zones (SEZs) has made it an attractive location for 
industrial growth.

10. Kochi – The Emerging IT and Maritime Hub

Kochi, Kerala is a growing center for IT, tourism, and 
shipping industries. The city’s Infopark and Smart City 
projects have attracted companies like TCS and Cognizant. 
Additionally, Kochi has one of India’s largest ports and is a 
key hub for marine exports and logistics.

3.1.1.3 Social and Economic Inequalities Aris-
ing from Technological Intervention

Technological advancements have transformed societies 
and economies, improving efficiency and innovation. 
However, these interventions have also widened social 
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and economic inequalities, as access to and benefits from 
technology are not distributed evenly. The rise of automation, 
artificial intelligence (AI), digital governance, and data-
driven decision-making has created a digital divide, favoring 
those with the necessary resources, skills, and connectivity 
while leaving disadvantaged communities behind.

Social Inequalities

1.	 Digital Divide – Access to the internet, smartphones, 
and digital literacy is uneven, with rural popula-
tions, lower-income groups, and marginalized com-
munities often lacking the necessary infrastructure 
and skills. This limits their ability to access e-gov-
ernance services, online education, and employment 
opportunities.

2.	 Surveillance and Privacy Concerns – AI-driven sur-
veillance disproportionately affects low-income and 
minority groups, as they are often the most heavily 
monitored. This can lead to bias in law enforcement, 
discrimination, and reduced civil liberties.

3.	 Health Disparities – While AI and big data have 
improved healthcare, only affluent individuals and 
developed regions benefit from advanced medical 
technologies, telemedicine, and predictive analyt-
ics, leaving lower-income communities with limited 
healthcare access.

4.	 Education Inequality – The rise of online learning 
and digital classrooms has benefited students with 
stable internet access and digital devices, while eco-
nomically disadvantaged students face barriers to 
quality education, further deepening educational in-
equalities.

Economic Inequalities

1.	 Job Displacement and Automation – AI, robotics, 
and automation have replaced low-skill and repet-
itive jobs, disproportionately affecting blue-collar 
workers and low-income earners. While new jobs 
are created in the tech sector, they require advanced 
skills that many do not possess, widening the wage 
gap.

2.	 Tech Monopoly and Wealth Concentration – Large 

	♦ Social and 
economic 
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technology corporations like Google, Amazon, and 
Meta dominate the digital economy, concentrating 
wealth among a few, while small businesses and lo-
cal enterprises struggle to compete. This exacerbates 
income inequality and economic dependency on a 
few powerful entities.

3.	 Access to Financial Services – Digital banking and 
fintech have revolutionized financial transactions, 
but those without internet access, smartphones, or 
digital literacy are excluded from cashless transac-
tions, online banking, and financial credit systems, 
reinforcing economic disparities.

4.	 Unequal Benefits from E-Governance and Digital 
Economy – While digital governance and automa-
tion have streamlined public services, those who are 
digitally illiterate or lack access to smart technolo-
gies are unable to benefit from subsidies, e-gover-
nance schemes, and digital marketplaces, leading to 
further economic marginalization.

Technological intervention has undoubtedly contributed 
to economic growth, innovation, and efficiency, but it has also 
deepened social and economic inequalities. The challenge 
lies in bridging the digital divide, ensuring equitable access 
to technology, and implementing policies that promote 
inclusivity in the digital economy. Governments and 
organizations must focus on digital literacy programs, fair 
AI policies, and ethical governance to ensure that technology 
serves as a tool for empowerment rather than exclusion.

3.1.2 Urbanization
Industrialization was a key driver of urbanization, 

leading to the rapid growth of cities. This transformation 
was primarily due to the growth and establishment of 
factories in urban areas this opened up opportunity to the 
masses. The rise of industries created a high demand for 
labor, drawing people from rural areas to urban centers 
in search of work. Suddenly those who were hard at 
labor in the rural areas didn’t have to limit themselves to 
agriculture and manual labor. With industrialization and 
urbanization people began to work in factories for a wage, 
this had certain socio-economic implications such as both 
men and women started working, the idea that man alone 
is the bread winner got challenged. A new working class 
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emerged, new inequalities in the form of hard-working 
conditions, unequal pay and underpaid became the norm of 
the time. Thus, factories, which required large workforces, 
became the economic hubs of cities, accelerating population 
concentration in urban areas. Socially industrialization led 
urbanization allowed people to break away from certain 
social evils, people got the opportunity to work according to 
their skill without being inhibited by the color of their skin, 
caste or race. This ultimately made social mobility possible. 
Essentially urban centers came up wherever industries were 
most concentrated. 

With growing industrialization transportation facilities 
drastically improved. The development of steam engines, 
railroads, and mechanized transport systems facilitated the 
movement of raw materials, goods, and workers, making 
cities more accessible and interconnected. Ports, railway 
hubs, and industrial centers emerged as key urban areas. 
These transportation advancements were essential for 
distributing industrial products and connecting different 
regions, boosting economic growth. 

Due to industrialization there was a need to facilitate 
the growing population to accommodate this there took 
place advancements in infrastructure, including roads, 
bridges, housing, and sanitation facilities, allowing cities to 
accommodate growing populations. Energy sources such 
as coal and electricity powered cities, enabled the rise of 
modern urban settlements.

As industries grew, so did markets, trade hubs, and 
commercial districts, transforming cities into centers 
of economic activity. Banks, financial institutions, and 
new businesses emerged, further strengthening urban 
economies. The continuous technological progress 
brought about significant changes in urbanization. These 
advancements reshaped the city structures, lifestyles, and 
economic activities in multiple ways. Today many cities 
are transitioning by introducing smart technologies and 
converting cities into smart cities. The introduction of 
smart technologies, including the Internet of Things (IoT), 
Artificial intelligence (AI), and Big Data, has improved 
urban planning, traffic management, and public services. 
Smart grids, automated waste management, and digital 
surveillance systems have made cities more efficient and 
sustainable. The industrialization spurred improvement in 
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transportation system has helped to transition from steam 
engines to electric and automated transport such as metros, 
high speed rail and self-driving cars have all improved 
mobility. Digital navigation and ride-sharing services 
(e.g., Uber, Google Maps) have enhanced accessibility and 
reduced congestion.

As population grew in the urban centers modern 
engineering has enabled the development of skyscrapers, 
eco-friendly buildings, and high-density housing to 
accommodate growing urban populations. Green 
architecture and sustainable building materials help reduce 
environmental impact while optimizing space. This growth 
also led to establishment of slums with its own set of socio-
economic and cultural network. 

As the society transitioned to the information age a drastic 
expansion of communication networks took place. Especially 
through the spread of mobile technology and the internet 
has transformed urban work culture, allowing for remote 
work, virtual offices, and digital businesses. Digitalization of 
communication has enabled people to stay connected, seek 
connections be that personal or business, avail opportunities 
that may have been inaccessible before online education 
for instance has enabled individuals to opt for courses and 
degrees from the comfort of their homes. From a bureaucratic 
perspective e-governance have improved access to resources 
and administrative services.

Environmental challenges has been many during the 
growth of industrialization and urbanization as both have 
been extremely demanding to accommodate the fast paced 
change. As a solution to this renewable energy sources such 
as solar, wind, and hydroelectric power have reduced cities’ 
dependence on fossil fuels, leading to more sustainable urban 
growth. Waste recycling technologies and water purification 
systems have improved urban sanitation and environmental 
conservation.

With the use of technology such as Geographic Information 
Systems (GIS) and AI-based models has enabled an analysis of 
the urban expansion thus predicting population growth and 
plan sustainable city layouts. Smart zoning and automated 
traffic control have helped reduce congestion and improve 
urban living conditions.

Technology has been a fundamental force behind 
urbanization, transforming cities from industrial hubs into 
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smart, interconnected metropolises. While industrialization 
laid the foundation for urban growth by fostering economic 
opportunities and infrastructure development, modern 
technological advancements continue to redefine urban 
living, making cities more efficient, sustainable, and livable. 
However, challenges such as overcrowding, pollution, and 
socio-economic disparities must be addressed through 
innovative urban planning and sustainable technological 
solutions.

3.3.3 Migration
Migration can be considered as part of the domino effect, 

first industrialization occurs and changes society, this leads 
to urbanization and people migrate to the urban centers 
looking for better opportunity. So, it must be stated that 
technology has played a critical role in shaping migration 
patterns. From the Industrial Revolution to the digital era, 
technological advancements have influenced the movement 
of people within and across borders. The correlation between 
technology, industrialization, urbanization, and migration is 
evident in how innovations create job opportunities, improve 
transportation, and reshape economic and social landscapes.

The Industrial Revolution marked the beginning of large-
scale migration as mechanization in agriculture displaced 
rural laborers, prompting them to seek employment in 
urban factories. The rise of industries such as textiles, steel, 
and manufacturing created new job opportunities, drawing 
millions of people into cities. Alongside industrial expansion, 
infrastructure improved, with better housing, sanitation, 
and energy supply making urban areas more habitable. This 
trend of rural-to-urban migration laid the foundation for 
modern urbanization.

Technological advancements and globalization have 
significantly influenced migration patterns, shaping 
workforce dynamics across the world. Science and 
technology-related migration encompasses skilled and 
unskilled labor moving across borders due to factors such 
as automation, digital work opportunities, outsourcing, and 
knowledge-based economies. While migration in the tech-
driven era has created new job opportunities and facilitated 
global talent exchange, it has also led to labor exploitation, 
digital nomadism complexities, brain drain, and unequal 
globalization effects on the workforce.

Labor exploitation in tech-driven migration Many migrant 
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workers, especially in low-skilled tech jobs like electronic 
manufacturing, e-commerce warehouses, and platform-
based gig work, face poor working conditions, job insecurity, 
and wage suppression. Tech giants like Amazon and Uber 
have been criticized for exploiting labor by imposing rigid 
work conditions, inadequate benefits, and surveillance-
driven performance monitoring. Additionally, in industries 
like semiconductor production and data annotation for AI 
training, migrant workers often endure long hours with low 
pay, highlighting how globalization benefits corporations at 
the expense of worker rights.

The rise of remote work and digital nomadism—where 
professionals work remotely while traveling—has provided 
greater freedom for skilled workers, particularly in IT, 
software development, and digital marketing. However, 
digital nomads often face precarious employment conditions, 
lack labor protections, and struggle with visa regulations, 
taxation issues, and unstable incomes. While tech-enabled 
migration benefits professionals from developed countries, it 
often excludes workers from low-income nations, reinforcing 
global inequalities in work mobility.

Science and technology-related migration have led 
to brain drain, where highly skilled professionals from 
developing nations migrate to developed countries in 
search of better opportunities, leaving their home countries 
with a shortage of talent. Countries like India, Nigeria, 
and the Philippines experience significant brain drain in 
sectors such as healthcare, engineering, and AI research, 
as skilled professionals move to nations offering higher 
wages, advanced infrastructure, and research opportunities. 
This migration pattern deepens knowledge gaps and slows 
technological progress in developing economies while 
benefiting already advanced nations.

Globalization, powered by digital technologies, has resha-
ped labor markets by encouraging outsourcing, automation, 
and gig work, often leading to job displacement in traditional 
sectors. While tech companies in developed countries 
outsource IT and customer service jobs to countries like 
India and the Philippines, this often results in lower wages 
and unstable work conditions for outsourced employees. 
Furthermore, automation and AI-driven processes have 
replaced human labor in manufacturing, retail, and service 
industries, disproportionately affecting low-income workers 
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and widening global labor inequalities.

Science and technology-related migration offers econo-
mic growth and opportunities, it also exacerbates labor 
exploitation, job precarity, and talent imbalances. The 
challenge lies in creating ethical labor policies, improving 
job protections for migrants, and reducing brain drain by 
fostering local innovation ecosystems. Governments and 
corporations must ensure that technological migration 
benefits all workers equitably, rather than deepening global 
workforce inequalities.

Technology has significantly influenced migration, 
shaping the movement of people both within and across 
borders. While industrialization and urbanization 
initially drove rural-to-urban migration, advancements in 
transportation, digital connectivity, and education have 
facilitated global mobility. However, challenges such as 
stricter immigration control, environmental displacement, 
and socio-economic inequalities persist. The future of 
migration will depend on how technology continues to 
evolve and whether it is leveraged to create more inclusive, 
sustainable, and accessible urban environments.

3.2.4 Transcending Space and Time
Industrial activities are no longer confined to specific 

geographic locations, as digital platforms facilitate remote 
coordination of supply chains. The automation of production 
lines has shortened manufacturing cycles, ensuring rapid 
delivery of goods. Smart technologies have minimized the 
need for human oversight, allowing operations to function 
across different time zones seamlessly.

Technology has played a transformative role in shaping 
industries, urbanization, and migration by enabling 
processes and activities to transcend the limitations of time 
and space. From the Industrial Revolution to the digital 
age, advancements in machinery, transportation, and 
communication have eliminated geographical barriers, 
accelerated economic growth, and facilitated human 
mobility. The interconnectedness fostered by technology has 
led to rapid industrialization, the expansion of cities, and 
unprecedented global migration patterns.

The evolution of industrial technology has revolutionized 
production, allowing industries to function efficiently across 
different locations and time zones. During the Industrial 
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Revolution, steam engines and mechanized factories 
eliminated dependence on manual labor, enabling large-scale 
manufacturing. Today, automation, artificial intelligence 
(AI), and the Internet of Things (IoT) allow industries to 
operate remotely and autonomously, reducing the need for 
physical presence.

With advanced robotics and cloud computing, production 
processes can be managed from anywhere, making industries 
less reliant on specific geographic locations. For example, 
global supply chains operate seamlessly due to real-time 
tracking, smart logistics, and automated warehouses. This 
has led to decentralized manufacturing, where companies 
can produce goods in multiple locations without disrupting 
operations. Furthermore, 3D printing and digital fabrication 
technologies allow industries to produce customized 
products on demand, reducing dependence on traditional 
manufacturing hubs.

Urbanization, once constrained by physical infrastructure 
and population density, has been reshaped by technological 
advancements. The concept of smart cities, driven by 
data analytics, IoT, and AI, has enabled urban centers to 
function more efficiently, reducing congestion, pollution, 
and resource wastage. Technologies such as high-speed 
internet, remote work capabilities, and virtual collaboration 
tools have blurred the lines between rural and urban spaces, 
making it possible for people to engage in urban economies 
without physically migrating to cities.

Moreover, advancements in transportation 
infrastructure—including high-speed trains, electric 
vehicles, and air travel—have allowed cities to expand 
beyond their traditional limits. Suburban and satellite cities 
have grown due to improved connectivity, making urban 
lifestyles accessible even in distant locations. Augmented 
reality (AR) and virtual reality (VR) are also reshaping urban 
experiences by offering virtual tourism, digital governance, 
and remote education, reducing the necessity of physical 
presence in urban centers.

Technological progress has redefined migration by 
making travel faster, safer, and more accessible. In the past, 
migration was limited by long travel durations and physical 
hardships. Today, air travel, digital passports, and online 
visa processing have made international migration more 
efficient. Additionally, virtual work and telecommuting 
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have allowed skilled professionals to migrate digitally, 
working for global companies without relocating.

Technology has also played a crucial role in humanitarian 
migration, helping refugees navigate displacement with 
mobile apps for shelter locations, digital identification, 
and access to financial resources through blockchain-
based transactions. The use of Augmented Reality (AR)  
in immigration policies allows for better regulation of 
workforce migration, ensuring that talent can move across 
borders without bureaucratic delays.

Technology has transformed industries, urbanization, 
and migration by breaking traditional constraints of time 
and space. Automation and digital manufacturing have 
allowed industries to function globally, smart cities have 
enhanced urban expansion beyond physical limitations, 
and digital connectivity has revolutionized migration. As 
technology continues to evolve, the world will become even 
more interconnected, fostering a future where economic 
growth, human mobility, and urban development transcend 
geographical and temporal barriers.

	♦ Mobilization

	♦ Holistic 
transformation 
of society

Technology has played a transformative role in shaping industries, urbanization, 
and migration, allowing them to transcend time and space. Industrial advancements, 
from the steam engine to artificial intelligence (AI) and automation, have enabled 
decentralized production, remote operations, and real-time global supply chains. 
With smart manufacturing and robotics, industries no longer rely on a single 
location, allowing for seamless, efficient, and scalable operations across different 
regions.

Urbanization has also been reshaped by technology, with smart cities, digital 
connectivity, and improved transportation infrastructure making urban life 
more efficient. The rise of high-speed internet and remote work has blurred the 
boundaries between rural and urban areas, allowing people to engage in urban 
economies without migrating. IoT, AI, and augmented reality (AR) have enhanced 
city management, reducing congestion and improving resource utilization.

Migration has evolved significantly due to advancements in transportation, 
digital communication, and virtual work environments. Air travel, online visa 
processing, and blockchain-based financial tools have made global mobility 
more accessible. Additionally, remote work has enabled digital migration, where 
professionals contribute to global economies without relocating physically. As 
technology continues to advance, it will further dissolve geographical barriers, 
fostering a world where industries, cities, and human movement operate beyond 
traditional limits.

Summarised Overview
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1.	 How has industrialization influenced the concept of space and time?

2.	 How did the introduction of machinery impact the speed of production 
in industries?

3.	 Which technological innovation transformed industrial production.

4.	 How has industrialisation contributed to the growth of cities?

5.	 What is urbanisation, and how is it linked to technological interventions?

6.	 How have transportation technologies affected urban growth?

7.	 What role does technology play in the development of smart cities?

8.	 How does the internet influence the way people live in urban areas?

9.	 What is the role of technology in facilitating migration?

10.	How has the development of air travel influenced migration patterns?

11.	What is a “push factor” in migration, and can you provide an example?

12.	How do communication technologies influence the integration of mi-
grants into new communities?

13.	How do technological advancements affect the pace of global migration?

Self-Assessment Questions

1.	 Critically assess the impact of technological advancements in industriali-
sation on spatial distribution of labor in developing countries.

2.	 Discuss the role of technological interventions in accelerating urbanisa-
tion and transforming cities into modern metropolitan areas.

3.	 Examine the ways policymakers should adapt to the technological chang-
es that are influencing migration trends, particularly in terms of labor mo-
bility and refugee crises?

4.	 Assess how advancements in technology influence the push and pull fac-
tors of migration, particularly in the context of economic opportunities 
and global connectivity.

5.	 Analyze the role of smart city technologies in re-defining urban spaces 
and improving the quality of life for citizens.

Assignments
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6.	 How should governments address the challenges posed by technologi-
cal advancements in industrialisation to ensure equitable development 
across different regions?
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed 
for each paragraph. The space given below can be used for listing the questions.
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UNIT
2 Technology, War and World Peace

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ understand the use of technology in warfare 
	♦ explore realistic possibilities of world peace
	♦ critically examine the technological aspects taking root in global politics

The relationship between technology, war, and world peace has evolved 
significantly over the centuries, with technological advancements often shaping 
the nature of conflict and influencing the possibility of peace. Historically, the 
development of weaponry and military technology has played a critical role in 
the outcomes of wars, from the invention of the bow and arrow to the creation 
of nuclear weapons. These innovations have not only increased the scale and 
destructiveness of warfare but also revolutionized military strategies and the 
dynamics of international relations.

In the 20th century, the world wars showcased the devastating impact of 
technological progress in warfare. The use of tanks, aircraft, and, later, nuclear 
bombs introduced new dimensions to warfare, making it more lethal and far-
reaching. The advent of the nuclear age, in particular, marked a turning point 
in the concept of warfare, as the threat of global annihilation created a new 
understanding of the stakes involved in conflicts. The Cold War era further 
highlighted the role of technological competition, particularly in the arms race 
between the United States and the Soviet Union, where the development of 
increasingly sophisticated weapons systems was central to military power.

However, technology has also played a role in fostering peace. Diplomatic 
communication and international cooperation have been enhanced through 
technological advancements such as the internet, satellite communication, and 
data analytics. These tools have enabled countries to engage in dialogue, resolve 
conflicts through diplomacy, and reduce the likelihood of war. Additionally, 

SG
O
U



152 SGOU - SLM - MA Sociology - Science, Technology and Society

Discussion

3.2.1 Legitimization of Weapon Technology 
and Emergence of Dominant Nations

The legitimization of weapon technology refers to the 
process through which certain weapons, weapon systems, 
and technologies are formally accepted, regulated, and 
authorized for use in military and strategic contexts by 
nations, international organizations, or even global treaties 
This process determines which technologies are deemed 
acceptable for use in warfare or for defense, based on their 
perceived effectiveness, compliance with international laws, 
ethical considerations, and their impact on global peace and 
security.

 Throughout history, the rapid advancement of weaponry 
has had profound effects on the global balance of power, 
diplomacy, and the legitimacy of warfare itself. The 
emergence of dominant nations, often in the context of 
military technology, is closely tied to their ability to develop, 
control, and leverage advanced weapons systems, which 
in turn consolidates their influence on the global stage. 
Legitimization of weapon technology involves several key 
aspects:

a.	 National Authorization: Individual countries often 
regulate weapon technologies within their borders, 
determining which technologies are allowed for 
military use based on national security needs. These 
regulations ensure that weapons are developed and 
deployed according to the country’s defense strategies 

	♦ Authorized

	♦ Dominance

Keywords

Innovation, Power dynamic, Diplomacy, Military, Policy, Domination

advancements in non-lethal technologies, peacekeeping, and humanitarian 
efforts have contributed to peacebuilding in post-conflict regions. Thus, while 
technology has been a double-edged sword—facilitating both the escalation of 
war and the pursuit of peace—its role in shaping the future of global conflict and 
cooperation remains crucial. Let us explore in detail in this unit. 
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and international obligations.

b.	 International Agreements and Treaties: The global 
community has established numerous treaties and 
conventions aimed at regulating or prohibiting certain 
types of weapons due to their destructive nature or 
unethical use. For example: The Geneva Conventions 
govern the conduct of warfare, including the treatment 
of prisoners of war, and outlaw the use of certain 
inhumane weapons (e.g., chemical and biological 
weapons). The Chemical Weapons Convention (CWC) 
and the Biological Weapons Convention (BWC) aim to 
eliminate the use of chemical and biological weapons, 
respectively. The Non-Proliferation Treaty (NPT) 
seeks to prevent the spread of nuclear weapons and 
promote disarmament.

c.	 Ethical Considerations: The legitimacy of certain 
weapons technologies is often debated based on their 
ethical implications. For example, the development 
of autonomous weapons or cyber warfare tools raises 
concerns about the morality of allowing machines to 
make life-or-death decisions in combat. These ethical 
concerns drive ongoing discussions in international 
forums and the creation of norms and regulations 
around their use.

d.	 Technological Advancements and Military Doctrine: 
As new technologies emerge, their legitimacy is often 
shaped by how they align with military strategies, how 
effective they are in achieving defense or offensive 
goals, and whether they adhere to international law. 
For instance, while nuclear weapons are legitimized 
as a form of deterrence by major powers, their use 
in active combat remains highly controversial and is 
heavily regulated by international laws.

e.	 Proliferation Concerns: A major concern with the 
legitimization of weapon technologies is the risk of 
proliferation - where advanced weapons spread to 
multiple countries or non-state actors. The legitimacy 
of weapons technology is often determined by whether 
it remains in the hands of responsible actors or if it is 
accessible to those who may misuse it.

In essence, the legitimization of weapons technology 
involves a balance between a nation’s right to defend itself, 
global security concerns, the potential for new weapons to 
alter the nature of warfare, and the international community’s 

	♦ Security or 
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efforts to prevent the use of excessively harmful or unethical 
technologies.

3.2.1.1 Historical Context
The legitimization of weapon technology dates back to 

the early periods of history when the use of swords, spears, 
and other basic tools for defense and combat were seen as 
part of a nation’s right to self-defense and sovereignty. As 
time progressed, the development of more sophisticated 
technologies such as firearms, cannons, and artillery in 
the early modern period began to change the very nature 
of warfare. The Industrial Revolution, with its rapid 
innovations in manufacturing, created new possibilities for 
the mass production of weapons, significantly influencing 
military strategy and tactics.

By the 20th century, the most profound shift in weapon 
technology was the development of nuclear weapons. The 
introduction of atomic bombs during World War II marked 
a key turning point in how nations approached weaponry. 
The destructive capacity of these weapons led to global 
efforts to control and regulate their spread, leading to the 
creation of treaties such as the Non-Proliferation Treaty 
(NPT) in 1968. However, despite international attempts at 
regulation, nuclear weapons became a symbol of power and 
deterrence, further reinforcing the role of advanced weapons 
in geopolitics.

According to the Stockholm International Peace Research 
Institute, the United States continues to be the world’s 
largest arms exporter, accounting for 41.7% of global arms 
sales between 2019 and 2023, up from 38.6% in the 2017-2021 
period. During this time, the U.S. supplied arms to over 100 
countries. France has moved into second place, surpassing 
Russia, whose export share has been declining. From 2019 
to 2023, France was responsible for 10.9% of global arms 
exports, slightly up from 10.7%. Russia, with a share of 
10.5%, follows closely behind, calculated as an average from 
the prewar years (2019-2021) and the period after its invasion 
of Ukraine (2022-2023). Before the invasion, Russia’s share 
stood much higher at 18.6%.

India remains the largest global importer of weapons 
and is the biggest customer for both Russia and France. 
France exported arms to 64 countries, with nearly a third 
of these exports being Rafale combat aircraft. Russia, on the 
other hand, exported arms to 41 nations. The U.S., France, 

	♦ Improvement 
of the weapon 
industry

	♦ Nuclear power

	♦ Global arms 
export statisticsSG

O
U



155SGOU - SLM - MA Sociology -  Science, Technology and Society

and Russia primarily ship weapons to Asia and the Middle 
East, with major customers including China, Saudi Arabia, 
and Qatar. The U.S. has been a key supplier of weapons to 
Ukraine, and Germany and Poland ranked as the second and 
third largest suppliers between 2019 and 2023. Egypt remains 
one of Russia’s primary customers, while France supplied 
over 9% of South Korea’s weapon imports during this period. 
As Russia has scaled back its exports, other nations such as 
China, Germany, Italy, and the United Kingdom have slightly 
increased their shares in the global arms market. Spain has 
reclaimed the 8th spot, surpassing Israel and South Korea, 
which had briefly seen a spike in their arms exports.

3.2.1.2 Dominance of Nuclear and Advanced 
Weapon Technologies

The post-World War II era saw the United States and the 
Soviet Union emerge as dominant military powers due in 
large part to their development and stockpiling of nuclear 
weapons. Both nations viewed their nuclear arsenals as 
essential to ensuring national security and establishing global 
influence. The Cold War between these two superpowers 
was characterized not only by ideological rivalry but also 
by a technological arms race, where both sides sought to 
develop more advanced weapon systems—nuclear and 
conventional—to maintain their global dominance. While 
nuclear weapons were a central aspect of this race, the period 
also saw the rise of other advanced weapon technologies, 
such as intercontinental ballistic missiles (ICBMs), stealth 
bombers, and satellite surveillance systems. These weapons 
provided the ability to project military power across the 
globe, thus enhancing the strategic leverage of the nations 
that controlled them.

3.2.1.3 Emergence of New Military Powers
In the latter half of the 20th century and into the 21st century, 

other nations began to rise as significant military powers due 
to their own advancements in weapon technology. Countries 
like China, India, North Korea, and Israel have developed 
nuclear weapons and increasingly sophisticated conventional 
military systems. The rise of China as a global military power 
is particularly noteworthy, as it has invested heavily in 
advanced technologies, such as hypersonic missiles, cyber 
warfare, and artificial intelligence for military applications. 
This shift is gradually challenging the traditional dominance 
of the United States and Russia in terms of military power 
and influence.

	♦ Import and 
export statistics

	♦ Arms race

	♦ Challenging 
dominant 
nations

SG
O
U



156 SGOU - SLM - MA Sociology - Science, Technology and Society

At the same time, non-nuclear powers are focusing on 
advanced cyber warfare capabilities, drone technologies, 
and biotechnology to modernize their military capabilities. 
This has changed the way nations view military conflict, 
with new frontiers of battlefields emerging in cyberspace, 
where traditional kinetic warfare is supplemented or even 
replaced by digital attacks.

3.2.1.4 Ethical and Legal Implications
The development of new weapon technologies, while often 

legitimized by national governments or international treaties, 
raises numerous ethical and legal concerns. For example, 
autonomous weapons systems, including drones and robots 
that can make decisions without human intervention, have 
prompted discussions on the morality of allowing machines 
to make life-or-death decisions in warfare. Similarly, 
advancements in biotechnology and genetic engineering 
open new avenues for biological warfare, which remains a 
significant concern for global peace and security.

The deployment of advanced weaponry often leads 
to concerns over the escalation of conflicts, arms races, 
and the risk of accidental warfare. Cybersecurity has also 
become a critical issue, as cyber-attacks can now cripple 
entire economies and military infrastructures without firing 
a single shot, potentially causing a global conflict without 
traditional warfare.

3.2.1.5 International Regulation and 
Challenges

In response to these advancements, several international 
frameworks, such as the United Nations (UN), the Geneva 
Conventions, and the Comprehensive Nuclear-Test-Ban 
Treaty (CTBT), have attempted to regulate and control 
weapon technology. However, the rapid pace of technological 
advancements in both military and civilian sectors makes it 
increasingly difficult to keep up with regulation and ensure 
compliance. This is particularly true in emerging domains 
like cyber warfare, where the boundaries between military 
and civilian targets can become blurred.

The issue of arms control remains a significant challenge. 
While some nations have signed treaties to limit their 
stockpiles of certain types of weapons (e.g., nuclear or 
chemical weapons), there are still concerns about non-
signatory states developing these weapons. Moreover, the 
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loopholes and lack of effective enforcement mechanisms 
in existing treaties mean that the legitimate use of military 
technology continues to be contested and subject to 
manipulation by state and non-state actors alike.

The legitimization of weapon technology has had a 
profound impact on the emergence of dominant nations 
throughout history. As weapon systems evolve, the global 
power structure continues to shift, with new and emerging 
powers gaining influence. However, as technological 
advancements in weaponry accelerate, new ethical, legal, 
and geopolitical challenges arise, making the regulation of 
such technologies and the maintenance of peace a complex 
and ongoing issue. The future of global peace and security 
will depend on effective management of these emerging 
technologies and the ability of the international community 
to regulate the use and proliferation of advanced weapon 
systems.

3.2.2 Political Economy of National Security 
and International Relations

The political economy of national security and international 
relations examines the intersection of political, economic, 
and security factors within and between states. It delves into 
how national security policies and practices are shaped by 
both domestic and international economic conditions, and 
how economic power and resources are utilized to achieve 
political and security goals. This analysis incorporates both 
the theories of international relations and the broader study 
of political economy, considering how economic interests 
and political agendas influence national security and foreign 
relations.

3.2.2.1 National Security and Economic Power
National security refers to a country’s ability to protect 

itself from external threats and maintain stability within its 
borders. It encompasses military defense, law enforcement, 
border security, and internal stability. The political economy 
perspective argues that economic power is a fundamental 
determinant of national security. A country’s military capabi-
lities, intelligence services, and overall defense infrastructure 
depend on economic resources. Wealthy nations can invest 
in advanced military technologies, maintain a large defense 
budget, and create robust intelligence networks. Conversely, 
countries with weaker economies often struggle to secure 
their borders, invest in military advancements, or establish 
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sufficient law enforcement.

Moreover, economic power extends beyond military 
might; a nation’s ability to influence global markets, 
control resources like oil or rare minerals, and shape trade 
relationships is a key component of its security strategy. 
Economic leverage allows states to use sanctions, trade 
agreements, and other tools to achieve political or security 
objectives. For example, a country with strong economic 
relations with its allies can use these ties to shape diplomatic 
strategies or coerce adversaries into compliance.

1.	 International Relations and Global Political Economy

International relations (IR) theory focuses on how states 
interact on the global stage, analyzing power dynamics, 
alliances, conflicts, and diplomacy. These interactions are 
influenced heavily by the global political economy, which 
encompasses trade, finance, and the distribution of economic 
power between nations.

Global trade and international economic institutions like 
the World Trade Organization (WTO), the International 
Monetary Fund (IMF), and the World Bank shape the 
interactions between countries. Economic interdependence 
through trade agreements and global supply chains 
creates complex security dynamics. For example, economic 
globalization makes states dependent on each other for goods, 
services, and capital, which in turn influences diplomatic 
strategies and security policies. Disruptions in trade, such as 
those caused by trade wars, sanctions, or conflicts, can have 
direct security implications, affecting economic stability and 
access to vital resources.

In addition, financial crises, inflation, and debt can 
destabilize governments and undermine national security. 
Countries with economic difficulties may be more prone 
to internal unrest or external manipulation. This is where 
international financial institutions play a key role, as 
they often mediate between indebted countries and their 
creditors, which can influence their foreign policies and 
security decisions.

2.	 Military and Economic Interactions in Foreign 
Policy

In international relations, military and economic strategies 
are often intertwined. Nations utilize both military power 
and economic influence to assert dominance or protect 
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their interests in a competitive global order. The political 
economy of national security involves understanding the 
role of military spending, arms trade, defense technology, 
and economic sanctions as key tools of foreign policy.

	♦ Military Spending: A significant aspect of nation-
al security is the allocation of resources to de-
fense. Military spending is often seen as a reflec-
tion of a country’s priorities and its perception of 
external threats. High military expenditures can 
indicate both a desire for deterrence and the abil-
ity to influence global security matters.

	♦ Arms Trade: The global arms trade, a signifi-
cant part of the international security landscape, 
involves both political and economic consider-
ations. Arms trade policies are shaped by eco-
nomic interests, political alliances, and security 
considerations. The sale of arms often serves as a 
means of political leverage, fostering diplomatic 
relations and influencing global power dynam-
ics.

	♦ Economic Sanctions: Economic sanctions, wheth-
er imposed unilaterally or multilaterally, are one 
of the most powerful tools in international re-
lations. They serve as a non-military method of 
imposing pressure on states, affecting their econ-
omies and encouraging them to change behavior, 
often related to issues of national security, hu-
man rights, or foreign policy.

	♦ Defense Industry and Technological Innovation: 
Military technology is a key component of na-
tional security. The political economy perspec-
tive emphasizes the role of the defense industry, 
government contracts, and the development of 
new technologies such as cyber warfare capabil-
ities, drones, and nuclear weapons. The defense 
industry can also influence international rela-
tions by enabling states to either create techno-
logical monopolies or become dependent on for-
eign technologies for their military needs.

3.	 Security Dilemmas and Economic Interests
The security dilemma arises when one state’s efforts to 

increase its security (e.g., by expanding military capabilities) 
lead other states to perceive this as a threat, prompting 
them to also build their military forces. This creates a cycle 

	♦ Economic and 
defense strategies

SG
O
U



160 SGOU - SLM - MA Sociology - Science, Technology and Society

of insecurity and competition. In the political economy of 
national security, economic factors often drive this cycle. 
For instance, countries in competition for access to resources 
(like oil or water) may increase their military capabilities to 
ensure control over these resources, which may, in turn, lead 
to economic and military confrontations.

Economic and security interests often coincide in the 
geopolitical strategies of countries. For example, control over 
strategic resources like oil reserves or rare earth minerals 
often drives military interventions or security alliances. States 
with economic power can secure access to these resources by 
exerting influence over countries in regions where they are 
located, while weaker states may rely on military alliances to 
secure economic access.

4.	 Emerging Threats and Global Governance

In recent years, the political economy of national security 
has expanded to address emerging global threats. These 
include cyber-attacks, terrorism, climate change, and 
health pandemics, all of which have economic and security 
implications. In response, international organizations like 
the United Nations (UN), the European Union (EU), and 
regional organizations have worked to create frameworks 
for managing these threats. Global governance structures 
aim to promote cooperation and peace while balancing the 
security needs of individual states with the broader global 
interest. Global cooperation in combating common threats 
also involves economic incentives. For example, countries 
might collaborate on efforts to address climate change by 
developing sustainable technologies or promoting trade 
policies that benefit environmental sustainability.

The political economy of national security and inter-
national relations offers critical insights into the inter-
connectedness of economic power, political strategies, and 
security policies. As global threats evolve, so too does the 
complexity of the interactions between military power and 
economic resources. Understanding this relationship is 
essential for navigating the challenges of global security and 
for the development of effective, cooperative international 
relations in an increasingly multipolar world. Economic 
strength, military capabilities, and international cooperation 
continue to be the cornerstones of national security in the 
modern world.
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Technology has played a dual role in shaping both war and efforts toward world 
peace. Throughout history, technological advancements have revolutionized 
warfare, from traditional weaponry to modern cyber warfare, artificial intelligence, 
and nuclear weapons. Innovations such as drones, surveillance systems, and 
cyber capabilities have redefined military strategies, making warfare more 
sophisticated and potentially more destructive.

At the same time, technology has also contributed to peacebuilding efforts. 
International communication networks, diplomacy-enhancing platforms, 
and conflict resolution technologies help promote dialogue and cooperation. 
Organizations like the United Nations utilize technology for peacekeeping, crisis 
management, and humanitarian efforts.

However, the ethical implications of military technology, the risk of autonomous 
weapons, and cyber threats challenge global stability. While technology has the 
potential to deter conflicts through advanced defense mechanisms, it can also 
escalate tensions if misused. Achieving world peace depends on how technological 
advancements are governed, emphasizing international cooperation, ethical 
considerations, and responsible innovation.

Summarised Overview

1.	 How has technology influenced the development and legitimization of 
modern weaponry?

2.	 What role do dominant nations play in shaping global military technolo-
gies?

3.	 How do advancements in military technology impact international power 
dynamics?

4.	 Explain how the arms race during the Cold War exemplified the relation-
ship between technology and global dominance.

5.	 What are the ethical implications of developing advanced weaponry like 
nuclear or cyber weapons?

6.	 How does the legitimization of weapon technology contribute to the bal-
ance of power between nations?

7.	 In what ways has technology led to the creation of new military doctrines 
and strategies?

Self-Assessment Questions
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8.	 How do national security concerns shape a country’s investment in tech-
nology and defense?

9.	 What is the relationship between military technology and a nation’s eco-
nomic strength?

10.	How do political alliances influence the spread and regulation of ad-
vanced military technologies?

11.	Discuss the role of international treaties (such as the Nuclear Non-Prolif-
eration Treaty) in regulating weapon technology.

12.	How does the political economy of defense spending affect a nation’s eco-
nomic development and priorities?

13.	How has technology altered the traditional nature of warfare and inter-
national relations?

14.	In what ways do technology and war intersect with the concepts of global 
peace and stability?

1.	 How can emerging technologies like artificial intelligence and cyber war-
fare be used to both enhance national security and increase global insta-
bility? Provide examples.

2.	 Should the development of nuclear weapons be considered an inevita-
ble result of technological progress, or should it be restricted for global 
peace? Assess the balance between technological freedom and interna-
tional security.

3.	 How does the political economy of defense spending affect a country’s 
social and economic priorities, particularly in developing nations where 
resources may be limited?

4.	 How has the relationship between technology and military power affect-
ed the balance of power in recent global conflicts, such as the wars in the 
Middle East or the Russia-Ukraine conflict?

Assignments
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed 
for each paragraph. The space given below can be used for listing the questions.
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UNIT
3 Technology, Biotechnology and                   

Environment

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ understand the technological innovation in the fields of health and envi-
ronment

	♦ narrate the implication of genetic modification
	♦ analyze the different application of technology in the areas of biotechnol-

ogy and environment

In recent decades, advances in medical technology, pharmaceutical research, 
and agricultural innovation have significantly transformed global healthcare and 
food security. The evolution of medical technology has ushered in groundbreaking 
diagnostic tools, minimally invasive surgical techniques, and artificial 
intelligence-based health monitoring systems, enhancing precision and patient 
outcomes. Simultaneously, pharmaceutical research has driven the development 
of novel therapies, including biologics and targeted drug treatments, addressing 
previously untreatable conditions and extending life expectancy worldwide.

Meanwhile, agricultural progress through the Green Revolution and genetically 
modified (GM) crops has revolutionized food production, combating hunger and 
malnutrition. High-yield crop varieties, enhanced pest resistance, and drought-
tolerant modifications have ensured sustainable food supply chains, especially in 
regions prone to climate challenges. However, the widespread use of GM crops 
has sparked debates over environmental impact, biodiversity, and long-term 
health implications, highlighting the need for balanced and regulated agricultural 
practices.

In parallel, advancements in machinery like excavators have enhanced 
efficiency across multiple sectors. These powerful tools play a critical role not 
only in construction and mining but also in agricultural land preparation and 
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Discussion

3.3.1 Advances in Medical Technology 
Medical technology has witnessed remarkable advance-

ments in recent years, revolutionizing healthcare by impro-
ving diagnostics, treatment, patient care, and disease preven-
tion. These innovations have enhanced the efficiency and 
accuracy of medical interventions, leading to better patient 
outcomes. Below is a detailed overview of some of the most 
significant advances in medical technology.

3.3.1.1 AI in Healthcare: Transforming Diagno-
sis, Treatment, and Patient Care 

Artificial intelligence (AI) is revolutionizing healthcare 
by enhancing diagnosis, treatment, and patient monitoring. 
Its ability to analyze vast clinical data enables faster, more 
accurate disease detection and personalized treatment 
plans. AI applications range from scanning radiological 
images for early diagnosis to predicting patient outcomes 
using electronic health records, making healthcare systems 
more efficient and cost-effective. The integration of AI in 
healthcare gained momentum with IBM’s Watson, which 
launched a healthcare-focused version in 2011, leveraging 
natural language processing for medical applications. Today, 
major tech companies like Apple, Microsoft, and Amazon 
are investing heavily in AI-driven healthcare innovations. 
AI’s potential in healthcare is vast, promising improved 

	♦ Improvement in 
diagnosis and 
intervention

	♦ AI medical 
interventions

infrastructure development, enabling rapid transformation of landscapes and 
facilitating modernization.

The convergence of these innovations underscores a shared goal: improving 
quality of life. However, they also pose ethical, environmental, and socioeconomic 
questions. Balancing technological progress with sustainability and equitable 
access remains crucial in navigating the intertwined challenges of health, 
agriculture, and development.

Keywords
Artificial intelligence, Technology, Innovation, Medical advancement
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data processing, faster diagnostics, and enhanced treatment 
development. By leveraging AI, medical professionals 
can make more informed decisions, optimize healthcare 
resources, and improve patient outcomes. From identifying 
new cancer treatments to streamlining medical records, AI is 
reshaping healthcare, ensuring patients receive high-quality 
care with greater speed and accuracy. 

Machine learning, a crucial aspect of AI, is transforming 
healthcare by improving diagnosis, treatment, and patient 
care. By analyzing vast clinical data, machine learning 
algorithms detect patterns, predict medical outcomes, and 
assist in identifying diseases with remarkable accuracy. 
This technology enhances medical imaging analysis, patient 
record assessment, and therapy discovery, ultimately 
optimizing treatments and reducing costs. key application is 
precision medicine, where supervised learning predicts the 
most effective treatments based on individual patient data. 
Additionally, deep learning, a subset of AI, is widely used in 
healthcare for tasks such as speech recognition and medical 
imaging analysis. As deep learning continues to evolve, its 
integration into clinical practice will be increasingly essential 
for healthcare professionals.

Even though AI is efficient it comes with certain challenges 
like ethical, regulatory, and technical concerns. As AI 
adoption in healthcare grows, several challenges must be 
addressed, particularly ethical and regulatory issues unique 
to this field. Key concerns include data privacy and security, 
patient safety and accuracy, system integration, physician 
trust, and regulatory compliance.  Protecting sensitive health 
data is critical, as AI systems collect vast amounts of personal 
medical information that could be misused if not properly 
secured. Ensuring patient safety requires AI algorithms 
to accurately recognize medical patterns and provide 
precise, individualized recommendations. Integrating AI 
with existing IT systems adds complexity, demanding a 
deep understanding of current healthcare technologies for 
seamless operation.  Additionally, gaining physician trust 
is essential for AI adoption. Medical professionals need 
transparency in AI decision-making to ensure it aligns 
with valid, up-to-date research. Compliance with federal 
regulations is also crucial to maintain ethical AI use and 
safeguard patient well-being. Addressing these challenges is 
key to maximizing AI’s potential in transforming healthcare.

	♦ Algorithm 
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	♦ Challenges SG
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3.3.1.2 Telehealth and Remote Patient Monitor-
ing: Enhancing Virtual Healthcare

Telehealth encompasses all technologies that enable 
virtual patient care, including video consultations, remote 
monitoring, and electronic prescriptions. It allows healthcare 
providers to diagnose, evaluate, and adjust treatments 
for patients remotely, improving access to care. Examples 
include health education services, ECG and blood pressure 
monitoring, and virtual doctor-patient consultations. Remote 
Patient Monitoring (RPM) is a key component of telehealth, 
enabling continuous management of chronic conditions. By 
collecting and analyzing real-time physiological data, care 
teams can proactively track a patient’s health, receive alerts 
for vital changes, and intervene before complications arise.

Patients use home-based monitoring devices to send data to 
an RPM platform. For example:

	♦ Cardiac patients track weight, blood pressure, 
heart rate, oxygen levels, and ECG.

	♦ Diabetic patients monitor blood sugar, diet, 
weight, and activity levels.

By leveraging telehealth and RPM, healthcare providers 
can deliver more personalized, proactive, and efficient care 
beyond traditional clinical settings.

3.3.1.3 Robotic Surgery and Automation
Robotic surgery is a technique used by healthcare 

providers to perform minimally invasive procedures with 
precision. The system consists of three key components:  

	♦ Robotic arms - equipped with tiny surgical in-
struments.  

	♦ A high-definition 3D camera - that offers en-
hanced, magnified views of the surgical site.  

	♦ A surgical console - where the surgeon controls 
the instruments and camera, similar to using joy-
stick controls in an arcade game.  

Robotic surgery does not replace the surgeon but serves as 
an advanced tool to enhance precision and control. Research 
indicates that its outcomes are comparable to traditional 
laparoscopic surgery, making it a valuable option for many 
procedures. In the case of automation the healthcare system 
has made new strides such as: Robotic prosthetics making 
use of bionic limbs and automation in pharmacy. 

	♦ Robotic Prosthetics: Bionic limbs controlled by 

	♦ Virtual patient 
care

	♦ Personalized 
care

	♦ Key 
components

	♦ Tool of 
precision 
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brain signals improve mobility for amputees.
	♦ Automated Pharmacy Dispensing: Robots assist 

in medication dispensing, reducing errors.
3.3.1.4. 3D Printing in Medicine

Advancements in 3D printing, also known as additive 
manufacturing, are gaining recognition in healthcare for their 
ability to enhance treatment for various medical conditions. 
For example, a surgeon can create an exact model of a 
patient’s spine or anybody part to assist in surgical planning, 
likewise a dentist can scan a damaged tooth to produce 
a precisely fitting crown. This technology allows for the 
creation of medical products tailored to a patient’s unique 
anatomy.  Beyond surgical planning and dental restorations, 
3D printing is also used to develop custom prosthetic limbs, 
cranial implants, and orthopedic implants like hip and 
knee replacements. However, as this technology transforms 
medical product manufacturing—especially for high-risk 
devices—ensuring patient safety remains a priority, raising 
new regulatory challenges. 3D printing has revolutionized 
the production of medical devices, prosthetics, and even 
human tissues. Application of 3D printing in medicine 
include:

	♦ Custom Prosthetics and Implants: Personalized 
3D-printed prosthetics and dental implants.

	♦ Bioprinting: Research is advancing toward print-
ing human tissues and organs using bio-inks.

	♦ Surgical Planning Models: Surgeons use 3D-print-
ed organ models for practice before operations.

3.3.1.5 CRISPR and Gene Editing
Genome editing refers to a set of technologies that enable 

scientists to modify an organism’s DNA by adding, removing, 
or altering genetic material at specific locations. Among 
these techniques, CRISPR (Clustered Regularly Interspaced 
Short Palindromic Repeats) technology or CRISPR-Cas9 has 
revolutionized genetic research and therapy stands out as a 
groundbreaking method due to its speed, cost-effectiveness, 
precision, and efficiency compared to other gene-editing 
tools.

CRISPR-Cas9 is derived from a natural defense mechanism 
found in bacteria. When bacteria encounter viruses, they 
store fragments of viral DNA in special sequences called 
CRISPR arrays to “remember” past infections. If the same 
virus attacks again, the bacteria produce RNA segments 
that recognize the virus and direct the Cas9 enzyme to cut 

	♦ Planning and 
restoration 

	♦ Genetic 
modification

	♦ Replication
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its DNA, disabling the threat. This natural process has been 
adapted for precise genome editing, offering vast potential in 
medical research, disease treatment, and biotechnology. 

	♦ Gene Therapy: Correcting genetic disorders such 
as sickle cell anemia and cystic fibrosis.

	♦ Cancer Treatment: Modifying immune cells 
(CAR-T therapy) to attack cancer cells.

	♦ Disease Resistance: Engineering crops and ani-
mals for disease resistance in agriculture and food 
safety.

3.3.1.6 Nanotechnology in Medicine
Nanomedicine applies nanotechnology to healthcare by 

utilizing nanoscale materials and devices for disease diagnosis, 
drug delivery, and tissue regeneration. These materials 
possess unique physical, chemical, and biological properties, 
enabling innovative medical applications. By leveraging these 
advancements, nanomedicine is transforming healthcare, 
offering more precise, efficient, and less invasive treatment 
options. Nanomedicine involves using nanoparticles for 
targeted drug delivery and diagnostics. 

	♦ Targeted Cancer Therapy: Nanoparticles deliver 
drugs directly to cancerous cells, minimizing side 
effects.

	♦ Enhanced medical imaging: Nanoparticles carry-
ing contrast agents improve imaging resolution, 
aiding in more accurate diagnoses.  

	♦ Early disease detection: Nano sensors and 
nanoparticles identify disease biomarkers at ex-
tremely low concentrations, allowing for earlier 
diagnosis, particularly in conditions like cancer. 

	♦ Regenerative medicine: Nanomaterials serve as 
scaffolds for tissue regeneration and help inte-
grate prosthetics with biological tissues 

	♦ Biosensors and Smart Pills: Nano sensors detect 
diseases at an early stage within the body.

	♦ Antimicrobial Nanocoating’s: Prevent infections 
in medical devices and hospital settings.

3.3.1.7 Regenerative Medicine and Stem Cell 
Therapy

Regenerative medicine focuses on repairing, replacing, or 
regenerating damaged or diseased human cells, tissues, and 
organs to restore their normal function. Stem cell research 
is a key component of this field, playing a vital role in the 
development and application of stem cell-based therapies. 

	♦ Application 
of nano 
technology
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	♦ Stem Cell Therapy: Used to treat spinal cord in-
juries, Parkinson’s disease, and heart conditions.

	♦ Tissue Engineering: Growing organs like the liv
er and kidneys in labs for transplantation.

	♦ Platelet-Rich Plasma (PRP) Therapy: Used in 
sports medicine for faster injury recovery.

3.1.1.8 Wearable and Implantable Health Tech-
nologies

Wearable and implantable devices have advanced 
healthcare monitoring and intervention. Examples include 
Smart Contact Lenses that monitor glucose levels for 
diabetics in real-time, Brain-Computer Interfaces (BCIs) 
like Neuralink aim to restore mobility and communication 
for paralyzed patients and Pacemakers and Implantable 
Defibrillators: Advanced cardiac monitoring and treatment.

3.3.1.9 Advancements in Vaccines and Drug 
Development

New vaccine technologies and drug development 
methods have accelerated medical advancements. Examples 
include: mRNA Vaccines: Pfizer-BioNTech and Moderna 
COVID-19 vaccines revolutionized vaccine development. 
Artificial Intelligence in Drug Discovery: AI speeds up the 
identification of potential drug candidates. Monoclonal 
Antibodies: Targeted therapy for conditions like COVID-19 
and cancer. The continuous advancements in medical 
technology is reshaping healthcare, improving patient 
outcomes, and increasing accessibility to treatments. With 
innovations in AI, robotics, genetics, nanotechnology, 
and regenerative medicine, the future of healthcare looks 
promising. These breakthroughs will continue to push the 
boundaries of medicine, making personalized, efficient, and 
minimally invasive treatments the norm.

3.3.2 Development in Pharmaceutical re-
search and Medical Practices

The fields of pharmaceutical research and medical 
practices have seen remarkable progress over the last few 
decades, driven by technological innovations, deeper 
biological insights, and the development of new treatment 
strategies. These advancements have greatly enhanced 
our ability to treat diseases, improve patient outcomes, 
and extend life expectancy. Also these innovations have 
not only enhanced patient care but have also opened new 
frontiers in medicine, improving the diagnosis, treatment, 

	♦ Innovative 
regenerative 
medicine

	♦ Monitor and 
intervene

	♦ Targeted drug 
administration
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and prevention of diseases. Some of the key developments in 
these fields are as follows:

1. Precision Medicine and Genomics

2. Biopharmaceuticals and Biotechnology

3. Advances in Regenerative Medicine 

4. Artificial Intelligence and Machine 

5. mRNA Vaccine Technology

6. Minimally Invasive and Robotic Surgery

7. Telemedicine and Digital Health

8. New Antibiotics and Antiviral Drugs

Advancements in pharmaceutical research and medical 
practices are transforming healthcare, offering more 
personalized, efficient, and effective treatments. From 
precision medicine and biopharmaceuticals to AI-driven 
diagnostics and regenerative therapies, these innovations 
are reshaping how diseases are treated and managed. As 
technology continues to evolve, these advancements promise 
to further enhance patient care, reduce healthcare costs, 
and improve the overall quality of life for millions around 
the world. However, it is essential to ensure that these 
advancements remain accessible and affordable, addressing 
the challenges posed by ethical considerations, regulatory 
hurdles, and healthcare disparities.

3.3.3 Implications of Green Revolution
The Green Revolution refers to a set of agricultural 

innovations that began in the mid-20th century, aimed at 
increasing food production through the use of high-yielding 
crop varieties, chemical fertilizers, pesticides, and advanced 
irrigation techniques. It fundamentally transformed global 
agriculture, particularly in developing countries, and had 
both positive and negative implications, reshaping food 
production, economies, and societies. Through green 
revolution agricultural productivity increased, economic 
growth and rural development, improved food security, 
environmental impact, various social implications. 

1. Increased Agricultural Productivity

One of the most significant and immediate effects of the 
Green Revolution was a dramatic increase in agricultural 

	♦ Precision in 
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revolution SG
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productivity. The introduction of high-yielding varieties 
(HYVs) of crops like rice and wheat led to substantial gains 
in food production, particularly in countries like India, 
Mexico, and the Philippines. These HYVs were engineered 
to grow faster, resist diseases, and respond well to chemical 
fertilizers and irrigation. As a result, many developing 
countries were able to significantly boost their food output, 
reducing hunger and increasing food security for millions of 
people.

2. Economic Growth and Rural Development

The Green Revolution contributed to economic growth 
in rural areas by modernizing agriculture. With higher 
crop yields, farmers were able to produce more food per 
acre, increasing their incomes. This growth in agricultural 
productivity also had ripple effects in related sectors like 
transportation, food processing, and manufacturing. In 
countries like India and Pakistan, the Green Revolution 
played a key role in the transformation of the agrarian 
economy, contributing to rural development and boosting 
overall national economies.

3. Improved Food Security

By increasing the availability of staple crops such as 
rice, wheat, and maize, the Green Revolution helped many 
countries achieve greater food self-sufficiency. This reduced 
reliance on food imports, stabilized prices, and improved 
access to food, helping alleviate hunger in regions with high 
population growth rates. For example, India, once heavily 
dependent on wheat imports, became a food exporter after 
adopting Green Revolution techniques.

4. Environmental Impact

While the Green Revolution led to greater agricultural 
output, it also had significant environmental consequences. 
The increased use of chemical fertilizers and pesticides 
contributed to soil degradation, water pollution, and the 
loss of biodiversity. The heavy reliance on irrigation also 
led to issues such as waterlogging, salinization of soil, 
and depletion of water resources in areas where water 
was already scarce. Over time, these practices have led to 
unsustainable farming methods, especially in regions that 
did not adopt more environmentally conscious agricultural 
practices.

	♦ Agricultural 
productivity

	♦ Economic 
revolution

	♦ Greater self 
sufficiency

	♦ Unsustainable 
practices
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5. Social and Economic Inequality

Although the Green Revolution led to increased 
productivity, it also contributed to social and economic 
inequality. Wealthier, larger landowners who could afford 
to invest in the new technologies benefited the most from 
the Green Revolution. In contrast, small-scale farmers, 
particularly in marginal areas, were often unable to afford 
the high costs of seeds, fertilizers, and machinery required 
for the new farming techniques. This led to a widening 
gap between the rich and poor in rural areas, with many 
smallholders being pushed into debt or abandoning 
agriculture altogether.

6. Dependency on External Inputs

The Green Revolution increased the dependency of 
farmers on external inputs such as chemical fertilizers, 
pesticides, and advanced seed varieties. This dependency 
made farmers vulnerable to price fluctuations in global 
markets for these inputs, reducing their autonomy and 
profitability. In addition, the rise of monocultures—growing 
a single crop variety over large areas—also made crops more 
susceptible to pests, diseases, and climate change, as genetic 
diversity decreased.

7. Health Concerns

The extensive use of chemical fertilizers and pesticides 
raised health concerns over time. There are growing concerns 
about the long-term effects of exposure to agrochemicals 
on both farmers and consumers. Pesticide residues on food 
products have been linked to various health problems, 
including cancer, reproductive issues, and endocrine 
disruption. Furthermore, excessive use of fertilizers has led 
to nutrient imbalances in food, potentially contributing to 
dietary deficiencies in certain populations.

8. Loss of Traditional Farming Practices

The Green Revolution promoted a more industrialized 
approach to agriculture, sidelining traditional farming 
techniques and local crop varieties. Indigenous farming 
knowledge and the cultivation of diverse crops were 
gradually replaced by large-scale monoculture farming. 
This shift eroded agricultural biodiversity and led to a 
reduction in the resilience of ecosystems, making farming 
more vulnerable to pests, diseases, and climate change.

	♦ Reinforcing 
inequalities

	♦ Reduced 
autonomy

	♦ Unethical use 
of fertilizers

	♦ Replacing old 
with new
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9. Technological Advancements and Knowledge Transfer

The Green Revolution also spurred further agricultural 
research and technological advancements, particularly 
in biotechnology, crop breeding, and soil science. The 
International Rice Research Institute (IRRI) and other 
research institutions played a crucial role in developing 
improved crop varieties and providing training to farmers. 
These advancements continue to shape agricultural practices 
today, with newer technologies focusing on sustainable 
farming practices, precision agriculture, and genetic 
modification of crops to address challenges such as climate 
change and water scarcity.

3.3.4 GM Crops and Excavators
Genetically modified (GM) crops are plants that have 

been altered through genetic engineering techniques to 
possess specific traits not naturally found in the species. 
This involves modifying a plant’s DNA by introducing, 
removing, or altering genes to enhance certain desirable 
characteristics. Genetic modification (GM) is a process in 
which DNA is introduced into an organism’s genome. To 
create a GM plant, new DNA is transferred into plant cells, 
which are typically cultured in tissue where they develop 
into full plants. The seeds from these plants will inherit 
the new DNA. The primary aim of GM crops is to improve 
agricultural productivity, increase resistance to pests and 
diseases, reduce the need for chemical pesticides, and 
enhance the nutritional value of crops. 

The traits of all living organisms are shaped by their 
genetic makeup and its interaction with the environment. 
This genetic makeup, or genome, is made up of DNA in 
both plants and animals. The genome contains genes, which 
are segments of DNA that typically provide instructions for 
producing proteins. These proteins are responsible for the 
organism’s traits. BT Cotton, BT Brinjal, GM-Mustard and 
Protato (protein-rich potato) are examples of GM Crops. 

In plant genetic modification, a specific sequence of DNA 
is inserted into the plant’s genome, resulting in new or 
altered traits. This could involve changes in how the plant 
grows or making it resistant to certain diseases. The inserted 
DNA becomes part of the plant’s genome, and the seeds 
produced will carry this modified genetic material. 

1.	 Herbicide-resistant crops: These crops are engi-

	♦ Research and 
new practices

	♦ Altered 

	♦ Modifying 
genetic makeup

	♦ Method of 
modification
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neered to tolerate specific herbicides, allowing farm-
ers to control weeds more effectively without damag-
ing the crop itself.

2.	 Insect-resistant crops: Crops like Bt corn and Bt cot-
ton have been modified to produce proteins from the 
bacterium *Bacillus thuringiensis* that are toxic to 
certain insects, reducing the need for chemical insec-
ticides.

3.	 Disease-resistant crops: Genetic modification can 
make crops more resistant to viruses, bacteria, and 
fungi.

4.	 Nutritionally enhanced crops: Examples include 
Golden Rice, which has been engineered to produce 
higher levels of Vitamin A, addressing deficiencies in 
regions where rice is a staple food.

	♦ Common 
examples of 
GM crops

Advantages of GM Crops Disadvantages of GM Crops

Increased yield: GM crops are often 
designed to resist pests, diseases, and 
environmental stresses, leading to higher 
crop yields.

Reduced pesticide use: Insect-resistant 
crops reduce the need for chemical 
pesticides, which can be harmful to the 
environment and human health.

Health concerns: Although GM crops 
are extensively tested for safety, there 
are concerns regarding long-term health 
impacts and allergic reactions in some 
individuals.

Enhanced nutritional content: Some GM 
crops have been modified to contain 
higher levels of essential nutrients, 
helping to combat malnutrition.

Economic and ethical issues: There are 
concerns about the monopolization 
of seed supply by large corporations, 
and the potential impact on small-scale 
farmers.

Environmental benefits: Reduced reliance 
on chemical inputs and the potential for 
more sustainable farming practices.

Environmental concerns: GM crops 
may lead to unintended consequences, 
such as the development of resistance in 
pests or the cross-contamination of non-
GM crops through pollination.

Table 3.1.1 Advantages and Disadvantages of GM Crops
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3.3.4.1 Excavators
Excavators are heavy construction equipment used 

primarily for digging, lifting, and moving large amounts of 
earth, debris, or materials on construction sites and other 
industrial projects. These machines have a wide range 
of uses, from excavation and trenching to lifting heavy 
objects, demolition, and land grading. With advancement 
in technology there is now smart excavators revolutionizing 
efficiency and sustainability. Smart excavators are advanced 
construction and mining machines equipped with 
automation, artificial intelligence (AI), Internet of Things 
(IoT), and eco-friendly technologies to enhance efficiency, 
precision, and sustainability. Unlike traditional excavators, 
these machines integrate real-time data analytics, GPS-based 
guidance systems, and remote operation capabilities to 
optimize digging, loading, and material handling processes.

One of the key features of smart excavators is their 
automation and AI-powered control systems, which allow 
for self-operating or semi-autonomous functions, reducing 
human error and increasing productivity. These excavators 
use sensor-based monitoring to detect terrain conditions, 
adjust operations in real time, and minimize environmental 
impact. Additionally, IoT connectivity enables predictive 
maintenance, reducing downtime and preventing mechanical 
failures by alerting operators about potential issues before 
they escalate.

In terms of environmental sustainability, many smart 
excavators come with electric or hybrid engines, significantly 
lowering carbon emissions and fuel consumption compared 
to traditional diesel-powered models. Their precision 
technology helps in reducing material waste in construction 
and excavation projects, supporting sustainable resource 
management. Moreover, smart excavators play a vital role 
in land restoration, mining rehabilitation, and eco-friendly 
urban development, ensuring that industrial activities align 
with environmental conservation goals.

By integrating digital technologies and green energy 
solutions, smart excavators enhance operational efficiency, 
reduce costs, and contribute to sustainable industrial 
practices, making them essential for the future of construction, 
mining, and large-scale infrastructure projects.
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GM crops and excavators have significantly impacted 
their respective fields. GM crops offer solutions for feeding a 
growing global population while addressing environmental 
and nutritional challenges. Excavators, on the other hand, 
have revolutionized construction and excavation, improving 
efficiency, precision, and safety. However, both technologies 
come with their set of challenges and concerns that need 
careful management and consideration for long-term 
sustainability.

Excavators play a crucial role in both environmental 
sustainability and industrial ecology, as they contribute 
to responsible resource management, eco-friendly 
infrastructure development, and circular economy practices. 
While traditionally associated with heavy construction and 
mining, advancements in excavator technology have allowed 
for more sustainable operations, minimizing environmental 
damage and enhancing resource efficiency.

In environmental sustainability, modern excavators with 

	♦ Increased 
efficiency

	♦ Ecological 
balance

Advantages of Excavators Disadvantages of Excavators

Versatility: Excavators can be fitted 
with various attachments (such as 
hydraulic hammers, buckets, and 
grapples) to perform different tasks.

Cost: Excavators are expensive, both to 
purchase and maintain. They require 
skilled operators, and operational costs 
can add up over time.

Efficiency: Excavators are powerful 
machines capable of completing large-
scale tasks in much shorter periods 
than manual labor.

Environmental Impact: The operation 
of large machinery can cause soil 
compaction, and exhaust emissions 
from engines can contribute to pollution.

Precision: Excavators allow for precise 
movements, which is crucial for tasks 
like trenching, grading, and digging 
foundations.

Limited Mobility in Tight Spaces: While 
mini excavators can work in confined 
areas, larger models may struggle to 
operate in tight or urban spaces.

Safety: Modern excavators are 
equipped with safety features like 
rollover protection and enhanced 
visibility, reducing the risks associated 
with operation.

Table 3.1.2 Advantages and Disadvantages of Excavators
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electric or hybrid engines reduce carbon emissions and 
fuel consumption, making construction and excavation 
activities more eco-friendly. They are used in reforestation 
projects, wetland restoration, and soil remediation, where 
precision digging and land reshaping help restore degraded 
ecosystems. Additionally, in waste management and 
recycling, excavators facilitate sorting, processing, and 
repurposing construction debris, preventing excessive 
landfill waste.

From an industrial ecology perspective, excavators 
contribute to sustainable material cycles and resource 
efficiency. They are integral to the deconstruction of 
buildings, allowing materials like steel, concrete, and wood 
to be recovered and reused in new construction projects. 
In the mining industry, the use of automated and energy-
efficient excavators helps reduce ecological footprints 
by limiting habitat destruction and optimizing material 
extraction. Furthermore, smart excavator technologies, 
integrated with IoT and AI, improve operational efficiency, 
reducing unnecessary energy consumption and enhancing 
overall sustainability in industrial processes.

By incorporating clean energy sources, advanced automa-
tion, and circular economy principles, excavators can 
significantly support environmentally responsible industrial 
practices, making them essential tools for a sustainable 
future in construction, mining, and land restoration.

	♦ Carbon 
emission 

	♦ Sustainability

Advancements in medical technology, pharmaceutical research, and agricul-
tural innovation have significantly improved healthcare and food security. 
Medical technology has enhanced diagnostics, surgeries, and AI-driven health 
monitoring, while pharmaceutical research has led to groundbreaking treatments 
for complex diseases. In agriculture, the Green Revolution and genetically modified 
(GM) crops have boosted food production, addressing hunger and malnutrition, 
though concerns over environmental and health impacts remain. Additionally, 
excavators have revolutionized construction, mining, and land development, 
facilitating modernization. While these innovations improve quality of life, they 
also raise ethical, environmental, and socioeconomic challenges, emphasizing the 
need for sustainable and equitable progress.

Summarised Overview
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1.	 What are some key advances in medical technology in the past decade?

2.	 How has medical technology improved the diagnosis and treatment of 
diseases?

3.	 What role does telemedicine play in modern healthcare?

4.	 Explain how robotic surgery has transformed medical practices.

5.	 What is the significance of wearable health devices in monitoring health?

6.	 How has pharmaceutical research contributed to the treatment of chronic 
diseases?

7.	 What are the key challenges in the development of new drugs?

8.	 How have clinical trials evolved over time in pharmaceutical research?

9.	 What role do biopharmaceutical companies play in modern medicine?

10.	How has personalized medicine changed the approach to healthcare?

11.	What was the Green Revolution, and how did it impact agricultural pro-
ductivity?

12.	How did the Green Revolution affect food security in developing coun-
tries?

13.	What were the environmental consequences of the Green Revolution?

14.	How did the Green Revolution influence the role of farmers in society?

15.	In what ways did the Green Revolution contribute to the global popula-
tion growth?

16.	What are genetically modified (GM) crops, and how do they differ from 
traditional crops?

17.	What are some benefits of using GM crops in modern agriculture?

18.	What are the environmental risks associated with GM crops?

19.	How have excavators and machinery impacted modern farming tech-
niques?

20.	How do GM crops contribute to solving food security issues in the world?

Self-Assessment Questions
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1.	 How do advances in medical technology, such as AI in diagnostics and 
robotic surgery, challenge traditional healthcare models and improve pa-
tient outcomes? Discuss with examples.

2.	 In the context of pharmaceutical research, how do ethical considerations 
such as patient consent, data privacy, and clinical trials influence the de-
velopment of new medicines? Assess the balance between innovation and 
ethics in drug development.

3.	 The Green Revolution brought significant agricultural advancements but 
also led to environmental degradation. How can modern farming prac-
tices integrate the benefits of the Green Revolution while minimizing its 
ecological impact? Propose strategies for sustainable agriculture.

4.	 Evaluate the long-term economic, environmental, and social impacts of 
GM crops on developing countries. How do these impacts differ across 
regions with varying levels of technological access and agricultural prac-
tices?

5.	 With the rise of biotechnology and environmental concerns, how can ge-
netic modification of crops be used to address global challenges such as 
climate change and food security, while mitigating the potential risks as-
sociated with GM crops? Analyze the trade-offs involved.

Assignments
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed 
for each paragraph. The space given below can be used for listing the questions.

Suggested Reading
1.	 Anderson, J. R., & Mellor, M. (2009). The green revolution: Technology and 

development in the global South. Cambridge University Press.

2.	 Gupta, S. K. (2000). Genetically modified crops and food security in India. 
Food Policy, 25(3), 269-281. 

3.	 Lister, A. (2013). Advances in medical technology: The past, present, and 
future. Medical Devices and Sensors, 6(2), 34-39. 

4.	 Wilson, T. W., & Walters, L. (2016). The pharmaceutical industry and its 
role in modern healthcare. Journal of Pharmaceutical Policy and Practice, 
9(1), 45-52. 

5.	 Davis, K., & Lash, J. (2010). The Green Revolution and its effects on agri-
culture. Environmental Science and Technology, 44(8), 2235-2242. 

5.	 Trewavas, A. (2001). The Green Revolution and its impact on agriculture and 
society. Environmental Sustainability, 2(3), 200-215. 
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Science and Technology –
Sociological Perspectives

UNIT
1 Theoretical Concerns

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ substantiate the events in society from a theoretical perspective
	♦ understand the scientific structuring of society with a sociological frame-

work
	♦ analyse the theoretical underpinnings of the information age  

Sociological perspectives on science and technology explore how these 
domains shape and are shaped by society, examining their impacts on social 
structures, economies, and cultures. Key theorists such as Daniel Bell, Manuel 
Castells, and Herbert Schiller provide critical frameworks for understanding 
these dynamics. Daniel Bell’s concept of the post-industrial society highlights a 
shift from industrial production to a knowledge-based economy. He argues that 
technological and scientific advancements drive this transformation, with a focus 
on the centrality of theoretical knowledge, the expansion of service industries, 
and the rise of information and communication technologies (ICTs). This 
framework underscores how science and technology redefine social hierarchies 
and occupational structures. Manuel Castells introduces the idea of the network 
society, where digital technologies enable new forms of social organization 
and economic activity. He emphasizes the importance of information flows 
within globally interconnected networks, which reshape power relations, work 
practices, and cultural interactions. The network society highlights the role of 
ICTs in creating a highly dynamic and decentralized social fabric. Herbert Chiller 
critiques the commodification of information in capitalist societies. He argues 
that the integration of science and technology into market structures prioritizes 
profit over public welfare, leading to the concentration of information power in 
corporate hands. His analysis focuses on how technological advancements can 
perpetuate inequality by privileging those with access to resources and control 
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Discussion

4.1.1  Daniel Bell-Post Industrial Society 
Daniel Bell, a prominent sociologist and futurist, 

introduced the concept of the “post-industrial society” in 
his influential work The Coming of Post-Industrial Society: A 
Venture in Social Forecasting (1973). In this book, Bell analyzed 
the transition from industrial economies to post-industrial 
ones and outlined the structural changes in society that 
accompany this transformation. 

Features of Post-Industrial Society

1. Shift from Manufacturing to Services

One of the central tenets of Bell’s theory is the transition 
from an economy centered on manufacturing and the 
production of goods to one dominated by services. 
Knowledge and intellectual labor replace physical labor 
as the primary driver of economic growth. This shift 
encompasses sectors such as healthcare, education, finance, 
and information technology. The service economy reflects 
a society where the creation and distribution of intangible 
goods become the primary economic activities.

2. Centrality of Knowledge and Information

In a post-industrial society, knowledge becomes the 
most critical resource, surpassing traditional factors such 
as land, labor, and capital. The ability to generate, process, 
and apply information drives economic growth and social 
progress. Thus, the creation, manipulation, and application 

	♦ Transition

	♦ Shift in 
economy

	♦ Knowledge 
centric

Keywords

Information age, Technology, Capitalism, Network, Commodifica-tion

over information systems. Together, these perspectives illuminate the multifaceted 
interplay between science, technology, and society, addressing issues of power, 
inequality, and the evolving nature of human interaction in the digital age. Let us 
explore these theoretical perspectives in detail.
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of information are central to economic and social activities. 
Bell emphasized the importance of intellectual labor and 
the growing dependence on research, data analysis, and 
technological expertise.

3. Rise of the Professional and Technical Class

The rise of the professional and technical class is another 
hallmark of the post-industrial society. Professionals, 
technical experts, and knowledge workers become the 
dominant social group, replacing industrial laborers. These 
individuals, equipped with specialized education and 
expertise, form the backbone of the knowledge economy. 
Thus, Education and specialized skills gain increased 
importance for social and economic mobility. Bell argued 
that this class replaces the industrial working class as the 
dominant social group, reflecting a shift in societal values 
and structures.

	♦ New class

Biographical Sketch of Daniel Bell (1919–2011) 

  Daniel Bell was an influential American sociologist and 
journalist who used sociological theory to address 
what he saw as the internal contradictions of capitalist 
societies. Educated at City College of New York (B.S., 
1939), Bell spent over two decades as a journalist, 
notably with The New Leader and Fortune, before 
earning his Ph.D. from Columbia University in 1960. 
He taught sociology at Columbia and later at Harvard 
University until his retirement in 1990.

Bell’s work focused on the impact of political and 
economic systems on individual lives. His major 

publications include Marxian Socialism in the United 
States (1952), The End of Ideology (1960), The Coming of Post-Industrial Society 
(1973), and The Cultural Contradictions of Capitalism (1976). These works explored 
themes such as the decline of ideological politics, the rise of a knowledge-based 
economy, and tensions between cultural values and economic systems.

A thought-provoking and sometimes controversial figure, Bell challenged 
prevailing academic ideologies and received numerous accolades, including 
the ASA Lifetime Achievement Award (1992), the Talcott Parsons Prize (1993), 
and France’s Alexis de Tocqueville Prize (1995).

Daniel Bell
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4. Growth of Science and Technology

Post-industrial societies are characterized by a deep 
integration of science and technology into daily life. 
Technological innovation becomes a key driver of economic 
and social change, with significant investments in research 
and development. Research and development drive progress 
in all sectors, fostering rapid technological advancements 
The application of scientific knowledge shapes industries, 
governance, and cultural practices.

5. Planning and Decision-Making

The complexity of post-industrial societies requires 
sophisticated systems for planning and decision-making. 
Governments and organizations increasingly rely on predi-
ctive models, statistical analyses, and systems thinking to 
navigate the challenges posed by rapid technological and 
social changes.

Contrasts with Industrial Society

Bell’s framework contrasts the industrial and post-
industrial phases of societal development. Industrial societies 
are characterized by mass production, manufacturing, and 
the dominance of physical labor. In contrast, post-industrial 
societies prioritize services, information, and intellectual 
labor. While industrial economies depend on tangible 
resources, post-industrial economies thrive on the intangible 
assets of knowledge and innovation.

4.1.1.1 Criticism 
While Bell’s concept of the post-industrial society has 

been influential, it has also faced criticism

1.	 Overemphasis on Knowledge and Services: Critics 
argue that Bell’s framework downplays the con-
tinued importance of manufacturing and physical 
goods in the global economy. Industrial production 
remains vital, particularly in emerging economies 
and in sustaining global trade.

2.	 Uneven Development: The transition to a post-in-
dustrial society is not uniform across countries and 
regions. Many parts of the world remain industrial 
or pre-industrial, highlighting significant disparities 
in development. Bell’s theory, some argue, is more 

	♦ Technology as a 
driving force

	♦ Technologically 
aided

	♦ Industrial 
society vs post 
industrial 
society
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applicable to advanced economies than to develop-
ing nations.

3.	 Neglect of Social and Environmental Issues: Bell’s 
focus on economic and technological factors tends 
to overlook broader social and environmental chal-
lenges. Issues such as income inequality, environ-
mental degradation, and cultural fragmentation are 
not adequately addressed in his framework.

4.	 Underestimation of Political and Global Dynamics: 
Bell’s theory does not fully account for the role of 
political and global factors, such as geopolitical con-
flicts, international trade policies, and the influence 
of multinational corporations, in molding post-in-
dustrial societies.

Despite these critiques, Bell’s framework remains a valua-
ble lens for analyzing modern economies and the role of 
technology and knowledge in molding societies. His concept 
remains a vital tool for understanding contemporary shifts 
in economies and societies, especially in the context of rapid 
technological development and globalization. It highlights 
the increasing importance of knowledge, innovation, and 
professional expertise in influencing modern life.

4.1.2 Manuel Castells - Network Society
Manuel Castells, a distinguished sociologist and 

communication theorist, is widely recognized for his 
groundbreaking work on the “network society.” In his 
seminal trilogy, The Information Age: Economy, Society, 
and Culture (1996–1998), Castells outlines how the rise of 
information and communication technologies (ICTs) has 
redefined economic, social, and cultural dynamics. His 
concept of the network society describes a new form of 
social organization driven by networks of information flows, 
enabled by digital technologies, and shaped by globalization. 
Castells asserts that networks, defined as interconnected 
nodes of communication and interaction, have become the 
primary structure of social organization. Unlike hierarchical 
systems, networks are dynamic, flexible, and capable of 
rapidly adapting to changes. This adaptability makes them 
the backbone of modern societies, influencing economies, 
politics, and cultural systems.

	♦ Modern 
economy

	♦ Structure of 
society SG
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In the network society, information and knowledge 
become the most valuable resources. Economic and social 
power are increasingly derived from the capacity to create, 
process, and distribute information. Castells argues that the 

Biographical Sketch of Manuel Castells (1942 ) 

   Manuel Castells, born in Spain in 1942, is a 
prominent sociologist and expert in urban and 
regional planning. Since 1979, he has served as 
Professor of Sociology and City and Regional 
Planning at the University of California, 
Berkeley. He previously taught sociology in 
Paris from 1967 to 1979, including at the 
prestigious École des Hautes Études en Sciences 
Sociales. 

Castells fled Francoist Spain as a student 
activist and completed his higher education in 

Paris, earning a Ph.D. in Sociology from the University of Paris in 1967. His 
academic journey has included positions at universities in Spain, France, the 
U.S., and across the globe, where he has delivered lectures in over 40 countries. 
He began his scholarly career with a focus on urban sociology, becoming one 
of the founders of New Urban Sociology. His early influential work La Question 
Urbaine (1972) gained international recognition. He later authored The City and the 
Grassroots (1983), which earned the C. Wright Mills Award, and The Informational 
City (1989), which explored urban transformations driven by technology.

In the 1980s, Castells shifted focus to the global impact of the information 
technology revolution. His most acclaimed work is The Information Age trilogy:

The Rise of the Network Society (1996),

The Power of Identity (1997), and

End of Millennium (1998)

A prolific scholar, Castells has authored or edited over 35 books and 100 
academic articles. He has received numerous honors, including induction into 
the European Academy (1994) and awards for his work on internet studies and 
social thought. In addition to academia, Castells has served as an advisor to 
several international organizations and governments. His current research (as of 
2000–2001) focuses on the social and economic effects of the internet, including 
the book The Internet Galaxy (2001), and ongoing work in urban theory and 
development in the digital age.

 Manuel Castells
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“information economy” is characterized by the production 
and exchange of ideas, symbols, and knowledge, rather than 
physical goods.

The network society is inherently global. Digital 
technologies enable instant communication and integration 
across geographical boundaries. This global interconnectivity 
fosters economic integration, cultural exchange, and political 
interdependence, while also amplifying disparities between 
those who have access to networks and those who do not. 
Castells highlights significant shifts in labor patterns within 
the network society. Traditional industrial jobs give way 
to knowledge-based and service-oriented work. Flexibility, 
outsourcing, and project-based employment become 
common. While this transformation offers opportunities 
for innovation, it also creates job insecurity and exacerbates 
inequalities.

Digital networks facilitate the formation of virtual 
communities, where individuals connect based on 
shared interests rather than physical proximity. Castells 
emphasizes the growing influence of digital platforms in 
cultural identities, fostering new forms of expression, and 
enabling collective action. While, networks are inclusive in 
principle, Castells acknowledges that access to networks 
and digital resources is uneven. This “digital divide” creates 
a power asymmetry between those who are connected and 
those who are excluded. As a result, wealth, influence, 
and opportunities become concentrated among networked 
individuals, organizations, and regions.

Castells’ concept of the network society is highly relevant 
in today’s digitally interconnected world. The proliferation 
of smartphones, social media, and artificial intelligence 
exemplifies the centrality of networks in shaping modern life. 
Movements such as #MeToo and climate activism illustrate 
the power of digital networks to drive social and political 
change. Moreover, the COVID-19 pandemic underscored the 
critical role of networks in maintaining economic and social 
continuity. Remote work, online education, and telemedicine 
became essential, highlighting both the potential and the 
limitations of the network society.

4.1.2.1 Criticism of the Network Society
While Castells’ concept of the network society has been 

widely acclaimed, it has also attracted criticism:

	♦ New resources

	♦ Shift in labor

	♦ Digitalization 
and Digital 
Divide

	♦ Digitally 
enabled SG
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1.	 Overemphasis on Technology Critics argue that Cas-
tells places excessive emphasis on technology as the 
driving force of societal change, underestimating the 
role of human agency and socio-political factors.

2.	 Digital Divide While Castells acknowledges inequal-
ities, some scholars suggest that his framework does 
not adequately address how structural disparities 
limit access to networks, particularly in developing 
regions.

3.	 Economic and Environmental Costs The rapid ex-
pansion of networks and digital infrastructure en-
tails significant economic and environmental costs. 
Critics point out that Castells underexplores these 
negative externalities.

4.	 Surveillance and Control The network society en-
ables unprecedented levels of surveillance and data 
collection. Some argue that Castells could delve 
deeper into the implications of this power concen-
tration for privacy and civil liberties.

Manuel Castells’ network society model explains digital 
transformations but has limitations in addressing social 
inequalities. It overlooks how the digital divide excludes 
marginalized groups, how big tech monopolies reinforce 
power asymmetries, and how digital capitalism creates 
precarious labor conditions, especially in the Global South. 
His model also lacks an intersectional perspective, failing 
to fully explore race, gender, and class-based exclusions in 
digital spaces. Additionally, it underestimates the role of 
state policies in shaping inequalities through censorship, 
surveillance, and governance. While insightful, Castells’ 
framework needs a stronger focus on structural inequalities 
to fully capture the network society’s impact on social justice.

Manuel Castells’ theory of the network society provides a 
comprehensive framework for understanding the profound 
changes brought about by the digital age. By emphasizing 
the role of networks, information, and globalization, Castells 
offers valuable insights into the dynamics of contemporary 
society. While his framework is not without its limitations, 
it remains a vital tool for analyzing the opportunities and 
challenges of living in an increasingly interconnected world.

Daniel Bell and Manuel Castells both explore the concept 

	♦ Materiality of 
ideology

	♦ Limitations

	♦ Framework for 
interconnected 
society
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Daniel Bell Manuel Castells

Post-industrial society driven by theore-
tical knowledge and expertise

Network society where information flo-
ws shape economic and social power

A tool for economic growth and efficiency A transformative force that restructures 
capitalism and social hierarchies

Less emphasis on global networks Strong focus on global connectivity and 
digital capitalism

Optimistic about rational governance by 
experts

Highlights inequalities, power shifts, 
and social fragmentation

of knowledge economies, but from distinct perspectives 
shaped by their broader theories of post-industrial and 
informational societies. Daniel Bell, in The Coming of Post-
Industrial Society, presents the idea that advanced societies 
are transitioning from industrial economies to post-
industrial economies, where knowledge and services replace 
manufacturing as the primary drivers of economic growth. 
Bell argues that knowledge becomes the central productive 
force, with theoretical knowledge playing a fundamental role 
in technological innovation. For Bell, this transformation is 
largely positive, signaling an era where reason and expertise 
guide economic development and policymaking. However, 
he acknowledges tensions between economic, technological, 
and cultural developments, particularly the challenges 
posed by rapid technological change and value conflicts 
in society. Manuel Castells, in The Information Age trilogy, 
expands on Bell’s ideas but places greater emphasis on the 
role of networks and global capitalism. He introduces the 
concept of the “network society,” where knowledge and 
information are central economic resources, but their value 
is determined by their ability to be processed and distributed 
in real-time. Information and communication technologies 
(ICTs) enable the rise of a globally interconnected economy, 
where capital, labor, and innovation flow across national 
borders. Unlike Bell’s relatively linear progression, Castells 
sees knowledge economies as deeply embedded in a 
broader system of social and economic power, where access 
to technology and networks determines success. The digital 
divide and uneven development lead to disparities in who 
benefits from knowledge economies. 

Table 4.1.1 Key Differences Between Bell and Castells

	♦ Knowledge 
economy vs 
Network society
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While both thinkers recognize the centrality of knowledge 
in modern economies, Bell envisions a structured transition 
to a knowledge-driven society, while Castells sees a more 
complex, networked transformation with deep political and 
social implications.

4.1.3 Herbert Schiller – Information and the 
Market

Herbert Schiller, a pioneering scholar in the field of 
media studies and communication, critically examined the 
relationship between information, power, and capitalism. 
His works, particularly Who Knows: Information in the 
Age of the Fortune 500 (1981) and Information and the Crisis 
Economy (1984), explore how information production and 
dissemination are increasingly controlled by corporate 
interests, leading to the commodification of knowledge and 
the shaping of public consciousness.

Schiller argued that in advanced capitalist societies, 
information is no longer a public good but has been 
transformed into a commodity. Corporations produce and 
distribute information with the primary goal of generating 
profit, rather than serving the public interest. This 
commodification limits access to information and prioritizes 
content that aligns with corporate agendas.

Schiller emphasized the growing concentration of media 
ownership in the hands of a few powerful corporations. 
This concentration enables these entities to control the flow 
of information, influence public opinion, and reinforce 
capitalist ideologies. The dominance of corporate-controlled 
media stifles alternative voices and diminishes the diversity 
of perspectives.

According to Schiller, the media plays a critical role 
in perpetuating the capitalist system. It serves as a tool 
for ideological control by promoting consumerism, 
individualism, and acceptance of the status quo. By shaping 
cultural narratives and framing issues in specific ways, the 
media reinforces existing power structures. Schiller warned 
against the privatization of public communication systems, 
such as telecommunications and broadcasting. He argued 
that privatization leads to the prioritization of profit over 
public service, undermining the democratic function of 
media as a platform for free and open discourse.

	♦ Interlinking 
information 
and capitalism

	♦ Commodification 
of information

	♦ Control and 
curation

	♦ Capitalist 
system
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Biographical Sketch of Herbert Schiller (1919–2000) 

 
Herbert Schiller was an influential American sociologist, 

media critic, and political economist renowned for his 
pioneering work in critical media studies. He is best known 
for exploring the deep connections between mass media, 
corporate power, U.S. government policy, and the global 
dissemination of American cultural and political influence.

Schiller positioned communication as central to 
understanding how modern power structures operate. He 
argued that media and information technologies are not 
neutral tools but serve the interests of dominant political 
and corporate elites. His work highlighted how these 

institutions use media to maintain social control and extend ideological influence 
both domestically and internationally. While he avoided strict ideological labels 
like “Marxism,” Schiller was seen by peers, such as George Gerbner, as someone 
who underscored the importance of cultural systems—what Marx called the 
“superstructure”—especially in a media-saturated society.

Schiller was also a committed public intellectual and activist. He began 
his career as a journalist, sometimes writing under pseudonyms during the 
McCarthy era, and later collaborated with grassroots media organizations such 
as Paper Tiger Television. His writing and lectures were widely accessible 
and influential across global academic and activist communities. Over his 
prolific career, Schiller authored eight books, co-authored or edited seven 
others, and published hundreds of articles. His notable works include Mass 
Communications and American Empire (1969) and Culture, Inc.: The Corporate 
Takeover of Public Expression (1989). He developed a unique research method 
that involved critically examining mainstream media content—what he called 
his “raw materials”—to uncover the underlying power dynamics at play. In 
2022, his extensive personal archive was donated to the Annenberg School for 
Communication Library Archives (ASCLA). This collection, comprising research 
notes, teaching materials, and correspondence, serves as a vital resource for those 
studying media, communication, and the sociology of power. Herbert Schiller’s 
legacy continues to inspire scholars and students examining the intersections of 
media, politics, and society in the digital age.

Herbert Schiller
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Schiller’s critique extends to the global scale, where the 
export of information and media content from developed 
nations, particularly the United States, to developing 
countries fosters cultural imperialism. This process imposes 
Western values, norms, and consumer practices on local 
cultures, eroding their traditions and autonomy.

Herbert Schiller’s concept of media ownership and 
information commodification argues that corporate control 
over media and information systems concentrates power, 
prioritizing profit over public interest. This directly links to 
modern tech monopolies like Google, Meta, and Amazon, 
which dominate global information flows, advertising, and 
digital services. These corporations commodify user data, 
turning personal information into a marketable asset while 
shaping public discourse and consumer behavior. Their 
monopolistic control limits media diversity, suppresses 
alternative voices, and reinforces economic inequalities, 
reflecting Schiller’s concern that corporate ownership of 
media leads to centralized control over knowledge and 
culture, rather than democratization of information.

4.1.3.1 Criticism of Schiller’s Perspective

1.	 Overemphasis on Corporate Power Critics argue that 
Schiller’s analysis may overstate the influence of cor-
porate interests, neglecting the agency of individuals 
and grassroots movements in shaping media content 
and resisting dominant ideologies.

2.	 Technological Determinism Some scholars suggest 
that Schiller’s focus on corporate control overlooks 
the potential of emerging technologies, such as the 
internet and social media, to democratize informa-
tion and empower marginalized voices.

3.	 Limited Recognition of Media Pluralism Schiller’s 
framework has been critiqued for not fully acknowl-
edging the diversity within media systems, including 
independent and alternative media outlets that chal-
lenge corporate dominance.

Schiller’s insights remain profoundly relevant in the 
digital age, where issues of corporate control, information 
commodification, and cultural imperialism persist. The 
rise of tech giants such as Google, Facebook, and Amazon 
exemplify the concentration of power in the information 

	♦ Cultural 
imperalism

	♦ Monopolization
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Summarised Overview

economy. These platforms not only control vast amounts of 
data but also influence how information is accessed, shared, 
and monetized. Moreover, Schiller’s critique of cultural 
imperialism resonates in the context of global media flows, 
where Western-dominated platforms disseminate content 
worldwide. At the same time, the digital divide—the gap 
between those with access to digital technologies and those 
without—reflects the inequalities Schiller identified in access 
to information.

Herbert Schiller’s analysis of information and the market 
offers a critical lens for understanding the intersection of 
media, power, and capitalism. His work underscores the need 
to safeguard public access to information, promote media 
pluralism, and resist the commodification of knowledge. In 
an era of rapid technological change and growing corporate 
influence, Schiller’s insights continue to illuminate the 
challenges and opportunities of creating a more equitable 
and democratic information society.

	♦ Relevance

	♦ Equitable

Daniel Bell’s Post-Industrial Society outlines the transition from industrial to 
knowledge-based economies, emphasizing the role of information, technology, 
and services. Manuel Castells’ Network Society highlights the transformative 
power of information networks, driven by globalization and digital technologies, 
shaping economies, cultures, and power structures. Herbert Schiller’s Information 
and the Market critiques the commodification of information under capitalism, 
emphasizing corporate control of media, cultural imperialism, and the erosion 
of public access and democratic discourse. Together, these theories explore the 
profound economic, social, and political impacts of information in contemporary 
societies.

1.	 What are the defining characteristics of a post-industrial society, accord-
ing to Daniel Bell?

2.	 How does Bell distinguish between industrial and post-industrial econo-
mies?

3.	 What role does knowledge and information play in a post-industrial so-
ciety?

Self-Assessment QuestionsSG
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4.	 How does Bell describe the shift in the labor market within post-indus-
trial societies?

5.	 In what ways has Bell’s concept of the post-industrial society been vali-
dated or challenged by contemporary developments?

6.	 What are the core features of Manuel Castells’ concept of the network 
society?

7.	 How do information and communication technologies drive the emer-
gence of the network society?

8.	 What role does globalization play in the development of the network so-
ciety?

9.	 How does Castells address the issue of power in the network society?

10.	What are the socio-economic and cultural implications of living in a net-
worked world?

11.	How does Herbert Schiller describe the commodification of information 
in capitalist societies?

12.	What are the consequences of corporate control over information, accord-
ing to Schiller?

13.	How does Schiller critique the privatization of public communication 
systems?

14.	What is Schiller’s perspective on globalization and cultural imperialism?

15.	In what ways does Schiller’s analysis remain relevant in the context of 
digital platforms and tech giants?

Assignments

1.	 How does Bell, Castells, and Schiller differ in their analysis of the role of 
information in society?

2.	 In what ways does the theories of Bell and Castells complement each oth-
er in explaining the shift to knowledge-based economies?

3.	 How does Schiller’s critique of corporate control challenge or align with 
Bell and Castells’ perspectives?

4.	 Which aspects of these theories provide the most compelling insights into 
current global trends in technology and society?
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed 
for each paragraph. The space given below can be used for listing the questions.
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UNIT
2 Technological Interventions in Social Life

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ understand the theoretical assessment of technology with a social inclina-
tion

	♦ analyze technology and its impact on society from a theoretical view point
	♦ critically interconnect the human technology interface from a sociological 

perspective 

Technological intervention in social life has increasingly redefined 
relationships, power structures, and societal norms. Michel Foucault’s concept 
of the Panopticon offers a compelling metaphor for understanding the pervasive 
nature of surveillance in the digital age. Foucault highlights how surveillance 
technologies operate as tools of power, fostering self-regulation and compliance 
among individuals under the assumption of constant observation. This extends to 
modern technologies like CCTV, online tracking, and biometric systems, creating 
a society where visibility equates to control.

Bruno Latour’s Actor-Network Theory (ANT) further enriches the analysis 
by treating technology not merely as a tool but as an active participant in social 
networks. ANT emphasizes the interplay between human and non-human actors, 
revealing how technological systems—such as social media platforms, algorithms, 
and smart devices—mediate relationships and reshape social practices. These 
technologies actively construct realities, influencing how individuals interact and 
make decisions.

Anthony Giddens’ framework of reflexivity and surveillance underscores the 
transformative role of information in modernity. He argues that the ubiquity of 
data collection and analysis fosters a reflexive society, where individuals and 
institutions continually adapt their behavior based on available information. While 
this dynamic enhances agency and informed decision-making, it also deepens 
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Discussion

The rapid integration of technology into social life has 
reshaped the ways individuals interact, institutions operate, 
and power is exercised. Surveillance, connectivity, and the 
management of information have become central to modern 
societies, creating new dynamics of control and agency. 
Michel Foucault’s Panopticon imagery illustrates how 
surveillance technologies foster self-discipline by making 
individuals feel perpetually observed, a concept now 
magnified by digital tools like algorithms and data-tracking 
systems.

4.2.1 Michel Foucault – Panopticon Imag-
ery of Surveillance

Foucault identified the Panopticon as one of the 
regulatory techniques of power and knowledge. Originally 
conceived by Jeremy Bentham in the mid-19th century, 
the Panopticon was an architectural design intended for 
prisons, asylums, schools, hospitals, and factories. Unlike 
the violent methods of control, such as torture and dungeon 
confinement, prevalent in monarchial states for centuries, 
modern democratic states required a more refined system to 
regulate their citizens.

The Panopticon introduced a sophisticated form 
of internalized coercion, achieved through constant 
surveillance. Prisoners were isolated in individual cells, 
unable to interact or communicate, while guards maintained 

	♦ Regulatory 
technique

systems of surveillance, embedding control mechanisms within everyday life.

Together, these theories illuminate the complexities of technological intervention 
in social life, highlighting the intricate balance between empowerment and 
domination, connectivity and control, in an era shaped by ever-evolving digital 
tools. Let us explore these three theories in detail. 

Keywords
Survellance, Powers, Technology, Network society, Modernity
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a central vantage point in a high tower, remaining invisible 
to those being observed. This design ensured that prisoners 
were always aware of the possibility of being watched, even 
if they could not confirm it. The result was a self-regulating 
consciousness, where the mere idea of constant observation 
served as an effective mechanism of control.

The Panopticon served as a metaphor for Foucault to 
analyze the relationship between systems of social control and 
individuals in disciplinary contexts, as well as the interplay 
between power and knowledge. For Foucault, power and 
knowledge arise through observation. This framework 
symbolizes the shift to disciplinary power, where every action 
is monitored, and all events are recorded. Such surveillance 
fosters compliance and docility—essentially a normalization 
process driven by the implicit threat of discipline.

Rather than relying on constant surveillance, panoptic 
discipline achieves conformity by instilling in individuals 
the internalized sense of being observed. This self-regulation 
ensures appropriate behavior. The observer’s authority 
is derived from monitoring, as the behaviors observed 
inform actions, creating a dynamic where observation 

	♦ Surveillance 

	♦ Disciplinary 
power

Biographical Sketch of Michel Foucault (1926-1984) 
  Michel Foucault, born on October 15, 1926, in Poitiers, 

France, was a brilliant but psychologically troubled 
student who rose to academic prominence in the 1960s. 
He held various university positions before being 
appointed in 1969 to the prestigious Collège de France 
as Professor of the History of Systems of Thought, a 
role he held until his death in 1984. From the 1970s 
onward, Foucault became deeply involved in political 
activism, co-founding the Groupe d’information sur les 
prisons and advocating for marginalized groups. He 
frequently lectured abroad, especially in the U.S., and 
had committed to teaching annually at UC Berkeley 
before his death from AIDS on June 25, 1984.

Although trained in psychology and philosophy, and known for writing historical 
studies of medicine and the social sciences, Foucault is often regarded as a philosopher. 
His work engages deeply with philosophical traditions—both through historical critique 
and by challenging the ideas of past philosophers. His posthumously published lectures 
from the Collège de France further expand on his critical theories, offering valuable 
insights into his intellectual legacy.

Michel Foucault
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amplifies power. The observer’s power grows in tandem 
with the knowledge gained through this process, creating a 
reinforcing cycle where knowledge and power are mutually 
sustaining. Foucault encapsulates this idea by stating that 
“by being combined and generalized, they attained a level 
at which the formation of knowledge and the increase in 
power regularly reinforce one another in a circular process.”

Michel Foucault’s concept of the Panopticon, introduced 
in his seminal work Discipline and Punish (1975), is a 
powerful metaphor for understanding modern systems 
of surveillance, power, and control. Drawing from Jeremy 
Bentham’s architectural design for prisons, the Panopticon 
becomes, in Foucault’s analysis, a framework to explore how 
power operates through observation and normalization in 
society.

4.2.1.1 The Panopticon Design
The Panopticon is a circular building with a central 

watchtower surrounded by individual cells. Each cell is 
designed to be fully visible to the observer in the tower, but 
the inmates cannot see into the tower or communicate with 
one another. This asymmetry creates a state of permanent 
visibility for the inmates, fostering the belief that they are 
constantly being watched, even if no observer is present. 
This arrangement eliminates the need for overt displays of 
force or violence, as the possibility of surveillance induces 
self-regulation and conformity.

     Fig. 4.2.1 Foucault’s Panopticon      

	♦ Self-regulatory

	♦ Modern 
systems of 
surveillance

	♦ Surveillance 
and conformity
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4.2.1.2 Surveillance as a Mechanism of Power
Foucault argued that the Panopticon symbolizes a shift 

from sovereign power, exercised through visible displays 
like punishment and torture, to disciplinary power, which 
operates invisibly through surveillance and normalization. 
The power of the Panopticon lies not in actual observation but 
in the internalized awareness of being potentially observed. 
This creates “docile bodies”—individuals who regulate their 
own behavior in line with societal norms without the need 
for external enforcement.

4.2.1.3 Power-Knowledge Nexus
For Foucault, power and knowledge are intertwined. The 

act of observation generates knowledge about individuals—
their behavior, habits, and tendencies—which in turn 
reinforces the power of the observer. These dynamic forms 
a self-sustaining cycle where knowledge enhances power, 
and power facilitates the creation of more knowledge. As 
Foucault noted, “visibility is a trap” because it subjects 
individuals to a mechanism that controls and disciplines 
them.

4.2.1.4 The Panopticon beyond Prisons
While Bentham envisioned the Panopticon as a physical 

structure for institutions like prisons, asylums, and 
schools, Foucault extended its relevance to broader societal 
contexts. He argued that modern societies have adopted 
panoptic principles through institutions and technologies 
that monitor, regulate, and normalize behavior. Examples 
include surveillance cameras, biometric systems, and 
digital tracking technologies, all of which create a sense of 
omnipresent observation in contemporary life.

4.2.1.5 Internalization of Surveillance
A key aspect of the Panopticon is its psychological 

impact. Individuals internalize the logic of surveillance, 
becoming their own regulators. This “internalized coercion” 
ensures conformity without the need for constant external 
enforcement. The Panopticon thus shifts the burden of 
discipline from the observer to the observed, making it a 
cost-effective and efficient form of control.

4.2.1.6 Implications in Modern Society
Foucault’s Panopticon imagery resonates in today’s 

digital age, where surveillance has become ubiquitous. 

	♦ Sovereign power 
to disciplinary 
power

	♦ Power of the 
observer

	♦ Panoptic 
principle 

	♦ Internalized 
coercion
SG

O
U



207SGOU - SLM - MA Sociology -  Science, Technology and Society

Technologies such as data collection, social media 
monitoring, and algorithmic oversight function as modern-
day Panopticons. They perpetuate the dynamics of visibility 
and control, shaping behavior in subtle yet pervasive ways. 
Foucault’s insights invite reflection on the ethical and societal 
consequences of living in an era dominated by surveillance 
mechanisms. In essence, Foucault’s Panopticon imagery 
serves as a critical lens for understanding how modern power 
operates invisibly, shaping societies through observation, 
normalization, and the internalization of control.

4.2.2 Bruno Latour Actor-Network 
Theory(ANT)

Actor-network theory (ANT) was originally developed 
by John Law and Latour to explore how innovation and 
knowledge creation occur within the realms of science 
and technology. Actor-network theory, commonly known 
as ANT, is a significant yet contentious framework for 
comprehending human interactions with non-living entities. 
ANT aims to challenge prevailing theories such as social and 
technological determinism, which oversimplify phenomena 
by attributing them solely to social or technological 
influences. The theory drew inspiration from existing 
work in science and technology studies, research on large 
technological systems, and the ideas of several contemporary 
French intellectuals. Key concepts central to ANT, including 
translation, generalized symmetry, and the “heterogeneous 
network,” were introduced in the 1980s, particularly in 
Latour’s book Science in Action. From the 1990s onward, 
ANT gained popularity as an analytical tool across various 
disciplines beyond science and technology studies. These 
fields include organizational analysis, informatics, health 
studies, geography, sociology, anthropology, feminist 
studies, technical communication, and economics.

4.2.2.1 ANT’s Distinct Terminology
The central premise of actor-network theory is its emphasis 

on the role of inanimate objects and their influence on 
social processes. To explore this, the field utilizes a distinct 
terminology;

Assemblage- An assemblage is a technical term used to 
describe a network - it represents the collective sum of the 
actants that constitute a particular entity. This entity can 
range from anything from an idea, book or even a technology. 

	♦ Modern 
panopticon 
methods

	♦ Human 
technology 
interaction

	♦ Actor – network 
interface
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Actants - in the context of actor-network theory, refer 
to a point or node within a network. This theory assigns 
equal value and agency to all actants in a network, whether 
they are human or non-human, a notion that has sparked 
considerable debate.

According to this theory if we are to consider the social 
network Instagram it suggests that the technological 
elements such as smartphones and internet, it possess the 
same degree of agency and importance within the network as 
the people and their interactions. Actants are not standalone 
objects but rather associations between various elements 
that themselves form their own networks. A key concept in 
actor-network theory is that all assemblages are composed of 

Biographical Sketch of Bruno Latour (1947–2022) 

 Bruno Latour was a pioneering French sociologist and 
anthropologist known for his groundbreaking studies of science 
and technology in society. Initially trained in philosophy and 
theology, his interests evolved during military service in Côte 
d’Ivoire, leading him to anthropology and the philosophy of 
science. He earned his PhD in philosophy from the University 
of Tours in 1975.

Latour challenged conventional views of science as purely 
objective and rational. In Laboratory Life (1979), co-authored 
with Steven Woolgar, he observed molecular biologists and 

argued that scientific facts are socially constructed through networks of competition, 
negotiation, and power. He expanded these ideas in works like The Pasteurization of 
France (1984), Science in Action (1987), and We Have Never Been Modern (1991). He 
controversially viewed scientific knowledge not as universal truth but as the outcome of 
social processes. A key concept Latour introduced was Actor-Network Theory (ANT), 
which examines how both human and nonhuman entities—such as lab instruments, 
texts, animals, and institutions—interact in complex networks that produce knowledge. 
Though his theories were sometimes criticized by scientists, they were influential in 
the social sciences for offering a fresh perspective on how science operates.

Latour also explored the intersections of science, politics, and belief systems in 
books like Aramis (1992), The Politics of Nature (1999), and On the Modern Cult of 
the Factish Gods (2009). His final major work was An Inquiry into Modes of Existence 
(2012). Throughout his career, Latour taught at institutions such as MINES ParisTech 
and Sciences Po, where he also served as vice president for research. In recognition 
of his impact, he was awarded the Holberg Prize in 2013 for his contributions to the 
humanities and social sciences.

Bruno Latour
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actants, and each actant is, in turn, an assemblage. Take a car 
for example. A car is made up of multiple physical systems—
such as the engine, chassis, suspension, steering, electrical 
system and internal components along with other factors 
like driving skills and infrastructure. Each of these systems 
can be further broken down into complex, interconnected 
subsystems that work together.

For a simpler example, consider a biriyani. It consists of 
physical ingredients like rice, meat, spices and water, as well 
as utensils and labor involved in making it, such as a stove, 
manual effort, and a wooden spoon. Each of these actants 
can also be deconstructed further. Spices, for instance, begins 
as products being farmed that is grown, harvested, ground, 
packaged, and sold. Similarly, the biriyani itself can act as 
an actant within a larger assemblage, such as a birthday 
party or a casual afternoon at a restaurant. Sociologists 
address the complexity of these interconnected systems by 
conceptualizing them as a single entity, often referred to as 
a “black box.” 

Translation - is a fundamental concept in actor-network 
theory. Actor-network theorists attribute the success of 
science to the effectiveness of scientific networks. This 
effectiveness can be assessed, for instance, by their ability to 
compel entities to pass through laboratories or clinics, where 
scientific evidence is harnessed, and actions are carried out 
to influence outcomes. In actor-network theory, network 
effects arise from interactions and disputes between actors, 
particularly when they seek to pursue their own goals. 
Translation is described as transport with deformation, 
encompassing both a process and an outcome. For example, 
as scientific networks expand and become more centralized, 
scientific knowledge and artifacts undergo translation, 
leading to modified forms of knowledge.

Translation involves defining identities, establishing 
conditions for interaction, and characterizing representations. 
Power emerges from the relationships between actants, 
driven by what sociologists term ordering structures. 
At the heart of this ordering struggle lies the concept of 
displacement, which is inherent to the process of translation.

4.2.2.3 Principles of Actor – Network Theory
Actor-network theory is built on three key principles: 

agnosticism, generalized symmetry, and free association. 
These principles reflect the idea that no clear boundaries 

	♦ Actant an 
element of 
network

	♦ Black box

	♦ Process and an 
outcome

	♦ Displacement 
and structureSG
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exist between the social, natural, and technological realms.

The first principle of actor-network theory, agnosticism, 
emphasizes setting aside any preconceived assumptions 
about the nature of networks, their origins, or the reliability 
of actants’ accounts. Actor-network theory demands 
impartiality, ensuring that all interpretations within the 
system are treated equally without privileging any.

The second principle, generalized symmetry, advocates 
for using a single explanatory framework to interpret 
both human and nonhuman actants. This principle asserts 
that investigators should apply consistent methods when 
analyzing individuals, organizations, objects, and even 
abstract entities, such as computers and their programmers.

The third principle of actor-network theory, free 
association, promotes discarding any distinction between 
natural and social phenomena. The theory contends that such 
distinctions are merely effects of the network, not causes, and 
therefore cannot serve as valid explanations.

Actor-network theory is considered practically valuable for 
its ability to highlight the complexity of reality and provide a 
framework for understanding how technology shapes social 
processes. It also offers a theoretically informed approach 
to sampling, emphasizing the inclusion of all informants 
connected to a particular technology. Additionally, it serves 
as a conceptual tool with a specialized vocabulary to shape 
interpretations. 

While actor-network theory is often used to describe 
networks, its practical applications are limited. By focusing 
on identifying and describing the components of a given 
situation, it tends to overlook external social forces such as 
gender or religion. The theory has also faced criticism for its 
potential to over-describe networks. In principle, an actant 
can be deconstructed down to the atomic level, extending 
beyond what is practical for sociologists seeking to analyze 
the relationships between actants that drive phenomena. 
Despite its limitations, actor-network theory has gained 
increasing use among scientists and technologists studying 
the formation of socioeconomic worlds. Its applications 
span a variety of fields, including law-making, organization, 
religion, art, medicine, and architecture. The theory has also 
contributed methodological insights. For instance, research 
on medical diseases has revealed the many factors and 

	♦ Agnosticism

	♦ Generalized 
symmetry

	♦ Free association

	♦ Technology and 
social process

	♦ Limitation of 
ANT SG
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interactions that shape how people experience illness.

4.2.2.4 Criticism
One of the most controversial claims of actor-network 

theory is its assertion that nonhumans can act as participants 
in networks and systems. Critics, such as Langdon Winner, 
argue that qualities like intentionality set humans apart from 
animals and inanimate “things.” In response, actor-network 
theorists clarify that they do not attribute intentionality 
or similar traits to nonhumans. Instead, they view agency 
as a property of the associations between humans and 
nonhumans within a network, rather than something 
inherent to either type of actor alone. Actor-network theory 
has also been criticized for being amoral. However, scholars 
like Wiebe Bijker counter this critique by asserting that the 
theory’s amorality is not an inherent feature. Moral and 
political positions are possible, provided that the network is 
thoroughly described before adopting such stances.

4.2.3 Antony Giddens: Information, 
Reflexivity and Surveillance 

Anthony Giddens, a prominent sociologist, has 
significantly contributed to understanding modernity, 
information flows, reflexivity, and surveillance in social 
systems. These ideas are central to his broader theory of 
structuration and his analysis of late modernity.

4.2.3.1 Reflexivity in Modern Societies
Giddens identifies reflexivity as a defining feature of late 

modernity. Reflexivity refers to the continuous process by 
which individuals and institutions evaluate, interpret, and 
adapt their practices in light of new information. In modern 
societies, the proliferation of information due to advances 
in technology and communication fosters reflexivity. 
Individuals and institutions are constantly exposed to new 
data about themselves, others, and the world, necessitating 
regular reassessment of actions and decisions. Reflexivity 
extends to personal identity. Individuals construct and 
reconstruct their sense of self by continuously reflecting on 
their experiences, societal norms, and expectations. Giddens 
describes this as the “project of the self,” where identity 
becomes an ongoing work in progress. Reflexivity also 
heightens awareness of risks. Modern societies, characterized 
by globalization and technological advancements, require 
individuals and institutions to navigate uncertainties while 
making decisions based on partial or changing information.

	♦ Emphasis on 
the inanimate

	♦ Structuration 
and modernity

	♦ Project of the 
self SG
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4.2.3.2 Surveillance in Modern States
Giddens views surveillance as a fundamental mechanism 

of social organization, especially in the context of modern 
states and institutions. Surveillance is closely tied to the 
centralization of information and the need to monitor and 
regulate behavior. Modern states rely on surveillance to 
maintain order, enforce laws, and administer social welfare. 
This involves the systematic collection of data on individuals 
through bureaucratic processes, such as census-taking, tax 
records, and identification systems which may be termed 
as administrative surveillance. Giddens highlights the 
role of technology in intensifying surveillance as the rise 
of information and communication technologies (ICTs) 
has expanded the capacity to monitor individuals and 
populations, enabling more detailed tracking of behavior 
and activities leading to technological surveillance. Drawing 
on Foucault’s concept of the panopticon, Giddens argues 
that surveillance is not merely about coercion but also about 
normalizing behavior. Individuals internalize the sense of 
being watched, shaping their actions in accordance with 
societal expectations.

	♦ Internalization 
of surveillance

Biographical Sketch of Antony Giddens (1938- )    

  Anthony Giddens born January 18, 1938, in London is a 
prominent British sociologist, educator, and political adviser. 
With a background in sociology and social theory, he taught 
at various universities across Europe, North America, and 
Australia. In 1985, he co-founded Polity Press, a significant 
academic publishing house.

Giddens became director of the London School of Economics 
and Political Science (LSE) in 1997, serving until 2003, after 
which he was named professor emeritus. He gained political 
prominence as a key adviser to Prime Minister Tony Blair, 
notably for his development of the “third way”—a political 

philosophy aimed at transcending the traditional left-right divide, which heavily 
influenced Blair’s Labour government.

In 2004, Giddens was appointed to the House of Lords, receiving the title Baron 
Giddens of Southgate. He is a prolific author, with notable works including Sociology 
(5th edition, 2006), Europe in the Global Age (2007), and Over to You, Mr. Brown: 
How Labour Can Win Again (2007).

Antony Giddens
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4.2.3.3 Reflexivity and Surveillance in the Con-
text of Globalization

Giddens connects reflexivity and surveillance to the 
dynamics of globalization, emphasizing their roles in 
reshaping social structures and relationships. Global 
information network or global surveillance systems. 
The global flow of information enables reflexivity on a 
worldwide scale. People are increasingly aware of events, 
cultures, and systems beyond their immediate environment, 
which influences their actions and decisions. In the context 
of globalization now surveillance operates not just at the 
state level but also through global mechanisms, such as 
international financial monitoring, border security systems, 
and corporate data collection. These systems both enable 
and constrain actions in a globalized world.

Anthony Giddens’ concept of reflexivity suggests that 
individuals adapt their decisions based on new information, 
theoretically increasing empowerment. However, while 
greater data access can enhance informed decision-making, 
political awareness, and knowledge democratization, it 
also reinforces elite control over information. Algorithmic 
filtering, corporate monopolies, and surveillance capitalism 
shape what data individuals see, creating echo chambers, 
misinformation, and digital dependence. Instead of fostering 
true autonomy, increased data access often strengthens elite 
influence over knowledge and decision-making, making 
reflexivity more constrained by who controls the flow 
of information rather than purely individual agency. A 
key example of this dynamic is the Cambridge Analytica 
scandal during the 2016 U.S. presidential election and Brexit 
referendum. While individuals had access to vast amounts 
of political information online, their reflexivity was shaped 
by elite-controlled data manipulation. Cambridge Analytica 
harvested Facebook user data without consent and used 
psychometric profiling to create highly targeted political 
ads, reinforcing biases and influencing voter behavior. This 
case illustrates how increased data access did not necessarily 
empower individuals to make free, rational choices but 
rather made them vulnerable to algorithmic manipulation 
and elite influence, limiting genuine reflexivity.

4.2.3.4 Implications for Modernity
Giddens argues that the interplay of reflexivity and 

surveillance has profound implications for social life in late 

	♦ Global effect

	♦ Loss of 
autonomy 
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modernity. While reflexivity empowers individuals to make 
informed choices and adapt to changes, surveillance often 
operates as a tool of control and regulation, raising questions 
about privacy and autonomy. The need for reflexivity arises 
in part because traditional sources of trust, such as local 
communities and religious institutions, have weakened. 
Individuals increasingly rely on abstract systems and expert 
knowledge, which are themselves subject to scrutiny and 
skepticism.  Moral and Political Challenges, Reflexivity and 
surveillance bring ethical dilemmas, such as how to balance 
transparency and accountability with privacy and freedom. 
Giddens calls for a critical examination of these issues to 
ensure that technological and institutional developments 
serve human well-being.

4.2.3.5 Practical Applications
Giddens’ insights into reflexivity and surveillance are 

relevant across various domains:

	♦ Policy and Governance: Governments must con-
sider how surveillance technologies impact civil 
liberties and ensure that data collection processes 
are transparent and accountable.

	♦ Corporate Practices: Organizations increasingly 
rely on reflexivity to respond to consumer de-
mands and market changes while also using sur-
veillance tools to monitor employee performance 
and customer behavior.

	♦ Personal Life: Individuals navigate the dual forces 
of reflexivity and surveillance in their daily lives, 
from managing their digital identities to adapting 
to societal expectations shaped by pervasive mon-
itoring.

Anthony Giddens’ exploration of information, reflexivity, 
and surveillance provides a nuanced understanding of the 
complexities of late modernity. His work highlights the dual-
edged nature of these phenomena—while reflexivity enables 
adaptation and self-determination, surveillance often serves 
as a mechanism of control. Giddens’ theories remain highly 
relevant in analyzing contemporary challenges, particularly 
those related to technology, globalization, and the balance 
between empowerment and regulation.

	♦ Equilibrium in 
transparency and 
accountability

	♦ Application of 
reflexivity

	♦ Complexities of 
modernity
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Self-Assessment Questions

Michel Foucault’s concept of the Panopticon serves as a powerful metaphor 
for modern surveillance systems. Inspired by Jeremy Bentham’s prison design, 
the Panopticon represents a structure where individuals internalize control due 
to the possibility of constant observation. Foucault argued that this disciplinary 
power extends beyond physical spaces, infiltrating institutions such as schools, 
workplaces, and even digital environments. Surveillance becomes a tool of 
governance, shaping behavior and creating “docile bodies” under a seemingly 
invisible yet omnipresent authority. Bruno Latour’s Actor-Network Theory 
(ANT) expands the notion of agency by attributing it not only to humans but 
also to non-human entities, including technologies and objects. ANT dismantles 
traditional sociological distinctions, emphasizing the interconnectedness of 
actants within networks. Through processes like “translation,” ANT reveals 
how power and knowledge emerge through associations and interactions in 
these heterogeneous networks, offering a lens to examine the socio-technical 
complexities of modern systems. Antony Giddens connects surveillance to his 
broader theory of modernity, highlighting the role of information and reflexivity. 
In a reflexive society, individuals constantly monitor and adjust their behavior 
based on available information. Giddens links surveillance to institutional control, 
arguing that the proliferation of information technologies intensifies monitoring 
practices. This surveillance operates as both a mechanism of governance and a 
means of maintaining trust in an increasingly globalized and complex world. 
Together, these thinkers illuminate the multifaceted dynamics of power, 
control, and technology, offering critical perspectives on the evolving nature of 
surveillance in contemporary society.

Summarised Overview

1.	 How does Foucault’s concept of the Panopticon illustrate the relationship 
between power and surveillance in modern society?

2.	 In what ways does the Panopticon serve as a metaphor for digital surveil-
lance systems like social media and smart devices?

3.	 How does Foucault link the Panopticon to discipline and the creation of 
“docile bodies”?

4.	 What are the implications of Foucault’s analysis of surveillance for un-
derstanding contemporary governance systems?
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5.	 How does Foucault’s Panopticon challenge the distinction between pub-
lic and private spaces in the context of surveillance? 

6.	 In what ways has the Panopticon evolved from physical institutions (e.g., 
prisons) to digital and virtual realms?

7.	 Can Foucault’s concept of the Panopticon adequately explain resistance 
to surveillance in modern contexts? 

8.	 How does Latour’s Actor-Network Theory redefine the role of non-hu-
man entities in shaping social systems?

9.	 What are the main differences between traditional sociological theories 
and ANT in analyzing networks of power and influence?

10.	How does the concept of “translation” in ANT explain the relationships 
between actants in a network?

11.	What does ANT suggest about the agency of technology in shaping hu-
man behavior and societal outcomes?

12.	In what ways can ANT be applied to study modern technological sys-
tems, such as the Internet of Things or artificial intelligence?

13.	How does ANT handle criticisms of being overly descriptive or lacking in 
moral or political orientation?

14.	What role does “generalized symmetry” play in Latour’s framework, and 
how does it challenge anthropocentric views?

15.	How does Giddens’ concept of reflexivity relate to the ways individuals 
interact with and respond to surveillance systems?

16.	In what ways does surveillance serve as a form of governance in Gid-
dens’ theory of modernity?

17.	How does Giddens connect the rise of information technologies to the 
intensification of surveillance?

18.	What role does trust play in Giddens’ discussion of surveillance and in-
formation systems?

19.	How does Giddens’ idea of “structuration” help explain the mutual shap-
ing of technology and society?

20.	How does Giddens’ theory address the tension between individual au-
tonomy and institutional control in the age of surveillance?
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1.	 How do Foucault’s Panopticon and Latour’s Actor-Network Theory dif-
fer in their treatment of power and agency?

2.	 How does Giddens’ ideas about reflexivity complement or contradict 
Foucault’s views on surveillance and control?

3.	 How do Foucault, Latour, and Giddens address the role of technology in 
reshaping traditional social institutions?

4.	 What are the practical implications of applying the theories of Foucault, 
Latour, and Giddens to modern surveillance practices?

5.	 How do these thinkers conceptualize the role of the individual in systems 
of power, surveillance, and technology?

6.	 In what ways do these theories intersect or diverge when explaining the 
impact of surveillance on privacy and freedom?

Assignments
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed 
for each paragraph. The space given below can be used for listing the questions.
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UNIT
3 Major Areas of Sociological Enquiry

Learning Outcomes

Background

On completion of this unit, the learner will be able to:

	♦ understand the social undertaking of technology
	♦ analyse the capacity of technology in facilitating welfare 
	♦ critically assess the role of technology 

Sociology, as a discipline, seeks to understand the complexities of human societies 
and their interactions with social institutions, technology, and governance. Several 
key areas of sociological inquiry have emerged in response to the rapid changes 
brought about by technological advancement and globalization. Governance 
and Social Control explores how societies maintain order and regulate behavior 
through formal institutions and informal norms. This area examines the evolving 
role of state and non-state actors in exercising authority, especially in the context 
of changing political and technological landscapes.

Technocracy and E-Governance focuses on the increasing reliance on 
technology-driven systems to manage public administration and governance. 
E-governance emphasizes efficiency, transparency, and citizen participation 
through digital tools, while technocracy highlights the dominance of technical 
experts in decision-making processes, raising questions about accountability 
and inclusivity. Programs like Akshaya in India reflect these dynamics, aiming 
to bridge the digital divide by promoting digital literacy and e-services. Such 
initiatives have given rise to technocrats as a new class, where technically skilled 
professionals wield significant influence over social, economic, and political 
systems, reshaping traditional power structures.

Surveillance, Social Institutions, and Technology delves into the pervasive 
role of monitoring in modern societies. Advances in surveillance technologies 
have transformed governance, security, and everyday life, but they also provoke 
ethical debates about privacy, autonomy, and social control. Together, these areas 
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Discussion

 4.3.1 Governance and Social Control
Governance refers to the systems, processes, and structures 

used to manage societal affairs, coordinate collective action, 
and ensure order. It includes the creation and enforcement 
of policies, laws, and norms that regulate behavior in a 
society. Social control, on the other hand, encompasses the 
mechanisms and strategies—both formal and informal—
used to enforce conformity to societal norms and prevent 
deviance. Together, governance and social control form the 
foundation of social order and stability.

4.3.1.1 Governance: Definition and Functions
Governance can be understood as a multi-dimensional 

concept that includes government institutions, non-
governmental organizations, corporations, and civil society 
working collaboratively to address societal needs. It operates 
at various levels, from local governance in communities 
to global governance addressing transnational issues like 
climate change and trade. Governance encompasses key 
functions essential for maintaining order and societal 
progress. Rule-making and enforcement establish laws 
and regulations that guide behavior, ensuring stability and 
compliance. Resource allocation focuses on distributing 
public funds and services efficiently to address societal needs 
and priorities. Conflict resolution mechanisms help mediate 
disputes, fostering social harmony and justice. Accountability 
and transparency ensure that governance remains fair, open, 
and responsive to public demands, reducing corruption 
and enhancing trust. Governance takes various forms, 

	♦ Bureaucracy and 
enforcement

	♦ Spectrums of 
governance

reflect the intersection of technology, governance, and societal transformation, 
offering critical insights into the future of human interaction and institutional 
evolution.

Keywords
Administration, Government, Digitalization, Digital divide, Technocrates
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including democratic governance, which prioritizes citizen 
participation, representation, and accountability in decision-
making. In contrast, authoritarian governance centralizes 
power, often restricting public involvement and dissent. On 
a broader scale, global governance involves international 
organizations and coalitions working together to address 
global challenges such as climate change, economic stability, 
and security. These governance structures shape the way 
societies function and respond to local and global issues.

4.3.1.2 Social Control: Mechanisms and 
Methods

Social control refers to the way’s societies regulate individual 
and group behavior to maintain order and prevent deviance. 
Mechanisms of social control can be classified into formal and 
informal systems that regulate behavior and maintain order. 
Formal mechanisms include laws and regulations, enforced by 
legal institutions like courts and police to ensure compliance. 
Surveillance systems, such as CCTV, biometric tracking, and 
digital monitoring, play a key role in overseeing behavior and 
preventing misconduct. Additionally, sanctions, including 
fines, imprisonment, or loss of privileges, act as deterrents 
for rule violations. In contrast, informal mechanisms shape 
behavior through societal expectations. Social norms, though 
unwritten, guide acceptable conduct, while cultural practices, 
such as traditions and rituals, reinforce shared values within 
a community. Peer pressure also plays a crucial role, as 
individuals are influenced by family, friends, and societal 
groups to conform to accepted behaviors. Together, these 
formal and informal mechanisms create a structured system 
that governs individual and collective actions.

4.3.1.3 Science and Technology in Governance 
and Social Control

Technological advancements have significantly impacted 
governance and social control, introducing new tools and 
systems for regulation and decision-making.

1) E-Governance

E-Governance leverages digital technologies to enhance 
government operations, improve service delivery, and 
promote transparency. It enables online services such as tax 
filing and license renewals, reducing bureaucratic delays while 
increasing efficiency and cost-effectiveness. Digital platforms 
foster citizen participation, ensuring greater accountability 

	♦ Formal and 
informal systems 
of control
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and openness in governance. Governments also use big 
data and AI for informed policymaking and better resource 
allocation. E-Governance operates across various sectors, 
including Government-to-Citizen (G2C), Government-to-
Business (G2B), Government-to-Government (G2G), and 
Government-to-Employee (G2E) interactions. However, 
challenges such as digital divides, cybersecurity risks, 
and data privacy concerns must be addressed to ensure 
equitable access. Overall, e-governance has transformed 
public administration, making governance more accessible, 
transparent, and efficient, but its success depends on strong 
infrastructure, policies, and public engagement.

2) Surveillance Technologies

Surveillance technologies are advanced systems used by 
governments, corporations, and law enforcement to monitor, 
track, and analyze individuals and environments for security 
and data-driven decision-making. These include biometric 
surveillance (facial recognition, fingerprint scanning), CCTV 
cameras, digital tracking, AI-driven data analytics, drone 
and satellite monitoring, and IoT-based surveillance through 
smart devices. While these technologies help enhance 
security, crime prevention, and efficient governance, they 
also raise ethical concerns regarding privacy violations, mass 
surveillance, data misuse, and algorithmic bias. The challenge 
lies in balancing security with civil liberties, requiring strong 
regulatory frameworks and ethical guidelines to prevent 
misuse and protect individual rights in the digital era.

a) Big Data and Predictive Analytics

Big Data and Predictive Analytics in Surveillance 
enhance security by processing vast amounts of data to 
identify patterns, detect threats, and predict criminal 
activities. Surveillance systems use AI-driven analytics, 
facial recognition, social media monitoring, and behavioral 
analysis to assess risks in real time. By integrating data from 
CCTV footage, online activity, biometric records, and IoT 
devices, predictive analytics helps law enforcement and 
governments prevent crimes, manage traffic, and improve 
national security. However, concerns about privacy invasion, 
mass surveillance, data misuse, and algorithmic bias remain 
significant. To ensure ethical implementation, transparent 
policies, strict regulations, and responsible data governance 
are essential in balancing security with individual rights.

	♦ Digital 
governance

	♦ Monitoring

	♦ Management 
and mitigation
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b) Artificial Intelligence (AI)

Artificial Intelligence (AI) in surveillance enhances 
security by enabling facial recognition, behavioral analysis, 
license plate tracking, and cyber monitoring to detect threats 
and prevent crime. AI processes vast amounts of data in 
real time, assisting in law enforcement, national security, 
traffic management, and workplace safety. While AI-driven 
surveillance improves efficiency, it also raises concerns about 
privacy violations, mass surveillance, data misuse, and 
algorithmic bias. The potential for government and corporate 
overreach highlights the need for transparent regulations and 
ethical AI policies to balance security with individual rights 
and prevent misuse.

4.3.1.4 Sociological Perspectives on Gover-
nance and Social Control

Sociologists examine governance and social control as 
interconnected mechanisms shaped by cultural, economic, 
and technological contexts. According to the functionalist 
governance social control is viewed as necessary for 
maintaining social order and stability. They ensure the 
smooth functioning of institutions and prevent anarchy. 
Whereas in conflict Perspective governance and social 
control often reflect power dynamics and inequalities. 
Dominant groups use these mechanisms to maintain their 
authority and suppress dissent. In symbolic interactionism 
the focus is on the everyday interactions and symbols that 
reinforce norms and values. Governance and social control 
are enacted through social interactions and cultural practices. 
Lastly for the Postmodern and Critical theorists highlight 
how surveillance technologies and governance mechanisms 
create new forms of power and control, often leading to the 
marginalization of vulnerable groups.

4.3.1.5 Challenges in Governance and Social 
Control

1.	 Digital Divide: Unequal access to technology exac-
erbates disparities in governance and social control 
mechanisms, particularly in marginalized communi-
ties.

2.	 Ethical Concerns: The use of surveillance technolo-
gies raises questions about individual freedoms, pri-
vacy, and the potential for abuse of power.

3.	 Resistance and Civil Liberties: Over-regulation or au-

	♦ Smart 
monitoring

	♦ Theoretical 
paradigms
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thoritarian governance can lead to social resistance, 
protests, and movements advocating for democratic 
reforms.

4.	 Globalization: The interconnectedness of societies 
poses challenges for governance, such as addressing 
transnational issues like climate change, cybercrime, 
and human rights violations.

4.3.1.6 Futuristic Possibilities
1.	 Decentralized Governance: Technologies like block-

chain enable transparent and decentralized gover-
nance models, reducing corruption and enhancing 
public trust.

2.	 Inclusive Policies: Governments must address in-
equalities by ensuring that all communities have ac-
cess to governance systems and social control mech-
anisms.

3.	 Ethical Technology Use: Developing ethical frame-
works for using surveillance and AI technologies to 
balance security and privacy concerns.

4.	 Participatory Governance: Increasing citizen en-
gagement through digital platforms to ensure that 
governance reflects the collective will and addresses 
diverse needs.

Governance and social control are essential for maintaining 
order and addressing societal needs. The integration of 
science and technology has revolutionized these processes, 
offering opportunities for greater efficiency, transparency, 
and citizen participation. However, these advancements 
also pose challenges, including ethical dilemmas, power 
imbalances, and potential threats to civil liberties. A balanced 
approach that incorporates sociological insights is critical to 
ensure that governance and social control mechanisms serve 
the collective good while respecting individual rights and 
fostering equity.

4.3.2 Technocracy and E-Governance
The emergence of technocracy and e-governance 

reflects the increasing role of science and technology in 
shaping governance systems worldwide. These concepts 
represent distinct but interconnected approaches to public 
administration and policy-making that prioritize efficiency, 
expertise, and technology-driven solutions.

	♦ Challenges
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Technocracy refers to a system of governance in which 
decision-making authority lies predominantly with experts 
in technical and scientific fields. The term gained prominence 
during the early 20th century, particularly during the Great 
Depression, when technocrats proposed replacing traditional 
political systems with scientifically driven administration to 
address economic and social crises.

Characteristics of Technocracy

1.	 Expertise-Driven Decision-Making: Policies are for-
mulated and implemented based on technical knowl-
edge and data rather than political ideologies.

2.	 Focus on Efficiency: Solutions emphasize optimizing 
resources and processes for maximum societal bene-
fit.

3.	 Depoliticization: Technocracy often downplays polit-
ical considerations in favor of neutral, evidence-based 
decision-making.

4.3.2.2 Sociological Perspective 
From a sociological standpoint, technocracy raises ques-

tions about power dynamics and inclusivity. Critics argue that 
it can lead to a concentration of power among technical elites, 
marginalizing the voices of ordinary citizens. Moreover, the 
reliance on technocratic governance can erode democratic 
accountability, as decisions may lack transparency or fail 
to address broader social concerns. Functionalists view 
technocracy as a system that enhances efficiency and stability 
by using expert knowledge to solve complex problems. 
However, conflict theorists argue that it reinforces social 
inequalities, as power becomes concentrated in the hands 
of a knowledge elite, often favoring corporate and capitalist 
interests over marginalized communities. Meanwhile, sym-
bolic interactionists focus on how technocratic authority is 
communicated, emphasizing that technical jargon and data-
driven policies can alienate the public from decision-making. 
While technocracy enables evidence-based policymaking, 
long-term planning, and optimized resource allocation, 
it also poses challenges to democratic participation, as 
decisions may be detached from ethical, cultural, and social 
concerns. In the digital era, algorithmic governance and AI-
driven policies raise new issues related to bias, surveillance, 
and corporate monopolization of information. Therefore, a 

	♦ A new class of 
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balanced approach that integrates expert knowledge with 
democratic engagement is necessary to ensure both efficiency 
and inclusivity in governance.

4.3.2.3 E-Governance: Digitizing Public Admin-
istration

E-governance refers to the use of information and 
communication technologies (ICTs) to deliver government 
services, enhance citizen engagement, and improve trans-
parency in governance. It seeks to modernize traditional 
bureaucratic processes by leveraging digital tools to make 
governance more accessible and efficient. E-Governance 
leverages digital technologies to enhance public administration 
by improving efficiency, transparency, and accessibility of 
government services. It facilitates Government-to-Citizen 
(G2C), Government-to-Business (G2B), Government-to-
Government (G2G), and Government-to-Employee (G2E) 
interactions, streamlining processes like tax payments, 
business registrations, and inter-agency coordination. 
Benefits include cost reduction, increased accountability, 
citizen empowerment, and data-driven policymaking. 
However, challenges such as digital divides, cybersecurity 
risks, and data privacy concerns must be addressed to 
ensure inclusive and secure implementation. Overall, 
e-governance has revolutionized public administration, but 
its success depends on strong infrastructure, policies, and 
ethical considerations.

Key Components of E-Governance

1.	 Service Delivery: E-governance enables citizens to 
access services such as tax filing, voter registration, 
and welfare schemes through online portals, reduc-
ing bureaucratic hurdles.

2.	 Citizen Participation: Digital platforms like mobile 
apps and e-consultations allow citizens to provide 
feedback, participate in decision-making, and hold 
authorities accountable.

3.	 Transparency and Accountability: Real-time data 
sharing and digital record-keeping reduce corrup-
tion and enhance trust in public institutions.

Examples of E-Governance

1.	 India’s Aadhaar System: The biometric-based iden-
tity system facilitates access to government services, 

	♦ ICT based 
governance
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financial inclusion, and welfare programs.

2.	 DigiLocker is a cloud-based digital storage platform 
provided by the Indian government that allows cit-
izens to store and access important documents like 
Aadhaar, driving licenses, and educational certif-
icates securely. It eliminates the need for physical 
documents and enables seamless sharing with gov-
ernment agencies and other institutions.

3.	 myGov is an interactive digital platform launched 
by the Indian government to encourage citizen par-
ticipation in governance through discussions, polls, 
and feedback on policies and initiatives. It enhanc-
es transparency and engagement by allowing users 
to contribute ideas and collaborate with government 
bodies.

4.	 Mobile Seva is a government initiative that provides 
mobile-based public services, enabling citizens to ac-
cess government information and complete transac-
tions through SMS, mobile apps, and USSD services. 
It bridges the digital divide by offering essential ser-
vices to people without internet access, ensuring in-
clusivity in e-governance.

5.	 The Digital India initiative aims to transform India 
into a digitally empowered society by improving 
internet connectivity, promoting e-governance, and 
fostering digital literacy. It focuses on enhancing 
digital infrastructure, online services, and digital 
empowerment to bridge the rural-urban divide and 
boost economic growth.

4.3.2.4 Interconnection between Technocracy 
and E-Governance

Technocracy and e-governance often intersect, as both 
rely on technology and expertise to drive governance. 
While technocracy focuses on expert-driven policy-making, 
e-governance provides the tools and platforms to implement 
and manage these policies effectively. The interconnection 
between technocracy and e-governance lies in their shared 
emphasis on using technology, expertise, and data-driven 
decision-making to enhance governance efficiency and 
effectiveness. Technocracy refers to a system where experts 
and technical specialists play a key role in policymaking, 
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relying on scientific knowledge and data analysis rather 
than political ideologies. E-governance, on the other hand, 
integrates digital technologies, automation, and data 
analytics to streamline public administration, improve 
service delivery, and foster transparency. In a technocratic 
e-governance model, decisions are increasingly guided by 
big data, artificial intelligence, and predictive analytics, 
reducing human errors and improving policy efficiency. 
Governments worldwide are adopting automated decision-
making systems, AI-powered surveillance, and digital 
platforms for citizen engagement, reflecting a technocratic 
approach where governance becomes more data-centric. The 
Digital India initiative, for example, leverages e-governance 
tools to create a paperless, transparent, and efficient 
government, while technocratic principles ensure that 
policies are backed by data and expert insights. However, 
the rise of technocracy in e-governance also raises concerns 
about democratic accountability, digital exclusion, and 
ethical decision-making, as reliance on technology may 
sideline citizen participation and reinforce bureaucratic 
control. The challenge is to balance technological efficiency 
with democratic values, ensuring that e-governance 
systems remain inclusive, transparent, and citizen-centric 
while leveraging the expertise-driven decision-making of 
technocracy for improved governance outcomes.

1.	 Data-Driven Governance: Technocrats utilize data 
analytics and AI algorithms, facilitated by e-gover-
nance platforms, to inform decisions and monitor 
outcomes.

2.	 Automation of Processes: Automated systems 
streamline administrative tasks, reducing human er-
ror and enhancing efficiency.

3.	 Policy Feedback Loops: E-governance platforms col-
lect citizen data and feedback, enabling technocrats 
to refine policies dynamically.

Positive Impact of Technocracy 

1.	 Efficiency: Technocracy and e-governance reduce 
administrative delays and improve resource alloca-
tion.

2.	 Transparency: Digital tools make governance pro-
cesses more open and accountable.

	♦ Ensuring 
democracy in 
technocracy

	♦ Education and 
lags
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3.	 Accessibility: E-governance bridges geographical 
and social divides, providing services to remote and 
marginalized communities.

Negative Impact of Technocracy

1.	 Digital Divide: Unequal access to technology excludes 
disadvantaged populations from e-governance bene-
fits.

2.	 Democratic Deficits: Technocratic systems may un-
dermine public participation by prioritizing expertise 
over representation.

3.	 Privacy and Security: The extensive use of personal 
data in e-governance raises concerns about surveil-
lance and data breaches.

4.	 Over-Reliance on Technology: Excessive dependence 
on digital systems can create vulnerabilities, partic-
ularly in the event of cyberattacks or technological 
failures.

4.3.2.5 Sociological Implications
Technocracy and e-governance reflect broader societal 

shifts toward rationalization and modernization, as described 
by Max Weber. However, they also highlight tensions 
between efficiency and democratic values. Critics argue that 
these approaches risk dehumanizing governance by reducing 
citizens to data points and prioritizing technical solutions 
over social complexities. On the other hand, proponents 
view them as tools for empowering citizens and addressing 
systemic inefficiencies. For example, participatory budgeting 
platforms enable citizens to influence resource allocation, 
while open data initiatives promote informed public 
discourse.

The sociological implications of the interconnection 
between technocracy and e-governance revolve around 
issues of power, inequality, citizen participation, and digital 
dependence. As governance becomes increasingly data-
driven and reliant on expert decision-making, there is a shift 
in power dynamics, where technocrats, data analysts, and 
AI systems gain influence over policymaking, potentially 
marginalizing traditional democratic processes. This can 
lead to a lack of public accountability, as decisions based on 
algorithms and expert assessments may reduce opportunities 
for citizen input and deliberation.

	♦ Efficient but 
dehumanizing
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Another key issue is digital inequality, where access 
to e-governance services depends on digital literacy and 
technological infrastructure. Socioeconomically disadvan-
taged groups, particularly those in rural areas or without 
internet access, may face exclusion from essential public 
services, reinforcing existing class divides. Furthermore, 
the rise of AI-driven governance and automated decision-
making raises concerns about surveillance, privacy, and the 
potential for algorithmic biases, disproportionately affecting 
marginalized communities.

At the same time, technocracy in e-governance offers 
benefits such as efficient service delivery, reduced 
corruption, and evidence-based policymaking, which can 
enhance social welfare if implemented equitably. However, 
the challenge remains in ensuring that technological 
advancements do not erode citizen engagement, democratic 
participation, and individual rights, necessitating policies 
that balance efficiency with inclusivity, transparency, and 
ethical considerations in governance.

4.3.2.6 E-governance - Possibilities
The integration of emerging technologies such as artificial 

intelligence, blockchain, and the Internet of Things (IoT) 
is poised to enhance both technocracy and e-governance. 
Smart cities, predictive analytics, and decentralized systems 
offer opportunities to make governance more adaptive and 
inclusive. However, balancing technological efficiency with 
ethical considerations and democratic accountability will 
remain a critical challenge. By leveraging the strengths of 
both technocracy and e-governance, societies can strive for 
governance models that are not only efficient and innovative 
but also equitable and participatory.

4.3.3 Akshaya and Technocrats as a New 
Class

Akshaya, launched in 2002 in Kerala, India, is a 
pioneering e-governance initiative aimed at promoting 
digital literacy, facilitating access to government services, 
and enabling economic empowerment through technology. 
This program is an exemplary model of how governance, 
technology, and social development intersect to create an 
inclusive and digitally empowered society. The Akshaya 
project, initiated by the Kerala State Information Technology 
Mission (KSITM), focuses on creating a network of Akshaya 

	♦ Digital divide
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Centers—multipurpose digital service centers—across 
the state. These centers serve as touchpoints for citizens to 
access digital services, government schemes, and educational 
opportunities.

The Role of Akshaya in Governance

1.	 E-Governance Hub: Akshaya Centers act as decen-
tralized units of governance, bringing government 
services closer to citizens. These centers enable indi-
viduals to access essential services without needing 
to visit government offices, reducing bureaucracy 
and improving efficiency.

2.	 Public Service Delivery: Citizens can avail themselves 
of services such as applying for ration cards, birth 
certificates, Aadhaar registrations, and government 
welfare schemes. Akshaya has streamlined these pro-
cesses, ensuring transparency and accountability.

3.	 Citizen Empowerment: By providing digital literacy 
training, Akshaya empowers individuals to partici-
pate actively in the digital economy and governance 
processes. This fosters a more inclusive and partici-
patory governance model.

4.3.3.1 Social Impact of Akshaya
The Akshaya initiative has contributed to the rise of 

technocrats—a new class of digitally skilled professionals 
and entrepreneurs who manage and operate these centers. 
These technocrats play a dual role as digital entrepreneurs 
owners of Akshaya Centers are local entrepreneurs trained to 
provide digital services. Their work bridges the gap between 
technology and grassroots communities, fostering local 
economic development. By disseminating digital literacy and 
facilitating access to technology, these technocrats contribute 
to societal transformation. They challenge traditional power 
dynamics by democratizing access to information and 
services. Akshaya’s have been able to bridge the urban-rural 
divide, akshaya Centers are strategically located in rural and 
underserved areas, ensuring that marginalized communities 
benefit from digital inclusion. A significant proportion of 
Akshaya entrepreneurs are women, promoting gender equity 
in entrepreneurship and governance. By enabling online 
transactions, e-commerce, and other digital services, Akshaya 
contributes to the local economy and fosters job creation. 
Digital literacy training programs offered by Akshaya equip 
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individuals with skills necessary for education, employment, 
and entrepreneurship in the digital era.

Technological Innovations in Akshaya
1.	 Integrated Service Platforms: Akshaya leverages 

technology to integrate various services into a single 
platform, making it user-friendly and efficient.

2.	 Cloud-Based Systems: Many Akshaya services are 
hosted on cloud platforms, ensuring scalability and 
accessibility.

3.	 Biometric and AI Integration: Services such as Aad-
haar registrations and digital identity verifications 
rely on biometric technologies, enhancing security 
and authenticity.

4.	 Mobile Accessibility: Akshaya has embraced mobile 
technology to extend its reach, allowing citizens to 
access services through mobile apps.

Challenges for Akshaya

1.	 Digital Divide: Despite its achievements, some com-
mu-nities still face barriers to accessing Akshaya 
Centers due to lack of infrastructure, awareness, or 
digital skills.

2.	 Sustainability: Ensuring the long-term financial via-
bility of Akshaya Centers, especially in low-income 
areas, remains a challenge.

3.	 Technological Adaptation: Rapid technological ad-
vancements require constant updates to the Aksha-
ya framework, which can be resource-intensive.

4.	 Privacy Concerns: The use of biometric and digital 
data raises concerns about data privacy and security.

4.3.3.2 Sociological Perspective on Akshaya
From a sociological lens, Akshaya represents a shift 

towards a technological society where digital tools are 
integral to governance, social interactions, and economic 
activities. The Functionalist Perspective view Akshaya as 
enhancing the societal stability by addressing gaps in service 
delivery and promoting digital inclusion. The Conflict 
theorists critiques argue that initiatives like Akshaya can 
inadvertently reinforce existing inequalities, as those 
without prior access to education or resources may still 
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struggle to benefit fully. The Symbolic Interactionism view 
the interaction between Akshaya entrepreneurs and citizens 
fosters new cultural norms around technology use, creating 
a shared understanding of digital tools and their benefits. 
Whereas for the Postmodern theorists Akshaya exemplifies 
the blurring boundaries between local and global, traditional 
and modern, as it integrates cutting-edge technology into 
grassroots communities.

Akshaya is a transformative initiative that demonstrates 
how technology can be harnessed to address governance 
challenges, promote social inclusion, and foster economic 
growth. By empowering communities through digital liter-
acy and access, it provides a model for integrating science, 
technology, and sociology to create equitable and sustainable 
development. However, continuous efforts are needed to 
address its challenges and ensure that its benefits reach all 
sections of society.

4.3.4 Surveillance, Social Institutions, and 
Technology: A Sociological Perspective

Surveillance is the systematic collection, monitoring, and 
analysis of information about individuals or groups, often 
to regulate behavior and maintain social order. Historically 
rooted in the mechanisms of social control, surveillance 
has become increasingly pervasive with advancements in 
technology. In this context, the intersection of surveillance, 
social institutions, and technology reveals the profound 
ways in which digital tools reshape power dynamics and 
social structures.

4.3.4.1 Surveillance and Social Institutions
Social institutions, such as the government, education, 

healthcare, law enforcement, and the family, have long 
utilized surveillance to maintain control and uphold societal 
norms. 

1.	 Government: Governments deploy surveillance to 
ensure compliance with laws, manage public safety, 
and protect national security. Examples include mon-
itoring citizens through biometric databases, CCTV 
cameras, and digital identity systems.

2.	 Education: Surveillance in schools and universities 
includes tracking attendance, monitoring online ac-
tivities, and using artificial intelligence (AI) to evalu-
ate student behavior and performance.

	♦ Theoretical 
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3.	 Healthcare: Patient monitoring systems, wearable 
health devices, and electronic health records exem-
plify how surveillance is used for medical oversight 
and public health management.

4.	 Workplace: Employers use surveillance tools such as 
productivity-tracking software, CCTV, and biomet-
ric authentication to manage workers and ensure ef-
ficiency.

Surveillance advancements have brought several benefits 
to individuals and society. Enhanced security measures, 
such as CCTV and biometric identification, aid in crime 
prevention and law enforcement. Digital identity systems 
streamline access to essential services, reducing fraud and 
bureaucratic delays. In healthcare, wearable devices and AI-
driven diagnostics improve patient monitoring and early 
disease detection. The workplace has also seen increased 
efficiency and safety through employee tracking and hazard 
detection, while education benefits from AI-driven learning 
personalization and exam integrity enforcement.

On a global scale, surveillance technologies play a crucial 
role in governance, security, and economic power structures. 
Governments use advanced monitoring to combat cyber 
threats and terrorism, though this raises concerns about mass 
surveillance and human rights. Digital inequality persists, as 
major tech corporations and wealthier nations control vast 
amounts of global data, often at the expense of developing 
countries. Surveillance also shapes geopolitical power 
struggles, with nations like China and the U.S. leveraging AI 
and cybersecurity tools for strategic influence. Meanwhile, 
efforts to regulate surveillance, such as GDPR, vary across 
regions, reflecting ongoing debates over privacy and state 
control.

While surveillance technologies enhance security, effi-
ciency, and accessibility, they also raise concerns about 
privacy, control, and inequality, especially when misused by 
powerful entities. Globally, they influence power dynamics, 
economic competition, and ethical debates over the balance 
between security and civil liberties.

4.3.4.2 The Role of Technology in Surveillance
Technological advancements have amplified the reach 

and precision of surveillance, enabling institutions to 
monitor individuals at unprecedented scales. Technological 
advancements have significantly expanded surveillance 
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capabilities, allowing institutions to monitor individuals 
with greater precision and scale. Digital and biometric 
surveillance, such as facial recognition and fingerprint 
scanning, enables identity tracking, while big data and AI 
analyze vast datasets to predict behavior and detect patterns. 
The Internet of Things (IoT) further enhances surveillance 
by collecting data from everyday activities, including smart 
home devices and fitness trackers. Additionally, social media 
monitoring allows corporations and law enforcement to 
gather user data for targeted advertising and investigations. 
While these technologies improve security and efficiency, 
they also raise concerns about privacy and mass surveillance.

Surveillance technologies impact social classes differently, 
often reinforcing existing inequalities. For the wealthy and 
elite, surveillance can enhance security, convenience, and 
personalized services, such as biometric-based smart homes 
and AI-driven financial analytics. They also have greater 
access to legal and technological tools to protect their 
privacy, such as VPNs, encrypted communication, and legal 
recourse against data misuse.

In contrast, lower-income and marginalized communities 
face greater exposure to intrusive surveillance without 
the means to resist or opt out. Governments often deploy 
facial recognition, predictive policing, and social welfare 
monitoring in low-income areas, increasing surveillance-
related discrimination and criminalization. Workers in 
gig economies and low-wage jobs are subject to AI-driven 
productivity tracking and workplace surveillance, limiting 
autonomy and job security.

Additionally, data-driven decision-making in areas 
like credit scoring, employment, and law enforcement 
disproportionately impacts disadvantaged groups, 
reinforcing cycles of poverty and exclusion. While 
surveillance promises efficiency and safety, its unequal 
application often exacerbates class-based power imbalances, 
disproportionately subjecting the poor to greater scrutiny 
and control.

4.3.4.3 Surveillance and Social Control
Surveillance functions as a mechanism of social control, 

enforcing norms and regulating deviance. Michel Foucault’s 
concept of the panopticon is central to understanding this 
dynamic. The panopticon, a prison design where inmates 
are constantly visible to a central watchtower, serves as a 
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metaphor for modern surveillance societies. In the digital 
age, surveillance no longer requires physical presence. 
Individuals internalize the idea of being watched, shaping 
their behavior accordingly—what Foucault termed “self-
surveillance.” Examples include how people curate their 
online presence to align with societal expectations or how 
employees self-regulate under workplace surveillance. Let 
us explore some of the positive impact of surveillance: 

1.	 Enhanced Security: Surveillance deters criminal ac-
tivity and helps in solving crimes through tools like 
CCTV footage and GPS tracking.

2.	 Efficiency in Public Services: Automated systems 
streamline service delivery, such as using AI to de-
tect fraudulent claims in welfare programs.

3.	 Public Health Benefits: Monitoring systems track 
disease outbreaks and manage healthcare delivery 
effectively.

4.3.4.4 Criticism
While surveillance has its advantages, it raises significant 

ethical, social, and political concerns:

1.	 Privacy Erosion: The collection of personal data of-
ten occurs without informed consent, leading to con-
cerns about misuse and unauthorized access.

2.	 Power Imbalances: Surveillance systems often rein-
force existing inequalities, as marginalized groups 
are disproportionately targeted and monitored.

3.	 Chilling Effect: Awareness of being watched can sti-
fle freedom of expression, creativity, and dissent, as 
individuals may fear consequences for their actions.

4.	 Surveillance Capitalism: Corporations profit from 
personal data by using it for targeted advertising 
and predictive analytics, raising concerns about 
commodification of privacy.

4.3.4.5 Technology and the Future of Surveil-
lance

The rapid development of technologies such as AI, machine 
learning, and blockchain presents both opportunities and 

	♦ Modern 
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challenges for surveillance:

1.	 Predictive Policing: AI algorithms analyze crime 
data to predict potential criminal activity, but they 
risk perpetuating biases present in historical data.

2.	 Smart Cities: Surveillance is integral to smart city 
infrastructure, enabling efficient resource manage-
ment but also raising privacy concerns.

3.	 Cybersecurity: With increasing reliance on digital 
systems, ensuring the security of surveillance data 
becomes critical to prevent breaches and misuse.

4.	 Resistance and Regulation: Movements advocating 
for privacy rights and legislation such as the General 
Data Protection Regulation (GDPR) aim to balance 
the benefits and risks of surveillance.

The Functionalist Perspective view surveillance as a 
tool for maintaining social order and enhancing efficiency 
in institutions. The Conflict theorists’ critiques argue that 
surveillance systems perpetuate power imbalances, with 
elites using them to control and exploit marginalized groups. 
The Symbolic Interactionist focuses on how individuals 
negotiate and respond to being surveilled, shaping their 
behaviors and identities. The Postmodern perspective 
Emphasizes the decentralized and pervasive nature of 
surveillance in contemporary society, where power is 
embedded in digital and networked systems.

The intersection of surveillance, social institutions, and 
technology highlights the complex relationship between 
power, control, and human behavior. While surveillance 
enhances security and efficiency, it also challenges 
fundamental rights to privacy and freedom. A balanced 
approach that considers both the potential and pitfalls 
of surveillance technologies is essential to foster a fair, 
equitable, and ethical society.

	♦ Theoretical take 
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	♦ Making 
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Governance and social control are central to maintaining order and ensuring 
societal functionality. Traditional mechanisms of governance, often rooted in 
authority and institutional frameworks, are now increasingly intertwined with 
technological advancements. This integration has given rise to technocracy, 
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1.	 How does governance ensure social control in a rapidly changing techno-
logical landscape?

2.	 What are the sociological implications of combining traditional gover-
nance with advanced surveillance systems?

3.	 In what ways do surveillance systems support or undermine governance 
efforts to maintain order?

4.	 How has globalization influenced the relationship between governance 
and social control across borders?

5.	 How do cultural norms and values shape governance and social control 
mechanisms in different societies?

Self-Assessment Questions

where decision-making is guided by technical expertise rather than purely 
political ideologies. E-governance exemplifies this shift, leveraging digital tools 
to enhance efficiency, transparency, and public participation in governance 
processes. However, these advancements also raise concerns about accessibility, 
privacy, and accountability.

Projects like Akshaya in Kerala illustrate how technology can bridge the digital 
divide, empowering marginalized communities and fostering digital literacy. 
Akshaya highlights the potential of community-driven technological initiatives 
in reshaping societal structures. Simultaneously, the rise of technocrats as a new 
class reflects a shift in power dynamics, with technical expertise increasingly 
valued in shaping policies and governance. This transformation challenges 
traditional hierarchies and raises questions about the inclusivity of technocratic 
systems.

Surveillance is a pervasive tool in modern governance, used by social 
institutions such as law enforcement, healthcare, and education to maintain 
control and improve service delivery. However, its expansion, particularly with 
AI and big data, poses ethical dilemmas, including concerns over privacy, bias, 
and social inequality. While surveillance enhances security and efficiency, it risks 
reinforcing power imbalances and eroding trust in institutions.

Overall, the intersection of governance, technology, and social control offers 
both opportunities and challenges, requiring thoughtful navigation to balance 
innovation with equity and ethical considerations.
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6.	 How does technocracy redefine the traditional roles of political leader-
ship in governance?

7.	 How does e-governance enhance public participation in governance pro-
cesses?

8.	 How do emerging technologies like blockchain influence the transparen-
cy of e-governance systems?

9.	 What role do technocrats play in bridging the gap between technical ex-
pertise and political decision-making?

10.	What social and economic impacts has the Akshaya project had on rural 
and marginalized communities?

11.	How does the Akshaya model reflect a shift toward community-centered 
technological initiatives?

12.	In what ways does the rise of technocrats represent a new class structure 
in modern societies?

13.	How does the emergence of technocrats challenge traditional notions of 
political and economic power?

14.	What are the implications of technocrats dominating decision-making 
processes in democratic systems?

15.	What are the sociological consequences of self-surveillance in the age of 
social media and wearable technology?

16.	How does the use of AI and machine learning in surveillance systems 
impact social inequality?

17.	What are the ethical implications of surveillance capitalism, and how does 
it affect trust in social institutions?

1.	 How can governments balance the use of surveillance technologies with 
the protection of individual rights and freedoms?

2.	 How do surveillance technologies reinforce or challenge traditional roles 
of social institutions such as education, healthcare, and law enforcement?

3.	 How do mechanisms of governance differ in democratic versus authori-
tarian systems when it comes to social control?
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4.	 How does the Akshaya project in Kerala exemplify the role of technology 
in bridging the digital divide?

5.	 What are the ethical considerations in technocratic governance systems 
that rely heavily on data and algorithms?

6.	 What challenges do marginalized communities face in accessing e-gover-
nance platforms?
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Space for Learner Engagement for Objective Questions
Learners are encouraged to develop objective questions based on the content in the 

paragraph as a sign of their comprehension of the content. The Learners may reflect on the 
recap bullets and relate their understanding with the narrative in order to frame objective 
questions from the given text. The University expects that 1 - 2 questions are developed 
for each paragraph. The space given below can be used for listing the questions.
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               SREENARAYANAGURU OPEN UNIVERSITY 

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

                                                                                      Name      : ……............ 

FOURTH SEMESTER - MA SOCIOLOGY EXAMINATION

DISCIPLINE CORE -M21SO12DC -  Science, Technology and Society  
(CBCS - PG)

MODEL QUESTION PAPER- SET- I

2023 - Admission Onwards 

Time: 3 Hours                                                                                       Max Marks: 70 

                                                  

SECTION A 

 Answer any ten of the following. Each question carries one mark	 		

					                                                 (10X1 = 10 Marks)

1.	 Who authored Discourse on Method? 

2.	 State the importance of institutions such as Royal societies and French Academy of 
Sciences? 

3.	 Who developed the Saha ionization equation? 

4.	 What is the expansion of BARC?

5.	 Who authored Information and the Crisis Economy? 

6.	 In a sentence state the purpose of the Honey Bee Network? 

7.	 Which city is referred to as the Silicon Valley of India? 

8.	 Who authored The Structure of Scientific Revolutions?

9.	 What are GM crops? 

10.	Define Modernization.

11.	Who authored The Coming of Post-Industrial Society: A Venture in Social Forecast-
ing?

SG
O
U



245SGOU - SLM - MA Sociology -  Science, Technology and Society

12.	Which French theorist developed the concept of Actor-Network Theory (ANT)?

13.	Define Brain Drain.

14.	What do you mean by Genome editing? 

15.	Which city is referred to as the Detroit of India? 

SECTION B 

Answer any five questions in two or three sentences each. Each question carries  
     two marks.                                                                                               

                                                                                                                  (5X2 =10 Marks)

16.	Briefly state the criticism against Modernization Theory? 

17.	What do you mean by Digital India Initiative? 

18.	Describe the role of National Science and Technology Entrepreneurship Development 
Board (NSTEDB)?

19.	What are the key principles of Logical Positivism? 

20.	In your own words describe Karl Popper’s Falsifiability Criterion? 

21.	Why is Hyderabad often referred to as the Cyberabad of India? 

22.	Briefly discuss the application of nano technology in medicine? 

23.	What are the criticisms towards Manuel Castells Network Society? 

24.	What are the principles of ANT? 

25.	What do you mean by E-governance? 

SECTION C 

Answer any five questions in a paragraph. Each question carries four marks.  	
						                                                  (5X4 = 20 Marks)

26.	Discuss the alternative models of development that arose in response to the 
modernization theory? 

27.	Discuss the impact of industrial capitalism.

28.	Describe the interrelationship between industries and universities? 

29.	Compare and contrast between open science and corporate control in research and 
knowledge generation. 
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30.	Discuss the significance of Computational Sociology.

31.	Does the need to enhance national security warrant the need for legitimization of 
weapons technology? State your reasoning.

32.	Discuss the advantages and disadvantages of GM Crops.

33.	Examine Daniel Bell’s Post-Industrial Society.

SECTION D 

Answer any three questions in two pages. Each question carries ten marks.  

                                                                                                           ( 3X10 =30 Marks)

34.	Evaluate the Nehruvian view on science policy and assess how it has affected 
the scientific advancement of nations. Furnish suitable examples.

35.	Discuss the various implications upon research as funding sources shifted 
from public to private agencies? 

36.	Critically evaluate how industrialisation has transcended time and space? 

37.	What role do technocrats play in bridging the gap between technical expertise 
and political decision-making?

38.	Critically examine the role of governance and social control in the age of in-
formation and communication technology. How have surveillance practices 
evolved with digital tools?

39.	How does Foucault’s concept of the Panopticon illustrate the relationship be-
tween power and surveillance in modern society?
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               SREENARAYANAGURU OPEN UNIVERSITY 

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

                                                                                      Name      : ……............ 

FOURTH SEMESTER - MA SOCIOLOGY EXAMINATION

DISCIPLINE CORE -M21SO12DC -  Science, Technology and Society  
(CBCS - PG)

MODEL QUESTION PAPER- SET- II 

2023 - Admission Onwards 

Time: 3 Hours                                                                                       Max Marks: 70 

                                                  

SECTION A 

 Answer any ten of the following. Each question carries one mark	 		

					                                                 (10X1 = 10 Marks)

1.	 Define Actant. 

2.	 Who introduced the concept of the Panopticon as a metaphor for surveillance?

3.	 Who wrote Who Knows: Information in the Age of the Fortune 500?

4.	 List Rostow’s stages of economic growth.

5.	 Define Digital Divide. 

6.	 State the positive impact of technocracy? 

7.	 Who authored Discourse on Method?

8.	 What is the term used for measuring a country’s development based on life expectan-
cy, literacy rates, and standard of living? 

9.	 In a sentence state the purpose of Women Scientists Scheme (WOS). 

10.	Define Positivism. 

11.	Who authored The Coming of Post Industrial Society? 
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12.	What do you mean by Reflexivity?

13.	State a positive impact of technocracy. 

14.	What is the expansion of KSITM.

15.	What do you mean by Sustainable Modernization?

SECTION B 

Answer any five questions in two or three sentences each. Each question carries  
     two marks.                                                                                               

                                                                                                                  (5X2 =10 Marks)

16.	How does rural – urban divide affect scientific advancement? 

17.	What do you mean by Digital India Initiative? 

18.	How does interpretivism challenge logical positivism? 

19.	Provide a situational example of science vs Non science debate? 

20.	Describe in your own words what makes Silicon Valley so significant? 

21.	What do you mean by digital divide? 

22.	Does the use of smart excavator promote environmental sustainability? 

23.	How does Castells address the issue of power in the network society?

24.	How does Herbert Schiller describe the commodification of information in 
capitalist societies?

25.	What Kerala-based initiative is an example of e-Governance?
 

SECTION C 

Answer any five questions in a paragraph. Each question carries four marks.  	
						                                                  (5X4 = 20 Marks)

26.	What are the features of modernization?

27.	Differentiate between Brain gain and Brain drain.

28.	Discuss the social and economic inequalities arising from technological innovation? 

29.	What are the ethical and legal implications in legitimization of weapon technology? 

30.	List and explain the different types of GM crops? 

31.	Examine and elaborate the implication of corporatization of research.
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32.	How does Bell, Castells, and Schiller differ in their analysis of the role of information 
in society?

33.	Discuss Michel Foucault’s use of the Panopticon as a metaphor for surveillance in 
modern society. How does this imagery help explain power dynamics in contemporary 
institutions?

SECTION D 

Answer any three questions in two pages. Each question carries ten marks.  

                                                                                                           ( 3X10 =30 Marks)

34.	Assess how Indian scientific community and advancement is affected by brain 
drain. 

35.	Discuss how does the Science vs Non science debate affect the legitimacy of indige-
nous knowledge? 

36.	Elaborate on the significance and need for legitimisation of weapon technology and 
assess how it factors in the emergence of dominant nations? 

37.	Discuss the role of AI in healthcare and elaborate how it has revolutionized health care 
system?

38.	Compare and contrast between Daniel Bells Post Industrial Society and Manuel Cas-
tells Network Society? 

39.	Analyze Anthony Giddens’ ideas on information, reflexivity, and surveillance. How do 
these concepts relate to individual identity and social control in the digital age?
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