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FOREWORD

It's my privilege to provide the foreword for the volume entitled “Insights on Global
Challenges and Opportunities for the Century Ahead”. The Osmania Universify
came into existence on April 26, 1917 through a firman (a Ruler’s Order) from His
Exhalted Highness Mir Osman Khan, the seventh Nizam of Hyderabad. Over the
hundred years of its existence, more than ten million students graduated from this
multi-faculty university. Its Alma mater is distributed across the globe several of
them occupying senior positions in key sectors. Further the Department of Genetics
and Centre for Plant Molecular Biology (CPMB) have completed 50 and 25 years,
respectively of their establishment. Commemorating these glorious occasions, this
volume is brought out. The volume comprises insights of eminent pérsonalities
(Nobel Laureates, World Food Prize Winners, Padma awardees, former/present
heads of national and international institutions) across disciplines such as education,
economics, arts & social sciences, science & technology, spirituality and peace.

This volume can serve as a knowledge resource for students, teachers,
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educationists, scientists and policy makers.







PREFACE

Presently, humanity is facing the crisis of quality of living despite astonishing developments in
science and technology. This apparent paradox can be attributed to the existence of extreme
economic, educational and cultural disparities across communities and countries. The
challenges are enormous and need strategic planning and proper implementation with
commitment. In this context, Universities have to play a crucial role in building human resources
with comprehension and competence to resolve such issues. On the occasion of the
establishment of hundred years of the Osmania University and fifty years of the Department of
Genetics as well as twenty five years of the Centre for Plant Molecular Biology (CPMB), it is
envisaged to bring out a resource volume covering various academic disciplines. The volume
entitled “Insights on Global Challenges and Opportunities for the Century Ahead” contains 81
articles with insights from eminent personalities including Nobel laureates, World Food Prize
winners, Padma awardees, Heads of national and international organizations, distinguished
scientists, social workers, and spiritual leaders.

The article by Prof. SARPV Chaturvedi envisions a mission for universities to achieve harmony
and welfare for the coming years. Suggestions regarding improving the quality of life by
strengthening the education system are elaborated by Dr. C. R. Bhatia, Former Secretary,
Department of Biotechnology, Government of India. The importance of education for basic life
as well as transforming the society was explained by Dr. Dame Asha Khemka, while Prof. John
Brennan, London School of Economics, recommends considering the social context of the
student whereby the disadvantaged can be brought into the main stream. Francesca Severini
(The Reggio Emilia) emphasized inculcating the idea of education as a right and a responsibility.
Dr. Scott Gray (The Sudbury Valley) shared experiences regarding the importance of practicing
democracy during school years and the effectiveness of experiential-based learning. Renowned
educationist Prof. Ronald Barnett, University College London Institute of Education, proposed
the development of dynamic and ecological curriculum for Universities, while Dr. Clif Kussmaul,
Muhlenberg College, USA, highlighted the deployment of technological tools for strengthening
the pedagogy aimed at improved learning outcomes. Prof. Gautam R Desiraju (IISc Bangalore)
suggested measures to be taken to improve education and science in India. Dr. N D Reddy,
Founder & CEO, Suti Soft Inc., USA, listed opportunities for outgoing graduates becoming
entrepreneurs and Dr. Cris Wilbur, Head, HR, Holffmann-La Roche, emphasized the need for
developing a global mindset for a successful career. Nobel laureate Dr. Muhammad Yunus
discussed various ways to minimize the gap between the rich and the poor. Dr. Y V Reddy
(former Governor, Reserve Bank of India) described different factors that influence global
economy and plausible options for overcoming challenges. Prof. Philip G. Altbach, Director,
Centre for International Higher Education, Boston, USA, dealt loopholes of ranking systems of
academic institutes.



Prof. Goran Therborn, University of Cambridge, UK, analyzed the ideology of Marx and its
increasing relevance in the present day society. Topics covering social issues such as heritage
professionals (Prof. Hester Dibbits, Director, Reinwardt Academy, Amsterdam University),
poverty and punitive regulation (Prof. Loic Wacquant, University of California, Berkeley, USA),
uplifting the marginalized women (Dr. Brindeshwar Pathak), entrepreneurship (Dr. M Shesheer
Kumar), pollution hazards (Dr. Maria Gunnoe, North American Goldman Prize Winner), language
issues (Prof. Vijay Kumar Tadakamalla; Prof. Vasanta Duggirala, Osmania University) justice
delivery system (Prof. A. Lakshminath, Pro Chancellor, Chanakya National Law University, Patna)
and human dignity (Prof. David C. Yamada, Director, New Workplace Institute, Suffolk University
Law School, USA) are discussed. Technological advances such as space mission (Dr. A S Kiran
Kumar, Chairman, Indian Space Research Organization), artificial intelligence (Prof. S Sameen
Fatima, Osmania University), global navigation satellite systems (Prof. A D Sarma, Osmania
University), remote sensing (Dr. Y V N Krishnamurthy, Director, National Remote Sensing
Center), renewable energies (Prof. D N Reddy, Former chairman, Recruitment and Assessment
Centre, Defence Research Development Organization; Dr. B R Reddy, Aramco Research Center,
USA), material science (Prof. T. Radhakrishnan, University of Hyderabad; Prof. S. V.
Suryanarayana; Prof. P. Venugopal Reddy, Osmania University), green buildings (Mr. Gregory
Kats) and water management (Prof. Asit K. Biswas, National University of Singapore; Dr. Sumith
Choy, Rubicon Waters) are presented. Prof. Harsh Gupta (Former Director, National Geophysical
Research Institute) elaborated on options for coping with earthquakes.

Nobel laureate Dr. Roger Guillemin elaborated the developments of neuroendocrinology and
described the importance of basic research in unforeseen medical applications. Further, topics
covering recent developments in biology and medicine such as genomics and public health (Dr.
Lalji Singh, Former director, Center for Cellular and Molecular Biology), genome editing and 3D
printing (Dr. Seyed E. Hasnain, Former Director, Center for DNA Fingerprinting and Diagnostics),
nutrition and health management (Dr. Sesikeran Boindala, Former Director, National Institute
of Nutrition), personalized medicine (Dr. Raju Kucherlapati, Harvard Medical School), stem cells
and regenerative medicine (Dr. Nibedita Lenka, National Center for Cell Sciences), nutrigenomics
(Dr. G. Bhanuprakash Reddy, National Institute of Nutrition), nutrition and epigenome (Dr.
Mohammed A. Junaid, New York State Institute for Basic Research in Developmental
Disabilities), biotechnology for diagnostics/therapeutics (Prof. Ramareddy V Guntaka, University
of Tennessee, USA), neutraceuticals (Dr. Appian Subramoniam), ethnopharmacology (Dr. P.
Pushpangadan, Former director, National Botanical Research Institute) and food preservation
(Dr. Prasad S. Variyar, Bhabha Atomic Research Center) are included.

Dr. T. Mohapatra (Director-General, Indian Council of Agricultural Research) emphasized that
the agricultural research in India must have a global vision for solving national problems. Dr. B.
Venkateswarlu (Vice Chancellor, VNMK Vidyapeeth, Parbhani) listed the challenges for the 215t
century in meeting food and nutritional security. Prof. C. Manoharachary and Prof. L
Venkateswar Rao elaborated the significance of fungi and microbes for diverse applications. Dr.
P. Suprasanna (Bhabha Atomic Research Center) enumerated the role of induced mutations in



crop improvement. Dr. Suhas P. Wani (ICRISAT) described strategies for breeding biofortified
millets and balanced nutrient management as a way for nutrition revolution. Dr. P. Brabeck-
Letmathe (Chairman, Nestle) outlined the haunting problems of malnutrition and lifestyle
diseases, and emphasized the need for nutrition secured world. Prof. Arjula R. Reddy (Former
Vice Chancellor, Yogi Vemana University) narrated developments in genetics, genomics and
genome editing technology and their applications in crop improvement. Dr. Ramesh V. Sonti
(Center for Cellular and Molecular Biology) elaborated biotechnological applications in crop
improvement. Dr. P. Ananda Kumar (Indian Institute for Rice Research) described the essentials
of genome editing and crop improvement. Dr. Rajeev K Varshney (ICRISAT) presented a
perspective on legume genomics while Dr. M. Sujatha (Indian Institute of Oilseeds Research)
gave an overview of genomics and genomic resources in oil seed crops. The World Food Prize
laureate Dr. Gurdev S Khush (University of California, Davis, USA) opined that the public-private
partnership in agricultural biotechnology is crucial in food and nutritional security of the future.
Dr. Vijay Gupta Modadugu (World Food Prize laureate) expressed the importance of aquaculture
for food and nutrition security in the coming years. Prof. PSN Reddy explained in brief chiral
pharmacology and natural product chemistry. Dr. S Chandrasekhar (Director, Indian Institute of
Chemical Technology) described advances in synthetic organic chemistry. Dr. A. V. Rama Rao
(Former Director, Indian Institute of Chemical Technology) conveyed congratulatory message to
the Osmania University and shared his association with the University. The editors take pride in
receiving the message from Dr. A.V. Rama Rao who is having a unique distinction of an Indian
academician becoming a successful entrepreneur following his superannuation. On spiritual
front, insights on introspection and guiding forces (Dr. Deepak Chopra), the idea of one humanity
(Dr. Domen Kocevar), Islamic spirituality in present day’s context (Mr. Shaykh Hamid Hasan),
Swamy Vivekananda’s influence on spirituality today (Swami Bhajananda), Universal
brotherhood (Chinna Jeeyar Swamyji) and harmony and peace (The Dalai Lama) are presented.
The information embodied in these articles is highly useful for the student community, teachers,
researchers and policy makers.

We convey our profound thanks to all the contributors for their enthusiastic response and
commitment. We express our special thanks to Mr. Mittapelli Suresh Reddy, Technical Officer,
CPMB, for his constant involvement and valuable inputs from conception till publication.
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Challenges and opportunities for the century ahead

S.A.R.P.V. Chaturvedi

Global status assessment

It is not easy to provide a definite answer
to a question on the present ‘health and
welfare’ status of our planet. We see
contrasting extremities around us; ‘high
level education and research’ and ‘illiteracy
and ineffective education’, ‘high end
technologies’ and ‘environmental
degradation and life-extinction threats’,
‘sports and entertainment’ and ‘terrorism
and wars’, ‘resources, produce and market
fortunes’ and ‘hunger deaths and poverty’,
‘space colonization efforts’ and ‘debates
on future liveability on Earth’ and so on.

Can we claim that the world is ‘developed
or developing’, considering the
unimaginable heights of ‘expanding
knowledge and innovative achievements’
and ‘sophisticated living status and
standards’ that we have achieved today?
Should we decide that the world is misery-
dominant as there are rampant struggles
and unrest of many forms that are still
haunting the surface? Among these two
sections; ‘development and decline’, which
one is active and influencing the other? Is
the ‘development’ force effectively
working or trying to settle the misery
grounds or the ‘crisis’ force interrupting
and nullifying the sustainability and merits
of developments?

Professor and Founder-Managing Trustee
Sri Ramanuja Mission Trust, Chennai, India.
E-mail: sriramanujamissiontrust@gmail.com

Is suffering an essential and inerasable
program of the global system? What is our
planetary future? Is it a great revolutionary
positive ‘U’ turn or a drastic or gradual
collapse? Does the foundation of the global
functioning itself facilitate survival of the
smartest and bravest?

Global destiny and optimism

Findings of analysts favour both the sides;
a ‘prosperous and harmonious future’ and
a ‘perilous one’. Global destiny is not a
subject of prediction or plain scrutiny but a
product of collective introspection,
realization and action. Optimism is not
imagining or dreaming about undeserving
and illogical benefits or welfare. Prudent
and active optimism drives our acumen to
design our welfare and qualify ourselves to
receive, restore, preserve and distribute
welfare. To be ‘cautious about and
prepared for fighting against evils in us,
with us and around us’ and to ‘assess and
accept reality’, are components of
‘practical or dynamic optimism’. To be brief
and simple, the slogan of optimism is not
“Something good will happen” but “I will or
should make that good thing happen”.

As per this view, the century ahead will be
decided eventually by the nature of
‘ongoing processes and issues’ and their
‘intruders, balancers, rectifiers and
boosters’. It is widely accepted that our
present response mechanism needs more
vitality and velocity; ‘Issues need more
attention, due prioritization and muscular

Insights on Global Challenges and Opportunities for the Century Ahead
Edited by: V. Dashavantha Reddy, K. Venkateswara Rao and K. Rama Krishna
ISBN: 978-93-5230-185-0
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action’ and our solutions should be more
‘eco and demo’ sensitive, endowed with
enhanced reach and impact. Time has
come for us to build our next century as
the ‘century of harmony and welfare’,
making all the positive efforts and
achievements  of  earlier  centuries
meaningful and fruitful.

Challenges and opportunities

Every growth and issue is inherently
accompanied by challenges on one side
and opportunities on the other. Challenges
fall under two categories; that ‘exist
naturally in tasks and targets; that trigger
and intensify human inquisitiveness, focus
and action’ and challenges that ‘are
fostered by ill-organization and invigorated
by neglect’. Similarly, there are
opportunities to ‘adhere with and
accelerate growth and sense and settle
issues’ on one side and to ‘deter growth
and extend crisis for personal favour and
flourish’ on the other. We are facing more
challenges that are designed by our own
fellow men and witnessing ‘opportunities’
being used to suck the spirits of victims of
crisis.

It is easy to enlist the challenges that exist
and emerge. Environmental degradation
and global warming, disasters, food
insecurity, water crisis, health hazards,
energy demand and deficit, nuclear abuse,
radioactive wastage, weapons of mass
destruction and terror, human rights
violations, border disputes, all pervading
corruption, crime vrates and ‘their
associates and by-products’. But all of
these disorders or challenges are just
derivatives of some  fundamental

challenges, without addressing which,
attending only to their mere reflections
and manifestations is as quixotic as the
attempt of caging or chaining the shadow
of the culprit.

Fundamental challenges

Neglect, hatred and greed are the
fundamental challenges to humanity.
These forces fuelled by ignorance,
arrogance and authority of the infected
and ‘fear and inaction’ of the affected,
reaches the monster level from micro-
levels and fashion irrepressibly devastating
effects. The coalition of ‘few, many or all’
of these factors runs the ‘turmoil’ industry.

Apart from the malicious and mighty, even
the wise and simple equally get their
‘senses and prudence’ clouded by forces of
avarice, nescience and insensitivity.
Alarming imprudence quotient or idiocy
quotient’ and ‘vigour deficit’ are
conspicuous in the society. Everyone is
aiming at sustainable development without
bothering about sustainability in concern,
action and design. Lacking of ‘Vision and
undiminishing vigour’ are major threats to
solution-designing and  success-making
adventures.

For all issues, over action is seen in the
remedial side rather than due action for
awareness and prevention. Parallel
functioning of both ‘problem and remedy’
mechanisms provokes us to redefine
‘civilization and development’ terms and
concepts. Premature delivery of sensitive
and powerful progress gadgets without
foresight and insight facilitates
unsustainable, unilateral and risky benefits.
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For example, ‘health awareness and
maintenance are infinitesimal’ and ‘drugs,
devices, doctors are hyper-produced’;
‘pollution and its control activities’ still
travel together; ‘continuous disaster-
friendly ventures are being carried out’;
‘drugs and treatments are delivered
without assessing their long term effects’
and ‘high level energy reactors are being
installed without ensuring reliable safety
and waste management measures’.
Increased efficiency and stocks of
weapons, in an already frictional and
vulnerable society, are proofs for cocktail
effect of intelligence, cruelty and lunacy.

Any solution that ‘emerges from’ and
‘passes through’ and ‘reaches’ the
‘disqualified’ will be a retainer of, additive
for and eyewash to the issue.

Role of educational institutions

Education is not a special gift for a chosen
community; those who are shrewd, sharp,
studious and diligent. It is the property of
all. Apart from being a tool for the smart,
to enrich their knowledge, potential, image
and resources, education has got other
serious responsibilities also; empowerment
of the weak, transformation of the
misdirected, correction of the aberrant and
rehabilitation of the realized. Benevolence
in the forms of mutually beneficial social
investment and productive charity is also
an education-effect. Unfortunately, only
the conventional ‘degree-employment-
salary-settlement’ division is popular and
all other facets of education mentioned
above are either inactive or marginal.

Education and research centres produce
voluminous think-tanks, scientists and
policy designers and makers, who are
relentlessly engaged in solving the derived
issues or effects. But fewer efforts are
made in handling the fundamental issues
or causes. Our centres are not just meant
for imparting ‘way of learning’ but also
‘way and will of living’. Hence educational
institutions should realize their wider
responsibility of ‘life-instruction and
command’ rather than ‘subject information
and job-directions’. Campus is the second
uterus for mankind, where ‘concern for
others’, ‘empathy and affinity’, designing
development without ‘isolation and
exploitation’ and ‘comprehensive vision’
blossom from the innate nature.
Institutions  that deliver reformers,
transformers, leaders and social
revolutionaries and architects, to solve
primary challenges, are designated as
‘Super Campuses’.

Every opportunity is a herculean challenge
for the capricious, fragile and impassive
and every challenge is a fascinating
opportunity for the determined, bold and
committed. Campus should also remain as
incubator of courageous visionaries and
vigorous missionaries who can create
opportunities and combat challenges
unlike the present trend of the society;
struggling for and with opportunities and
creating forceful and fresh challenges.
Campus experiences; both academic and
spiritual  (inner), should make an
everlasting impact throughout the lives of
the learners and permeate every field and
environment they occupy.
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In order to provide all the benefits
discussed above, educational campus
should have an apposite environment;
motivational, energizing and basically
tranquil. Every capable abode of
knowledge, structures discipline in the
beneficiary and makes him ‘worthy of his
rights’ and ‘deserve freedom’. Students
should streamline their involvement in
sensitive systems such as religion and
politics after a thorough view of their
values and vices and also should be
equipped to shield and safeguard the
society from their disorderly forms.

Robots, computers, books, curiosity and
scrutiny can teach the subjects but the
‘object or goal for living as a good and
great denizen’ can be fashioned only by the
impactful intervention of a special or
super-human agent, teacher or master.
Faculty training and selection, student-
teacher interaction and relations,
curriculum and character designing,
instruction and evaluation methodology,
all these areas need redesigning and
implementation. Earnest and incessant
efforts by efficient good-souls only will
bring the impact.

| pray that the ‘topic’ of this article should
culminate as ‘mission and
accomplishment’ instead of ending as a
formal attractive ‘title of interest and
discussion’. | hope that this centenary
year of the illustrious Osmania University
will play a remarkable role in preparing
and arming the student community to
design and engineer a rich, righteous and
rewarding century ahead and | offer my
choicest wishes for the same.



Exploring higher education in India

C. R. Bhatia

Congratulations to the past and present
faculty, students and staff of the Osmania
University for completing 100 years. My
association with the University started with
Late, Professor G. M. Reddy of the Genetics
Department in the late 1960s, and
currently continues with the Centre for
Plant Molecular Biology (CPMB) and its
distinguished faculty. Prof. Reddy, along
with his students, whom he had inducted
and trained, created the CPMB, which was
the first of its kind at any University, at that
point of time. It led to establishing many
other centers for plant molecular biology.
Both the Genetics Department and CPMB
have made outstanding contributions
towards developing excellent, well trained
human resources and published in high
impact journals. Many of the former
students occupy senior positions, not only
in the country, but globally. In rapidly
changing economic and technological
scenario, at present, the future challenges
and opportunities are enormous. | would
like the University to focus on some of the
most compelling problems the nation faces
today. This has to be based on excellent
past experience and expertise of the
faculty.

Formerly Secretary, Department of Biotechnology,
Ministry of Science and Technology

Address: 17 Rohini, Plot No. 29-39, Sector 9-A, Vashi,
Navi Mumbai — 400703.

E-mail: crbhatia.bhatia@gmail.com

To my mind, the most important problems
that India currently faces are: population,
jobs, poverty, food, water, energy security,
environment, health care and education.
In fact, all these are inter-related, with
population as the compelling driving force.
Increasing population needs more of jobs,
food, water, energy, housing, and enlarged
educational, health care, transport and
leisure facilities. Besides, the country must
move out of the present low per capita
GDP (USS$ 1800), to at least, medium GDP
(US S 12,000); in other words, an increase
in average income. Higher income
enhances consumption that generates
more demand for the above mentioned
needs, and increased adverse effect on the
environment. Tradeoffs are involved in all
of the above, and the society must aim for
the right balance. This is elegantly
summarized in the well known IPAT
equation given by Ehrlich and Holdern
(1971; Science, 171, 1212-1217):

I=PxAXT

Where | is the environmental impact; P is
the population; A is affluence; and T is the
technology.

In a poor country the prime aspiration of
the people is for increased affluence and a
better life; all desire it. With finite land,
water and other resources, a sustainable
society with clean environment - air, and
water, we have limited choice, either to
reduce population or to improve the
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technologies. Osmania, with its large and
diverse faculty and young, dynamic
students can contribute to:

(1) Increase awareness of the population
and related problems of finite
resources, climate change in the public
and political leaders.

(2) Innovate and improve technologies,
including social and management
technologies.

Biotechnologies, digital technologies and
artificial intelligence are projected to
contribute to human welfare, and create
jobs in years to come. Social engineering
would be crucial for acceptance and wider
adoption of the change and new
technologies. The University can contribute
to human resource development in such
areas, and their management, designed in
a way that the output of the trained
persons gets job offers soon after
completing their studies. Teaching of
entrepreneurship development can change
some of the job seekers into job providers
in new enterprises. Setting up incubators
on the campus, with ready to wuse
infrastructure, hand holding and business
guidance, can create new entrepreneurs
and new business opportunities.

Ph.D. research programs can be designed
to aim at development of new products
and processes, beneficial to the society,
that can be scaled up for
commercialization and profit by the
researchers turned to entrepreneurs, as
happened in the Information Technology
sector.



Visualization of Indian education system for changing times

Rama Krishna Kancha, Venkateswara Rao Khareedu and Dashavantha Reddy Vudem

Believing without knowing is disastrous;
hence, knowledge is empowerment.
Imitation and learning are fundamental to
the societal behaviour in organisms as
diverse as insects to humans that
necessitated the establishment of code of
ethics. The behavioral patterns required
for harmonized functioning of individuals
in human communities paved the way for
the establishment of both informal and
later formal education systems. Apart from
imparting broad professional training to
students, ancient Indian education system
also equipped them with moral and ethical
values while the present day system could
achieve the same to some extent only.
India, being the largest democracy, which
is led by elected representatives,
necessitates education for its young
population that empowers them with the
required discretionary power.

The Article 21-A of the Indian Constitution
emphasizes providing free and compulsory
quality education to all children in the age
group of six to fourteen years as a
Fundamental Right. Continued
Governmental efforts resulted in an
increase in the number of children
enrolling in school vyear after vyear;
according to the Annual Status of
Education Report (ASER) 2012, more than
96% of children are currently enrolled in
schools.

Centre for Plant Molecular Biology,
Osmania University, Hyderabad — 500007, India.
E-mail: vdreddycomb@yahoo.com

Despite the high enrollment, the current
Indian education system is not able to
impart quality education and competence
required for rapidly-changing societal
needs. The quality of education in India at
all levels is lagging far behind than that is
required due to flawed curricula (huge
content and poor quality), low teacher to
student ratio, lack of enough competent
and committed teachers, absenteeism of
students/teachers, very long hours of
monotonous classroom teaching, scant
funding (<3% as opposed to required >6%
of GDP) for education, outdated methods
of pedagogy and student evaluation
besides the lacunae in the governance of
education system.

As the quality of public schools/colleges
deteriorated, the so-called quality
education is available only to those who
can afford paying huge amounts of money.
The profit-oriented private education
sector enforces rote-learning, which is
responsible for suppressing creative
abilities of young minds. Focus of current
methods of education is mostly on theory
but not on practical understanding of
concepts and their applications in real
time. Enforcing parental aspirations in
deciding the education path of students
against  their individual preferences
resulted in the underperformance and
building of unhealthy competition. Meagre
infrastructural facilities and lack of
emphasis on sports and extra-curricular
activities compromised physical health and
social behaviour of students. Further, one-
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size-fits-all approach failed to cater to the
requirements of the vast heterogeneous
student population. Overall, the learning
methods have become laborious thereby
depriving students from deriving the
pleasure of learning as well as minimizing
the realization of their potential abilities.
Thus, overhauling at all levels of education
(school to university) is very much needed
for developing the quality and competent
human resource.

The school curriculum as well as the
number of teaching hours needs to be
downsized to essential basics to
accommodate experience-based learning,
games/sports and other extracurricular
activities. Specifically, to preserve diverse
cultures, conservation of all languages is
essential; hence, the curriculum should
include mother tongue as a compulsory
subject. In addition, one more language of
choice  that contributes to the
employability also should be made
mandatory in the curriculum. Further,
emphasis must be given to improve the
fluency of languages and  better
comprehension of mathematics. To realize
the full potential of every student, the
pedagogy must focus on individual needs,
competence, comprehension and social as
well as family background. Inclusion of
small projects facilitates active
participation of students in better learning
and enhanced creativity. The projects also
orient students to work independently as
well as in groups. A drastic change in the
student evaluation should be brought in
whereby students’ comprehensive ability is
tested rather than memorized content.
Some vocational training and skills that are
needed to manage day-to-day household

as well as community tasks need to be
imparted at the higher-secondary school.
It is also important to expose children to a
variety of cultures so as to expand their
thinking horizon as well as understand the
importance of diversity which helps them
to respect other cultures. The importance
of preserving the nature, participation in
social activities and co-operative
engagement with others must be made as
part of curriculum at all levels of education.

The introduction of a process of earning
while learning is highly desirable to
inculcate entrepreneurial qualities in the
young generation. A gap year between
secondary (12" standard) and higher
education should be created during which
the students must be engaged in various
societal activities thus empowering them
for their self-sustenance. The Government
needs to allocate sufficient funds for this
pay-for-work  purpose. This process
plausibly inculcates self-esteem and dignity
of labour in young minds which in turn can
bring a positive transformation in the
society. Cultivation of dignity of labour in
the society and reduction of income
disparity between different levels of job
hierarchy will be helpful to minimize herd
mentality among parents facilitating
students to opt for courses of their
preference in higher education.

On higher education front, a redesign of
curriculum to suit contemporary as well as
future societal requirements is needed.
The intake of students into specific courses
must be proportional to the manpower
requirement both in the job market as well
as for academic purposes such as
teaching/scientific positions.
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The engineering and technology fields
change rapidly and thus the syllabus must
be frequently reviewed and updated to suit
the requirements of the industry.
Collaboration with public/private industry
strengthens the education outcome and
improves employability of engineering /
technology graduates. A large proportion
of students are opting for engineering and
designing of live projects addressing
societal problems will not only help build
competence but also facilitates inculcating
social responsibility.

Despite the enroliment of best students for
medical education, the quality/
competence of resulting trained doctors
doesn’t match to the global standards. The
quality and skills of doctors trained in the
Government run hospitals/teaching
institutes can be improved by providing
adequate infrastructure such as proper
buildings, furniture, and modern
equipment for diagnosis/treatment,
prescription drugs and other essential
supplies. Strengthening of continued
education for the teaching faculty in
medical colleges is a prerequisite for
improving the quality of medical
education. More focus on bed-side
teaching can help students acquire skills of
independent diagnosis and effective
implementation of therapeutic strategies.
Being a noble profession that serves
humanity, the outgoing doctors must be
sensitized for ethical practices that benefit
the patients.

Given that India is primarily an agrarian
society, the higher education in agriculture
and veterinary sciences must be
strengthened with curricula enriched both

with traditional and advanced technologies
that meet the farmers’ requirements.
Further, emphasis must be given on on-
farm training, extension courses and
outreach activities. Translational research
in agricultural and veterinary sciences must
be performed giving extensive importance
to breeding and other allied fields
pertaining to crop protection and
management.

World over, Universities played a central
role in shaping the present day society by
advancing knowledge in various disciplines
as well as sensitizing people against
undesirable practices. However, presently
many Universities in India are granting
degrees whose quality is debatable and the
outgoing graduates are not equipped
enough for the job market. Students with
some level of comprehension are opting
for engineering/commerce courses while
the remaining are being enrolled into
sciences and humanities. Outdated
curricula  and teaching methods of
humanities besides excess intake resulted
in the demotivation of students and poor
learning outcomes. There is now an urgent
need to reorient humanities and social
sciences curricula by updating with
evidence-based approaches as well as to
meet the societal requirements.

Meagre funding for science research, lack
of encouragement, and compromised
competence of the faculty in universities
resulted in poor research outcome as well
as inadequate training at the post-graduate
level. Besides updating the curriculum,
building laboratory infrastructure, separate
funding provision for research in
universities, enhancing competence among
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science faculty members, encouraging
collaborations with national research
institutes/industries, incorporating project
work  with  tangible outcomes in
postgraduate programs are required to
improve science education in universities.

Since the university education is on
concurrent list, both the state and central
Governments together need to evolve
policies pertaining to higher education. The
Governments also must ensure adequate
funding besides facilitating academic
autonomy that leads to wider diversity in
the course content across the country.
Evolving appropriate enforcement
strategies for accountability of university
system  plausibly improves learning
outcomes. In addition, universities also
must make efforts to build corpus funds to
ensure implementation of innovative
programs as per the changing times.
Institutionalization of involvement of
distinguished alumni in shaping of
academic and administrative reforms may
contribute to quality education.

Robust Ph.D. programs alone can yield
quality research output besides cultivating
scientific acumen among young aspirants.
The poor outcome of Ph.D. programs in
universities may be attributed to the non-
availability of sophisticated equipment,
limited access to available facilities, lack of
interest in developing interdisciplinary
collaborations, inadequate funding for
consumables, flawed design of research
problems and disinterest of teachers in
continuous  monitoring of  research
programs besides the lack of motivation in
enrolled students. As the jobs are
becoming more and more international,

the university students must also be
trained in communication as well as
required soft skills so that they perform
well in a future global work place. Further,
a finishing school culture has to be
established to train graduating students
with necessary skills required for a
successful career. Thus, an ideal education
system needs to be evolved by policy
makers and academicians according to
societal needs with a major goal of
empowering citizens to get employment.
The education system thus needs to be
made dynamic as per the time and
circumstances of the societal needs. The
teachers, students and parents must be
sensitized to inculcate that the learning is
for living during initial years of education
followed by the living for learning
thereafter.
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The Reggio Emilia approach: Education is a right, education is a
responsibility

Francesca Severini

Education is a right of all, of all children,
and as such is a responsibility of the
community. Education is an opportunity
for the growth and emancipation of the
individual and the collective; it is a
resource for gaining knowledge and for
learning to live together; it is a meeting
place where freedom, democracy, and
solidarity are practiced and where the
value of peace is promoted. Within the
plurality of cultural, ideological, political,
and religious conceptions, education lives
by listening, dialogue and participation; it is
based on mutual respect, valuing the
diversity of identitites, competencies, and
knowledge held by each individual and is
therefore qualified as secular and open to
exchange and cooperation.

On December 31st 2015 the inhabitants in
the Municipality of Reggio Emilia (Italy) are
over 171,000 and children residents
between 0-5 years represent about the
5.4% of the population. In Reggio Emilia
6,353 children (the 68.4% of the children
resident) attend either an infant-toddler
centre or a preschool, thanks to a wide
network of educational services, so that
nobody is excluded. In the school year
2015-2016, public integrated system has
over 80 educational childhood services: 33

Reggio Children S.r.1.

Loris Malaguzzi International Centre
VialeRamazzini 72/A — C.P. 91 Succursale 2
42124 Reggio Emilia — Italy.

E-mail: francescaseverini@reggiochildren.it

directly managed by the Municipality, 14
managed by cooperatives with an
agreement, 21 managed by FISM (Catholic
inspired schools) and 14 managed by the
State.

The history of Reggio Emilia’s municipal
infant-toddler centre and preschool
education is long, courageous and at the
same time delicate.

The Municipality of Reggio Emilia began
setting up its network of educational
services in 1963 with the opening of the
first preschools (for children from ages 3 to
6), followed in 1970 by the first infant-
toddler centres (for children from ages 3
months to 3 years).

The municipal infant-toddler centres and
preschools of Reggio Emilia have their
origins in popular initiatives carried out just
after the end of the Second World War,
when a number of community-run schools
were built literally “brick by brick.” The
municipal early childhood institutions were
therefore generated by an act of social
solidarity and democratic co-participation
that involved parents and citizens in the
building and management of the schools.

In 1967-68 the Municipality began
accepting requests from all these schools
that sprang up after the war to come under
municipal management. A network of
educational services was thus formed and
came under the pedagogical guidance of

Insights on Global Challenges and Opportunities for the Century Ahead
Edited by: V. Dashavantha Reddy, K. Venkateswara Rao and K. Rama Krishna
ISBN: 978-93-5230-185-0



12 Insights on Global Challenges and Opportunities for the Century Ahead

Loris Malaguzzi: he gave direction to and
inspired the entire experience until his
death in 1994.

This  network of early childhood
educational services has always been
characterized by the modernity of its
theories and its deep-seated commitment
to research and  experimentation,
supported by ongoing professional staff
development.

But how can we better understand the
basis of the Reggio Emilia Approach?

This educational project is focused on the
centrality of the hundred languages
belonging to every child and every human
being, and this is well expressed in the
following inspiring poem by Loris
Malaguzzi:

No way. The hundred is there.
The child

is made of one hundred.

The child has

a hundred languages

a hundred hands

a hundred thoughts

a hundred ways of thinking

of playing, of speaking.

A hundred always a hundred
ways of listening

of marveling of loving

a hundred joys

for singing and understanding
a hundred worlds

to discover

a hundred worlds

to invent

a hundred worlds

to dream.

The child has

a hundred languages

(and a hundred hundredhundred more)
but they steal ninety-nine.
The school and the culture
separate the head from the body.
They tell the child:

to think without hands

to do without head

to listen and not to speak

to understand without joy

to love and to marvel

only at Easter and Christmas.
They tell the child:

to discover the world already there
and of the hundred

they steal ninety-nine.

They tell the child:

that work and play

reality and fantasy

science and imagination

sky and earth

reason and dream

are things

that do not belong together.
And thus they tell the child
that the hundred isnot there.
The child says:

No way. The hundred is there.
Loris Malaguzzi

(translated by LellaGandini)

Other distinguishing features of the Reggio
Emilia early childhood services are an
approach to work which is profoundly
collegial and relational, the importance
given to the environment, which is seen as
an educational interlocutor, the presence
of the atelier, a sort of creativity workshop
where children can express themselves
through music, working with clay, painting,
and so on, and the intense, Vvital
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participation of families and community
members in the running of the schools.

These services put into practice daily the
cultural project developed by Loris
Malaguzzi and his many colleagues who,
starting from “the hundred languages”
philosophy, stressed importance of giving
primary attention to the children and not
to the subjects taught; transversal culture
instead of knowledge divided into separate
areas; projects and not programs; the
process and not simply the final project;
observation and documentation of
individual and group processes; exchange
and discussion as some of the effective
strategies of teachers’ in-school
professional self-development.

All these aspects identify and sustain a
comprehensive educational project for
children from birth to 6 years of age, which
is based on the image of a child who has
enormous potential and who is the subject
of rights. The aim of this project is to
promote children’s education through the
development of all their languages:
expressive, communicative, symbolic,
cognitive, ethical, metaphorical, logical,
imaginative, and relational.

These are the strengths that have made
the Reggio Emilia early childhood
experience an important point of reference
and a subject of interest, study, and
discussion among teachers, educators,
researchers and administrators, as well as
political and cultural representatives in
ltaly and throughout the world. This
multiplicity of encounters continues to
provide nourishment for the local
experience, which has always developed

with a strong reliance on dialogue, the
comparison of ideas, and interactive
exchange with other experiences.

The first foreign interest in the Reggio
experience was shown by delegations of
visitors from Cuba, Bulgaria, Spain, Japan,
Switzerland, and France. An intensive
exchange with Swedish educators and
researchers began in 1979, leading to the
showing of an exhibit entitled “If the eye
jumps over the wall” at the Modern
Museet of Stockholm in 1981. This exhibit,
inaugurated in Reggio Emilia the vyear
before, bore witness to the work of the
city’s infant-toddler centres and
preschools.

From here, the exhibit became widely
successful, and was subsequently updated
to arrive at a new version, called “The
Hundred Languages of Children.” This
exhibit has been traveling the world, taking
to all continents its message of hope for
early childhood, its potentials, and its
rights.

Thanks to the exhibit, exchanges with
foreign countries began to intensify as year
after year, more and more people from
around the world came into contact with
the educational experience of Reggio
Emilia, thereby increasing its international
renown. In fact, in 1991, Reggio Emilia’s
reputation for early childhood education
literally exploded onto the world stage
when a panel of international experts, on
behalf of the American news magazine
Newsweek, identified the Diana Municipal
Preschool of Reggio Emilia as the most
avant-garde early childhood institution in
the world.
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The Reggio Emilia Approach system is
composed by Preschools and Infant-
toddler Centers - |Istituzione of the
Municipality of Reggio Emilia, by Reggio
Children and the Reggio Children — Loris
Malaguzzi Centre Foundation.

The Istituzione is a specific and
instrumental body of the Municipality with
teaching, pedagogical and administrative
autonomy, its own financial budget and its
own board of directors nominated by the
mayor. The Istituzione is responsible for
the direct management of municipal
infant-toddler centres and preschools and
for relations with affiliated schools, schools
belonging to FISM, and state preschools.

In response to many requests for exchange
and professional development from
around the world, in 1994 the Municipality
of Reggio Emilia founded Reggio Children,
International Centre for the Defense and
Promotion of the Rights and Potential of All
Children, from an idea by Loris Malaguzzi
and with support from a group of citizens
and administrators. Reggio Children,
working in close collaboration with
Reggio’s municipal infant-toddler centres
and preschools aims to diffuse a strong
idea of childhood, its rights, potentials and
resources. Reggio Children’s activities are
carried out in a number of areas: training
and professional development, consultancy
and collaboration, exhibits (including a new
important exhibit called “The wonder of
learning”), and publishing. Over the years
consulting and exchange with many
countries has been developed: today the
Reggio Emilia Approach is in dialogue with
more than 140 countries.

In 2011 the not-for-profit Reggio Children -
Loris Malaguzzi Centre Foundation was
officially established. The Foundation aims
to promote quality education in Reggio
Emilia and the world through the key
concepts of research, internationality,
solidarity and educational quality.

In a context of continuous research of
innovative tools for managing the present
with an eye to the future, the Loris
Malaguzzi International Centre is a meeting
place where professional development and
research intersect for people in Reggio
Emilia, Italy and the world who wish to
innovate education and culture. This too
was a project founded on an idea by Loris
Malaguzzi. The ex-Locatelli cheese
warehouses were purchased by the
Municipality of Reggio Emilia in 1998 and,
after a large project for renovation, in 2006
the Centre was opened. The Loris
Malaguzzi International Centre houses
Atelier, the Marco Gerra exhibition hall,
the Documentation and Educational
Research Centre, the Annamaria and
Marco Gerra Auditorium, the spaces
dedicated to food at Pause — Atelier of
Tastes (cafeteria, restaurant,
bookfoodshop).

It is a place that keeps the central focus on
children and their potentials, that aims to
offer opportunities for creativity to
children, youth, and families, and new
opportunities to the international
educational community and to all those
who embrace and pursue learning and
innovation.

As professor Howard Gardner (Harvard
University), friend and colleague of the



The Reggio Emilia approach: education is a right, education is a responsibility

Reggio Emilia educators since a long time,
said:

“..for me | think the [Loris Malaguzzi
International] Centre is about educational
possibilities: whether you are very young
or in the prime of your life, whether you
are a teaching candidate or a visiting
professor, or a physicist who studies light,
this should broaden vyour sense of
educational possibilities”.

Our daily commitment is to broaden
educational possibilities, in the name of

children’s rights.

www.reggiochildren.it
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Culture shock and Sudbury Valley

Daniel Greenberg and Scott Gray

When people visit Sudbury Valley School
for the first time, they sometimes think
that they have come during recess.
Children are playing and happily enjoying
life. If they stay a while, the visitors start
wondering when recess is over. Eventually
they find that recess never ends. When
people first encounter Sudbury Valley they
undergo a kind of culture shock. They bring
their expectations of what a school ought
to be, but immediately come face-to-face
with something very different. They don’t
quite know how to understand what they
are seeing.

This happens all the time in cross-cultural
encounters. It's what took place for
hundreds of years when Westerners
encountered indigenous peoples around
the world. From the Western standpoint,
native peoples weren’t doing any of the
things associated by the Westerners with
culture, so it became common to label such
peoples as savage. When one culture calls
another culture savage, what this really
means is that they do not recognize any of
the usual clues or images that indicate
culture to them. One of the lessons we’ve
learned over the last fifty or so years is to
be a little more cautious in our labeling,
and that when we encounter such a
dramatic clash of expectations, we should
pause before we call something that we're
not familiar with savage.

Sudbury Valley School
2 Winch Street, Framingham, MA 01701.
E-mail: svsoffice@gmail.com

We have learned to try to understand the
newly encountered society, and see what
the other culture is about. What we would
like to explain here, from that perspective,
is what’s behind the culture shock that
makes people wonder whether Sudbury
Valley is a school.

What is the Sudbury Valley culture? What
are the expectations that the school set
out to meet?

Most people agree that schools are
supposed to develop the intellectual
potential and moral character of children
and, at the same time, to prepare them to
perpetuate the culture and to function as
citizens in the community. There are two
functions that any educational system
plays in any culture -- a personal function
and a social function. These two have to
work in harmony in order to make a viable
school.

Most new institutions are begun by asking,
“What is it that we want to achieve?”
That’s where Sudbury Valley started as
well, by asking, “What kind of people are
needed in the late 20th century to make
this country function?” In order to answer
this, we have to evaluate carefully what is
going on in our society.

When we first opened, in the sixties,
people were just waking up to the fact that
the United States was entering the post-
industrial era. That was a new phrase back
then; today it's commonplace. A new social
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and economic environment was appearing
in the United States, that went beyond the
factory, beyond the industrial revolution,
and looked toward a different kind of
economic system. The key to the emerging
economic reality, is that we are moving
towards a world in which repetitive routine
work will no longer be done by human
beings.

Such transformations don’t happen
overnight. We have always felt that our
society is moving inexorably toward a
future in which people will have to be
imaginative, to find new ways to lead
productive lives. This requires every person
to be creative, to be responsible, to have
initiative, and to be self-starting. All these
phrases are widely used in educational
circles today, because by now everybody
has realized it. Every school talks about
producing people who will have these
attributes.

A second requirement in the free world is
that people be able to function as free
citizens. At one time, people would ask
“What do you mean, you have to learn
how to be free? What’'s the big deal?”
Nowadays, it’s a lot easier to explain what
we mean, because in recent decades
tyranny has been challenged all around the
world, and many peoples have become
free. There are literally hundreds of
millions of people out there who do not
have a clue how to function as free citizens
where they are responsible for their own
lives, responsible to manage their
relationships in their communities and
families, share in decisions, make
compromises, and make political

judgments day in, day out. This is no easy
task.

All in all, any school has a very challenging,
two-pronged task: to produce creative,
self-starting,  imaginative, responsible
people, and also to produce people who
know how to be free and know how to
function in a democracy.

We started from scratch. We didn’t assume
anything. We said, “Given these
requirements, where do we go from here?
Let’s consider ideal situations and then see
how much we can put into practice.”

The first thing we asked was, “What'’s the
raw material we’re working with?” We are
working with children. If we had a glob of
clay and wanted to make a pot out of it,
we’d have a lot of work ahead of us. We'd
have to throw it on the wheel, get it
centered properly, and be sure that it
doesn’t collapse or it’s not too wet or not
too dry, or that it not crack in the kiln.
These are big concerns because clay that
comes out of the earth doesn’t have a
natural tendency to form pots.

The raw material that we have when we
work with children is, by contrast, much
easier. It's easier, because children are
designed to become all the things we want.
That’s their inheritance. Children are born
with the capacity to interact with their
environment and process it, challenge it,
work on it, and understand it in innovative
ways. This is their human nature. You don’t
have to take a one-year-old and say, “Look
around you,” or grab a two-year-old by the
scruff of the neck and say, “Go explore the
environment,” or a three-year-old and say,



Culture shock and Sudbury Valley 19

“Move around a little, don’t lie on your
back all day.” You can’t stop them!

The raw material is perfect. Our main task
as adults is to get out of the way, to
provide an environment where we don’t
interfere, where we minimize and remove
any barriers that prevent children from
doing what they naturally want to do. To
the extent that we succeed, they’ll be alert,
they’ll explore, they’ll be active, they’ll be
healthy. They’'ll be solving problems all day;
problems that they set for themselves and
attack with a passion. Leave children alone
and what’s the first thing you notice? Their
intensity. Their involvement. Their focus.

Where does the social part fit in, that
capacity to live in a free society? The only
way to accustom children to freedom,
responsibility, and democracy is to practice
it. There’s no escaping that conclusion. We
certainly aren’t going to teach them by
telling them the virtues of these values. To
take people who have been pushed around
for twelve vyears in the authoritarian
environment of traditional school, and sit
them down for fifty minutes of talking
about freedom, what freedom is about,
what their rights are, and that they are
part of a democracy, is laughable. The only
way to bring up free citizens is to make
them free citizens from day one. And
there’s no reason not to.

There’s no reason for a school not to be an
operating democracy. There’s no reason
for four-year-olds not to have the same
voluntary access to decision-making as
fourteen-year-olds or thirty-four-year-olds.

When we opened the school, we were told
that there’s no way to give four-year-olds a
vote. People predicted that within a year
we'd be closed. “They’re kids. They’ll buy
candy with all the budget. They'll do
something crazy. You can’t give kids
responsibility. They’re not capable of
thinking about the future.”

For fifty years Sudbury Valley has been run
by the School Meeting, in which every child
regardless of age has the same vote as
every adult. Sudbury Valley started out in
1968 with a per-pupil cost equal to that of
the public schools and today is operating at
a fraction of the per-pupil cost of the public
schools. The adults in the community are
elected and contracted by the School
Meeting. The school has never relied on
government money, grants, or fund raising.
So much for kids who spend all the money
on candy! There isn't a person who
graduates from Sudbury Valley School who
doesn’t understand what it means to be a
responsible member of the community.
And there isn’t an adult at Sudbury Valley
who is uncomfortable with the fact that
they share their power equally with the
children.

Is Sudbury Valley really a school? Of course
it’s a school! It’s a school that makes sense
for today. The only problem is, it doesn’t
feel like a school. We're back to the culture
shock. Sudbury Valley doesn’t have all the
road signs that people are used to in
schools.

So let's bridge the culture gap. People
come to Sudbury Valley and see “perpetual
recess,” and it gives them a little twinge of
worry. But remember this: the schools that
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we all grew up in, with their classes, their
curricula, their examinations and
achievement tests and placement tests,
their grade levels and exams. These schools
are relative newcomers to the scene! These
schools are less than one-hundred-and-
seventy years old in Massachusetts, where
Sudbury Valley is located, and much
younger elsewhere in the world. They were
started by people who thought about
education and said, “This is the kind of
school we need to build an industrial
society.” And what happened? People in
the 19th century used to walk into those
“newfangled schools” and experience
culture shock! They'd say, “This is a school?
My kids could be spending their time
productively out in the fields on the farm.
They could be apprenticing as tradesmen,
or as craftsmen, or doing all sorts of useful
things. You mean to tell us that taking kids
and sitting them at desks and having them
write on chalkboards, that’s a school?
You're calling that education?” They felt
just as strange then as people today
looking at Sudbury Valley. It took many
years for people to get used to the
industrial-age schools that are accepted
now.
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University education: Glimpsing a new direction

Ronald Barnett

Introduction: imagining a university

Imagine a new university was being
established. Imagine, too, that it was a
multi-faculty university that considered it
had responsibilities towards society. On its
web-site, there would be the inevitable
and empty talk of its aspirations towards
‘excellence’ and ‘world-class’ (for such
terms are lacking in any substance). But
what else might there be? What, for
instance, might such a university espy as
being characteristic of the kind of
education it was wanting to pursue? What
kinds of graduate might it hope to see
emerging from its courses, as they make
their way in the world? What kind of
language might it employ, and what values
might its vocabulary reveal about this new
university and how it perceives its place
and its contribution to the wider
environment?

Of course, there would be the customary
mention of ‘skills’, and it would probably
say that it wished to see its students
acquiring the skills appropriate for a
changing — and even a challenging — world.
Certainly, those skills would include those
characteristic of a digital economy.
Perhaps it would nuance such talk in
saying, too, that it looked to its students to
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be creative, and able to communicate with
others and work well as members of
teams. In short, it would be looking to play
its part in producing entrepreneurial
members of society, who can make their
way autonomously in a changing and
challenging world, ready to face all that
may come their way, but to emerge as
successful players in the global knowledge
economy.

Short-term, longer term

But is this account of what a university
education might look like in any way
adequate for the twenty-first century and
beyond? Note that ‘any beyond’. Quite a
number of students coming into higher
education this year (2017) will be alive in
the twenty-second century. That this
simple observation is not being made in
the public debate about higher education
may say something about the deficiencies
in that debate. The debate about higher
education, in so far as it does consider the
kinds of development expected of
students, tends to focus on the near-to-
hand, on the short-term. The very ideas of
‘student outcomes’ and ‘student
satisfaction’ that we are seeing in harder or
softer forms tacitly incorporate just such
immediate time frames. That higher
education might help to develop students
so that they can go on being and
continually becoming evermore
themselves, both in themselves and in
relation to the wider world, is much
seldom contemplated.
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Certainly, there is something of a gap
between the dominant ideas in circulation
in the public and political debate on the
one hand and actual practice and ideas in
circulation among teachers in higher
education. Whereas the public debate is
heavily constrained — in favour of skills
largely for today or the foreseeable future
— both practice and ideas being put into
practice are very much broader and have a
longer time horizon. The booklets listing
the outlines of papers among teachers and
professional developers in universities are
bewildering in their spaciousness and
creativity and sheer intellectual energy.
Interests abound over inter-culturality,
embodied learning, inter-disciplinarity, the
co-production of curricula, reflective
learning, the student as global-citizen,
research-based learning, and so on and so
on.

Different agendas, conflicting agendas

And so there is a ferment across the world
among educators in higher education that
runs quite against the rigidity of the
dominant framework to be seen among
the think-tanks, the inter-governmental
agencies, national planners and even the
senior managers of universities. Inevitably,
the curriculum is an area of contended
visions of the kind of experiences that
should be extended to students. There are
perhaps four main conceptions:

i)  Skills for the global graduate market

ii) Disciplinary knowledge and
understanding

iii) The student developing as a person

iv) The student as a global citizen.

In practice, any one curriculum is a
mixture of two or more of these
conceptions, sometimes guided by large
over-arching themes. The idea of
‘research-based’ learning, for instance,
can open spaces for students’ own
explorations and so combine conceptions
(ii) and (iii). The idea (iv) of the student as
a global citizen characteristically s
combined with (i) skills for the graduate
labour market, even though these
conceptions pull in opposed directions;
the one to a student coming to acquire
human capacities to understand and
empathise with those in other cultures,
the other to acquire entrepreneurial skills
of an instrumental kind. Not surprisingly,
the most innovative higher education
systems are witnessing a welter of
curricula innovations, including the use of
problem-based learning, = embodied
learning, the use of social media, the
recognition of ‘lifewide learning’, joint
programmes across nations,
multidisciplinary work, Socratic dialogue
(collectively to develop critical thinking
over controversial issues) and the co-
construction of curricula.

This  curricula  experimentation is
accompanied by developments in the
teacher-student relationship, in which the
student is variously granted more
autonomy (whether in face-to-face
settings or via the use of the digital
technologies) OR, paradoxically, in which
the student’s pedagogical space is
reduced as curricula come to follow
institutional, national or trans-national
regimes oriented towards tight ‘learning
outcomes’ and ever-higher completion
rates.
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Two large observations may be gleaned
from this overview. First, curricula are
now complexes — ‘asssemblages’ is a
fashionable term — that exhibit
movements not just in a multitude of
directions but often in contradictory
directions, even within a single
programme of studies. Second, and
notwithstanding this inchoate and
apparently pattern-less picture, there are
dominant steers in the direction of
interpersonal abilities for the global
graduate labour market. Global cognitive
capitalism exerts its influence deep in the
heart of the student experience.

A new thinking: an ecological curriculum

Might a different kind of curriculum be
glimpsed that is sensitive not just to
global change but also to an Earth that is
troubled and that faces huge social and
worldly problems? | suggest that a new
kind of thought about curricula is
necessary. Let us call it thinking in favour
of an ecological curriculum, where the
term ‘ecological’ would amount to a
concern not just with the natural world
but with the whole Earth. For the past
half century or so, the economy has
stolen the main attention in the
orchestration of higher education. The
economy must continue to be significant
but concern, too, has surely to be
directed to many other fields, including
those of knowledge, persons, social
institutions, culture, learning and the
natural environment itself. We can term
each of these seven fields ‘ecosystems’,
for each is of value, is liable to be
impaired, may lack diversity and can
come to exhibit fragility.

Seen in this way, with higher education
oriented towards its total ecological
hinterland, the curriculum becomes an
educational space for developing
capabilities and understandings that
enable students themselves to take on
ecological dispositions, with concerns for
the whole Earth. The framing of such a
curriculum cannot be understood as a
matter of technique or a matter of
fulfilling a universal — or even a national —
blueprint. For the ecological possibilities
will differ profoundly, as between
institutions and programmes of study.
More still, such ecological possibilities
have to be imaginatively discerned and
created, within the very real disciplinary
and institutional structures that present
themselves.

The imagining, the design and the
bringing off of such an ecological
curriculum is a never-ending project,
therefore. It has continually to be
emerging as the new exigencies,
challenges and resources appear. The
ecological curriculum is a project of
everlasting hope, even in the most
difficult of circumstances.
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Challenges and opportunities for the century ahead in education &
educational technology

Clif Kussmaul

To reflect on challenges and opportunities
for the century ahead in education and
educational technology, first imagine a
typical traditional classroom:

A teacher stands at the front of the room,
and the students sit in straight rows that
face the teacher. The teacher talks and
writes out some notes that the students
can see and copy down, to study later. The
teacher refers to physical objects, posters,
or projected images to demonstrate or
support some of the concepts. The teacher
asks a few questions, and sometimes they
are answered, usually by the same few
students. Many students do not ask or
answer any questions.

The size of the classroom varies, as does
the age of the students, and technology
evolves, but this basic scenario hasn’t
changed much in hundreds of years.
However, the larger world has changed
dramatically.

The changing landscape of work and
education

Until a century or so ago, most work
involved knowledge and skills that could be
learned on the job.
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Only a relatively few people with privilege,
motivation, and/or talent completed
secondary school and attended higher
education. Most people spent their entire
lives at the same work, which was often
the same as their parents and
grandparents.

In the last century, people’s lives have
changed dramatically, due in part to the
increasing power and expanding use of
technology, including computers and
networks. In agriculture, manufacturing,
and other areas, technology automates
work that is repetitive, low-skill, or
dangerous, enabling people to focus more
on high-skill, high-value work that requires
specialized training. This is true across
disciplines, including arts, humanities,
sciences, and engineering. Technology also
makes people more productive in such
work. Thus, many more people attend and
complete secondary school and higher
education, with more diverse abilities,
backgrounds, motivations, and
perspectives. People live and work longer,
and are likely to need new knowledge,
skills, and even careers during their lives.
At the same time, the world population
continues to increase. These changes have
presented challenges for educators,
educational institutions, and societies
across the world.

Table 1 shows data from the UNESCO
Institute for Statistics [UIS, 2017].
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The gross enrolment ratio (GER) is the ratio
of people enrolled in education to the total
population at the appropriate age level.
From 1970 to 2010, the GER for secondary
education increased from 70% to 100% in
developed countries, and from 25% to 66%
in developing countries. In absolute
numbers, this is a 10% increase and a 5-
fold increase, respectively. Similarly, the
GER for higher education increased from
25% to 75% in developed countries, and
from 3% to 22% in developing countries. In
absolute numbers, this is a nearly 3-fold
increase and a nearly 17-fold increase,
respectively. The gender parity index (GPI)
is the ratio of women to men enrolled in
education. In 1970, women were
underrepresented, but in 2015, the ratio is
nearly even, and in some developed
countries women are the strong majority in
higher education.

In the next century, these changes will
continue. Technologies like automation,
robotics, speech recognition, and
autonomous vehicles will continue to
displace low-skill work in agriculture,
manufacturing, and service. Most people
will need higher education, so the student
population will be even more diverse.
Knowledge and skills  will  evolve
continually, and nearly everyone will
change jobs and careers multiple times.
Thus, for most people, education will be an
ongoing priority and activity, not
something that ends in their teens or
twenties. Thus, educators, institutions, and
societies will face increasing challenges.

Educational methods

Unfortunately, educational methods have
not kept pace with the changing
educational landscape, technology, or
advances in educational research [e.g.
CDSL, 2000; Zull, 2002]. Many students and
teachers assume that “learning” means
that they listen to lectures, read books, or
perhaps watch videos. However, there is
clear evidence that for most people, such
approaches are not effective. Effective
learning follows the ICAP model (interact,
construct, active, passive) [Chi, Wylie,
2013]; instead of being passive, learners
should be active, construct their own
understanding, and interact with other
people. This is particularly true as
educational objectives move up Bloom’s
Taxonomy [Bloom, Engelhart, Furst, Hill,
Krathwohl, 1956; Anderson, Krathwohl,
Bloom, 2001] from low-level objectives like
“remember”, “define”, and “list” to higher-
level objectives like “analyze”, “evaluate”,
and “design”. Note that these higher-level
objectives more closely match the nature
of high-skill, high-value work.

Thus, educators need to shift their
approach from a “sage on the stage” who
lectures, to a “guide on the side” who
helps students to interact and construct
understanding. A variety of evidence-based
educational methods have been developed
and validated [e.g. Eberlein, Kampmeier,
Minderhout, et al. 2008] but are not yet
widely adopted by educators.

As in other areas, technology in education
should automate work that is repetitive or
low-skill, and enable and support work that
is high-skill and high-value. However:
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It is a sad fact of research and development
funding in educational technology that the
focus is always on a particular medium or
method ... The more rational approach,
seldom adopted, is to offer vast sums to
investigate the best way of teaching a
particular topic, and through that to fund
the use of computers as an incidental part
of the strategy. [Laurillard, 1993]

Future directions

Thus, as we head into the next century,
educators and educational institutions
should work to:

Define learning objectives that specify
what students should be able to do. Too
often, a syllabus lists topics to be
“covered” or that students should “know”
or “understand”. Active objectives (at
higher levels of Bloom’s Taxonomy) will
better prepare students for future work.

Develop, implement, assess, and refine
learning activities to help students achieve
these objectives, and then use detailed
analytics to study their effectiveness and
how they can be improved. Learning
activities can take many forms, including
classroom activities, online activities,
laboratories, homework assignments, and
projects. Educators will need expert
knowledge of content, pedagogy, and
technology, and how they interact,
referred to as Technological Pedagogical
Content Knowledge (TPACK) [Mishra,
Koehler, 2006].

Determine the scale of collaboration and
supporting technologies. Should this work
be done by an individual educator, an

institution, or a broader consortium? In
many domains (e.g. airlines, banking, retail,
telecommunications) many small providers
have given way to a few large providers,
which can leverage economies of scale.
Software systems are expensive to develop
but scale easily, so they should be shared
across institutions. Instead of having many
educators prepare and deliver similar
lectures of varied quality, produce high
quality multimedia lectures
(documentaries) that students can access
on demand. Even low-tech activities
require effort, and students should use the
best available activities to support their
learning. Educators can then devote more
time to observe, assist, and coach students
as they interact and construct their
understanding through individual or team
projects.

Conclusions

The demand for education, and its
objectives and methods, have changed
dramatically in the last century or so, and
these changes will continue into the next
century. Developing countries have an
opportunity to lead these changes, since
they have large populations eager for
education, and the resources to develop
scalable solutions.

To conclude, imagine a very different
classroom:

Students are scattered around the room
working on a variety of learning activities.
Depending on the activity and individual
preferences, a student might write on
paper, interact with a computer, use lab
equipment, watch a video, or even read a
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book. Similarly, students might work alone,
with a partner, or with a team. When
students have questions, they talk to each
other or ask the teacher, who might
respond with an answer, or with another
question to help guide student learning.
The teacher circulates around the room to
check on student progress, notice potential
problems, and identify opportunities to
improve the activities. From time to time,
the teacher might gather some or all of the
students together for a short discussion. A
learning management system help the
students and teacher keep track of who is
doing what, and which students might
benefit most from individual attention. In a
larger classroom, teaching assistants might
help the students and teacher to work
more efficiently.

Compare this to the first vision above.
Which of these visions reflects research in
education and psychology? Which is most
like the work environments students will
encounter? Which makes the most
effective use of limited resources?
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Table 1: Data from UNESCO Institute for Statistics

Gross Enrolment Ratio (GER) Gender Parity Index (GPI)
absolute numbers (millions)

secondary higher secondary higher

1970 2010 1970 |2010 1970 2010 1970 |2010

Developed 70% 100% 25% |75% 0.83 1.00 0.66 [1.29
countries
73M 80M 17M  |48M

Developing 25% 66% 3% 22% 0.62 0.96 0.46 |(0.97
countries

81IM 440M |7M 118M
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Empowerment through education

Dame Asha Khemka

Being successful and having an impact are
a state of mind; the right attitude and
behaviour will make all the difference and
this is what we need to teach our children.
When education teaches the head and
nurtures the soul, | never fail to be amazed
by a person’s creativity, confidence and
aspirations. However, far too often we see
education that pays little attention to the
soul and it is then that | become
disheartened when aspirations fail to be
nurtured and creativity developed.
Organisations, communities and countries
are only as strong as the human capital
that resides within it. When that human
capital is developed effectively, our
investment is repaid a 1000 times over,
communities prosper and countries
become world leaders.

However when human capital is
squandered, it can become a liability. If we
do not realise the power and potential of
every last individual, we create a lost
generation, who, individually cannot reach
their potential and collectively become a
drain on society. It has the capacity to
develop, to sustain and promote the power
of education to empower and to
transform.
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There is the hunger and the drive, the
entrepreneurial spirit and the intellectual
capacity for India to become a world
leader. Education is the key to this future.

Life without education is life without hope.
Education is the silver bullet. Education is
the only thing that can change the destiny
of a family in just one generation.
Education is the mechanism through which
young people learn important skills for life
and employment. Education should ignite
minds, lift souls and transform
communities.

Through the work that we do at my
college, | see the impact of education that
not only educates the head but nurtures
the soul. My college brings out the very
best in our young people. Too often | see
the damage that a lack of self-confidence,
a lack of esteem and a lack of hope can do
to a person’s ability to dream big and more
importantly to achieve them. Through
exceptional teachers, amazing support and
an unwavering belief in young people
themselves we can very quickly turn
despair into delight and disaffection into
pride.

It has been an enormous privilege to serve
the education sector for a lifetime. It is
with an unrivalled sense of pride that | see
our students develop and grow and
become successful themselves every single
day. Colleges like mine are at the centre of
their communities; developing prosperity,
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confidence and pride in what we can
achieve if we work together. Despite the
amazing things that we have already
achieved there is still much, much more to
do. There are still far too many of our
young people who leave formal education
without the basic life and employability
skills needed to be successful.

In India, the country of my birth, we are at
the start of a skills revolution. Prime
Minister Narendra Modi realises that the
right kind of education and skills
development is the key to India’s
continued growth and prosperity. He
understands that in order to achieve his
ambitious development strategy, the
country needs to harness the power of
every individual’s potential.

“Each of us has a natural instinct to rise like
a flame of the lamp. Let's nurture the
instinct".

Prime Minister Modi understands that we
must embrace all kinds of learning and
value academic and vocational routes
equally in order to succeed. Across the
globe and still in rural parts of India, too
often, people have to fight for their right to
be educated. Malala Yousafzai was one
such individual, she, better than anyone
captured the power of education:

“Let us remember: one book, one pen, one
child and one teacher can change the
world.

Education will create our future leaders,
our future role models and indeed the very
future of our country. | know that within
my college, within colleges in India and

across the world are not just one but
hundreds of young people with the
potential to be amazing. It is our job to
bring that potential out, to nurture it and
to allow that potential to soar.
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Pursuing rankings in the age of massification: For most—forget about it

Philip G. Altbach and Ellen Hazelkorn

We have one simple argument: universities
around the world, many more than will
ever publicly admit it, are currently
obsessed with gaining status in one or
more national or global rankings of
universities. They should quit now.

Although some may succeed in becoming
ranked or may improve their numerical
scores marginally, it is almost never worth
either the resources required, or the
substantial changes in mission or academic
programs necessary. Indeed, most “gains”
are due to methodological changes,
introduced by the various rankings to
remain in the media and public headlines,
and thus commercially lucrative.

Our advice is particularly pertinent for
midrange national, regional, and specialist
universities and colleges, and their
stakeholders and governments.
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Insights from M. Yudkevich, P. Altbach, and L.
Rumbley, eds. The Global Rankings Game (Routledge
2016) and E. Hazelkorn, ed. Global Rankings and the
Geopolitics of Higher Education (Routledge 2016)
inform this article.

Today, these institutions constitute the
overwhelming  majority  of  Higher
Education Institutions (HEls) worldwide,
due to a combination of demographic
demand for participation in higher
education, and societal and economic
requirements for a more highly educated
citizenship. Indeed, projections suggest the
number of students enrolled in higher
education is forecast to rise from 99.4
million in 2000 to 414.2 million in 2030, an
increase of 316 percent. Accommodating
these additional students will require more
than four major universities (30,000
students) to open every week for the next
fifteen years.

These HEls are the real backbone of society
and their locales. They serve as anchor
institutions, the mainstay for social and
economic growth and development. They
will develop some research focus, but are
unlikely to become globally prominent.

However, our advice extends even to those
universities that adopt the mantle of
“flagship”—those at the top of the
hierarchy in their country or state. This is
because rankings pervert one of the main
purposes of higher education, which is to
ensure that students and graduates
acquire the knowledge and skills needed
for a successful, satisfying, and active life
throughout one’s increasingly longer life
span.
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What global rankings measure—and don’t
measure

It is by now well-known that the three
main global rankings: Academic Rankings
of World Universities (ARWU, the Shanghai
Rankings), Times Higher Education (THE)
rankings, and QS, mainly assess two things:
research productivity and (except for
ARWU) reputation among peers,
employers, and students. THE devotes 90
percent and QS 70 percent to measuring
research, while, respectively, they assign
33 percent and 50 percent to reputation.
THE uses a subjective reputational survey
to measure teaching quality, but it is
unclear how anyone can rate teaching
ability without being in the classroom.
Internationalization incentivizes quantity
over quality, and often reflects a country’s
geographic position. Switzerland is one
good example.

U-Multirank, developed by the European
Union, uses a broader set of indicators but
has struggled to gain wide acceptance,
while others, such as the Leiden Rankings,
are more narrowly focused in scope and
coverage.

There are a growing number of national
and specialist versions, ranging from those
done by such publications as US News and
World Report in the United States,
Macleansin  Canada, Der Spiegel in
Germany, the Asahi Shimbun in Japan, to
Global MBA Rankings from the Financial
Times and the Green Metric World
University Ranking from Indonesia. The
former have access to a broader dataset,
but they all suffer from methodological
problems.

Why universities should forget about
rankings

There are 18,000 higher education
institutions (HEI) worldwide, according to
the World Higher Education Database
(http://www.whed.net/home.php).
However, only a small minority will ever
appear in the rankings, no matter how
much they try and how many resources are
devoted to the task. Indeed, the top 100
universities represent only 0.5 percent HEls
or 0.4 percent students worldwide. No
doubt being ranked is itself an
accomplishment, but maintaining position
and even climbing in the rankings is not
easy. There are rising expectations, and
slippage is a constant problem—bringing
inevitable negative publicity.

This is because competition is fierce, and
those in the upper reaches of the rankings
have considerable resources, financial and
human, to devote to the effort.
Furthermore, rankings favor universities
with strength in the sciences, engineering,
and medicine. Newer and smaller
universities, especially in developing
economies, and institutions without these
specializations, have limited opportunities.
At the same time, universities already at
the top of the rankings continue to
improve. Thus, without massive financial
and other resources, it is almost impossible
for academic institutions to improve their
ranking status.

Lessons from rankings
Rankings have had an outsized impact on

higher education and policy. International
evidence from the last decade and more
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show how they influence decision-making,
academic behavior, and resource
allocation; research priorities  and
disciplinary practices, including publication
in English-language and internationally
ranked journals; recruitment and
promotional criteria; and organizational
structures and institutional mergers.
Today, many universities have a rankings
strategy and institutional research units
that benchmark rankings performance.

Because of the overemphasis on research,
international experience highlights
emergent tensions between a university’s
mission and values, and efforts to enter
and/or climb in the rankings. Teaching and
undergraduate students, as well as the
arts, humanities and social sciences, often
take a backseat when decisions are made
or resources are allocated. Some
universities report preferential attention
and benefit being given to research “stars”
over longer-employed or domestic faculty.
Other examples show how universities
have attempted to refocus student entry
criteria and become more selective and
exclusive to better meet outcome
indicators such as completion rates,
graduate employment or salary levels,
alumni donations, etc. However, in making
such changes, universities can significantly
alter their mission and purpose. Other
examples highlight the huge financial costs
associated with attempting to make
statistically insignificant changes in their
ranked order—Ileading to huge debt.

Focus on mission, not rankings

Our combined recent experiences highlight
the fact that rankings have become a major

factor influencing all higher education. Yale
recently announced it can no longer ignore
them—while a university in the midst of a
war zone, concerned about its position in
the rankings, recently approached one of
the authors. This experience is not unique.
At a time when universities seek to
promote and protect academic autonomy
from all kinds of interference, it is
remarkable that some universities willingly
allow their decisions to become vulnerable
to an agenda set by others.

Prestige and reputation have become
dominant drivers rather than pursuance of
quality and student achievement,
intensifying  social stratification and
reputational differentiation. There is a big
assumption that the choice of indicators
and associated weightings are meaningful
measures, but there is no international
research evidence that this is true.

The problem is particularly acute—and
concerning—for the overwhelming
majority of middle- and lower-ranked
universities and colleges that have got
caught up in the rankings maelstrom. To
these universities, and their governments,
we say: concentrate on what matters—
helping the majority of students earn
credentials for sustainable living and
employment, rather than ensuring that
your institution matches criteria
established by different rankings. Even if
much attention and resources are so
expended, the results will not be favorable.
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Higher education in its social context

John Brennan

| recall a few years ago hearing a vice-
chancellor of a large British university tell
his audience at a conference that “nearly
all our students are studying part-time,
though most of them are taking full-time
courses”. In other words, the student
experience of higher education always has
a social context, a ‘life’ outside the
university. Partly, it is a context of social,
economic and cultural developments
occurring in the society, which may be
local, regional, national or global. But
partly, it is a context of the particular
student’s own social world, much of which
may be private and invisible to the people,
other students and staff members, who
the student encounters at university. Let
me give one example.

| was doing some research on a project
looking at the learning experiences of
students in different subjects and different
universities. This took me to a relatively
remote university in a fairly industrial
British town where | interviewed several
undergraduate students taking social
science courses. One of the students was a
youngish woman, probably in her late 20s,
who continuously during the interview
would give me answers to my questions
but follow them with laughter. Inevitably,
after six of seven outbursts of laughter, |
asked the student what was funny.

John Brennan is an emeritus professor at the Open
University in the United Kingdom. He is also a visiting
professor at the University of Bath and at the London
School of Economics.

E-mail: john.brennan@open.ac.uk

She replied “Oh, it’s just that | couldn’t
have said what I'd just said to you if | was
back home on the council estate”. The
student was a married woman, her
husband was a plumber, and they rented
an apartment on the other side of town in
a very working-class community.
Effectively, she was living two lives with
two identities which she switched on and
off according to where she was and who
she was talking to.

Another memory from a different research
project is of interviewing a senior academic
at a quite prestigious UK research
university about the university’s efforts to
widen participation and extend
opportunities for young people in socially
disadvantaged areas to get access to a
good university and, potentially, transform
their lives. He had a good story to tell
about the university’s efforts to engage
with schools in the poorer parts of town, to
provide information to them about the
university and opportunities to visit the
university campus, to experience some of
the facilities at the university and, overall,
to get a sense of the great things that could
be available to them at this prestigious
university. And then, the comment | always
remember, “But it is so frustrating! Most of
them apply to go to (the town’s other
university)!” This was a lower status,
former polytechnic institution which had a
very different social mix of students. But it
was the university where students from
the lower social class backgrounds felt

Insights on Global Challenges and Opportunities for the Century Ahead
Edited by: V. Dashavantha Reddy, K. Venkateswara Rao and K. Rama Krishna
ISBN: 978-93-5230-185-0



38 Insights on Global Challenges and Opportunities for the Century Ahead

more comfortable. Were they wrong to do
so?

One more recollection. One of my most
privileged experiences some years ago was
to participate in a public debate at one of
the UK’s ‘top’ universities. There were
several members of the British parliament
present, leading scholars, well-known
media figures, business leaders as well as
academic staff and students from the
university. After the debate, there were
drinks and snacks available and
opportunities for people to socialise with
each other well into the night. | remember
talking to one of the university’s final year
students. Since he was in the final year of
his course, | asked him about his plans for
the future and what he would be doing in
the year following the completion of his
degree. His reply went something like this:
“Oh, I'm not sure. Can’t really decide.
Either become a politician or enter the
judiciary. Parliament or the courts. Just
can’t decide.” This was a social world far
far away from the world of the plumber’s
wife on the council estate | quoted above.

Everything in higher education has a social
context. It shapes the way in which we
experience the things that are going on
around us. It determines what we enjoy
and what we hate, what we want for the
future and what we want to avoid. And my
social context is not your social context.
Not entirely, anyway. And as a result, there
is always the danger that we will not
understand each other.

Of course, everything has a social context.
Higher education is not special in this way.
But there is one way in which it can be

rather distinctive. For many people, it can
be an opportunity to change social context
and, in so doing, to change themselves. In
this way, higher education can be
transformative. At the same time,
however, we have to recognise that
participation in higher education is biased
towards the socially advantaged, and that
participation at the most prestigious
universities is biased towards the
extremely socially advantaged. To this
extent, higher education is socially
reproductive, a means by which social
advantage is maintained by the already
socially  advantaged.  Thus, higher
education can be both socially
transformative and socially reproductive, a
place both for the plumber’s wife and the
future judge/politician. The unfortunate
thing is that, in our increasingly stratified
higher education systems, the
judge/politician is very unlikely ever to
meet the plumber’s wife!

Social inequalities lie at the heart of all
societies, although they take different
forms and have different strengths in
different places. They are the social
contexts for universities, and for
everything else. Universities both reflect
but can also change the societies of which
they are a part. Political and economic
forces often bring a socially reproductive
emphasis to the university’s social role. In
divided societies, is it realistic for
universities to ‘take sides’? And if they do,
whose ‘side’ are they likely to be on? And
in the century ahead, might some
universities decide to ‘change sides’?
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A positive role that Osmania University can play in meeting the current
and future energy and environmental needs of Telangana and India

B. R. Reddy

At present, about 90% of India’s energy
consumption is based on fossil fuels that
include crude oil, natural gas and coal. In
2010, India imported 80% (160 million
tons) of consumed crude oil. The
contributions from alternate energy
sources, although on the increase, are
woefully insignificant. Recent data on per
capita energy consumption which is taken
as a direct indicator for social progress and
standard of living indicates that Indian
consumption is about 1/5 and 1/10 that of
China and United States, respectively. A
parallel indicator for social progress is
Innovation Index data which give values of
23 to most African countries, 30 to India,
48 to China, 60 to USA and a maximum of
70 to Switzerland. Considering the
aspirations of all Indians to be included in
the elite list of superpowers or countries
with the highest standards of living, it is
anticipated that Indian per capita energy
consumption will increase at least five to
ten times during the current century, most
of which will be imported even after taking
into account the anticipated increase in
domestic oil and gas production.
Uncontrolled and reckless increase in
energy consumption without proper
measures to limit environmental damage
can have disastrous implications for the
environment and for the standard of living.
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For example, a 2016 list published by WHO
listed 13 Indian cities in the top 30 most
polluted cities in the world. Air and water
pollution and the consequent compromises
in the quality of living affect the rich and
poor, and the educated and non-educated
alike.

Indian universities have been focusing on
training students in traditional areas with
very little emphasis on relevance to the
local and national needs. The education
system is inflexible, with little relationship
to regional and national supply-and-
demand issues. The universities worldwide,
especially in countries with higher
standards of living, have moved in the
direction of becoming economically self-
sustaining by focusing on training students
to meet the needed workforce skills, and
by developing advanced technologies
which can be turned into commercial
ventures. Such technology developments
can be employed to generate income to
the university in the form of patent-
licensed technologies, or contributing to
the local economy in the form of new
industries. The state of Telangana and
Osmania University stand to benefit by
following this model for an academic
institution. The University can make a
concerted effort to identify areas for
technology development based on the
available resources, and the needs of
Telangana, in particular, and, India, in
general. Energy and Environment related
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technology developments offer, perhaps,
the best opportunity for Osmania
University to become an integral part of
the process for realizing ‘Bangaru
Telangana’ and “Incredible India’ during
the current century. The specific areas
listed below for future focus will require
establishment of a Center of Excellence for
Energy and Environmental Development.
This center shall employ scientists/faculty
who are selected globally based on their
expertise, scientific contributions, and
relevance to regional and national
interests, and not on any quota basis. The
center should have interdisciplinary faculty
in the areas of chemistry, chemical,
electrical and mechanical engineering,
plant genetics, material science, polymer
and manufacturing technologies working
together for common goals.

Telangana is not likely to be a fossil fuel
producing state to any significant extent in
the near future unlike some other areas of
the country. Osmania University can focus
on developing alternate energy
technologies in the state. Considering the
fact that many areas of Telangana are arid,
plant-based biofuel technology
development offers an attractive area for
development. Hydrocarbon/fuel producing
plants that grow in arid regions, for
example, Jatropha and Camelina varieties,
can be genetically modified to increase the
fuel content. Another area which is already
being encouraged by the Indian
government is solar energy. Currently, this
technology is silicon dependent. The
efficiency of this system is not very high at
its best, and is not yet cost competitive
when compared to fossil fuels. Osmania
University can focus on developing new

technologies that address improvements
to polymer-based photovoltaic cell
development for capturing solar energy.
This area will see a rapid progress, and it is
best for Osmania University to be at the
forefront of this technology. Another
technology that is based on solar energy
utilization is development of hydrogen-fuel
cells as new consumer batteries for
electricity that utilize water as the feed
stock. Reduction in dependence on fossil
fuels helps the environment, helps local
and national economy, provides jobs for
intellectuals trained by the university and
secures international recognition for
academic excellence.

Environmental research can focus on
reduction in the use of fossil fuel based
petrochemical products such as plastics by
the development of biodegradable plastics.
Such materials are already in different
stages of development globally. The
biodegradable products can be plant
based, such as starch based plastics;
manufactured from plant based feedstocks
such as lactic acid, or utilize bio-mass. This
research will require plastics
fabrication/processing technology to test
the new products for their suitability to be
converted into consumer  products.
Another area for environmental research is
development of low-cost catalytic
converter development that is not based
on rare metals, such as palladium and
rhodium, for reduction of nitrogen oxide
emissions from automobiles.

The primary objective for the suggested
areas for technology development by
Osmania University includes the
educational component of a typical
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university while contributing to regional,
national and global welfare, raising the
standard of living, providing employment
opportunities and becoming self-sustaining
with reduced dependence on government
support. Another objective is to not only
develop ‘me-too’ technologies that are
actively pursued globally, but to develop
new technologies for the first time and
become the pioneer by focusing on the
immediate needs of the state and the
country. To achieve these goals in this
century, a commitment by the university
and the government to set up, with an
initial funding, an autonomous center and
tasking it with the acquisition of expertise
from wherever available globally with no
restrictions on the selection process, with
the provision that it become financially
self- sufficient in a limited period would be
desirable.
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Biotechnological options for coming years in the Indian context

Ramareddy V Guntaka

| express my deep appreciation to Osmania
University on its 100" anniversary. | am not
exaggerating if | say that it is one of the
premier Universities in India, producing
many graduates in various disciplines in
arts, sciences and engineering. | sincerely
hope that it will continue to do an
outstanding job in producing high quality
graduates in various disciplines, who can
serve the country in the next decades to
come.

No country would prosper without science
and technology. Those countries, which
recognized this importance and invested
heavily, are doing exceptionally well.
Medical applications of scientific
discoveries increased the life expectancy of
people by combating infectious diseases
and reducing the morbidity and mortality
due to chronic diseases in the last century.
Similarly, technological advances of
engineering applications witnessed a
phenomenal growth in instrumentation
that aided improved diagnostics and
surgeries. In spite of these developments
and achievements, India is still behind in
health care, agriculture and animal
husbandry.
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Still, more than a million children die of
diarrheal diseases, compared to 20,000
deaths in our neighboring China. Deaths
due to flu and pneumonia also are 3 times
more than in China. It is a challenging task
for India to combat these preventable
diseases. Diseases caused by viruses and
transmitted by mosquitos such as Dengue
virus, are still a major concern in India.
These can be solved by improving hygienic
and sanitary conditions, developing
infrastructure in hospitals to provide
supportive care and by developing proper
vaccines.

Although, India witnessed the green
revolution in agriculture, it is still lacking in
many areas and the challenge is to improve
the yields of crops. In advanced countries
and in China as well, genetically modified
crops are paving their way for future where
as in India, we are still debating about the
benefits of these proven crops. If we think
about progress in animal husbandry, it is
remarkable to note that India is second in
the world in total milk production, just
behind USA, yet the yield of milk per cow is
6 to 8 times less than that in the USA,
Canada and many other European
countries. If we achieve the levels
produced per cow like in USA, for the same
number of cows India will be in the first
place in the world. These are only a few
examples to illustrate the point that
progress in the application of science and
technology can result in a dramatic
improvement in human health.
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India challenged the world in space
technology and we are all proud to see the
launching of 104 satellites into space from
a single rocket, a feat unparalleled in the
world. It is also pleasing to note that our
achievements in nuclear industry (power
and nuclear blasts) make us proud in the
world. This was possible because of
teamwork, concerted effort by many
engineers and scientists, and most
importantly, absence of interference from
politicians and bureaucracy. If we can
display the same spirit and teamwork in
other disciplines in medicine, agriculture
and animal sciences, we can show
phenomenal growth in the next decades to
come.

Now is the time to reap the benefits of
biotechnology. It is very difficult for
institutes in India to spend a lot of money
and effort on basic research and to
compete with advanced countries, where
they budget huge sums of money. Instead,
they should utilize the vast body of
available basic knowledge developed in
advanced countries and translate it into
potential applications. In intelligence,
Indians are very competitive but they lack
teamwork. This is a challenge that we have
to overcome in the future, if India were to
succeed with new applications. A large
number of new therapeutic drugs, proteins
and monoclonal antibodies are being
developed in advanced countries, which
are prohibitively expensive, and unless
India prepares to discover and apply these
healthcare products, it will be lagging
behind many countries, especially those
with high populations. To remedy the
situation, we can utilize the ultramodern

technology developed and apply to our
own needs.

Through biotechnology we can make
available many costly therapeutics and
vaccines. In mid to late nineties, we
successfully produced a recombinant
hepatitis B vaccine in India. At that time,
the cost of the imported vaccine was
almost 1200 rupees per dose, which today
costs less than 100 rupees, a remarkable
reduction in price and an affordable
vaccine. Another major biotech product is
insulin and we should be proud to say that
an Indian biotech company is making this
product in India and supply through
international  marketing  into  BRIC
countries. If Indian scientists put a
concerted effort, they can excel in
producing many such products. In generics,
they established a niche in the world
market; these are being exported all over
the world.

We should also focus on a vaccine for
hepatitis C virus, a silent killer, which
already infected more than 20 million
people in India, and is rapidly spreading
largely through blood contact. In the last
two to three decades we have witnessed a
large number of emerging deadly viruses
such as AIDs, Swine Flu, SARS virus, Ebola,
and Zika. There is a chance that new
viruses continue to evolve and pose a
threat to the country. Unless India
prepares well, sets up diagnostic
laboratories to detect all kinds of viruses
and drug-resistant bacteria very early, and
cope up immediately with appropriate
treatments, we might face a risk of losing
lives of millions of Indians.
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Drugs came into market very recently but
cost more than 30 to 40 lakh rupees per
course of treatment per patient. We
should try to discover similar drugs whose
cost is affordable to Indian patients.
Unfortunately, Indian pharma companies
devote very little money and resources for
research and development. In advanced
countries, many giant companies allocate
more than 10 to 12% of their budget for
drug development and therefore, are
always in the forefront in bringing new
drugs into the market. Indian Companies
and Government should learn from these
experiences and prioritize their goals to
combat deadly infectious and chronic
diseases. The chronic diseases — coronary
heart, lung diseases and stroke — are killing
more than 3 million people in India alone.
Unless the Government takes a new
direction and invest properly in health
care, it will be lagging behind. They should
focus on applied science, in human and
animal health and in agriculture and
support goal-oriented projects that solve
India’s problems.
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Indian entrepreneur from science: My experience

M. Shesheer Kumar

After completing my masters in
Biotechnology followed by a short
exposure to a Bioinformatics company, |
joined R&D unit of M/s. Shantha Biotech
Ltd. Couple of years of working at Shantha,
| decided to pursue my Ph. D. Fascinated
by the research work being carried out in
diverse areas such as isolation of genes,
development of genetically modified
organisms and recombinant proteins at the
Centre for Plant Plant Molecular Biology
(CPMB), Department of Genetics, Osmania
university, | joined Prof. Vudem
Dashvantha Reddy’s laboratory as full time
research scholar and secured my Ph. D.
degree jointly under his supervision and
Prof. R V Guntaka, University of Missouri,
Columbia, as co-guide. My Ph. D. work on
Hepatitis C virus resulted in the
development of recombinant proteins with
great potential for diagnostics, which
inspired me in becoming an entrepreneur.
The well established connections of CPMB
with industry and my working experience
in biotech Industry, prior to Ph D, was
helpful in choosing the difficult option of
becoming an entrepreneur in India, that
too in a biotech sector. We (Rachana, my
wife and myself) started RAS Lifesciences
like most of the middle class aspirants, to
do something in our country.
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We sold our house and invested entire
money in setting up a unit providing
molecular diagnostic services with contract
research unit in the year 2008. We being
from non-business family had no clue of
opex/Capex/PnL etc. Life began right from
coming early to office, closing the door,
cleaning our premises and then planning
for rest of the day.

To cut long story short, by 2011 we got
DSIR recognition, DST LOCKHEED
innovation award, couple of DBT projects,
ICMR project, got manufacturing licenses
for about 32 products and finally approval
from TDB for a soft loan. | needn’t specify
how difficult it was to get all these
through. Since things were going well | did
not quite felt the hardships. With an
objective of representing one Indian
biotech product in the world market, we
could explore possible collaborations. After
due diligence for 9 long months, a French
Microbiology giant M/s. BioMerieux in
2012 could become a major partner in RAS
Life Sciences.

RAS Lifesciences focused on developing,
manufacturing and commercialization of
molecular diagnostic kits. RAS is the first
company to receive licenses for
manufacturing and commercialization of
32 molecular diagnostic kits which are used
for detection/quantification of infectious
agent, cancers and genetic diseases.
Currently focus is on 6 parameters which
include real time PCR based quantification
kits for HBV, HCV and HIV and qualitative
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kits for dengue, chikungunya and LAMP
based TB kits. These assays constitute
about 80% of infections in Indian
population.

In India, diagnosing infections, specifically
of TB, is by observation and experience of
the clinician. This practice is followed
primarily to avoid huge expenses incurred
on a diagnostic test. Lack of a sensitive
test, affordable price, availability of testing
systems in resource limiting settings and
lack of trained manpower are major
reasons for not prescribing a diagnostic
test. Treatment of infections with
inconclusive diagnosis is paving way for an
infectious agent to emerge as much
stronger multi drug resistant strain. Hence,
treatment not only becomes ineffective
but adds to the expense to patient.

Availability of cost effective diagnostic kits
is the need of the hour. But there are
several challenges encountered to develop
an industry, in general in life sciences and
specifically in diagnostics or medical
devices.

Diagnostics has been a low priority career
for many life sciences postgraduates and
PhDs. Hence, availability of trained
manpower is the biggest challenge an
entrepreneur faces today in India. Lack of
manufacturing ecosystem in the area of
diagnostics, all the more makes it difficult
for a manufacturer.

Various initiatives from Government of
India like creation of awareness on
importance of diagnostics, promotion of
facilities to develop skilled labour,

entrepreneurial development programs
and promotion of various incentive based
programs to promote start-up companies
will help build careers in life sciences in
India.

Industry-academia association is a great
initiative from universities like Osmania
that will be very helpful to build a world
class ecosystem. These initiatives not only
help to seed many startups but also lure
many students to take up education in
basic life science programs at
undergraduate level.
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Towards improving Indian science

Gautam R. Desiraju

Indian science is at crossroads and while
the various attempts that have been made
over the last 70 years have yielded some
positive results, it is widely felt that we
could have achieved much more given the
innate talents, enthusiasm and patriotism
in this country. Accountability is a must,
and if accountability is not fixed, there is a
danger that we will simply drift along
neither being particularly elated nor
disappointed with what is happening in
Indian science. This is not the attitude that
should be displayed by a large, aspiring and
progressive country like India, which many
abroad see as an emerging international
power. The world expects a lot from us in
terms of developing our science education
and research, and this is not going to
happen if we simply do more of the same
thing. | list a few initiatives which | feel
need to be taken up on an emergency
footing if science education and research in
India is to see an improvement in terms of
quality and quantity.

Universities are at the core of science
education and research, and the small
investigator who is given modest but
realistic funding is its bedrock. A thorough
revamping, modernisation and reform of
the state university system is imperative.
The UGC in its present form has become an
antiquated monster and needs to be
transformed into something that is more
proactive, friendly and facilitating.

Professor, Solid State and Structural Chemistry Unit,
Indian Institute of Science, Bangalore-560 012.
E-mail: desiraju@sscu.iisc.ernet.in

In the same way that the erstwhile
Planning Commission was morphed into
NITI Aayog, the UGC needs to be
completely restructured and overhauled.
This giant and ineffective post office in
New Delhi is now ridden with sloth and
corruption and can do no good.

The system of caste reservations needs
serious reconsideration. While, the existing
policies have definitely made a difference
in the uplift of groups that have been
traditionally discriminated against, this has
come at the expense of cutting edge
quality. Higher level research is elitist and
discriminatory. Caste reservations are
egalitarian and inclusive. There is an
inherent dichotomy here and successive
governments have failed to come to grips
with this contradiction. Many of the
problems that have assailed the state
universities are directly or indirectly
connected with the caste based
reservation system, or should one say, the
absence of their clear and fair
implementation. If one pretends that this
problem does not exist, one is living in a
fool’s paradise and one may never see
better days.

Corruption, largely instigated by politicians
and, aided and abetted by all too willing
university officials and scientists-turned-
bureaucrats, has weakened our education
system to the point where there seems to
be no hope for younger people who aspire
for a science career in India. In the same
way that demonetisation is seen as a
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surgical strike against the cancer of black
money in the country, there needs to be
another surgical strike against physical and
academic corruption in the university
system. This needs to be addressed on a
war footing by the central and state
governments.

The Indian Institutes of Technology (lITs)
have, by and large, not lived up to the lofty
expectations set for them by our founding
fathers. In their earlier years, they merely
served as sources of cheap labour for
advanced nations—the so-called brain
drain. Today, we claim that they have a
world class branding but no less a person
than the President of India has said
recently that IIT graduates have become
highly paid detergent sellers. We live in a
society where crazy coaching schools
subject young students to all kind of
physical and mental torture so that they
clear this wonderful exam called IIT JEE for
admission into these institutes. This
qualification is supposed to guarantee
them eternal success and riches. Those
who do not clear IIT JEE are doomed to a
life of desperation. No less culpable is the
private sector which pays all kinds of
inflated salaries, but only to IIT graduates.
These stupid attitudes and priorities have
cost us all very dearly and we are now
paying the bitter price. The lITs are not
doing what they were supposed to do—
train new generations of highly qualified
entrepreneurs who lift the commercial and
economic activity of the country through
start-up and spin-off companies. Instead,
IT graduates are happy to take up
management degrees and then go for
salaried employment. The internal
management of the IITs need more

autonomy, and less interference from the
central government, but in turn they need
to do more soul searching about their very
method of student selection. The IITs have
been reduced to B.Tech. teaching
institutions and this is not what they were
supposed to be.

Turning now to well-recognised central
institutions like 11Sc, TIFR, NISER, Central
Universities, IISER, NIT and so on, these are
all at a sub-critical number for a country of
our size, and the required critical mass is
simply not there. It is quite unfair to place
the entire burden of carrying forward
science education and research in this vast
country on these central institutions. It is
also a misnomer to say that they are highly
funded. Compared to the funding levels in
China, even the I1ISc gets practically
nothing. The smallness of these
organizations, however, lays the door open
for academic nepotism, control by cliques
and the relative impossibility for a large
number of well-trained scientists to ever
hope of getting employment in these
places, unless one is well-connected.
Recently, the government has compulsorily
retired some IPS and IAS officers on
grounds of  non-performance and
corruption. It would do well to consider
such possibilities for academic faculty in
central institutions, evaluating them say 15
years after they have joined service and
then continuing this process of evaluation
every five years.

In any case, it is not the quantum of
funding that finally determines if scientific
research will take off in our country. We
have a serious attitude problem and our
willingness to condone laziness, corruption
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and incompetence has led to an
undermining of the very value system that
is so important in scientific research.
Honesty is the first casualty and this is
disastrous in the scientific enterprise,
where honesty is prized above all. Those
who are affected by the system are the
stake holders and they should be the ones
who manage the system. Universities need
to be self-governed and we do not need
elderly people from outside to occupy
positions in the academic and executive
councils of the universities. We rely so
often on the “advice” of aged geriatrocrats
who have sat in too many important
committees and have decided too many
important things for too many years. These
aged people should not be allowed to
determine important appointments and
big research funding. They have all had
their chance and they have all largely
failed. It is time that they stepped aside
gracefully and allowed younger people
with more physical energy and more new,
perhaps untested, ideas to step into the
arena. In most advanced countries the
people who wield administrative, academic
and executive power in the scientific
enterprise are in the age group of 50 to 60.
This seems like fiction in today’s India!

| come now to government laboratories
which are doing scientific research, most
notably CSIR, ICMR and ICAR. As far as
science is concerned, the CSIR system is
the most relevant. CSIR Ilabs are
government labs: their first and foremost
duty is to carry out the scientific policy of
the government in a manner that is directly
targeted towards the betterment of the
lives of the Indian people. The
infrastructure and the monetary input in

many of these laboratories has been quite
excellent over the years but they have
failed sadly in terms of acting as an
effective bridge between the academic and
the industrial worlds. The CSIR scientist is
not a university professor. At the same
time he is not an industrial scientist either.
He or she is given the security of
government employment so that new out-
of-the-box ideas can be attempted. CSIR
should be able to convince industry that
using newer and better science can help
industry to make more money. A few good
breakthroughs have come from CSIR but
unless they can do this in a general and
regular way, they would have failed in their
main mission. CSIR is an extra stop that
was deliberately introduced by our
founding fathers in the academia >
industry knowledge transfer process. It is a
good idea in a poor country. CSIR must
meet this challenge and live up to the
country’s expectations.

Many of the things | have said here may
not find favour in a culture that is used to a
baffling variety of options, soothing
consensus, soft core corruption and
laziness. However, there is a significant
proportion of the younger generation of
our society who badly want to see a more
positive scenario where the very great
enabling attributes of science may be
harnessed towards overall national
progress. The anger that is mounting in our
younger generation is now palpable. Those
in power and authority can only neglect
these sentiments at their peril.
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Creating job opportunities for the coming years

N. D. Reddy

Introduction

Technology has long been a leading driver
of growth and opportunities. The creators
of the personal computer (PC) and
internet, and later the smart phone,
brought in a change that revolutionized the
way people work, communicate, engage,
and live. Trends like globalization and
liberalization have been drivers of job
opportunities in the 1990s and early 2000s
and information technology (IT) and
internet will be the drivers of growth over
the coming decades. Almost every aspect
of business and personal lives is being
impacted by IT, and as it becomes more
affordable and accessible, this trend will
only grow. This, combined with
entreprensurship, will create the most job
opportunities in the coming years.

The rise and rise of IT and internet

From the time of their invention in the
mid-1970s, PCs have seen tremendous
growth in usage and today number more
than 2 billion. It is estimated that there will
be more than 5 billion smart phones in
usage by 2020, with a penetration rate of
more than 65 percent. The number of
internet users has rose by about 1000% in
the last fifteen years.

Founder & CEQ, SutiSoft Inc.
E-mail: ndreddy@sutisoft.com

However, there is still scope for growth as
many emerging markets still don't have
access to IT or the internet. With
governments getting into the act and
encouraging digital literacy, it is easy to see
that the trend is going only in one
direction.

What the proliferation of IT and internet
have done effectively is to redefine
boundaries, both on an individual and
enterprise level. Individual today have
voice that can reach the highest annals of
power through social media. Businesses
can start up and scale up faster with the
use of automation and the right tools and
practices. Efforts and opportunities are
exponentially amplified with technology,
and those who take advantage of these
opportunities will be the job creators of
the future.

The individual as the job creator

In the future, the individual will be the job
creator. The digital world has opened up so
many opportunities and lowered the
barriers to entry so much that today, an
individual with a PC can start up shop and
offer products and services. Instead of
waiting for someone else to open shop and
offer jobs, modern entrepreneurs can take
their future into their own hands and
create enterprises that offer value to
stakeholders and help improve the
economy.
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Let's consider a couple of examples. First,
business productivity software. Earlier,
there were on-premise deployments of
business software. This required huge
investments, both on the vendor and
customer side, which was an effective
entry barrier. Unless you invest in
infrastructure and resources, you could not
develop a product that you could sell, and
unless you were willing to invest in
technology, you could not have an
automated and efficient business process.

Then came along the internet, which
revolutionized how products could be built
and offered. Vendors could now build
products with much fewer resources and
much less infrastructure investment and
huge upfront investments were no longer
required from the customer to use the
product. Individuals could now architect
and build innovative products and small
businesses could afford business software.
This is the Software as a Service (SaaS)
market today, which brought in revenues
of $48.8 billion in 2016 and is slated to hit
revenues of more than $100 billion in
2019.

Another huge market opportunity that
internet has created is online or digital
marketing. Digital marketing can be a
cheaper and more effective way to reach
the target audience and many
organizations are taking to it more and
more. Even brick and mortar enterprises
are rushing to have an online presence and
grab the attention of more than 3.5 billion
people online today. By some estimates,
digital marketing spend in the US alone will
be about $120 billion within the next five
years. Just the SEO industry, which is

dependent on a search engine, is reported
to be worth about $65 billion in 2016 and
is poised to grow significantly in the
coming years.

This throws up tremendous potential for
jobs in the future. Digital marketing also
has very few barriers to entry. Anyone with
access to the right tools can create online
presences and launch marketing
campaigns. This is another way how an
individual can create job opportunities
using IT and the internet in the future.

The above are but few examples of the
huge potential of technology and
individuals to create jobs in the future.
From e-commerce to professional services
to a variety of other domains, technology
helps individuals become self-sustaining
and be the drivers of job growth.

Internet and IT have been the drivers of
jobs for the past few decades, and this
trend is set to accelerate over the next
decade. Technology has revolutionized
how prospects are found and services are
offered, and has removed entry barriers
for both customers and vendors. With
access to the right technology and tools,
every individual has the potential to
become self-sustaining and create jobs and
value. To conclude, technology and
individual enterprise will be key drivers of
job opportunities in the coming years.



55

Reflections for a global career: Learning throughout the journey

Cris Wilbur

As Osmania University marks 100 years of
educating people, it is a fitting occasion to
reflect on learning and its implications on
one’s career journey.

When university students contemplate life
after graduation, they often envision
finding work that, ideally, embraces their
passion while enabling greater financial
independence. For some, the dream job is
already clear. For many others, there are
numerous uncertainties, multiple scenarios
to weigh and a mix of emotions. No matter
whether the first job is chosen for
pragmatic or idealistic reasons, it is a major
decision; yet, there are typically limited
opportunities to gain real insights into a
profession during academic studies, so it
can be difficult to visualize the day-to-day
experience and how it connects to one’s
interests. Moreover, it is crucial when
thinking about a career that one imagines
beyond the first job, right from the start, in
order to develop a longer-term idea of how
a successful and satisfying professional life
could materialize, without getting fixated
on just one pathway. Taking all of this into
account and considering pursuit of
employment with a company versus an
entrepreneurial endeavor, | will share
some personal insights on a global career.
In my university years in the United States,
| studied computer engineering and
accounting.

Head of Group Human Resources at the Hoffmann-La
Roche.
E-mail: corinne.wolter@roche.com

So, not surprisingly, | had not envisioned
becoming globally responsible for Human
Resources for nearly 95,000 people, for a
world-leading healthcare company,
headquartered in Switzerland. Yet, today,
this is exactly where | (happily) am. | grew
up in Los Angeles, California, a city that
many refer to as one of the most diverse
“melting pots” of the United States. | was
exposed to many different cultures and
ways of thinking because of the vast
number of immigrant families moving to
this part of the world, including my own,
that came from the Philippines. The
diversity of people fascinated me, yet also
perplexed and challenged my thinking
because so many perspectives could be
derived from a common situation. How
and why does this happen? | was curious to
understand why, curious to unravel what
was underlying a person’s thinking, curious
to find the logic, while managing my own
biases. At the time, | would not have called
this a global mind-set, but in retrospect, |
would say this is exactly the genesis of that
concept — to think about a situation or
topic from the lens of many versus simply
my own.

People generally couple a global mind-set
with the experience of living abroad. There
is definitely a benefit in making an
international move, but this does not need
to be the only possibility or starting point.
Businesses are operating from a more
international landscape today than ever
before. People are participating in global
projects and initiatives without ever
leaving home and interacting with team
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members dispersed across the world
through a variety of video options. Each
conscious step to understand another
person’s thinking and the dynamics of how
things get done in different places is a
building block to a global mind-set. If one
does have the opportunity to experience
living in another country, then these
opportunities can be amplified by staying
attentive to the cues, especially the subtle
ones. Today, | engage with people from
more than 140 countries and | can still
leverage my early learning to listen from a
starting point different than my own, to
avoid making faulty assumptions, and to
make strong connections.

Another reality of learning is that failure is
part of the equation. No matter how much
one tries, business life is not perfect, and
can impact you at each stage of your
career. Dealing with setbacks in new
projects or assignments in a constructive
way is difficult, but through that struggle,
one can gain extremely valuable insights.
Prior to Roche, | worked in various
industries that have developed products
such as ruggedized power supplies or high-
intensity lighting for stage and studio
applications. In every company, finding the
best solutions required in one form or
another testing hypothesis and running
experiments. Success rarely occurred on
the first attempt. When | consider the
healthcare industry in general, and
pharmaceuticals, biotech, and medical
devices, in particular, risk-taking is part of
the business model, and the stakes are
high. For Roche, in our quest to discover
and develop breakthrough medicines and
diagnostics solutions, failures and setbacks
are normal and to be expected. It is critical

that they are openly and transparently
shared in order to ensure quality and
safety are preserved, and to explore new
solutions. In essence, the faster we learn,
the faster we can further innovate. Our
commitment to science, our purpose —
“Doing now what patients need next”— and
our culture based on “integrity, courage,
and passion” ignite ideation, innovation
and motivation to deliver life-saving
outcomes. This focus fosters an
environment where failure is accepted as
part of the learning equation. In my career,
| certainly have encountered difficult
situations, made complex decisions,
struggled  with  choices and the
implications, and made mistakes.
Reflecting upon and learning from each of
these experiences has strengthened my
capabilities and helped to shape my values,
and what | stand for as a person and as a
leader. So, do not hesitate to seize
opportunities to learn and broaden your
horizons early and often in pursuit of
personal and professional growth. Gain
exposure to other countries and deeper
insights into different cultures to nurture a
global mind-set and expand your
perspectives. For someone at the
beginning of a career, this may be the best
point in time to make an international
move because complexity of life grows
with time. Learn to get comfortable with
being uncomfortable. Hone your ability to
quickly recognize and push through
artificial boundaries, to distinguish facts
from assumptions, and to embrace the
learnings that can be found in failure and
try again. Learning is truly ever-present if
you remain astute and self-reflective, and
with that journey, a meaningful career
anywhere in the world is possible.
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Can wealth concentration be stopped?

Muhammad Yunus*

Victory of the people

Outcome of Cop 21 got me thrilled and
inspired. After 40 years of battle between
believers and non-believers, finally
believers won. They persuaded everyone
that the world is in real danger, and we
must act collectively. Paris got all the
nations, big and small, together to sign on
a legally binding agreement to protect the
planet from impending climate disaster.
Everyday | feel like thanking all the activists
who have gone through an uphill task to
convince political leaders, businesses, and
ordinary people, year after year, to show
the writing on the wall. Many took it as
their life-long campaign to bring the
nations to their senses. Citizens who were
on the sidelines gradually became activists.
They voted for political candidates who
supported climate action. Political parties
started getting elected to power because
they are green.

| see Paris as the victory of the people led
by the committed activists who never gave
up campaigning for their cause. Even
during the Paris conference, over 7,85,000
people marched at 2,300 events in 175
countries united in one voice calling for a
100% clean energy future to save
everything they love.

*Nobel Laureate (Peace 2006)

Chairman, Yunus Centre, Grameen Bank, Mirpur-2,
Dhaka 1216, Bangladesh.
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Normally we expect governments to
mobilize public opinion behind their brave
actions. In the case of global warming, it
was the reverse. It is the citizens of the
world who mobilized their governments.

Paris inspires me to believe that this kind
of citizen's movement can make the world
ready to overcome another impending
disaster which has been looming on the
horizon. This has been a hot subject in
politics for ages. Many powerful
movements, many ambitious initiatives
have been taken over centuries to address
this problem. Much blood has been shed
over this issue. But it not only does not go
away, it gets more threatening than ever.
This is the problem of ever-exploding gap
in private wealth. It keeps on growing
locally, nationally, and globally. As the
economy grows, concentration of private
wealth gets worse. Faster the rate of
growth, faster is the rate of concentration
of wealth. This is dangerous because it
destroys peace and harmony, it threatens
human rights and democracy. It pushes the
world towards social explosions, each
worse than the previous ones. It triggers
armed conflicts among nations.

Oxfam updates on wealth concentration

Oxfam has been giving us horrifying
updates on wealth concentration each
year. This year Oxfam tells us that the 62
richest people own more wealth than
owned by the bottom half of the world
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population. In 2015 they reported that the
80 richest people, and in 2014, according
to them 85 richest people, owned more
wealth than owned by the bottom half of
world population. In 2010, six years back, it
was 388 richest people who had the
pleasure of owning similar wealth. They
also told us that the wealth of 80 richest
people doubled in five years, between
2009 and 2014.

Oxfam has a terrifying projection for 2016.
During the current year, they projected,
the richest 1% of the world will own more
wealth than owned by the bottom 99% of
the world's population. That means total
wealth of 99% of the population of the
world will barely be equal to the wealth of
the top 1% of the world. And it will get
worse each year

This information is so unbelievable that it
takes time to absorb. We feel like asking
many more questions. How many of
world's richest people will own more
wealth than owned by the bottom half of
the world population, say, in 2025? It is
obvious that if the number can drop from
388 persons to 62 persons in six years we
are just one small step away from one
lucky person owning more wealth than
owned by bottom half of the world
population!

US presidential candidate Bernie Sanders
kept reminding in his campaign speeches
that in the USA, the top one-tenth of one
percent owns almost as much wealth as
the bottom 90 percent.

What about Bangladesh? Is it 62 or more,
or less, of the richest owning more wealth

than owned by the bottom half of the
country's population? Does it interest
anyone to find the number? How long will
it take to reach a point where only one
person will own more wealth than owned
by bottom half of the people of
Bangladesh? Obviously he will be the
'King'. His wishes will be the law of the
land. Does it sound too far-fetched?

Concentration of wealth also means
concentration of power -- political and
social, privileges, and opportunities. The
reverse is also true. If you don't have any
wealth, you have no power, no privileges,
and no opportunities.

We can raise another question. Who will
get how much of the additional wealth to
be generated in the next two years? Will
top one percent get more than half of the
additional wealth, making them own much
more than fifty percent of the total wealth
reducing the share of the bottom fifty
percent of the people? Bottom fifty
percent will continue to be on the losing
side as long as the present capitalist
system remains in force. Under this system
concentration of wealth will remain an
ongoing non-stop process.

That's the point | am drawing vyour
attention to. The richest people are not
necessarily bad people, as popularly
imagined. They are not busy engineering
the non-stop expansion of their wealth by
'stealing' from the bottom people. It is the
system which does it for them. Wealth is
like a magnet. The bigger the magnet the
greater is its pulling force. It draws smaller
magnets towards it. That's how the
economic system is built. People with no
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magnet find it difficult to attract anything
to them. If they somehow own some tiny
magnets, retaining them becomes difficult
for them. Bigger ones pull them to
themselves.  Unidirectional forces of
concentration of wealth keep changing the
shape of wealth-pyramid making its base
thinner and its peak narrower and higher,
ultimately looking like a thinning column
rising out of a thin but large base.

These are horrifying realities which are
taking shape minute by minute, while we
are busy with our daily chores. For example
the temperature of our planet quietly
reached 1 degree Celsius, above the
temperature  during the industrial
revolution, only a few months back,
without drawing much attention. If we
don't take heed of such major milestones
our planet will keep getting warmer and
warmer, and at one point we will reach the
point of no return. Had it not been for the
dedicated scientists and activists, who
worked day and night over vyears, to
galvanize a citizen's network and mobilize
the governments forging a collective
decision on global warming.

Wealth-concentration is as dangerous as
environmental threat. One is a physical
threat against the existence of the planet;
another is a threat against humanity,
against the right of the people to live with
dignity and peace pursuing higher ideals.

If the collective efforts of citizens led by
committed group of scientists and activists
from all sections of society could make us
aware of climate danger, | believe by
following the same roadmap we can
galvanize forces to protect humanity from

the danger of its destruction through ever-
intensifying wealth-concentration. Citizens
have to create little islands of wealth
harmony through their efforts. They have
to inspire the world, particularly the youth,
that this can be done and must be done.
We have to remind ourselves that we are
in an era where impossibles become
possible faster and faster. This is one
impossible that we'll have to make possible
very fast irrespective of all the hurdles in
reaching it.

Let me share some of my thoughts on how
we can make it happen.

People at the centre
Can wealth explosion be stopped?

My firm answer is, yes, it can be done.
Human beings can do anything they want.
There must be a strong desire behind it.
Old ways of doing it through government
and charities alone cannot do it. People
will have to take it up as their personal
priority. People will have to take the lead in
doing it themselves and then put strong
pressure on government to move in the
direction of creating right kind of policy
packages to facilitate this.

Since the appearance of modern capitalism
around 250 years back, the concept of free
market has been well established. It has
been believed that an invisible hand
ensures competition in the economy and
thus, it contributes to the equilibrium in
the markets. It is also believed that society
is benefited automatically if individuals
pursue their own benefits without paying
any attention to social benefits. Now the
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question is: Does the invisible hand ensure
benefits equally for everybody in the
society? Obviously the invisible hand is
dedicatedly biased to the richest. That's
why enormous wealth concentration
continues.

How can we reverse wealth
concentration?

My faith in the possibility of transforming a
wealth-pyramid gradually into a new
shape, wealth-diamond -- very few at the
top, and very few at the bottom, bulk of
the people in the middle, simply sky-
rocketed after the victory of the people in
Paris. Now | feel confident that wealth
explosion can be arrested.

First of all, it is not an unalterable fate that
mankind was born with. Since it is our own
creation, we can solve it through our own
efforts, same as global warming. It is our
blocked mind which prevents us from
seeing the problem that is pushing us
towards this explosion. Our efforts should
be directed to unblock our minds. We must
challenge the existing paradigms which led
the world to this problem. The usual
political agenda to reduce the problem
focuses on income-gap, not on wealth-gap.
It is done through a programme of income
redistribution -- taking from the top
(through progressive taxes) and giving it to
the bottom (through various transfer
payments).

Obviously only governments can undertake
income redistribution programmes. Some
governments carry out this programme
with toughness, some do it in a relaxed
pace. Unfortunately in a democratic

environment, a government cannot
achieve any significant success in a
redistribution programme. People at the
top from whom the governments are
supposed to collect heavy taxes are
politically very powerful. They use their
disproportionate influence on  the
governments to restrain them from taking
any meaningful step against their interest.

| don't think addressing income inequality
is a real answer. We will have to address
the cause, not the manifestation of it. We
must address the wealth gap which is the
cause of the income gap. If we keep the
wealth base unchanged any reduction in
income gap will be ineffective. On top of
that, governments' cash transfer
programmes are usually charity
programmes. Charity programmes are
excellent as temporary relief, they cannot
give permanent solution to the problem.
Rather they hide the problem. Democratic
governments committed to the rule of law
find it extremely difficult to embark on
wealth redistribution. Land distribution
seems to be the only successful wealth
distribution programme undertaken by
some democratic governments.

While governments should continue with
their redistribution programmes, | am
proposing to bring the citizen's power to
transform the wealth-pyramid into a
wealth-diamond. Central point in my
proposal is to redesign the economic
framework by moving from personal
interest driven economics to both personal
and collective interest driven economics.

| want to tell you why | think redesigning of
economic framework is the essential task
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in achieving an egalitarian society.
My personal journey

As | look back, | see how circumstances
pushed me into doing things which | knew
nothing about. Famine of 1974 pushed me
into growing an irrigated third crop in the
village of Jobra. This introduced me to the
money lending operation in the village. |
wanted to help the victims of money
lenders. In 1976 | offered to lend them
from my pocket to protect them from
money lenders. My money was running
out as | gave loans to more and more
people. | went to the bank, Janata Bank,
located in the Chittagong university
campus inviting them to offer loans to the
poor. They refused. Finally | persuaded
them by offering myself to become the
guarantor. | called the project Grameen
Bank Project. Then came the Krishi Bank to
help me because of the personal interest
taken by its Managing Director. They
opened a special branch in Jobra with me
as its de facto head, operating with staff
that | recruited for the branch, all of whom
were my students. | called it experimental
Grameen branch. Later Bangladesh Bank
wanted to expand it to Tangail because of
strong support from some board members
of Bangladesh Bank. In 1983 we became a
formal bank.

Everything they do, we do the opposite

What we created was not just another
bank. It turned out to be an anti-thesis of a
conventional bank. Everything a
conventional bank did we started doing the
opposite in Grameen Bank. Conventional
banks love to operate where businesses

and rich people locate their offices. As a
result, they work in the cities. Grameen
Bank (GB) works in the villages.

Even after 40 years, GB does not have any
branch in any city or municipal area.
Conventional banks are owned by rich
people, GB is owned by poor women. Poor
women sit in its board. Conventional banks
serve mostly men, GB focuses on women.
Conventional banks believe that poor are
not creditworthy. GB established for the
first time in history that the poor people,
more so poor women, are creditworthy in
any formal banking sense. Grameen
America has shown that even in the USA
poor women can demonstrate amazing
ability to handle bank credit to transform
their lives. Grameen America has 18
branches in 9 cities in the USA with 62,000
borrowers, all of whom are women. It has
given out a cumulative amount of $ 380
million with an average start up loan of $
1,000 and repayment rate of 99.9%.

Conventional banks operate on the basis of
collateral, GB is collateral free. Therefore,
it is lawyer-free. We have developed a
banking system based on trust. In GB,
borrowers don't come to the bank, the
bank goes to borrowers wherever they live.
GB created pension fund to make sure that
borrowers can take care of themselves
during their old age. GB offers health
insurance, loans to beggars, student loans
for the children of GB families, loans for
sanitary latrine and tube wells. GB partially
covers the funeral cost of the borrowers,
loans are written off when a borrower dies.
In GB, total interest on loan cannot exceed
total principal no matter how long it takes
to repay.
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By July, 2016 cumulative disbursement of
loans of the bank came to Tk.1,323,353.74
Million (USD$ 19,471.05 Million) and total
loan outstanding stood at Tk.109,389.02
Million (USDS 1,395.27 Million). The
balance in the savings account of
borrowers stood at Tk.117,415.77 Million
(USDS 1,497.65 Million).  This means
borrowers now have more money in their
saving accounts than their total loans
outstanding. One can say, in reality, they
are the lenders to the bank, rather than
borrowers of the bank.

In recent years, the World Bank, IMF, UN,
and many bilateral donors are promoting
inclusive finance. It is mostly manifested in
encouraging conventional banks to take
steps to provide limited financial services
to the poor. If anybody aims at
inclusiveness in  banking with any
seriousness, definitely it can't be achieved
through conventional financial institutions.
These financial institutions are built on
principles and mode of operation which
promote financial exclusion. Their DNA will
not allow them to work for inclusion. If we
wish to reach the poor, we need to build
separate institutions with completely
different architecture. Rich people's banks
are not designed to serve the poor. They
may take some token actions through
NGOs, under pressure from above, but that
won't constitute even a fraction of one
percent of their business. The unbanked of
the world need real banking, not some
"let-us-look-good" actions.

Through my work with microcredit, |
questioned the very basics of the banking
system. | kept pointing out that real human
beings are much bigger than the human

beings assumed in the theory on which
banking system is designed. Story of
Grameen Bank is a living proof of that.
Grameen Bank's microcredit  idea
flourished globally because NGOs took it
up. But NGOs are not the answer to fill the
vacuum left by existing financial
institutions. | have been arguing that one
easy way would be to give banking
licenses, with some restrictions, to the
microcredit NGOs, to operate as banks and
take deposits, so that they can become
self-reliant institutions. | am very happy to
see that after many years of bringing it up,
now Reserve Bank of India is issuing
licenses to microcredit NGOs in India to
become microcredit banks. This is the
beginning of the right steps towards
inclusive financing. But there is still a long
way to go. There is an empty space for
providing varieties of essential financial
services to the unbanked, exclusively
designed for them, not just offering them
nano-versions of what is being done by the
conventional institutions for their regular
clients.

| have been arguing for years that credit
should be recognized as a human right, so
that it can be addressed seriously, and be
given the importance it deserves. We can
establish this human right only by creating
complete financial system for the poor.

Critics of GB always pointed out that the
loans it gives is actually wasted because
the poor don't know how to use the
money. It only adds to their debt burden.
The reality turned out to be far from that.
Instead of accumulating debt burden they
accumulated large savings, now bigger
than their outstanding loans. GB helped
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them to prove themselves to be excellent
savers, proud owners of investment
capital, and owners of a financially robust
nation-wide bank. | have been arguing that
all human beings are born with unlimited
creative power. If the society gives them
the chance to unleash this power it will
surprise everyone.

Critics argue the opposite. They warned us
not to waste our money by giving it to the
poor people, rather to give it to people
who can employ them in large numbers. |
did not see it their way. | wanted to turn
the poorest women into entrepreneurs by
bringing out their suppressed talent of
entrepreneurship. The critics seem to
believe that entrepreneurship belongs only
to small class of special people, the rest are
born to work for them.

If we leave the financial institutions
unchanged, they will only keep on adding
fuel to the wealth concentration. To slow
down concentration of private wealth two
things need to be done. Existing financial
institutions have to be redesigned to make
sure they cannot remain to be the
facilitating vehicle for wealth
concentration. Secondly, we need to build
an entirely new set of financial institutions
to deliver all financial services to the poor.
It is extremely important to provide
financial services to the poor so that they
can move up on their own. These exclusive
institutions should be designed as social
business rather than allowing them to
become instruments of personal profit
making for the rich, which in turn would
strengthen the wealth accumulation
process for them.

If one wants to find out why the wealthy
becomes wealthier, all one has to do is to
look closely at the financial institutions.
They are the engines which drive wealth
concentration. If we wish to see change in
the wealth-pyramid in favour of the poor, a
new financial system is a must. Existing
system has not only created the wealth-
pyramid, it is making it worse at a faster
and faster rate.

Social business

Working with the poor led me to know
many other problems of the poor. | tried to
address some of them. | always tried to
solve each problem by creating a new
business. Over time it became a habit with
me. Every time | confront a problem, |
created a business to solve it. Soon |
created many companies, and company-
like independent projects, such as, housing
for the poor, sanitary toilets for the poor,
health care, renewable energy, nutrition,
water, nursing college, eye care hospital,
auto mechanic training school, and many
more.

They gradually started displaying some
common features. They are created as
sustainable businesses, but no one is
allowed to take any personal profit out of
it. Investor gets back the investment
money, nothing more. Company's profit is
ploughed back into the company for
improvement and expansion. | called this
new type of business as “social business”,
defined as a non-dividend company to
solve human problems.

| was amazed how easy it was to solve
human problems if we designed it as a
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business with the sole mission of solving a
problem, and with no intention to benefit
personally from the business. We are
always told that business-engine was
designed for only one use, making personal
money. | used the same engine for a
completely different purpose, that is, to
solve human problems. | found it
extremely powerful in getting the job
done. Suddenly all the creative power
could be marshaled behind this engine for
one specific purpose -- solving human
problems. | wondered why the world left
the problem-solving to the governments
and charities alone? | found my own
answer. It was because business world was
given a very clear mandate by the
economic theory. Their only mandate was
to make money, leaving the people's
problem to be addressed by governments
and charities. A businessman is supposed
to be driven by self-Interest. To him,
business is business.

Human beings are not money making
robots. They are multi-dimensional beings
with both selfishness and selflessness.
When | create a social business | am
allowing the selflessness to be expressed
through business. Old interpretation says
that selflessness cannot be a part of the
business world, it is to be expressed in the
world of charity. My point is if human
being has selflessness in his DNA, why it
should not be allowed in the business
world. Business world should be an
unbiased playground for both selfishness
and selflessness. Economics text book
should introduce two types of businesses
to the students, self-interest driven
business and selflessness-driven business.
Let the young people decide whether they

would like a cocktail of both businesses
mixing them in various proportions, or
enjoy each one separately.

In the world of selfishness driven business,
many express their selfishness in its
extreme form, they become limitlessly
greedy. They become addicted to money.
In the process mankind has been brought
to the verge of losing its human identity. A
human being is a person of love, empathy,
compassion, and fellow feeling. If we
create a conceptual framework that allows
us, indeed encourages us, to express our
deep rooted human values in our
economic life we can transform the
wealth-pyramid into a wealth-diamond.
These values can be expressed through
social business to take us there.

Social business may be seen from two
perspectives. From charity side, we can
look at it as sustainable charity. From
business side, we can see it as a selfless
business. Great thing about social business
is that it is done by choice, no compulsion
is involved. One can go in and out of social
business as one likes. This makes people
feel free. They can decide what they want.

| am glad social business is drawing
attention from all sections of people from
all around the world. Universities are
opening social business centers,
multinational companies coming forward
to set up social businesses, young people
are getting attracted to the idea. More and
more people are convinced that as human
beings we are capable of solving all our
problems. Combined power of vyouth,
technology, and social business will make it
happen.
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Technology

Technology is expanding exponentially.
What is impossible today becomes possible
tomorrow. Dramatic changes take place in
technology in such quick succession that it
does not surprise us anymore. Young
people are the beneficiaries of the full
power of this incredible technology. They
absorb the new technology much faster
than the older generation. It is only the
power of their imagination which limits the
exploitation of each new technology. The
bolder their imagination the greater are
their accomplishments. If they start
imagining a world where wealth disparity
shall not exist, | can guarantee you that it
will not exist. The combined power of the
youth, technology, and social business can
become an irresistible force.

Education has to play the key role

Education has to play the key role to bring
the wealth concentration problem to the
consciousness of people. Reorientation of
education system is vital. Despite its
ambitious goals, education system has
basically become a training ground for
preparing young people to be job-ready. It
is assumed that every young person has to
be able to find a job. Job is such an
overriding issue that all other purposes for
education had to take a back seat.
Education is supposed to help a young
person to discover himself and to find
meaning of his life. The motto was to
“Know Thyself.” Now most of the time he
is kept busy to “Know Thy Boss.”

| find it extremely demeaning to imagine
such a fate for human beings. | see human

beings as beings much larger than
spending life time trying to fit themselves
into the wishes of their bosses. | see
human beings as go-getters, creator of new
horizons, and problem solvers.

We are not job seekers, we are job
creators

Human beings are packed with unlimited
creative capacities. They have to discover
their potential during their life time. Task
of education is to introduce them to their
potential as a human being, so that they
become aware of their power, they start
imagining the use of their power. The least
education should do is to prepare them as
entrepreneurs- as job creators, not as job
seekers. There is a world of difference
between the two. By training young people
as jobseekers we create unemployment
because there is no job for everybody. If
we had prepared them as job creators,
there would be no unemployment.

Can everybody be an entrepreneur -- a
guestion that is frequently asked.
Entrepreneurship is natural to human
beings. That's how we began life on this
planet. Millions of microcredit borrowers
all around the world are entrepreneurs. If
illiterate  rural women can become
entrepreneurs, why should we question
the entrepreneurial ability of the educated
young? All they need is a supportive
financial system.

We have created social business funds, as
the supportive financial institution. We are
asking young people to come up with
business ideas. When they come we invest
in their businesses. We become their
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partner, like an angel investor with one
exception, we don't take any profit from
them because we are social business. Once
they are successful they buy back our
shares without giving us any profit. They
pay a share transfer fee, a fixed fee to help
us cover our management and advisory
services.

Now thousands of young people, boys and
girls, are running their businesses with
partnership with us. We encourage young
people to believe and practice that "we are
not job seekers, we are job creators".

| am very happy to see that Indian Prime
Minister Mr. Narendra Modi has been
repeating again and again in his speeches
to the young people of India that "we are
not job seekers, we are job creators". He
has established a refinancing bank, called
Mudra Bank, to support the actual
implementation of the programme. | hope
he succeeds in building up a support
system to make it real.

Once we get our education system
transformed to produce creative
entrepreneurs, the global picture of wealth
gap will start changing. If we leave the
talented young people with the destiny of
making other people rich, wealth-
concentration will continue to soar. We
cannot let our young people become
mercenaries for wealth concentration.

To counter the concentration of wealth we
need a two-way flow of wealth, instead of
a one way flow. Present flow takes wealth
upwards to the wealthy. We need a flow
which will bring wealth from the wealthy
to the wealth-less. | see social business as

this new force. Whether it will be as strong
as the existing upward moving force will
depend on how strongly people rally
around it.

Resources for social business

As | go about promoting social business
concept, | feel happy to receive warm
response from all countries. Now social
businesses are growing up in many
countries. While discussing social business
a question always comes up: where can we
find the investment funds to enable social
businesses to spread around the world?

Charity

Existing investment funds are available
only to personal profit making enterprises.
The more personal profit you can promise
or deliver the more investments you get.
These investors have no reason to pay
attention to social business. Where should
social business look for investment funds?
Of course, it has to come from the selfless
part of human beings. Selflessness has the
best expression in the charity world.
Anything that happens in charity world
gives us a measure of selflessness that is
already expressed. It is a matter of time to
see how to convert some charity money
into social business investment money.
After all charity and social business has the
same root. Both focus on helping people.

Charity has been with us since time
immemorial. It has been recognized as an
integral part of human beings. All religions
put great emphasis on it. Islam puts it up as
one of its five fundamental pillars, and
requires that every Muslim to give away
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2.5% of wealth and income every year.
Imagine how much of potential this sum is.
If we add up the amount actually paid out
every year that will be a huge sum too.
Total amount of charity given out by US
public charities (organizations based on
raising money from general public and
others) each year is over $1.6 trillion
dollars. They have combined assets of over
S3 trillion dollars. These two | mention as
examples. There is an enormous variety of
charities with huge amounts all around the
world.

Personal giving

In addition we can go over the
innumerable stories of personal giving.
Mark Zuckerberg is a recent one. He
announced on the occasion of the birth of
his daughter that he would donate 99% of
the shares of Facebook to charities over
course of time. The present value of this is
S45 billion. He started out by giving away
one billion dollars a year. | find it a very
interesting case of selflessness. It was done
on the occasion of the birth of his first
child. Usual story would be that father
handing over the inheritance to his new-
born ahead of time as a gesture of love.
Mark did the opposite. He deprived the
child from inheritance by giving away his
wealth for creating a better world for her.
Usually one gives away wealth at the end
of one's life. Mark made a remarkable
decision; he gave away nearly all his wealth
at the beginning of his life. He is only 31.
Since the beginning of Facebook Mark
takes a salary of only one dollar as the CEO
of Facebook. He already signed up "The
Giving Pledge" when he was 27.
Zuckerberg, Bill Gates, and Warren Buffett

signed a promise in 2010, they called "The
Giving Pledge ", in which they promised to
donate to charity at least half of their
wealth over the course of time, and invited
others among the wealthy to donate 50%
or more of their wealth to charity. The
Giving Pledge started out with 40 multi-
billionaires. Now there are 141 multi-
billionaire signatories.

| highlight the case of Mark because he is
young. He is at the age when one is
expected to be ambitious about money,
and remain busy with “building the
future". He has been doing the opposite.
Mark may represent a new trend among
the young generation. They are different.
They are more committed to the creation
of a better world than just making their
fortune. The old generation may be holding
them up by passing on their old structures
to them.

As the idea of social business becomes
popular, a part of charity money, wherever
the law or religious requirements will
allow, will start flowing into social
business. And that flow will continue to
grow. As decisions are taken, a question
will arise, should | give it to charity or
rather give it to a social business fund.
Individuals, charities, foundations,
companies will see social business as a
sustainable charity, where the same money
can be used endless times.

Selflessness in the business world

But what about business money? Will the
business door remain ever closed to social
business? | don't think so. Already there
are many examples of selflessness in the
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existing business world. There were many
even in the past. Unfortunately they were
never made part of the business school
curriculum. | give two outstanding
examples from the past, which are still
going strong.

Bosch

Bosch is a 130 vyear old German
multinational engineering and electronics
company, with an annual revenue of $ 50
billion. It is a familiar name throughout the
world. Not many people know that it is
owned by Bosch Foundation. Founder of
the company created a foundation to own
the company. Only 8% of the shares were
given to the family. It is still that way.
Foundation manages the company and use
the profit for charitable activities. If we are
looking for an example how business and
selflessness can be combined Bosch is a
good example. This is what | call type 2
social business, a company owned by a
trust or a foundation to solve human
problems.

Tata trust

Another example is again a household
word in many parts of the world,
particularly in South Asia. This is Tata.
Founder of Tata did the same thing 128
years ago. Two-third of the shares of Tata
group of companies, worth $118 billion, is
owned by Tata Trust.

There are endless examples, big or small,
old and new, all around the world. These
are examples of defiance of the capitalist
rules, but done in a smart way so that they
could not be excommunicated from

business world. They led the initiative to
create a new business world. These
examples could have been followed boldly
and massively. But orthodox theory of
business did not recognize them.

Corporates and social business

Besides individuals, corporates can also
invest in social business. Usually corporates
create foundations for their companies.
They can easily direct the foundations to
invest in social businesses. Foundations can
invest in regular companies, and make
money to invest in social businesses, like in
Bosch and Tata examples. In addition,
corporates can create social businesses as
their subsidiaries, can have joint ventures
with other social businesses. Already we
have many excellent examples of joint
venture social businesses created by
Danone, Veolia, Uniglo, Intel Corporation,
McCain, Euglena, and others.

Corporates can do something else. They
can invite their shareholders to sign a
"giving pledge". Shareholders will be asked
to give their consent to allow a percentage
of their dividends to be deducted to go
into a social business fund as their equity.
In case of necessity these shares in the
fund can be sold to another social business
investor at the face value. That way, their
money is not gone forever. Corporates can
use their annual CSR contribution to go
into a social business trust.

| have been trying to draw attention of
investment funds to a similar programme.
They manage huge funds. Total worldwide
assets invested in mutual funds alone
amounts $30 trillion. There are many types
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of investment funds. All put together it
amounts to an ocean of money.

My proposal to them is to give each
individual investor a choice whether
he/she would like to set aside, say, 2.5%
(or more, or less) of his assets to create a
sort of recoverable endowment fund.
Annual Income from this recoverable
endowment fund then can be invested in
social businesses. All that an investor has
done is to sacrifice the income of 2.5% of
his assets to achieve some social
objectives, without sacrificing his assets. If
the companies agree and the investors
agree this recoverable endowment fund
can potentially be enormous.

| have been suggesting to top policy-
makers of giant pension funds to apply the
same policy to create recoverable
endowment funds. Globally, pension funds
have a combined total assets of S 84
trillion. All they need to do is to take the
initiative to write to their investors about
the plan and seek their consent by signing
up. | did not get positive response vyet.
They explained that nobody will respond
positively to this idea because all that the
investors want is the growth of their funds,
they are not interested in giving. | politely
pointed out that they may be surprised by
the responses, they may be completely
contrary to their expectation. | tell them if
you don't ask you'll never know what
surprise is waiting for you. | have concrete
experience of seeing a Fortune 500
company asking a similar question to all its
shareholders and getting a totally
unexpected positive from 98% of
shareholders. Of course, not in every
occasion we may be as lucky as that. All

shareholders or investors may not sign up
after the first call. If some of them sign up
that will be the beginning of a great story.
It will snowball if the result produced by
social businesses is convincing.

It is all about taking initiative. It may begin
with one pension fund in one city. No
matter how small the response, it opens up
a door which may get wider over time. But
a beginning has to be made. We have no
reason to hide behind our age-old
conviction that investors are interested in
nothing but making money. They see
nothing else, and hear nothing else. We
must remain aware that the world and
people are changing. They have started to
behave differently. Their behavioral
pattern will continue to undergo changes.

Money generated from the recoverable
endowment fund borne out of pension
funds can be invested in taking care of all
old people, from the richest to the poorest,
with differentiated prices. It will create
social businesses to provide health
insurance, health facilities like hospitals,
clinics, nursing services, income
opportunities, hospice care, old peoples
home, housing, sports, travel etc.

Social business day

Whenever people look for ways to bring
down the wealth-gap they will find social
business as a very powerful tool to make it
happen. Social business will slow down the
process of accumulation at the top while
people at the bottom will build up their
asset base and retain whatever they earn.

We can play our role too. All of us can
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examine the concept to see if it makes
sense. Each one of us can come up with
social business ideas. Idea is the most
precious thing in social business. Each one
of us can decide to invest in social business
directly or through others who are involved
in it. We can earmark 5% of our annual
income and put it in a separate account,
sort of personal social business fund, to
invest in social businesses. To give a simple
idea, anyone can transform 5, 10, 25 or
more unemployed youth into
entrepreneurs. We can show you how we
are doing it. You may like it.

We hold a big event, a Social Business Day
each year. This year it will be held on July
28-29. In addition to sessions devoted to
exchanging experiences in social
businesses throughout the world, we will
hold Country Forums to let the delegates
from each country exclusively country-wise
sessions to discuss plans for social
businesses in their own countries. They will
bring business leaders, political leaders,
academics, foundation leaders, to
participate in these country forums.

You may like to think about what you can
do in slowing down wealth concentration.
You can play a role in reducing wealth gap
with some simple steps. Think about
creating your own "giving pledge" or create
a collective giving pledge with your friends
and your business partners. You may
decide to make a "will" now, to leave most
of your wealth or at-least half of your
wealth during your life time, to a social
business fund of your own, or to a trust
dedicated to solving human problems
through social businesses. You may think
about leaving all your companies in the

hands of a trust. That way your wealth will
perpetuate and grow as Bosch's and Tata's
grew, and contribute fundamentally in
changing the country, as well as the world.

| remind everyone that making money is
happiness, but making other people happy
is super happiness. Don't miss the super
happiness. It is better to act now, than
later, so that you can see things happening
and enjoy the super happiness resulting
from it, rather than waiting for things to
happen when you are no longer around.
Invite your children to run social business
funded by your trust or social business
funds. You will be surprised to see how
much they are enjoying doing that. Instead
of just being successful second generation
entrepreneurs they may become global
celebrities by creating and successfully
replicating social businesses globally. They
will enjoy being leaders of the new global
generation.

Anybody with above a certain level of
wealth may make a will to give away his or
her wealth to social business trusts or
funds. Their children may remain involved
in these trusts or funds, so that they don't
feel they are left out of the control of their
parent’s wealth. You'll be amazed how you
and your family can impact the whole
world.

If you wish to take any one of these
initiatives, we at Yunus Centre would be
happy to offer our services to make it
happen. Don’t hesitate to contact us. In
addition, to experiment with social
business you can create a joint venture
with your friends, or your international
business partners, and see how it feels. It
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could be as small as you want. Size is no
issue. The purpose is the issue. Bangladesh
has been a pioneer in bringing down
poverty by half. World has applauded it.
We can be the leader in reversing the
process of wealth inequality too. Instead of
allowing inequality to increase each year,
faster than previous year, we can make it
decline each year, as the economy grows.
Then we can call for a global Paris
conference (may be Dhaka conference) to
bring all the nations of the world to tell
the story how we made it happen, who did
what in the process. The conference will
end by inviting the UN to convene a
conference to let every nation declare a
deadline when it will stop the increase in
wealth gap and reverse the process. It
would be similar to the global commitment
to stop the increase in global temperature
and hold it under 1.5 degrees Celsius.

Conclusion

Wealth-concentration is a global threat. It
has already entered the danger zone this
year with 99% of wealth going to 1% of
people. Not only it is getting worse
globally, it is getting worse within nations,
and between nations. Wealth gap between
nations is always a threat to peace.
Historically some nations had accumulated
more wealth than others. Some nations
took unfair advantages over other nations
in accumulating their wealth. There are old
scores to settle and there are new scores
taking shape. This leads to confrontations,
conflict, and wars. If a nation feels
threatened they hike up their military
budget, which is shockingly huge already.
Present annual global military expenditure
stands at over $1.7 trillion. US alone

accounts for 39% of this total. If the
wealth-concentration within and among
nations become acute, social, political and
economic compulsions for armed conflicts
will become imminent.

The time is ripe for us to recognize the
gravity of the situation on wealth-
concentration, and take actions against it.
As we learn from the process of arriving at
an international consensus on global
warming, we can also initiate a similar
process to build a global consensus on
bringing the speed of wealth concentration
to zero in phase one, and making it
negative in phase two. Both global
warming and wealth concentration arise
from the same root -- a flawed economic
framework based on human greed.

We can undo both by reinventing ourselves
in the economic world as caring and
sharing human beings. We may aim at
creating a world of three zeros: zero
poverty, zero unemployment, and zero net
carbon emission. A world of diamond-
shaped wealth distribution. A world of
equality, harmony, peace and happiness. It
can happen only if we citizens get into the
action.
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Globalisation: Challenges and opportunities

Y. V. Reddy

Globalisation may be defined as the
process by which greater connectivity is
achieved in regard to ideas, goods,
services, finance, and people, across the
borders of nation states. The restrictions
on movement of people is a phenomenon
of early 20th century while globalisation as
a concept came into prominence in later
part of the 20th century. 21st century so
far has seen explosion of global finance,
then a crisis, followed by uneven recovery
and more recently a dampening of the
process of globalization, especially in
growth of trade and capital flows.

There are several areas of global economy
and national policies that would be
subjected to rebalancing as a result of the
global financial crisis. Such a rebalancing
will have to be based on three factors, viz.,
the lessons of experience from the events
leading to the crisis; the after affects of
policies undertaken to manage the crisis;
and, the evolving socio-political and
economic factors in different parts of the
world, including in particular demographic
profiles. Rebalancing has to include capital,
trade, employment, monetary system,
financial architecture, and above all, global
power balances.

Former Governor- Reserve Bank of India

Plot No.13, Ashwini Layout, Filmnagar P.O.
Jubilee Hills, Road No.70, Hyderabad — 500 096.
E-mail: office.dryvr@gmail.com

First, it was assumed that globalization of
finance will result in the capital flowing
from advanced economies to developing
economies, thus helping the developing
economies to accelerate their growth
potential. However, the global capital has
moved uphill, viz., from poor countries to
advanced economies, on a net basis. This
phenomenon may persist and even
intensify in the future.

Second, the global trade continues to be a
source of hope for growth for many
developing countries. However, the
enthusiasm for globalised trade is getting
moderated in advanced economies due to
the crisis and high levels of unemployment.
The extent of current unemployment in
advanced economies may be partly cyclical
and significantly structural. The technical
solution to solve this problem is improving
the productive capacity of the labour force
in advanced economies to match their
current standards of living, but their age
profiles make it difficult to improve skills
among them. The economic activity in
developing countries and in the global
economy are likely to increase significantly,
and hence trade among developing
countries is likely to grow faster than trade
between advanced and developing
economies. Some of the developing
economies may shift their demand to
consumption from investment, while in
some others, investment may gain priority.
The labour costs are likely to increase in
some of the developing economies.
Overall, replacement of  advanced
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economies as the locomotives of growth in
global economy by the emerging market
economies may be inevitable, but may
occur over a longer term than widely
believed.

Third, the employment trends in global
economy have been particularly disturbing
after the global financial crisis. The
globalization of capital has enabled capital
to move to areas where labour is least
expensive. This also brought about
unionization of global capital along with
deunionisation of labour at the national
level. The bargaining power of labour has
been considerably eroded both by
technological progress and breakdown of
its union power (capital is mobile across
countries, but labour is not), though this
phenomenon is more prevalent in
advanced economies than developing
economies. The interplay of employment,
demography, migration, and globalization
may be more challenging for public policy
in future. In addressing these issues,
inequalities and social cohesion within
each country may dominate the
discourses.

Fourth, the international monetary system
is described as non system because the
dominant global reserve currency, viz., U.S.
Dollar is not subjected to market discipline,
and is not bound by any globally agreed set
of rules. The weaknesses have been
recognised, but no feasible new system is
on the horizon. Replacement of one
national currency with another will not
solve the fundamental problems of such a
non-system. Replacement of one currency
with multiple currencies may diversify the
risks, but the externalities will push the

system towards dominance of one
currency. SDR is essentially an accounting
unit and not a currency. A global currency
is not feasible without a global monetary
authority endowed with powers to expand
money supply, contract money supply and
act as a lender of last resort, when
essential. In fact, the problems arising out
of current monetary non-system may be
more complex in future than those before
the crisis because of the threat to U.S.
Dollar position over the medium to long
terms, without a viable alternative.

The limitations of the present global
financial architecture comprising |IMF,
World Bank, WTO, and possibly G20, are
well-known.  Improvements in their
resources as well as governance have been
made, but by all accounts they are
marginal. There are signs of diminishing
returns from G20, though there is promise
of greater role in future. These
considerations give rise to a strong
possibility of lack of  substantial
improvement in global monetary and
financial systems, and possibility of greater
uncertainties and tensions in the global
monetary system and financial
architecture.

Fifth, there are efforts to improve the
financial regulation in the global economy,
and in particular designing minimum
standards of regulation in different
countries. Regulation of cross-border
activities and financial conglomerates, has
gained attention, particularly after the
recent developments. There is
considerable skepticism about effective
regulatory regimes in the major
international financial centres simply
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because they can continue to be global
financial centres mainly through soft
regulation. Further, globalization of finance
without globalization of fiscal management
may pose problem as illustrated by the
experience in Euro Zone. Experience has
shown that financial sector problem
spillover into fiscal, and fiscal problem can
impact financial sector in a variety of ways.

Finally, there is an increasing recognition
that global power balances would shift
from West to the East, and in particular, to
Asia. There is considerable consensus that
incremental economic activity in the global
economy and incremental trade will shift
considerably to the developing economies,
in particular, Asia. It is not very clear
whether financial intermediation will
undergo a corresponding shift. More
important, in terms of institutional capital
and human capital, the advanced
economies are way ahead of the
developing economies. The shift of global
power balances is also influenced by the
social and cultural factors.

India will inevitably be an important part of
the shift in power balances.
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Out of the bubble: Heritage professionals in times of increasing
polarization

Hester Dibbits

In our globalizing world, identity politics
seems to be gaining momentum. How can
heritage professionals respond? Is it their
job to select tangible or intangible heritage
items and use them to create attractive
and collective narratives, with the aim of
establishing a strong sense of group
identity? Should they support initiatives
towards the establishment of fixed
heritage repertoires, linked to a fixed set of
standards and values, hoping that all
citizens can identify with those, behave in
accordance with them, convey them, and,
in doing so, feeling part of a collective, a
community?

Embarking on identity politics may make
some heritage professionals feel
uncomfortable, since it inevitably implies
exclusion. Collectives can bring about
solidarity and a sense of pride; they can
empower, offer the possibility to claim
rights on behalf of the group, but at the
same time they are rigid: collective
identities do not always match personal
identities, solidarity remains confined to
one group, and the leaders of the
collectives become the “representatives”
of the group (McCarry and Jasper 2015, 3).

Head of the research group Cultural heritage & MA
Museology programme director, Reinwardt Academy,
Amsterdam University of the Arts, Hortusplantsoen 1-3,
1018 TZ Amsterdam | Endowed Professor, Historical Culture
and Education, Erasmus School of History, Culture and
Communication, Erasmus  University — Rotterdam, POBox
1738, 3000 DR Rotterdam.

E-mail: hester.dibbits@ahk.nl

In his book Liquid Times (2007), sociologist
Zygmunt Bauman describes “the paradox
of an increasingly local politics in a world
increasingly shaped and reshaped by global
processes”. He notes that “the more
[people] 'stick to themselves', the more
'defenceless against the global whirlwind'
they tend to become, and so also less
capable of deciding, let alone asserting, the
local, ostensibly their own, meanings and
identities — to the great joy of global
operators, who have no reason to fear the
defenceless” (Bauman 2012, 113). Bauman
is referring here to the “local identity
politics” deployed to stay on top of the
global whirlwind, but one can argue that
national identity politics springs from a
similar need. The outcome is a getting
together of like minds.

According to sociologist Richard Sennett,
the desire to resemble each other is
people's way of avoiding the necessity to
get to know each other. But, Sennett says,
there is hope. As it happens, people have
the talent to observe, to listen, and to
imagine other people's points of view. We
sort of neglected this talent, but the
problem can be fixed: with the right
guidance, it can be developed (Sennett
2013). One may wonder if appealing to a
past as a form of identity politics is the
solution. By using an appeal to the past to
establish the essence of the collective in
the present, one creates the notion that
there would be something like a people, a
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tribe, with descendants sharing a past
through inheritance. This notion may
appeal to those who (wish to) consider
themselves descendants, but what if we
want to get rid of the idea of such a tribe?
We need a different approach; one that
enforces the breaking of bubbles.

To enforce the breaking of bubbles, one
could argue for an active quest for
alternative voices (to be confronted with
each other in conversation) and the
visualization of these different voices. This
comes down to addressing the different
views, interests and emotions existing and
arising around a heritage item. Heritage is
a hallmark attributed in an interplay of
forces involving a diversity of interests and
emotions. Heritage is not a given. It comes
about whenever it is advanced, rooting in a
desire for collectivity and continuity.
People turn things into heritage by
labelling them as monuments, housing
them in museums or putting them on
inventories — looking to the future with
reference to the past. The selection
process does not take place without a
struggle, and the result is in no way
neutral. If only the like-minded are
gathered around a heritage item, it is
impossible to gain insight in any latent
conflicts. Given the fact that heritage
professionals are among the participating
parties, they cannot operate without a
profound understanding of the dynamic
character of the above mentioned
interplay of forces concerning interests and
emotions, and the context-bound nature
(time, place, group) of the result.

But heritage professionals can do more
than that. They can help other people to
develop such an understanding. How?

The Amsterdam based organisation
Imagine IC* and the Reinwardt Academy
(Amsterdam University of the Arts) started
researching the notion of “emotion
networks” — the fickle, emotional
constellations surrounding heritage items.
We made steps towards the development
of a tool that shows how people — by
getting out of their “bubble”, and
exchanging thoughts about heritage items
in varied company — can change their
positions, and, who knows, even get nearer
to each other. In the present phase, we
aim  for  visualization, imagination,
mirroring, displaying the multitude of
voices and the shifts that might occur in
people's positions (Dibbits and Willemsen
2014; Rana, Dibbits and Willemsen under
revision). In addition, we investigate how
the multi-voice and multi-time approaches
could be combined, making museal
collections and archives accessible in a
multi-voice way, in retroaction.

One of our main aims is to help developing
heritage skills, which we consider to be
part of a form of critical heritage education
with lessons about heritage formation,
including people's roles and
responsibilities. Is this a complicated
process? Not necessarily so. Inviting people
to think about heritage making as a
process, almost any heritage item can
function as a case, as long as one takes a
the multi-voice approach. Projects can be
limited in size: it keeps things workable. It
offers the possibility to gradually move
towards a cooperation with others who
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work from a similar critical perspective. It
seems obvious to think of the arts sector
here, but other sectors might also provide
interesting opportunities for cooperation.
By cooperatively investing in critical
heritage education, heritage professionals
may help to stop polarization and this, in
the end, is what we aim for.
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* Imagine IC “pioneers the heritage of
contemporary living together”. It is based
in  Amsterdam Southeast, a 1960s
metropolitan  extension. Upon  the
Surinamese  independence in 1975,
considerable numbers of people of
Surinamese background came to inhabit
the area. Until today, it has daily received
new people from all over the world. In the
house that Imagine IC shares with the local
branch of the Amsterdam public library,
young people from the neighbourhood and
the city challenge concepts of who “we”
are.
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Why is Marx the most influential thinker of all times?

Goran Therborn

A recent issue (no. 5 2017) of the leading
German liberal weekly Die Zeit devoted
upper half of its large front page to asking ”
Was Marx right after all?” The answer was
somewhat half-hearted, as liberalism often
is, At least in some respects, referring
primarily to the galloping inequality and
the sundering of the current capitalist
world.. Germany’s most powerful liberal
economist, decdared, "Marx’ s crisis theory
is highly relevant today”.

The global influence of Karl Marx is one of
the most remarkable facts of intellectual
history. No other non-religious thinker can
rival it remotely. Among human beings,
only the founders of the world religions
have had more impact. Mass political
parties and movements have formed out
of his ideas, revolutions have been made
under his inspiration, state governments
on all continents have invoked him.
Marxist or Marxian social thought and
social science have developed in places of
research and higher learning all over the
world. Like all classics Marx has had cycles
of boom and recession, and of strongly
variable readings and interpretations, but
he remains the intellectual pivot of the
modern world, in the South as well as in
the North. How can Marx’s unique position
of influence and inspiration be understood
and explained?

Professor emeritus of sociology, University of
Cambridge.
E-mail: gt274@cam.ac.uk

The Marx phenomenon has to be grasped
as a concatenation of several factors.

First of all, Marx was the most profound
critical analyst of the economic system
which has come to dominate the whole
world, capitalism. Its spatial expansion and
acceleration have given name to our
current epoch, globalization. Only a
minority of current Marxists would claim
that Marx was completely right in his
analysis of capitalism. Most will hold that,
for instance, the labour theory of value,
which Marx fetched from Ricardo, is
untenable. What made Marx’s analyses of
capitalism so influential is not that they
were all true, but their historical approach
and remarkable foresight, their dialectical
perspective, their comprehensiveness,
analytical edge, and, in crucial parts,
accessible language.

Marx wrote at the beginning of the
capitalist revolution, on the threshold of its
international breakthrough. Marx studied
in detail the most advanced form of
capitalism in mid-nineteenth century, the
British, and he predicted its coming
conquest of the world. The fundamental
basis of Marxian economics was a historical
approach to an  epochal social
transformation just started.

At the same time as he was predicting
capitalism’s conquest of the world, he
alerted his readers to its contradictions, its
recurrent crises, and its generation of its
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own resistance, the working class and class
struggle.

Both these central predictions turned out
true, validated by historical development.
Industrial  capitalism  triumphed and
spread. The working class grew and
resisted. It formed trade unions and labour
parties, which, to varying degrees
succeeded in civilizing capitalism. No social
theorist or analyst of modern times has
made predictions of comparable scope,
boldness, and accuracy.

The range of Marx’s analyses of capitalism
meant that different readers at different
times could find arguments of particular
interest to them. Among liberal readers,
around 2000 the New York Times
ideologue Tom Friedmann and others
became fascinated with the Communist
Manifesto for its prescient portrait of
capitalist globalization 150 years later, and
today’s serious liberal economists are
reading Marx for the relevance of his crisis
theory. On the intellectual left, faced with
the onslaught of postmodernism in the late
1970s-1980s, an American Marxist, Marshall
Berman, picked up courage from his
discovery that Marx was a modernist.
Nobody had thought of that before,
although in fact it was there for all to see.
In the first eight pages of the Communist
Manifesto Marx talks about “modern”
twelve times, modern industry, modern
bourgeois society, modern working class,
modern state power etc. And in his preface
to the first edition of Capital he said that
his “ultimate purpose” was to “disclose the
economic law of motion of modern
society”.

But his most important readers were the
ones who were most exconcerned with
what he had to say about capitalist
exploitation, capitalist misery, and the
possibilities to resist, and to overcome
them. Marx lived and wrote in the dawn of
the modern class of wage-workers, at the
outset of the first big strikes, the first trade
unions, the first political mass organization
of workers — the British Chartists -, and the
very beginning of workers taking part in
urban revolutions — for whom the
Communist Manifesto was written. Marx
was a leading figure in the first workers’
International, of 1864.

Marx’ dialectical critique of capitalism
provided the incipient, growing working
class movement with an enormous self-
confidence and resilience. In spite of their
still limited numbers and despite the well-
entrenched power of pre-capitalism as well
as of capitalism, working class militants
saw themselves as carriers of a better
future. Without elaborating any
prescriptions Marx also gave that future a
name and a visible horizon to strive
towards, socialism and communism.

Marx grew up in the aftermath of the
French Revolution, and his work was
focused on Europe, before the late 19th-
early 20th century heyday of European
capitalist imperialism. It was Lenin and the
Russian Revolution which put Marxist
analysis at the centre of modern anti-
imperialism. Marxism became also the only
social science and political theory of anti-
colonialism. Marx got millions of new
readers and admirers in Asia, Latin
America, and Africa, and Marxism came to
inspire eventually victorious class-based
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nationalist parties and movements, in
China, Vietnam, Indonesia, India, and other
countries.

In the last quarter of the 20th century, the
word turned. De-industrialization and
financialization in the centres of capitalism
dealt a heavy blow to the working class
and the labour movement. The attempts at
socialist industrialization, in Russia, China,
Vietnam etc. reached their limits and
imploded or were abandoned. Socialism
disappeared from the horizon.

However, we have already seen that Marx
has not become obsolete. New interests in
and angles on his work are recurring, in
many places. There are two main reasons.

First, we are still living under capitalism,
with its contradictions, class cleavages,
class conflicts, and its crises. In Marx’s
work and in a Marxian approach there is a
rich, enormously important research
agenda, about the implications of the new
post-industrial dynamics of capitalism and
its crises, about the resistance potential of
the new, huge East Asian industrial
working class, about the stability or
instability of global capitalism in its
intertwining with new social landscapes, of
new class configurations, of the resurgence
of  religious, ethnic and other pre-
capitalist cleavages, under the darkening
cloud of climate change.

The other reason is the moral and
intellectual example of Karl Marx, as a
proponent of emancipatory reason, as a
critical intellectual committed to the
struggles and the liberation of all the
downtrodden and oppressed.
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The punitive regulation of poverty in the neoliberal age

Loic Wacquant

How and why has the prison returned to
the institutional forefront of the advanced
societies, when four decades ago analysts
of the penal scene were convinced it was
on the decline, if not on the path toward
extinction? In my book Punishing the Poor,
| make three arguments to resolve this
historical conundrum. First, the expansion
and glorification of the police, the courts
and the penitentiary are a response not to
criminal insecurity but to the social
insecurity caused by the casualization of
wage labor and the disruption of
ethnoracial hierarchy. Second, we need to
reconnect social and penal policies and
treat them as two variants of poverty
policy to grasp the new punitive politics of
marginality. Third, the simultaneous and
converging deployment of restrictive
“workfare” and expansive “prisonfare”
partake of the forging of the neoliberal
state.

Ramping up the penal state in response to
social insecurity

My first thesis is that the ramping up of the
penal wing of the state is a response to
social insecurity, and not a reaction to
crime trends. In the three decades after
the peaking of the Civil Rights movement,
the United States went from being a leader
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in progressive justice to apostle of “zero
tolerance” policing, architect of “Three
Strikes and You’re Out,” and world
champion in incarceration. Why? The
conventional answer is that this
stupendous expansion of punishment was
driven by the rise in crime. Mais voila,
victimization first stagnated and then
decreased during this entire period.
Consider this simple statistic: the US held
21 prisoners for every 10,000 “index
crimes” in 1975; thirty years later, it locked
up 125 prisoners for every 10,000 crimes.
This means that the country has become
six times more punitive, holding crime
constant.

To explain this punitive turn in penal policy
in the United States, we need to break out
of the crime-and-punishment box and pay
attention to the extra-penological
functions of penal institutions. Then we
discover that, in the wake of the race riots
of the 1960s, the police, courts and prison
have been deployed to contain the urban
dislocations  wrought by  economic
deregulation and the implosion of the
ghetto as an ethnoracial container, and to
impose the discipline of insecure
employment at the bottom of the
polarizing class structure. As a result, the
resurging prison has come to serve three
missions that have little to do with crime
control: to bend the fractions of the
postindustrial working class to precarious
wage-work; to warehouse their most
disruptive or superfluous elements; and to
patrol the boundaries of the deserving
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citizenry while reasserting the authority of
the state in the restricted domain it now
assigns itself.

If you cross the Atlantic, you will note that
Western Europe sports comparatively
modest rates of confinement, ranging from
one-sixth to one-tenth that of the United
States. But this must not hide two crucial
facts. First, penalization takes many
different forms and is not reducible to
incarceration. Second, incarceration rates
have shown steady and sturdy growth
across Western Europe since the early
1980s: they have grown by more than one-
half in France, Italy, and Belgium; nearly
doubled in England and Wales, Sweden,
Portugal, and Greece; and quadruple in
Spain and the Netherlands, long held up as
model of humane penality. In reality, a
drift towards the penalization of urban
marginality has swept through Western
Europe with a lag of two decades, albeit on
a smaller scale (commensurate with the
makeup of the state and social space in
these societies).

This drift presents three distinctive
features. First, the new penal laws
embraced by European governments
typically “bark” louder than they “bite”
because the texture of social and economic
citizenship is more robust, human rights
standards thwart excessive criminalization,
and judicial professionals have been able
to resist penal extension from within the
state apparatus. But hyping “insecurity”
and promoting crime-fighting in and
around districts of dereliction to the rank
of government priority, ahead of fighting
unemployment in these same areas, has

definitely shifted government priorities in
favor of penal posturing and action.

Second, European societies endowed with
a strong statist tradition are using the front
end of the penal chain, the police, rather
than the back end, the prison, to curb
social disorders and despair in low-income
districts. One example: in France, the
inmate population has risen by one-third
over the past decade, but during that same
period the number of persons arrested and
held overnight for a “garde a vue” in a
police lockup nearly tripled to approach
the extravagant figure of one million.
Third, instead of a brutal swing from the
social to the penal management of poverty
as in the United States, continental
countries have intensified both, expanding
welfare protection and police intervention
simultaneously in a contradictory thrust
that has both stimulated and limited the
extension of the punitive mesh.

These three features define a “Western
European road” to the penalization of
poverty which is not that of the United
States. Yet, from a longer macro political
perspective, the dominant trend is similar:
a punitive revamping of public policy that
weds the “invisible hand” of the market to
the “iron fist” of the penal state.

Relinking social and penal policy

My second thesis is that we must relink
shifts in penal and social policy, instead of
isolating them from one another. The
downsizing of public aid, complement by
the shift from the right to welfare to
obligation of workfare (that is, forced
participation in subpar employment as a
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condition of support), and the upsizing of
the prison are the two sides of the same
coin. Together, workfare and prisonfare
effect the double regulation of poverty in
the age of deepening economic inequality
and diffusing social insecurity.

My contention here is that welfare and
criminal justice are two modalities of
public policy towards the poor, and so they
must imperatively be analyzed -and
reformed—together. Supervisory workfare
and the neutralizing prison “serve” the
same population drawn from the same
marginalized sectors of the unskilled
working class. They are guided by the same
philosophy of moral behaviorism and
employ the same techniques of control,
including stigma, surveillance, punitive
restrictions, and graduated sanctions to
“correct” the conduct of their clients. In
some states in the United States, TANF
(welfare) recipients stand in line together
with parolees to undergo their monthly
drug tests to maintain eligibility for
support. In others, parolees who fall into
homelessness because they cannot find a
job are returned to prison for failure to
maintain a stable residence.

Nowadays, you cannot track penal policy
without reckoning with social policy, and
vice-versa. You cannot understand trends
in offending without factoring in the sea
changes in welfare provision, public
housing, foster care, and related state
programs, including the oversight of
irregular migration that set the life options
of the populations most susceptible to
street crime (as both perpetrators and
victims).

Crafting the neoliberal state

My third thesis is that the meshing of
workfare and prisonfare partakes of the
making of the neoliberal state. Economists
have propounded a conception of
neoliberalism that equates it with the rule
of the “free market” and the coming of
“small government” and, by and large,
other social scientists have adopted that
conception. Problem is that it captures the
ideology of neoliberalism, not its reality.
The comparative sociology of actually
existing neoliberalism reveals that it
involves everywhere the building of a
erection of a Centaur-state, liberal at the
top and paternalistic at the bottom. Then
neoliberal Leviathan practices laissez faire
et laissez passer toward corporations and
the upper class, at the level of the causes
of inequality. But it is fiercely
interventionist and authoritarian when it
comes to dealing with the destructive
consequences of economic deregulation
for those at the lower end of the class and
status spectrum. This is because the
imposition of market discipline is not a
smooth, self-propelling process, it meets
with recalcitrance and triggers resistance;
it translates into diffusing social instability
and turbulence among the lower class; and
it practically undermines the authority of
the state. So it requires institutional
contraptions that will anchor and support
it, among them an enlarged and energetic
penal institution.

Conclusion

The linked stinginess of the welfare wing
and munificence of the penal wing under
the guidance of moralism are profoundly



88 Insights on Global Challenges and Opportunities for the Century Ahead

injurious to democratic ideals. As their
sights converge on the same marginal
populations and districts, deterrent
workfare and the neutralizing prisonfare
foster vastly different profiles and
experiences of citizenship across the class
and ethnic spectrum. They contravene the
fundamental principle of equality of
treatment by the state and routinely
abridge the individual freedoms of the
dispossessed. Moreover, they undermine
the consent of the governed through the
aggressive deployment of involuntary
programs stipulating personal
responsibilities just as the state s
withdrawing the institutional supports
necessary to shoulder these and shirking
its own social and economic charges. In
short, the penalization of poverty splinters
citizenship along class lines, saps civic trust
at the bottom, and sows the degradation
of republican tenets. The establishment of
the new government of social insecurity
wedding  restrictive  workfare  and
expansive prisonfare discloses, in fine, that
neoliberalism is constitutively corrosive of
democracy. Yet, it is the result of policy
choices, not a preordained necessity. Other
historical paths out of the turmoil of the
1960s and the stagflation of the 1970s
were open, and remain open. But to locate
them we must first elucidate the overall
architecture of the institutional maze
which contains them, and the deep causes
of the shift to the punitive management of
poverty. It is my hope that the debates
and discussions on this Open Democracy
forum will be yet another step in that
direction.

1. Punishing the Poor: The Neoliberal
Government of Social Insecurity (Duke
University Press, 2009)

2. These rate ranges from the 70s per
100,000 residents across Scandinavia to
just over 150 per 100,000 for England,
Scotland and Spain.

3. This “route” differentiates further into
distinct national paths in accordance
with each country’s state structure and
conception of citizenship.

4, For  further developments, see
LoicWacquant, “Crafting the Neoliberal
State: Workfare, Prisonfare and Social
Insecurity,” Sociological Forum 25.2,
Summer 2010, pp. 197-220.
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includes the trilogy, Urban Outcasts: A
Comparative  Sociology of Advanced
Marginality (2008); Punishing the Poor: The
Neoliberal Government of Social Insecurity
(2009); and, Deadly Symbiosis: Race and
the Rise of the Penal State (2011). See
loicwacquant.net for more.
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Former manual scavengers ‘untouchables’: How innovative learning and
skill-building transformed their lives

Bindeshwar Pathak

Reaching out to the most marginalised

Historically dehumanised as untouchables,
Dalits constitute 16 per cent of India’s
population and suffer from terrible socio-
economic discriminations. A section of
them, and mostly women, do scavenging,
which means they crawl into the dry or
bucket latrines, collect the human excreta
with their bare hands, and carry it as head-
load in a container to dispose it off. The
women scavengers represent a large
number of people in the world who
variously suffer from most severe forms of
caste, class and gender discriminations.
Employing scavengers to clean excreta is
now punishable under the law, yet this
work continues in many semi-urban areas.
Sulabh  International  Social  Service
Organisation was established in 1970 to
build a movement for liberating manual
scavengers and eradicating open
defecation through a safe and affordable
toilet technology. We invented such a
technology and over the years constructed
a large number of household and public
toilets all over India.

Founder, Sulabh Sanitation and Social Reform
Movement

Brand Ambassador, Swachh Rail Mission

Sulabh Gram, Mahavir Enclave, Palam-Dabri Road,
New Delhi-110 045, India.

E-mail: info@sulabhinternational.org
sulabhinfo@gmail.com

Website: http://www.sulabhinternational.org/
www.sulabhtoiletmusem.org

But, our real success lies in helping abolish
scavenging and bringing scavengers in to
the social mainstream. We have run
several campaigns to end scavenging in
different parts of India, and here is an
account of Sulabh’s campaign for providing
vocational education and self-employment
to the scavenging dalit women of the
towns of Alwar and Tonk in the state of
Rajasthan.

Innovative education and training for
gainful employment

Till our intervention, these women cleaned
and disposed human excreta with their
bare hands from houses lacking flushing
toilets to eke out their living. Our challenge
was to devise appropriate modules for
their basic education and skill-building that
were essential for ensuring their
alternative employment without which
they could not be freed from poverty,
hunger and poor health.

Sulabh established a centre in Alwar in
April 2003 with this aim. Against severe
odds and scepticism of the local people,
this centre was started with the active
support of socially conscious scavenging
women. We encouraged these women to
give up scavenging and learn vocational
skills that would help them get better
employment. We convinced them and
their family members on the importance of
health and hygiene, as they lived in filthy
surroundings and manually cleaned human
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excreta, alongside giving them functional
literacy and numeracy. We took their
feedback into account and created a
training module to develop their skills in
food processing, cutting and tailoring,
carpet making, embroidery, beauty care,
bag making, etc.

Considering their poor condition, we gave
the trainees a monthly stipend. Such
courses are normally designed for six
months or one year, but we made it a two-
year course, as they had been doing
nothing except scavenging, for
generations. When the first batch of
women joined the training centre, 97 per
cent of them were illiterate. During the
training all were taught to read and write
and operate their bank accounts. After
training, 115 women have learnt to
successfully market the goods they
produce. Now these women have
organised themselves into self-help groups
and are availing credit facilities from banks
to buy raw material before making and
selling their products in the market, and
thus earn a steady income.

The people who once considered them as
‘untouchable’ are now buying their food
products. Their dal, papad and vermicelli
are in great demand in local markets. The
women trained in beauty-care now are
providing service at the homes, the doors
of which were earlier closed to such
‘untouchables’. Thus, our initiatives have
produced encouraging social impact.
Untouchability has become a thing of the
past in Alwar.

Among the liberated scavengers from
Alwar, Usha Chaumar who rose to become

the President of Sulabh International and
Guddi Athwal, who attended the World
Water Forum in 2012 at Marseille, France,
and the World Toilet Summit (2012) in
Durban.

Alongside these developments, all dry
buckets or pit-latrines (which need to be
cleaned manually) have been converted
into hygienic Sulabh toilets, thus making
Alwar a scavenging-free town from 2008
onwards, the Alwar experiment has been
successfully replicated in the neighbouring
town of Tonk.

Lessons we learned

There is deep urge among the hitherto
uneducated and under employed women
to get educated and gain a rewarding
employment. If the suffering women are
given effective means and tools, they are
more than willing to break their shackles.
An integrated holistic approach is required
to solve their problems because the socio-
economic and gender inequality do not
exist in isolation, but in close proximity
with each other. The question of education
and employability of women and men in
India or elsewhere is essentially the
question of their liberation from various
forms of structural subjugation which are
cultural, social, economical, educational,
psychological, and thus all pervasive.
Therefore, a larger social movement for
equality must accompany any campaign for
health, education and empowerment of
the suffering people.
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Mountaintop removal in appalachia: Environmental degradation and the
pollution of the waters of the USA by the fossil fuel industries

Maria Gunnoe

Water, air and land unite life across all
boundaries. | have fought for decades to
protect the air, water, and land of where |
live in the southern Appalachian
Mountains from the impacts of coal. Since |
first saw mountaintop removal coal mining
(MTR) as a child near my community of
Bob White, West Virginia, | have feared
what it would one day bring. Today in
West Virginia alone, well over a million
pounds of explosives, the equivalent of
over a thousand tomahawk missiles, per
day are used to blow the tops off the
mountains to get to the coal that powers
many parts of the world. More than 500
mountains in the region have been
flattened by this mining technique, and
over 2,000 miles of streams have been
buried or polluted. The people of our
communities (our culture) are dependent
on the mountains, the clean water and
productive land to survive. Throughout my
struggle to protect my water, land and air |
have met hundreds of thousands of people
globally that share the same concern for
the future of a healthy, livable
environment.

| have witnessed clean water resources
throughout the US being polluted and
people being made unhealthy by the
pollution of the fossil fuel industries.

North American Goldman Prize Winner 2009, Wallenberg
Medal for Human Rights 2012, Organizer with Coal River
Mountain Watch, PO BOX 494, Van WV, 25206.

E-mail: wvhollowgirl@gmail.com

The government agencies turn a blind eye
and protect industry profit while people
suffer from the health impacts of
environmental degradation and the
pollution of life-giving water resources
throughout our country. | fear again what
this may bring to my grandson’s future.
There is no security, health, peace or hope
where water is poisoned and the land and
air surrounding communities is destroyed
forever. Ultimately, the children pay the
price for the consumption of these
resources, and they unknowingly pay it
with their future clean water, air, land and
the ability to live healthy lives.

In 2014, a coal-cleaning chemical spilled
into the Elk River from where the municipal
water was drawn to supply the water
treatment plant that piped water to
300,000 people across nine counties.
Suddenly 300,000 people were just like
me, without healthy water. Even worse,
the chemical had never been studied for its
impact on human health. Our people are
the first “live experiment” of this chemical
on humans. Everyone across nine counties
in West Virginia spent weeks struggling to
have any healthy water at all. Most of the
groundwater resources have been polluted
by the coal industry throughout this nine-
county area, so that was not an option for
good water either. In Flint, Michigan, the
people are now going on for three years
with no good water. In Standing Rock,
North Dakota, my Native Brothers and
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Sisters struggle to protect all that makes up
their lives and culture. They are up against
a government and industry that value
nothing but money.

The Ohio River, drinking water for millions,
is one of the USA’s 10 most polluted
streams. The headwaters of the Ohio River
begin where | live. The small tributary
streams have nearly all been permitted to
become pollution spillways by our state
and federal government agencies. The
coal, chemical and gas industries use our
streams and our underground aquifers as
their dumping grounds for their toxic waste
with no regard for the need of the people
for clean healthy water. The government
is permitting these waters to be polluted
and even increasing the allowable amount
of pollution, all while making it easier to
blow up even more mountains and impact
more people's health. There have been
nearly 30 peer-reviewed scientific reports
that show that MTR is causing fatal health
problems, many associated with the
airborne dust from blasting, and these
have been mostly ignored by the politicians
and coal companies.

These agencies also allow the coal
companies to operate massive sludge dams
holding back millions of gallons of coal
waste above our communities. These do
fail. In 1972 one in Buffalo Creek, West
Virginia, failed. It released 132 million
gallons of liquid coal waste. The Buffalo
Creek dam failure devastated 17
communities. In the end 125 people were
killed including entire families. One of
these families was part of my family. 4000
people were left homeless. This event was
dismissed as an “act of God” by both the

coal industry and the politicians of our
state. People continue to suffer today from
post-traumatic stress disorder caused by
the Buffalo Creek disaster 45 years ago.
The government and coal operators care so
little about what they had done that they
continued to build hundreds of massive
sludge dams over our communities
throughout Appalachia since the failure at
Buffalo Creek. Then in 2000, in Martin
County, Kentucky, over 300 million gallons
of coal sludge broke through the bottom of
a sludge dam built over abandoned mines.
Thankfully there was no loss of life in this
failure. Living here, you know it's only a
matter of time before the next one fails.
There are 14 sludge dams that could fail at
any time in only a 25 mile stretch of the
Pond Fork River.

People often wonder why | don’t just leave
where the mountains are exploding and
water and air have been poisoned. | have
to ask if they realize what is upstream from
their water resource. Now most places are
impacted by fossil fuel extraction. It’s just
not as obvious as it is when mountains are
being blown up and streams are being
buried in rubble. In the USA there is no
safe place left to run. People nationally
have no choice but to take a stand and
fight to stop the degradation of our living
environment.

The Appalachian people’s work has been
used as an example globally to encourage
people of all nationalities and ethnicities to
fight for the protection of the resources
that support life. Protecting this not only
protects the very culture we live here in
our mountains, it protects all cultures and
all future generations of people. We do
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unite as a planet. No matter what our
global politicians say about us as people |
believe we all want good for one another.
The protection of global water, air and
land resources is the obligation and
responsibility of the people who depend
on that no matter where it is. It is your
children's life. Protect it.

Without a clean, renewable energy plan
that doesn’t kill the land, the air and the
people globally, there will be no healthy
future generations. We have the
technology and the ability to supply our
needs with clean, renewable energy, but
leaders around the world are in the grip of
fossil fuel industries. Living the impacts of
coal for the past 48 years has honestly
been hell on this earth but it has taught me
many things. One of those many things is
that our global environment and our global
societies are being impacted by ongoing
bad decisions by people in power and
people of great wealth. Another is that our
global energy plan is deeply connected to
the destruction of a living environment and
the corruption in global politics. One more
thing that | have learned is that by
protecting your own community you are in
turn protecting other communities and
future generations. We are a world apart,
but we share many things. Every one of
every walk of life deserves clean energy,
clean water, clean air and healthy,
productive land to flourish on. Only then
we will be great and only then will our next
generations live in peace and health.
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Some myths about language

Duggirala Vasanta?, Aditi Mukherjee? and Dipti Mishra-Sharma?

‘Language’ was traditionally viewed only as
a purely symbolic representational system
used by human beings via auditory-vocal
channel. A consensus seems to be
emerging across language-related fields
that language is not a static entity fixed in
the mind of a ‘native speaker’ in a
‘homogenous speech community’. At a
time when world over bi/multilingualism is
becoming a norm rather than an exception,
it is important to question certain received
notions about language.

In a multilingual society like ours, people
may have several native languages with the
order of acquisition not being an indicator
of their linguistic ability in any given
language. This is because different codes
are appropriate for performing different
functions in everyday life.

1. DuggiralaVasanta was formerly Professor and
Head of the Department of Linguistics at Osmania
University, where she is currently working as UGC-
Emeritus Fellow.

E-mail: vasantad@gmail.com

2. Aditi Mukherjee was formerly Professor and Dean
(faculty of Arts), at Osmania University. Currently she
is working as a Senior Research Scientist at the
International Institute of Information Technology
(IlIT), Hyderabad.

E-mail: Mukherjee.aditi@yahoo.com

3. DiptiMisra Sharma is currently the Head,
Language Technologies Research Centre (LTRC) at
the International Institute of Information Technology
(IlIT), Hyderabad.

E-mail: dipti@iiit.ac.in

In South Asian communities, people are
open to negotiating diverse languages in
their everyday life...they do not depend on
pre-constructed grammars, in fact they do
not even depend fully on verbal medium.
Instead, they rely on language ecology —
the objects in the communication setting,
the context, the body, and even gestures.
The non-autonomous nature of language is
also supported by recent advances in
language technology. Machine translation
for example has opened-up the possibility
of helping individuals to interact with one
another without having to learn to speak /
write different languages. In this short
paper, we address some commonly held
myths about language, and offer
explanations that we hope will help
demystify

Myth 1: Sanskrit is the ‘mother’ of all
Indian languages.

This is a very common misconception. The
population of India today consists of
diverse groups of people who belong to
different stocks and speak languages from
different language families. A language
family is a group of related languages that
developed from a common historic
ancestor. There are four major language
families in India: Indo-Aryan, Dravidian,
Austro-Asiatic and Tibeto-Burman. An
earlier version of Sanskrit came to India
with the advent of the Aryan migration.
The language these ancestors spoke is
termed as Indo-Aryan which was the
mother of modern Indian languages like
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Assamese, Bengali, Gujarati, Marathi, Hindi
etc. The Aryans were not the first
inhabitants of the country. People of the
Dravidian stock were already present —
their language is the mother of modern
Indian languages like Kannada, Tamil,
Telugu, Malayalam etc. There were also
groups of people (known to us today as
‘adivasis’, literally meaning the ‘original
inhabitants’) who spoke Austro-Asiatic
languages like Munda, Khasi etc. In the
North-East of India there are groups of
people that speak languages like Bodo, Ao,
Angami, Meitei etc. that belong to the
Tibeto-Burman family.

These groups of people have co-existed for
hundreds of years resulting in widespread
multilingualism, necessitated by the need
for communication across groups. The
prolonged contact among the diverse
groups had given rise to not only social
intermingling (including inter-marriages)
but extensive cultural and linguistic
borrowing/blending. It is true that over a
long period of time many Sanskrit words
have been borrowed by languages of non-
Indo-Aryan families for various socio-
cultural factors (giving rise to the myth that
Sanskrit is the mother of ‘all’ Indian
languages). But it is equally true that
Sanskrit has also borrowed words from
Dravidian and Austro-Asiatic languages.
The mutual borrowings among the
languages of different families have not
been restricted to words alone. There has
also been structural convergence to such a
large extent that the today’s India,
notwithstanding its linguistic diversity can
be identified as one ‘linguistic area’ with a
host of shared structural features that

distinguish it from other languages of the
world.

Myth 2: Borrowing from other languages
or language-mixing ‘spoils’ the purity of a
language

One of the consequences of language
contact and multilingualism is mutual
‘borrowing’. In the history of the world
there has been no language that has not
taken words from other languages it has
come in contact with. In that sense the
notion of linguistic ‘purity’ is vacuous. In
fact, instead of spoiling its purity,
borrowing from other sources enriches a
language. English is a fine example of
enrichment by borrowing. It has
extensively borrowed from European
languages like Latin and French in different
scientific and cultural domains. It has
borrowed many words from Indian
languages -- ‘sepoy’, ‘pundit’, ‘juggernaut’
being only a few examples. Even a
common word like ‘banana’ is borrowed
from Spanish! The fact that the Oxford
English dictionary is revised periodically
even today to accommodate new words
taken from other languages, indicates that
‘borrowing’ is accepted as a source of
enrichment rather than ‘contamination’.

Myth 3: ‘Dialects’ are inferior to
‘languages’

It is another common misconception that a
‘dialect’” is linguistically inferior to a
‘language’ — it has no grammar, lacks
sophistication, cannot be written or has no
literature etc. The fact is that the
distinction between language and dialect is
not grounded on any linguistic reality. All
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varieties of a language - whether
designated as the ‘standard’ language or
‘dialects’ — are, linguistically speaking,

equally grammatical, and have the
potential to be used for all the purposes
for which a language is used. The
difference between language and dialect is
a political distinction based on the power
relations obtaining in a speech community.
Of all the speech varieties existing in a
community, the variety that is used by the
group which wields power (whether
political or cultural) generally gets
recognized by the rest of the community as
the standard ‘language’ and it s
propagated through institutional means
like education, textbooks, dictionaries,
mass media etc. The other varieties get
relegated to the status of dialects. It is
precisely because of the power relations
that dialects lack prestige and are
perceived as ‘inferior’ to language. The
myth of the superiority of language over
dialect is perpetuated in many ways. For
instance, in movies or literature, it is the
socially subordinate groups (like a
gardener, domestic help or a driver) are
seen to use dialects whereas the social
‘superiors’ use language. It has been aptly
said that ‘A language is a dialect with an
army and navy’.

Myth 4: ‘Script’ is an essential part of
language

It is not true. Spoken languages have
existed for centuries even before the
humankind evolved different writing
systems to visually codify them into various
‘scripts’. Even today there are perfectly
legitimate languages that have no script of
their own. The fact that languages like

Tulu, Khasi, Bhojpuri do not have their
unique scripts, does not make them lesser
languages. Many European languages
share the Roman script. Does it prevent
them from being considered as distinct
languages? Conversely, some languages
are written in many scripts. Konkani, an
Indo-Aryan language is written in Kannada,
Devanagari and Roman scripts by its
speakers depending upon which part of the
country they are settled in.

Myth 5: Exposing preschool children to
multiple languages / scripts will hinder
their cognitive growth

This is not at all true. Multilingual
environments provide opportunities for
extensive code mixing and code switching
which has been shown to contribute to
cognitive reserve even in later life. Children
who learn and use many spoken languages
OR even one spoken language along with a
sign language are shown to develop good
intention-reading  skills  (appreciating
others’ point of view) and enhanced
metalinguistic awareness (reflect on
language using language as we do in
translation). Since the goal of using many
languages is to fulfill inter-personal
communication needs, we must not use
monolingual norms (by adopting tests
developed elsewhere) to  measure
language abilities of multilingual
individuals in India.

Myth 6: The alphabetic writing system of
English is inherently superior compared to
Indian scripts

Not true. This is a myth created by
dominant Anglo-American and European
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theorizing on reading, writing, and literacy
instruction. The scripts of most Indian
languages are derived from Brahmi script
which appeared during the reign of Ashoka
(273-232 BCE). Unlike English alphabet
which permits separation of consonants
and vowels in a linear fashion, Brahmi-
derived Indic scripts make use of akshara
or an orthographic syllable as the minimal
unit of reading. Most aksharas have
consonant signs with an inherent vowel.
These consonant signs are not phonemes
as in the English alphabet. There is some
degree of non-linearity in the way aksharas
represent spoken syllables, especially in
the case of complex closed syllables with
double consonants or consonant clusters.
Indic scripts, unlike English require
awareness of both syllables and
phonemes. However, most of us learn to
write in one or two Indic scripts as well as
English alphabet. How developmental
dyslexia (reading difficulties in children)
manifests, and which pedagogic
approaches work best in our context are
important questions that await further
empirical research.

Myth 7: Sign languages are not real
languages / there is just one universal sign
language

Both these statements are untrue. Sign
languages, like spoken languages have
evolved naturally by people interacting
with each other. Gestures used at home
(technical term is, home-sign) eventually
give rise to full-fledged sign languages like
American Sign Language (ASL), Australian
Sign Language (AUSLAN) and British Sign
Language (BSL). One has to learn each sign
language separately although it is English

that is spoken in all these countries. Sign-
dictionaries and on-line courses are
available for hearing by the people
interested to learn these sign languages or
for getting jobs as sign interpreters. All of
them have rules for well-formed
sentences; users exhibit slips-of-the-hand
just as the way spoken language users
experience  slips-of-the-tongue.  Brain
damage affects sign language in the same
manner as it affects spoken language. The
Indian Sign Language is still in the process
of getting codified. It was only during the
year 2016 that the Ministry of Social
Justice, Govt. of India announced their
intention to start Indian Sign Language
Research and Training Center.

Myth 8: Men and women differ in their
linguistic / spatial abilities because their
brains are wired differently

This is not true. A recent study published in
the Proceedings of the National Academy
of Sciences, USA, debunked this myth.
After examining the brains of over 1400
people between the ages of 13-85 years for
differences in grey matter, white matter
and other neural connections, researchers
found that there was a great deal of
overlap between males and females.
Popular beliefs that girls possess better
linguistic abilities whereas, boys exhibit
good spatial abilities (map reading/ solving
puzzles involving graphics) are a result of
deeply held gender stereotypes
perpetuated by differential socialization
practices and unequal opportunities for
participation in different domains of
everyday life.
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Myth 9: Machine Translation (MT) will
replace human translators

A major misconception about MT is that it
will take away the jobs of human
translators. However, the truth is
otherwise. The quality of translation that
most MT systems can produce currently
has not reached a level where it can
replace human translators. Translation
itself, even by humans, is a challenging
task. The process of 'understanding' a
linguistic utterance involves, not just the
linguistic knowledge of the given language,
but also cultural context and the world
knowledge. Language is highly ambiguous
and often the immediate linguistic context
cannot resolve it. For example, a simple
sentence such as 'The angry man shot the
dog with a bushy tail' would pose severe
problem for the machine to translate it
correctly. Given its grammatical structure,
this sentence can have both the
interpretations — (a) the man shot with a
bushy tail' or (b) 'the dog had a bushy tail'.
It is only through our world knowledge that
'shooting is not possible with a bushy tail
and the dogs have tails which could be
bushy' that we resolve this ambiguity. The
technology right now is far from being able
to handle cultural and world knowledge
required to produce quality translation.
Hence, so long as the machines cannot
handle the contextual information beyond
a sentence, cultural knowledge, world
knowledge etc., the human translators will
always have a role. In fact, MT technology
is most useful for the human translators,
i.e. it will remain as an aid to the human
translators rather than replace them.

Myth 10: Machine Translation output
quality is so bad that it is useless

Free machine translation systems are
available online. Anyone can use these
systems to translate a piece of text from
any domain. Often these translations are
bad, hilarious or simply incomprehensible.
This leads people to believe that the MT
can only translate some of the very basic
simple sentences and is effectively useless
for any practical purpose. However, if the
domain is limited in terms of vocabulary
and certain grammatical constructions (for
example, weather bulletin, recipes), then
the MT system can provide quite good
translation fully automatically. There are
several MT systems in day-to-day use
around the world. Examples include
METEO (at the Canadian Meteorological
Center in Dorval, Montreal from 1981 to
2001), SYSTRAN etc.
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Mother tongues and other tongues in India: Speaking about languages as
if they mattered*

Vijay Kumar Tadakamalla

On 5 November 1995, a man named Bogon
died in Cameroon and with him died a
language called Kasabe spoken in the
Mambila region of Cameroon. Bogon was
the last speaker of the language. A couple
of years earlier, the West Caucasian
language Ubykh was reported to have
‘died’” on 8 October 1992, when the last
speaker, Tevfik Esen¢ passed away. Closer
home, on 26 Jan 2010, a woman named
Boa Senior died in the Andaman Islands of
India at the age of about 85. With her died
a language called Bo and a world view and
the wisdom of nearly 70,000 vyears
embedded in that language. After the
death of her parents, some 30 to 40 years
earlier, Boa had become the lone speaker
of the tribal language and she reportedly
kept it alive, often by speaking to the
sparrows.

Such deaths, however, seem to have
become familiar phenomena and they
hardly cause much concern. Linguists
estimate that roughly half of the world’s
6,000 and odd languages will vanish within
next 100 years. Wars, colonialism, and
globalization extend the dominance of the
world’s leading languages over other, less
powerful languages.

Department of English, Osmania University,
Hyderabad, India.
E-mail: tvk2k15@gmail.com

* A version of this essay was presented as a talk at
The Tanner Humanities Center, University of Utah,
USA.

As David Crystal writes, “Many things can
kill a language, from natural disasters to
cultural assimilation and genocide”. But if
the survival of the mightiest is the new,
socially accepted norm, why should we
worry  about  languages  becoming
endangered or extinct? After all,
everything that has life is also inherently
susceptible to death. As Crystal points out,
“There is nothing unusual about a single
language dying. Communities have come
and gone throughout history, taking their
languages with them. But, judged by the
standards of the past, what is happening
today is extraordinary. It is language
extinction on a massive scale”.

The answer to why linguistic diversity
matters, is simple. The argument in favour
of biodiversity—that the greater the
variety of plant and animal species, the
more enriched our lives are—also holds
good for a rich diversity of languages.
Linguistics such as John Lipski and
ecologists like William Sutherland have
drawn our attention to the relationship
between our linguistic and natural
environments. Lipski notes that “Those
who live around many cultures and
languages tend to be more tolerant than
those who don’t”, and adds that preserving
linguistic diversity might be a factor in
creating a more peaceful planet (qtd. in
Duchene). Relating species diversity to
language diversity, Sutherland came to the
stunning conclusion that, “areas with high
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language diversity also have high bird and
mammal diversity” (277).

Language shapes our world, our response
to it, and to each other. Our language
articulates, yet determines, our notions of
time, space, self, and our relationship with
others, with society, and with God. As
Oliver Wendell Holmes observed “Every
language is a temple, in which the soul of
those who speak it is enshrined”. Our
views about other people are also often
coloured by our views about the language
they speak.

Every language, as we know, is a complete
ecosystem. It is  the collective
consciousness of a community and is the
‘worldview’ of that community. For
instance, the Inuit language of the Eskimos
supposedly has more than twenty words
for different kinds of snow but has no word
for romantic or individualized love because
their world revolves around community
bonding which has no place for individual
attachments. Similarly, in Sanskrit, one
does not announce his/her name as ‘My
name is...” but only as ‘People call me ..., or
as ‘I am known as ... In several African
languages, | understand, there is no
equivalent to something as simple as ‘This
is a table’. Instead, one simply says ‘It looks
like a table’. Preservation of a language
involves,  therefore, respecting the
worldview of that speech community.
Social Darwinism of the survival of the
fittest does not apply to languages as a
language does not merely reflect social or
cultural reality but shapes it. So when a
language dies out, an entire ecology which
it embodied dies out.

The striking parallels between ecology and
language were brought out by the British
ecologist William Sutherland. Writing in
Nature, he noted, “There are global threats
to biodiversity with current extinction rates
well above background levels. Although
less well publicized, numerous human
languages have also become extinct, and
others are threatened with extinction”
(276). Applying the standards of species
classification to the 6809 living tongues in
the world, he demonstrated that there are
more extinct languages than species and
more languages on the brink of vanishing.
According to his findings, 7.1 percent of
languages are in critical danger of
extinction, compared with 4.1 percent of
mammals and 1.9 percent of birds.
Relating species diversity to language
diversity Sutherland concluded, “Areas
with high language diversity also have high
bird and mammal diversity” (277).

So, the career of a language is intrinsically
linked to the people who speak it, the land
they live on, and the worldview which
governs their life. It is in this sense, that
language preservation is different from,
say, preservation of monuments.

How many living languages does India
have? How many have been lost? Is there
anything we can do to save them from
dying? And why should it matter? When
the Indian Constitution was adopted in
1950, 14 languages were listed in the VIlI
Schedule of the Constitution.
Subsequently, several languages were
added to the list and as of now there are
22 scheduled languages. However, Sahitya
Akademi, the National Academy of Letters,
recognizes 24 languages, including English.
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(Contrary to popular belief, neither
the Constitution of India, nor any Indian
law prescribes any ‘national language’ for
the country. Hindi is listed as the ‘official
language’ of the Union and English as the
‘subsidiary official language’).

At the time of independence in 1947, there
were officially 565 princely states in India.
In 1956, a major reorganization of states
and their territories was carried out, and
14 states and five Union Territories were
created along linguistic boundaries. Now,
there are 29 statesand seven union
territories. What this really means is that
although the geographic boundaries of
Indian states are supposed to be
coterminous with linguistic borders, there
are more states than languages with
official status. What is also true is that
among the 22 official languages, there are
languages without states.

The Census Report of 1961 listed a total of
1652 mother tongues in India. After taking
into account the many variants of the same
language that had figured in the list, the
number was later reduced to 1100.
However, ten years later, the 1971 census
listed only 108 languages, thus
‘disappearing’ (to use Joseph Heller’s
phrase from Catch 22) nearly 1000
languages. This was done because the
government had taken a decision not to
disclose languages that are spoken by less
than 10,000 people. All such languages
were simply categorized as “others”. We
do not know the logic behind this decision,
but one of the reasons could be the
breakout of the war in Bangladesh, in
which language was the most emotive and
contentious issue. But on the other hand,

the Census decision was not an abrupt or a
sudden decision and nor was it influenced
entirely by current political concerns. The
decision was in a way the culmination of
the intellectual history that was in the
making over of the last two centuries. The
process was indeed initiated during the
colonial times, when only about 2 percent
of India’s languages were committed to
print. A script does not make a language.
To define it so is a self-destructive myth
that India had imported as part of colonial
modernity. The poet AK Ramanujan used
to say that everybody in India knows The
Mahabharata because nobody reads it.

The decision of the Census authorities not
to disclose the statistics for languages
spoken by less than 10,000 persons turned
those languages into ‘non-citizens’ of the
republic of languages that India has been
all through its history. Most of the
languages thus ‘othered’ by the 1971
Census are in fact languages that are on
the state borders and are the voices of
nomadic people, tribals and other poor
people that routinely get suppressed. To
think about how to reclaim this lost
heritage of linguistic diversity, a Language
Confluence was hosted in 2010 by the
Bhasha Research and Publication Centre,
Vadodara (Baroda), in the western state of
Gujarat. The venue of the Confluence was
titled “Ground Zero” (a term associated
with the nuclear attack) to draw attention
to the fact that “India, and the world, is
becoming the graveyard of languages”
(gtd. in Pathak). Representatives of 320
languages participated in the Confluence
and a collective decision was taken to
launch a nation-wide survey of languages
“rooted in people’s perception of



104 Insights on Global Challenges and Opportunities for the Century Ahead

language”. And thus was born the
“People’s Linguistic Survey of India” (PLSI).

The first ever survey of Indian languages
was done by Sir George Abraham Grierson,
an lIrish language scholar and civil servant
who conducted the Linguistic Survey of
India (1894-1928), by obtaining
information on 364 languages and dialects.
The vast amount of data, of nearly 8,000
pages, was published in 19 volumes. Five of
the volumes, on non-Indo-European
languages, were prepared by the
Norwegian linguist Sten Konow, and the
remainder mostly by Grierson. Grierson
used local language teachers or
government officials as informants, rather
than laypersons for collecting the linguistic
data.

In the period after independence, two
other surveys were initiated by the
Government of India. The first, initiated in
1984, is still going on and at the end of
2010 only less than 40% was completed.
The survey was instituted mainly to trace
the linguistic changes that had occurred
since the Grierson’s survey. A second,
ambitious 10-year project with a budget of
2.8 billion was announced in 2007-08,
which was to have two parts: a New
Linguistic Survey of India and a Survey of
Minor and Endangered Languages.
However, the project was quietly
abandoned in 2010. Thus, Grierson’s
Linguistic Survey of India conducted nearly
100 years ago remains to date the only
survey of Indian languages.

Since the People’s Linguistic Survey of India
(PLSI) is a survey “rooted in people’s
perception of language”, it has consciously

decided to stay away from the question
that historical linguistics follows
obsessively, namely the question of the
origin and the family of a given language.
The PLSI has adopted, instead, an
apparently ahistorical method of
presenting merely a snap-shot of languages
as they are in the early twenty-first
century. Apart from the principle of
determining language identity in terms of
its filial relation with a given language
family, (the most ardently followed
principle from William Jones to Grierson,
and beyond) was the issue of language-
dialect distinction. PLSI has decided after
considerable thought, discussion, and
debate for nearly three decades among
language specialists, speech communities,
and the PLSI Editorial Collective to avoid
branding any of the languages as dialects.
If a large number of people who speak a
given language think that it is a language
and not a dialect, then it better be
accepted as a language, even if linguistics
may find the claim untenable.

PLSI has been carried out by 3500 people,
including  language  experts,  social
historians, activists, scholars, and writers in
partnership with members of different
speech communities. It has collaborated
with 85 institutions and universities in the
country. Despite the extensive range of the
survey that has been carried out, the PLSI,
however, does not aim to be an exhaustive
survey of each and every language in
existence in India, or an attempt at
standardizing or fixing the writing or the
speech of Indian language communities.
PLSI does not consider its survey to be a
part, substitute of or sequel to Grierson’s
work. It is neither a sample survey nor part
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of a census survey. It tries to uphold the
voice of the people and make it heard,
before it is silenced forever.

Talking about the time taken to complete
the survey, the Chairperson of PLSI, GN
Devy said “While the actual survey took
four years, it took 17 years of preparatory
work. So the reports are a fruit of 21 years
of hard work, that too without any
governmental assistance” (“780
languages”). The results of the survey are
being published in 50 volumes contained in
72 books which will cover state languages,
scheduled languages, sign languages,
coastal languages, tribal languages,
international languages in India, Indian
languages in the diaspora, language policy
and the future of Indian languages and so
on.

The PLSI has identified 780 languages and
86 scripts in India. It has also revealed that
the north-eastern parts of India, generally
considered less developed, have one of the
highest per capita language densities in the
world. Even assuming that the survey may
have missed another 100 languages, it still
means that in the 50 years since the 1961
Census, India has lost nearly 250
languages. Most of the lost languages are
those that belonged to nomadic
communities scattered across the country.
If they were alive, these languages would
have been spoken by 3-4 percent of India’s
population i.e., nearly five crore (or 50
million) people. Some of the reasons
identified for the disappearance of the
languages are lack of recognition,
displacement of communities, absence of
livelihood options for the speakers, and the
stigma attached to what are considered

‘under-developed’ mother tongues. The
absence of a policy on language
conservation completes the picture.

PLSI is probably the world’s largest
language survey, and it has revealed India’s
still substantially rich linguistic diversity.
Yet, the PLSI team does not feel overly
jubilant about their findings. For, as Devy
said, “it was like going for rehabilitation
work after an earthquake. It should have
been done 50 years ago” (qtd. in Pathak).
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Blogging about work, workers, and workplaces

David C. Yamada

Universities are enduring entities. They
create, gather, and share knowledge and
insight. They evaluate and interpret the
past, and they contemplate and shape the
future. They present qualities of continuity
and even permanence that make them
unique among institutions.

It follows that a distinguished university’s
centennial celebration is a fitting
opportunity to reflect upon past academic
work. Indeed, Osmania University’s kind
invitation to contribute an essay in honor
of this milestone has inspired me to look
back upon and share many years of
research, commentary, and advocacy on
creating psychologically healthy
workplaces. | will do so primarily by
accessing my writings at Minding the
Workplace!, a blog that | have maintained
since 2008.

My main discipline is law. Starting in the
late 1990s, | forged an association with Drs.
Gary and Ruth Namie of the Workplace
Bullying Institute and began researching
and writing about the legal and public
policy implications of workplace bullying,
mobbing, and abuse?.
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E-mail: dyamada@suffolk.edu

This led to authorship of anti-bullying
legislation — since dubbed the Healthy
Workplace Bill — that has served as the
main template for law reform efforts in the
United States. My legal scholarship and
related work also would become a portal
to broader explorations of how we can
create healthier workplaces and affirm
human dignity on the job, informed
especially by various branches of
psychology.

| created Minding the Workplace as a
platform for engaging in that cross-
disciplinary commentary, with a focus on
topics such as workplace bullying, worker
dignity and wellbeing, and employment
and labor law. While hardly a match for
social media behemoths such as The
Huffington Post, it has grown into a
respectable niche blog, attracting over
900,000 page views, some 1,450 individual
subscribers, and a readership that is
roughly two-thirds American and one-third
international. | have posted faithfully to it,
with over 1,500 articles published so far.

The “Eightfold path”

The core perspectives that inform the
heart of my blog writings are captured in a
2009 piece, in which | describe an
“Eightfold Path” to a psychologically
healthy workplace®. The article poses eight
guestions that help to “determine whether
or not a workplace is psychologically
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healthy, productive, and socially
responsible toward its own workers”:

1. Is there a sense of zest, “buzz,” and
opportunity in the workplace?

2. Do employees feel they are valued and
treated with respect and dignity?

3. Is the organizational culture friendly,
inclusive, and supportive?

4. |s organizational decision making fair,
transparent, and evenhanded?

5. Are diversities of all types welcomed
and accepted?

6. Does the organization face tough
questions concerning employee
relations?

7. Are allegations of mistreatment of
employees handled fairly and honestly,
even when the alleged wrongdoers are
in positions of power?

8. Are compensation and reward systems
fair and transparent?

These questions draw upon “relational-
cultural theory, organizational justice, and
therapeutic jurisprudence.” They relate to
multiple employee relations stakeholders,
including rank-and-file workers, managers,
human  resources personnel, labor
organizations, mental health providers,
and employment lawyers.

Bullying as the dark side of the workplace

| confess that my blog can make for grim
reading. Some aspects of creating

psychologically healthy workplaces are
more  positive, such as  building
organizational cultures that value human
dignity and hiring executives and managers
who lead with integrity. However, we must
also understand the dark side of the
workplace and how to respond to it.

For example, in a 2014 article on workplace
bullying as a form of “crazy making”
interpersonal abuse*, | wrote:

“Crazy making” is a term one hears a lot in
counseling and psychology. It basically
means what it sounds like: Behaviors and
actions — often intended — that create
stress, confusion, and anxiety, and
sometimes make people question their
judgment and even sanity.

There are lots of overlaps between
workplace bullying and the concept of
crazy making, in ways that validate bullying
as a form of psychological torture.

| went on to briefly discuss ways in which
crazy making behaviors manifest
themselves at work, including gaslighting,
ostracism, button pushing, bullies posing as
victims, and the Orwellian tool of
expunging institutional memories of
whistleblowers and others who challenge
unethical practices.

Such abuse can exact a horrific cost from
its targets. In a 2013 piece, | shared the
words of a woman who plaintively
described what an extended campaign of
mobbing has done to her” :

In my case, it is a trauma that | cannot
escape, as despite my best efforts, defense
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mechanisms, and sacrifices, the trauma
keeps escalating, despite my job ended
almost 3 years ago. However, the stalking,
threats, harassment, and so much more,
continue in a terrifying smear-campaign,
via cyberspace, involving impersonation of
my identity, and technical tactics tweaking
search engines to keep the lies and
fabrications of me as “crazy” and “a threat”
discoverable... permanently.

We are too far-gone, exasperated, terrified
of retaliation, or even fear physical assault
plus the many other risks we now bear
from what was maliciously and
permanently put online to smear us. We
are sick, in pain, and are probably very
isolated.

We have often become hopeless, after
years of coping and clinging to an inner
strength, that is now gone.

Some of us are dead. Others may soon be.

Comprehending bullying and mobbing is
one step. Next, we must do something to
end it. In a November 2016 post, |
acknowledged the emotional impact of our
ugly presidential election, while reminding
those in the workplace anti-bullying
movement that we still have vital work to
do®:

Under such distracting (and, for some of
us, distressing) circumstances, it can be
hard to turn our attention back to the tasks
at hand, which for many readers of this
blog include preventing, stopping, and
responding to bullying, mobbing, and
abuse in the workplace. But that we must.

As | see it, our basic agenda as we head
into 2017 holds steady:

e Engaging in public education about
abusive work behaviors;

e Educating and persuading employers
and other employee relations
stakeholders about the destructive
effects of abusive work environments
and the importance of effective
prevention and response;

e Expanding the pool of mental health
providers who are competent and
knowledgeable to assist targets of
bullying and mobbing at work; and,

e Enacting legal protections such as the
Healthy Workplace Bill to provide
targets with a legal claim for damages
and to incentivize employers to take
these behaviors seriously, as well as
building a stronger safety net of public
and private employee benefits to help
those transitioning out of toxic
workplaces.

Traveling across disciplines and countries

My work has benefited greatly from
connections that transcend disciplines and
borders. | am especially grateful for
conferences and workshops that allow for
genuine dialogue and fellowship. Three
recurring events are especially meaningful
to me in terms of the opportunities they
provide for learning and exchange.

The biennial Work, Stress and Health
conference, co-sponsored by the American
Psychological Association, National
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Institute for Occupational Safety and
Health, and Society for Occupational
Health Psychology, offers a
multidisciplinary array of panels and
programs and draws a wide variety of
researchers and practitioners. In a 2015
article, | cited Work, Stress and Health as a
prime example of a quality conference
experience, adding: “Good conferences are
community builders. They foster
connections in big and small ways, allowing
people to become part of a broader
academic or professional community and
to build ties within specific areas of
interest’.”

Another compelling event is the annual
workshop of Human Dignity and
Humiliation Studies, a global network of
scholars, practitioners, students, artists,
and  activists committed to the
advancement of human dignity and to the
end of humiliating practices. Last
December | wrote about the group’s 2016
workshop, held at Columbia University
Teachers College in Manhattan® :

Being part of this extended global
community is both a privilege and a
blessing. Such a community is not, and
should not be, our sole point of connection
with the world. In fact, at the workshop we
recognized the importance of sharing
dignity-enhancing practices with those who
are initially  resistant to  them.
Nevertheless, at a time when raw exercises
of interpersonal aggression and bigotry are
too often rewarded by the dominant
power structure, the need for people
holding a different set of core values to
come together in order to refuel and
reenergize is significant.

Finally, the biennial International Congress
of Law and Mental Health brings together a
large global cohort to examine connections
between law, public policy, and
psychology, often in beautiful, historic
European cities. Here’s a snippet of what |
wrote about the 2015 Congress held in
Vienna, Austria® :

Among other things, this biennial gathering
allows me to reconnect with people and
ideas  associated with  therapeutic
jurisprudence (TJ), the pioneering school of
legal thought that examines the
therapeutic and anti-therapeutic
properties of law, legal processes, and legal
practice.

It struck me how absolutely cool it is to be
at this particular conference in a city where
matters of the mind have such deep
historical roots. It is both inspiring and
instructive to exchange ideas with scholars,
practitioners, judges, and students who
embrace no less than a transformative
commitment to creating laws and legal
systems that advance psychological well-
being.

Some of this travel, of course, is virtual,
often crossing hundreds if not thousands
of miles. In fact, Osmania University’s
invitation to contribute to this collection of
commentaries, landing out of the blue in
my inbox, prompted me to draw upon a
social media source as the vehicle for
sharing some of my work. | am honored to
take part in this project celebrating a
century of instruction, research, and
service, and | hope that | have provided a
contribution worthy of the occasion.
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Techno-science revolution and justice delivery system

A. Prabhakar!and A. Lakshminath?

Higher  education and
complexities

ideological

Education is a means by which knowledge
is transmitted and skills are developed.
Beneath what appears to be a relatively
simple statement exists a complex matrix
of pedagogic and cultural practices that
inform, shape and give effect to what
information is chosen and how it is
understood, transmitted and received.
University education in its widest sense is a
whole-person process, where the focus is
not so much on the teaching and learning
of specific skills or training as it is on the
cultivation of  personal autonomy,
intellectual independence and the
development of life-long critical
perspectives.

Justice education and techno- science
revolution

The advances in recombinant DNA
engineering and micro-chip technology
have been spectacularly wide ranging and
relate to almost every area of human life.
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Advances in cyber-technology gave rise to
a whole variety of technologies and
underlie the ‘promise’ and ‘perils’ now of
new forms of emergent nanotechnologies
that pose a serious challenge to the Legal
Education. The emergence of Information
Technology and Biotechnology is a decisive
transformation that marks globalisation.
The contemporary world stands
transformed in several ways by the
revolution in microchips and integrated
circuitry. It enables patterns of time-space
compression, a defining feature of
contemporary globalisation. It makes real
the hitherto unimaginable advances in
genetic sciences and strategic
biotechnologies. Advances in recombinant
DNA technologies and integrated circuitry
depend wholly on revolutionary techniques
of artificial intelligence.

This development provides a driving force
for the global emergence of trade related
market friendly human rights and human
capabilities. This leads to movements
toward redefinitions of impoverishment.
Poverty is no longer identified in terms of
material deprivation, but in terms of access
to information or to Cyberspace enhanced
human capabilities. The new North is
Cyber-rich and the new South is Cyber
poor, thus marking what is known as digital
divide.

The emergence of Information
Technologies has facilitated widespread
privatization of Governmental functions in
welfare administration, health, education,
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finance, business, industry etc.
Digitalisation of the world provides time
space for increased and voluminous
solidarity among the legal fraternity.

These also will give birth to the formation
of  techno-science based  strategic
industries that resent and often reject
state and international regulation and
generate new forms of techno-politics.
Together, these constitute a genomic
materiality of globalization (little noticed in
social theory narratives of globalization)
contributing to the formation of the ‘New
World Order’. Biotechnologies, united in
the pursuit of reductionist life sciences-
where ‘life’ is no more than information
open to techno-science codification,
manipulation and diverse techniques of
mutation and reproduction—fall into
several domains of law and technology.
Agricultural biotechnology, fostered by
agribusiness, promises food for all;
pharmaceutical biotechnology promises
heath for all; industrial biotechnology
promises sustainable development for the
world and the human genome projects,
among other things, now promise new
possibilities in therapeutics, health care
and benign human cloning. Managing
globalization and massive explosion in
scientific and technological knowledge and
innovations is impossible without an
ethical underpinning based on values that
are shared globally. The belief that
biotechnology provides unprecedented
vistas of human progress is not just media
hype; its practitioners, in all parts of the
world, live by it. The Law Schools must
invariably keep in mind the above-
mentioned advances in techno-science
while  formulating  curriculum and

promoting pedagogic skills and ideology.
These developing technologies must be
addressed by the Law Educators.

Digital revolution

The prospects are bright both for teaching
and research in the application of
computers. Interdisciplinary studies in the
area of law and computers would provide a
meaningful interaction between the legal
academics and technologists. Computers
can be best used in two ways, to assist the
legal profession. One is the information
retrieval system which can be developed
with the help of law faculty and the
computer science department. The second
area in which computers can very usefully
be employed is artificial intelligence system
with which several types of stereotype
cases can be decided with the help of
computer programmes to arrive at more
objective and quicker decisions. The legal
fraternity should actively engage in
collaborative research with the computer
science department. This needs to be
pursued vigorously to design meaningful
computerized programs as alternative
dispute settlement mechanism.

Disruptive legal information technology
and emerging Electronic Legal Information
(ELI) may arise as the 4" cornerstone in
face of the challenges, the other three
being (i) Lawyer (ii) dissemination of law
and (i) Judiciary. Electronic Legal
Information (ELI) refers to (i) an integrated
Electronic Law governing civil procedures
and other areas of substantive law, (ii)
electronic legal document filings and
evidence and (iii) electronic court case
status information. ELI is transforming the
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existing cornerstones to their virtual
existences, which take on new capability to
face the challenges of high costs, delay and
complexity.

To promote access to civil justice,
disruptive legal information technology
should be adopted and a positive right to
access ELI be  established. For
unrepresented litigants, the use of ELI will
put them in a better position to assess if
legal assistance should be sought or it
would be better to remain unrepresented.
Should they choose to be unrepresented,
ELI provides ease of reference to law and
integrates law from their perspective. For
represented litigants, they will have a
greater access to information concerning
activity of court proceedings and they will
be in a better position to push progress
with the availability of case status
information and electronic court document
filings.

Artificial legal intelligence

The gizmos of the digital age owe a part of
their numeric souls to Dennis Ritchie
[1941-2011 and John McCarthy [1927-
2011], the machine whisperers.

When Mr. McCarthy and Mr. Ritchie first
developed an urge to talk to machines,
people still regarded the word ‘digital’ as
part of the jargon of anatomy. If they no
longer do, that is because of the new
vernaculars invented to cajole automatons
into doing man’s bidding. In 1958 Mr.
McCarthy came up with the list-processing
language, or LISP. It is the second-oldest
high-level programming language still in
use today — one whose grammar and

vocabulary were more perspicuous and
versatile than the machine code early
programmers had to use. A little over a
decade later Mr. Ritchie created C. C
fundamentally changed the way computer
programs were written, for the first time it
enabled the same programs to work,
without too much tweaking, on different
machines; before, they had to be tailored
to particular models.

Much of modern software is written using
one of C's more evolved dialects. These
include objective C (which Apple favours),
C# (espoused by rival Microsoft) and Java
(the choice for a host of internet
applications). Mr. Ritchie and his life-long
collaborator, Ken Thompson then used C to
write UNIX, an operating system whose
powerful simplicity endeared it to the
operators of the mini-computers which
were starting to proliferate in universities
and companies in the 1970s. Nowadays its
iterations under gird the entire internet
and breathe life into most mobile devices,
whether based on Google’s Android or
Apple’s iOS.

UNIX spurred the development of mini-and
later microcomputers, Mr. McCarthy
always argued that the future lay in simple
terminals hooked up remotely to a
powerful mainframe which would both
store and process data: a notion vindicated
only recently, as cloud computing has
spread.

As for LISP, Mr. McCarthy created it with
an altogether different goal in mind - one
that was to talk back. Intelligently, LISP was
designed to spark this conversation, and
with it “artificial intelligence”, a term Mr.



116 Insights on Global Challenges and Opportunities for the Century Ahead

McCarthy coined hoping it would attract
money for the first conference on the
subject at Dartmouth in 1956.

In 1962 he set himself the goal of building
a thinking machine in 10 years. He would
later admit this was hubristic. Not that
technology wasn’t up to it. The problem lay
elsewhere: in the fact that “we understand
human mental processes only slightly
better than a fish understands swimming.”
An intelligent computer, he quipped,
would require “1.8 Einstein’s and one-
tenth of the resources of the Manhattan
Project” to construct.

Neither was forthcoming. Mr. McCarthy
continued to tinker away at a truly thinking
machine at Stanford. He never quite saw
his dream realized. Mr. Ritchie had more
luck. “It’s not the actual programming
that’s interesting,” he once remarked. “It’s
what you can accomplish with the end
results.”

The digital revolution offers significant
opportunities to those who provide legal
assistance and education to low-income
people and communities. New
technologies enable us to create higher
quality work product, conduct better
research, work more collaboratively, learn
more readily, and — most important — serve
clients more effectively. Clients, Advocates
and Judges alike can find relevant
information on the Internet, programs can
use a variety of new management and
evaluation tools, and everyone can
communicate more easily and
revolutionize the Justice Delivery System.

In the past 10 years, our society has
experienced a “digital revolution”, the
implications of which are as stunning as
those of the industrial revolution, yet are
even more remarkable because these
changes are happening in a fraction of the
time. Beginning with the affordable
personal computer and taking a giant leap
forward with the creation of the internet
and the web browser, this revolution has
changed how we work, play, communicate,
learn, and obtain goods and services.

Yet, the pace of change has not been the
same in all sectors of society. Technology
use by the middle and upper class and by
the West is significantly ahead of use by
poorer people and people of color, a gap
that some observers have termed the
digital divide. On a corporate level, this gap
looms equally large between the private
sector and the nonprofit sector.

These technological advances have inter
alia:

a) Enabled greatly expanded access to
legal information for Judges, Advocates
and clients through internet and e-mail
technologies;

b) Expanded access for clients by using
telephones for screening, obtaining
basic client information, referrals,
providing brief advice and services, and
also by posting information on the
Internet;

c) Enabled better court and case
management and data collection, along
with automated  templates  for
document creation;
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d) Improved communication between
lawyers and clients through new
telephone technologies, cell phones,
and video conferencing;

The uses of new technologies by the equal
justice community in three functional
categories can be discussed as follows:

a) Improving
management;

program and office

b) Increasing access to assistance and
information for advocates; and

c) Improving client education, preventing
legal problems, and assisting pro se
litigants.

In addition to educating clients and
communities about resources, the Internet
can also provide people with information
about their legal rights and about how to
solve legal problems on their own when
they are unable or unwilling to obtain an
attorney. At the most basic level, pro se
brochures and manuals can be posted on
websites, which is an efficient distribution
and production mechanism.

Moreover, the potential of web technology
exceeds simply improving access to what
otherwise might be available in print.
Computer can help pro se litigants create
attractive, properly formatted, and
persuasive court forms and pleadings.
Computerized templates can use branching
logic to take clients through the process of
analyzing their case and providing the
appropriate information to the court.
Video screens can be used to show clients
how to navigate through the courthouse,

or even how to present their case. Audio
files can present information in spoken
form for clients who can’t read due to
illiteracy or disability or language (such as
Navajo). These programs can be made
available at courthouse kiosks, libraries, or
anywhere a client can obtain access to the
Internet.

A multifaceted effort, including education,
scholarship, resource development, and
collaboration, can serve as a powerful
catalyst for change, even when the total
amount of resources available is relatively
small.

Legal reasoning involves case analysis in
statutory as well as real world
perspectives. The impact of real world
perspective on case analysis poses a
serious challenge to knowledge engineers
for building legal expert systems. A legal
expert system intends to provide
intelligent support to legal professionals.
Legal predictive system is an attempt to
predict the most probable outcome of a
case according to statutory as well as real
world knowledge of the legal domain.

One of the basic principles of justice is that
“Justice delayed is justice denied'. It is from
this that the Supreme Court of India has
carved out the fundamental right to
speedier trial from article 21 of the
Constitution of India. The present
adjudication process requires
transformation in view of the high cost of
legal services, baffling, complications in
existing procedures and frustrating delays
in securing justice. Formal adjudication
should be more of a last resort than it has
been in the past. In recent times, efforts
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have been made to develop alternate
adjudication models in the form of Lok
Adalats, Nyaya Panchayats etc. In this
context, it is felt that alternate adjudication
machinery can be augmented with modern
computers to a greater extent of openness
and accessibility thus lending credibility to
the dependence of both government and
people on these modes of alternate
adjudication machinery.

Automation in the legal world was first
proposed (Mehl 1958, pp. 755-79) at an
International Symposium on
"Mechanisation of Thought Processes",
held at the National Physical Laboratory in
Teddington, London. Law machines were
classified by him into two types:
documentary machines and consultation
machines. Documentary machines are
meant for legal information retrieval
operations such as storing/ retrieving legal
provisions and supporting as well as
opposing precedents relevant to the given
case. A program FLITE (Finding Legal
Information Through Electronics), was
developed in 1964 as the earliest full text
retrieval system for the US Air Force. LEXIS
and WESTLAW (Hafner 1987, pp. 35-42)
are some of the recent commercial
systems offering interactive retrieval
through terminals at the customer's office.
Intelligent support cannot be provided for
the user while retrieving the precedents
owing to the text matching (keyword
search) technique followed in these
systems. Hafner (1987, pp. 35-42)
proposed an At-based conceptual retrieval
system using individual case frames so that
search for relevancy can be made based on
a concept of the case rather than text
matching of certain keywords.

Considerable research work has thus been
carried out and significant developments
have taken place in the area of
documentary machines.

However, no such significant progress can
be claimed to have been made in the area
of consultation machines which are meant
for giving legal advice. The HYPO system
developed by Rissland and Ashley (Ashley
& Rissland 1988; Ashley 1991) during the
1980s aims at helping an attorney to
analyse a new case in the light of relevant
precedents and accordingly generate
outlines of arguments for both plaintiff and
defendant. The JUDGE system, developed
in the late 80s by Bain (Srivastava 1991)
proposed modelling the sentencing ability
of judges. This system identifies a binding
precedent according to a set of salient
features and suggests a commensurate
sentence for being awarded in the case on
hand. These two systems have been the
most widely accepted legal consultation
systems to date. But these and similar
other consultation systems are oriented
towards precedents and are based on a
case-based reasoning paradigm.

A precedent can either suggest judgment
that is appropriate to cases with similar
current fact situation or it can point to an
apt case-law to solve a particular technical
ambiguity. These two aspects of the
precedent are to be dealt with separately
since the first aspect provides only the
guidelines whereas the second provides
the case-law that is binding on lower
courts. The first aspect is emphasised in
systems like HYPO whereas the second
aspect is considered in systems like JURIX
(Srivastava 1991) and Gardner's legal
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reasoning  system  (Gardner  1987).
Gardner's approach suggests that the case
be analysed keeping in view statute as well
as relevant case-laws. This system aims at
giving decisions for “easy' cases, while the
“hard' cases, cases which can be argued in
either way by a competent lawyer, are left
undecided. McCarthy's TAXMAN project
(McCarthy 1980) models deductive legal
reasoning based on the statute. The
control strategy of legal systems
determines the applicability of those
systems to various fields of legal domain -
HYPO suits trade secret misappropriation.
TAXMAN models the taxation of corporate
re-organisation. Gardner's system deals
with formation of contracts by offer and
acceptance. However, for certain other
legal fields, legal reasoning involves
analysing the case through a real world
perspective also. Along with statutory
rules, various heuristics imposed by
culture, region, conventions and the
experience of judges are also to be
considered while making the decision.
Given the case proceedings/current fact
situation, a highly structured legal
reasoning system to analyse the case and
thereby predict the most probable
judgment based on the statute and
discretion of the judge, is proposed in this
paper. It is hoped that the proposed legal
counselling system will be of use to our
society in the following ways.

(1) The system, by its ability to predict in
advance the most probable outcome in a
given case, will enable individual clients to
decide about the advisability or otherwise
of entering into a legal dispute in a given
situation. This in turn will lead to reduced

workload on the considerably over-
burdened courts.

(2) The system, through its ability to
estimate the effect of each individual fact
on the judicial decision (by simulating the
judgment with altered current fact
situations) can aid legal practitioners and
criminal investigators in discharging their
professional duties more effectively and
efficiently.

(3) The system, by providing an integrated
view of the case through the highly
structured representation of the current
fact situation of the case, can be helpful to
judges in taking faster decisions thereby
mitigating the hardship caused to the
litigant public by delayed justice, the bane
of the present judicial system.

(4) The system can resolve petty litigations
among people who cannot afford the
money and the time required in the regular
court proceedings, thus providing a
computerized alternate adjudication
system.

(5) A generalized system can be developed
by drawing on the expertise of several
meritorious judges, which in turn can be
used to check the correctness of a specific
judgment, so that the case may be
reconsidered, if necessary.

Scholars point out that the essence of
modern Research is interdisciplinarity,
which is enriched through assimilation of
knowledge from diverse sources but
degenerates through transplantation or
innovation of external models which have
little authenticity and relevance to the new
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environment. [IMs and |ITs are best
examples. These have all along been
isolated Islands of Excellence. They are
socially insensitive. Improvement of quality
is brought about through an internal
process. External agencies can at best
assist the process but cannot substitute
internal process.

Conclusion

We have to recognize the kaleidoscopic
character quality in higher education and
the value of mutually enriching
collaborative learning processes,
particularly in using new technologies of
the New World order in the administration
of justice too.
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Coping with earthquakes in Himalaya

Harsh Gupta

Earthquakes and resultant tsunamis are
one of the worst natural disasters. The Mw
9.2 Sumatra earthquake on 26" December
2004 claimed an estimated 250,000 human
lives in south and south-east Asia. At the
time of writing this note in April 2017, only
16 years and 4 months of the 21 Century
have passed. However, in this short span of
time the number of the human lives lost
due to earthquakes and resultant tsunamis
has far exceeded the total lives lost in the
entire 20" Century.

About 160 million years ago, the Indian
plate broke off from Antarctica and started
moving North North-East (NNE) with
velocities of up to 13cm/year and collided
with the Eurasian plate some 50 million
years ago. The Indian plate continues to
move with a velocity of ~ 5 cm/year. Since
both plates are continental, the continued
collision has given rise to the Himalayan
belt of mountains. This continued thrusting
results in accumulation of strain and when
the accumulated strain exceeds the
strength of the rocks, earthquakes occur.
That is why Himalaya is seismically the
most active intra-continental region in the
world. The largest intra-continental
earthquake of Mw 8.7 occurred in Assam
on August 15, 1950.
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Its aftershocks continued for over three
years, ~ 50 of them of magnitude 6 and
larger. The other great earthquakes of Mw
~ 8 that occurred in the region in the
recent past include the 1897 Shillong
earthquake, 1905 Kangra earthquake and
the 1934 Bihar-Nepal earthquake. No such
earthquake has occurred since 1950. Over
the time, enough strains have accumulated
to cause several M > 8 earthquakes.
Earthquakes cannot be predicted. So the
best way to handle the situation is to get
prepared. Just for an example, the Japan
earthquake of March 11, 2011 with a
magnitude Mw 9.0 claimed only ~ 20,000
human lives because of good preparation,
while the Haiti earthquake of Mw 7 on
January 12, 2010 claimed 300,000 human
lives! It is important to understand the
relationship between the earthquake
magnitude and the energy released. A
magnitude 6 earthquake releases energy
equivalent to a Hiroshima kind of atom
bomb. With the increase of one unit in the
magnitude the energy release increases 30
times. So, a M 7 earthquake would release
energy of 30 Hiroshima kind of bombs and
a M 8 would be equivalent to 900
Hiroshima kind of atom bombs.

The best way to protect against
earthquakes is to prepare the public and
the civil administration. India has been
divided in to four seismic zones numbered
V, VI, Il and Il. Particularly in zones V and
VI, where the earthquake intensity is
appreciably high, it is important, as a
starting point to make all the life line
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buildings, such as hospitals, fire brigades,
police stations, schools etc. earthquake
resistant. There are techniques such as
Rapid Visual Inspection, which can judge
whether a building is capable of
withstanding the anticipated accelerations
during the earthquakes. The buildings
could be strengthened through retrofitting.
Another important step is to educate the
school children on a routine basis about
the earthquakes, and how to live with
them. In recent years, it has become very
useful to create earthquake scenarios and
see what would happen if one of the
earlier earthquakes repeats today. In India,
earthquake scenarios were developed and
mega- mock drills were conducted for the
repeat of Kangra earthquake of 1905 in
February 2013, and for the repeat of the
Shillong earthquake of 1897 in March 2014
by the National Disaster Management
Authority of India in collaboration with the
concerned States. For assessing the
damage for the repeat of Kangra
earthquake of 1905, a scenario was
created with the hypothetical earthquake
of Mw 8 with a focal depth of 15 km
occurring at Mandi (in the immediate
vicinity of the epicenter of the 1905 Kangra
earthquake). The earthquake rupture in
this scenario had a length of 200 km and a
width of 80 km. An intensity map was
generated using suitable parameters. This
intensity map was used to estimate the
number of houses that would suffer partial
or total damage today. On this scenario if
you place the population density layer, an
approximation can be made of the human
lives likely to be lost and injured. For the
repeat of 1905 Kangra earthquake the
exercise was conducted for Punjab,
Haryana, Himachal Pradesh and the Union

Territory of Chandigarh. If the Kangra
earthquake of 1905 repeats today in the
middle of the night, the number of human
lives lost could reach one million! Initially,
this number looked too large. However,
when you consider that the Muzaffarabad
earthquake of October 8, 2005 of Mw 7.6
near India- Pakistan border in Kashmir
claimed ~75,000 human lives, in spite of
being much smaller in size and the fact that
it occurred in late morning when most of
the people were outside their homes, the
figure of 1 million seems reasonable. This
information was shared with all the state
and central government departments,
public and schools. At the same time
training was imparted to combat these
huge losses. Finally, a mega-mock drill was
conducted on February 13, 2013 involving
all  concerned. This provided an
opportunity to the public and the
government departments to better deal
with the earthquakes. A similar exercise
was conducted for the 8 northeast states in
March 2014 for the repeat of the Shillong
earthquake of 1897. Everyone knows that
when an earthquake strikes, one should
move to a safe place. Most of us would
spend half of our time at home and the
remaining at place of our work or school.
So, it is important to think of a safe place at
both these locations in advance. When we
first feel the earthquake and we have not
thought of a safe place, it would take us
time to figure it out.

In this short note, a brief introduction to
earthquake hazard in the Himalayan region
and how to cope with it is given. It is useful
to conduct earthquake drills in earthquake
prone areas with a special emphasis on
educating school children.
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Future of Artificial Intelligence

R. Krishnan'and S. Sameen Fatima?

First innings of Artificial Intelligence (Al)

Al was born in the 1950’s, but till the end
of the 20™ century, its life was a checker
board of nights and days. Proving
theorems and winning mind games were
initially conceived as intelligent tasks. In
1955 and 1956, the program “Logic
theorist” was developed. It had the ability
to prove theorems in Whitehead and
Russell's book Principia Mathematica,
1960’s saw an increase in research projects
and funding in problem-solving, language
understanding, guestion answering,
speech, vision, knowledge based systems
and robotics. 1970’s saw a lull in funding
and was called “The first Winter of Al”.
1980’s saw the release of the first
commercial expert system. Late 1980 and
early 1990 was called the “The Second
Winter of Al”. In 1997 the “Man Machine
War” had begun, a big hue and cry was
heard, “Deep Blue beats Kasparov!” The
success was due to increasing
computational power, greater emphasis on
solving specific problems, new ties
between Al and other fields and a
commitment by researchers to
mathematical methods and scientific
standards.
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In 1998, Google was founded. The world
said good bye to the 20" century, goodbye
to huge, gigantic CPUs and welcomed with
open arms the major Al technology
enablers Internet and the World Wide
Web.

Second innings of Al

High Speed Internet and www, in turn
enabled dramatic advances in Al in
particular in the area of Machine Learning.
The advent of 2000 was marked with
systems that learn. Work on machine
learning shifted from a knowledge-driven
approach to a data-driven approach. Data
scientists began creating programs for
computers to analyze large amounts of
data and draw conclusions or “learn” from
the results. Support vector machines and
recurrent neural networks became
popular. Deep learning became feasible
and neural networks saw widespread
commercial use.

In 2000, interactive robot pets (a.k.a.
"smart toys") became commercially
available. In 2004, commercial
recommender systems (TIVO,
amazon.com) were available. In 2005,
Stanford vehicle won the DARPA grand
challenge driving autonomously in the
desert for 211 kms. Meanwhile at CMU, Raj
Reddy and Jamie Carbonell in 2006, gave a
new “Bill of Rights for the Information
Society”. Get the right information (search
engines), to the right people (categorizing,
routing), at the right time (task modeling,
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planning), in the right language (machine
translation), with the right level of detail
(summarization), in the right medium
(text/speech/image/video input and
output). In 2007, checkers was solved. In
2010, Google’s self driving cars reached
their 1000 mile. In 2011, IBM’s Watson
won “Jeopardy”, beating Brad Rutter and
Ken Jennings. October 14, 2011, Apple
introduced a personal assistant “Siri” on
the iPhone 4S. In June 2012, a Google
brain cluster trained itself to recognize a
cat from millions of images in YouTube
videos

Earlier, Internet and existing
databases/portals were primarily intended
for users literate in English who could
synthesize their solutions from multiple
sources. The interplay between different
heterogeneous knowledge sources to
depict intelligent behavior in another
important area today with the cloud in
place. Today it is possible to send an
itinerary through an email to your family
member and forget about it. On the day of
travel, the recipient of the itinerary,
continuously gets updates on their smart
phones about the flight taking off, flight
landing and flight delays until the flight
reaches its destination. This is instant
supply chain. Similarly instant
administration is  possible.  Another
spectacular app is the “Hawk Eye”
launched by Hyderabad Police
Department. It seeks to turn common
people into citizen police and involve them
into checking crimes, curbing unlawful
activities and traffic violations. An SOS
button is available for accessing help in
emergency situations. Continental Divide
Robotics has developed a system based on

GPS that can locate person or object
anywhere in the world and notify the user
if it is “out of bounds”. This could help a
parent monitor a child, or it could be used
to monitor the movements of an elderly
person at home.

Hard things like theorem proving, game
playing, object recognition, recommender
systems, tracking through GPS, speech
processing and language translation were
easy for a computer, while easy things like
vision, motion, movement, and perception
were still hard for it. As computer scientist
Donald Knuth puts it, “Al has by now
succeeded in doing essentially everything
that requires ‘thinking’ but has failed to do
most of what people and animals do
‘without thinking”.

Al on home ground

In a country like India, Al has to be viewed
from a different perspective. Some of our
burning problems are removal of poverty,
education to all, employment to the youth,
health care, sanitation, women
empowerment and benefits to the rural
population. An illiterate person needs
voice mail rather than email. A farmer
needs information on the dynamic pricing
of his or her product. A woman weaver
wants to know the funding available to set
up a loom and the process and profits that
can be accrued. And all this in their own
mother tongue. India has officially 21
languages and language barriers can
significantly slow down the economic
growth. To access information without
language divide work needs to be taken up
in cross language communication, spoken
language understanding, dialog modeling,
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multimedia  synthesis and language
generation, multi-lingual indexing and
retrieval, language translation, and
summarization. Another new technology
that has found its way is the Internet of
Things (loT) and Smart Cities. This permits
humans to interact with objects just like
they interact with people. A student should
now be able to talk to books in a library,
teachers should be able to talk to smart
boards, farmers need to talk to their
instruments and command them, a house
wife can talk to her stove in the kitchen.
For a greater participation in the global
economy, India needs to preserve its local
languages and promote cross language
communication and understanding among
objects and individuals. India needs rich
language tools to establish its presence in
the global economy and to become a world
leader in language technologies.

Al as a bouncer

Let’s look at today’s killer app, the Google
search engine, which is used unanimously
by most literates. How many hours are
spent sieving and filtering through the
ranked pages? A child asking for
information on heart care for a school
project, versus a housewife seeking
information on heart care for preparing a
healthy meal, versus a researcher seeking
latest information on heart care should
yield different results. User profiling is still
a long way to go. Further, page ranking
algorithms should be strengthened with
user profiles. If | were to seek an article on
“Poverty eradication”, which is pro-
government, versus which is anti-
government, is it easily possible. Is it

possible to retrieve a document based on
the sentiment it reflects?

The population of the world is aging fast
and Al's help in assisting the elderly will be
very useful. The Robot which will do many
humanoid functions is still a little distance
away, but has vast potential. What about a
robot nurse which will assist the sick and
elderly. With the advent of the internet of
things (loT), would it be possible to embed
chips into humans. Suppose someone has
lost a limb, can Al activate the limb in
consonance with the person's brain so that
the limb feels like real? How
communication between objects will
develop is an interesting thought. Would
we like to put limits on the IQ of different
devices?

Finally what laws should govern the
behaviour of Al Robots. If a driverless car
hits a person who is responsible? There is a
brilliant story by Isacc Asimov about
robots. This was written almost 50 years
ago. The robot is told that it should never
tell a lie. It is also told that by any of its
action it should not harm its owner. The
owner commits a murder and the robot
has seen it. It is called as a witness. If it
tells a lie it is violating its principle. But if it
tells the truth the owner will be punished.
How should the robot resolve its conflict?

Some of these questions will become
relevant. These are but a few reflections.
Research in Al has still a long way to go. As
we head towards computational resources,
which  are  "for-all-practical-purposes-
infinite", we can expect revolutionary
advancements in Al.
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Al as a googly?

Progress in Al and technology may provide
humans with material comfort. Humans
can shop, entertain themselves, consult
doctors and take treatment, work from
home, access information on any topic,
take classes through Coursera or NPTEL,
find jobs, all in the comfort of their living
room. The question is, what will they do
with all this comfort? How will it affect the
way we live, learn, work and socialize? It is
important to understand the psychological
and social implications of this new found
life and more important to understand our
own limitations. Humans tend to forget,
tend to become lazy, tend to socialize with
machines or through machines, become
impatient in this fast paced world.
Philosophically speaking, it is often said
that the purpose of humankind’s creation
is to make them strong in knowledge and
resolution, so that they may learn more
and more, and secure the power to do
what they desire. At present, human
capability to acquire knowledge can be
augmented by thousands of intelligent
agents who can search and harness the
knowledge contained in terabytes of
memory worn on the body and petabytes
of memory on the web and the cloud.
Thus the future capabilities of an individual
will not merely depend upon what he or
she knows, but what is knowable by the
intelligent agents. Today Al and technology
are moving beyond the realm of existence
of humans to the realm of elimination of
humans, which seems quite scary.
Sometimes it is said that the goal of human
life is happiness in the sense that during
the time one is alive, they should live
comfortably and happily, enjoy the

blessings of creation and nature, suffer less
pain from either natural causes or from
fellow creatures. To keep life simple and
smart, Al should serve as a means of
acquiring knowledge to the extent that you
maximize your happiness and minimize
pain. The path towards a balanced
portfolio of capable, safe, and transparent
Al-based systems should be the promise of
tomorrow to make this world a better
place to live in.
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Global navigation satellite system: Evolution, current scenario and future
trends

A. D. Sarma

Abstract

The 2014 Nobel Prize in Physiology/
Medicine was given to John O'Keefe, May-
Britt Moser and Edvard | Moser for their
discoveries of cells that constitute a
positioning system in the brain. The Nobel
Laureates have discovered a positioning
system, an "inner GPS" in the brain that
makes it possible to orient ourselves in
space, demonstrating a cellular basis for
higher cognitive function. The sense of
place and the ability to navigate are
fundamental to our existence. The sense of
place gives a perception of position in the
environment. During navigation, it is
interlinked with a sense of distance that is
based on motion and knowledge of
previous positions. This gives a scope for
augmenting human brain with GPS
technology including the people with
memory loss problems. As the world is
going to be mostly automated, artificial
intelligence and machine learning play a
major role in building the next generation
humanoids which depends on GPS
technology. In this paper, the evolution of
satellite based navigation technology is
discussed along with important
applications, current status and future
trends.
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Introduction

History changed on October 4, 1957, when
the Soviet Union successfully launched the
world's first artificial satellite Sputnik I.
Since then satellite based Communication
and Navigation fields have advanced leaps
and bounds. The first satellite-based
navigation system ‘Transit’ proved the
concept of position fixing using satellite
signals. Navigation has become part and
parcel of everyday life. An advanced and
powerful Global Positioning System (GPS)
and Global Orbiting Navigational System
(GLONASS) became operational in 1990s.
As these systems suffer from several
errors, they cannot be used for strategic
applications and Precision approach of
aircraft. To overcome these problems,
space based augmentation systems such as
Wide Area Augmentation System (WAAS)
of USA and GPS aided Geo Augmented
Navigation (GAGAN) system of India are
developed. Even these systems could not
satisfy the Required Navigation
Performance (RNP) Parameter
specifications necessary for precision
approaches of aircraft. Therefore, a new
augmentation system known as Local Area
Augmentation System (LAAS) of USA is
developed. This is expected to satisfy
necessary precision approach
requirements of an aircraft. The particulars
of various navigation systems and the
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technology evolution are summarized in
Table 1.

Current status and applications

With the upcoming several satellite
constellations from different countries a
new term ‘Global Navigation Satellite
System’ (GNSS) is proposed. GNSS refers to
the world wide positioning, navigation and
time determination capability available
from one or more satellite constellations.
It is not an exaggeration to say that it is
nearly impossible to find an area where
GNSS has no application. To name a few
aviation, defense, transport sector,
medical, and agriculture etc., Personal
locator devices using GPS technology can
be used to pinpoint the location of lost
Alzheimer’s patients. For example, Applied
Digital Solutions sells a device called the
Digital Angel, which is worn as a watch,
plus has a separate clip-on pager. Using
GPS mapping software and cell phone
networks, the Digital Angel alerts
caretakers by e-mail (sent to a cell phone,
personal computer, Personal Digital
assistant (PDA), or text pager) when an
Alzheimer’s patient has wandered out of a
pre-designated area. Even though GNSS
based systems have several advantages
over conventional navigation systems,
there are certain limitations including
jamming and spoofing that will prevent
GNSS from using in some applications such
as indoor position applications.

Due to tremendous advancements in the
GNSS technology, several demands, some
critical and some not so critical are
emerging. Selected few are briefly dealt in
this paper. By spoofing the GNSS system,

any person can maneuver the user and
destroy the very purpose of GNSS. For
example, in defense if the missile hits a
wrong target, it can make electric power
units to be tripped due to loss of
synchronization. Aviation needs a multi-
constellation GNSS for better performance
for increasing number of more demanding
applications, more robustness against
vulnerabilities and GNSS interoperability.
Gradual reliance on multi-constellation
GNSS for Communication, Navigation and
Surveillance applications for all phases of
flight, a key enabler for future ATM. From
venues of leisure to buildings in flames,
there are many situations where indoor
location  tracking is  useful.  GNSS
technology does not work inside buildings.
Some navigation systems may not be
suitable for submarine use. Main challenge
is how to achieve position accuracy,
portability, and low power consumption at
affordable price. The ultimate challenge is
to develop reliable and efficient Green
Navigation systems to meet these
emerging challenges. Recently, it is
reported that nearly half of all available
mobile applications use location
information and this will continue to
increase. In the age of Internet of Things
(loT) and Big Data, information technology
and geo-positioning are two essential
components and are inseparable.

Future trends

NASA (USA) and other space agencies are
planning to extensively use GNSS in their
future space explorations, scientific
discovery, earth monitoring applications
and various research activities and also
make their spacecrafts more autonomous
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with respect to position and time aspects.
The users in space orbit can obtain their
position and time using on-board means of
processing one way navigation signals from
GNSS or by using communications channel
tracking via the Deep Space Network
(DSN), Near Earth Network (NEN) and
Space Network (SN) thus making spacecraft
operations autonomous. GNSS may also
provide accurate time synchronization and
attitude determination in lieu of other
sensors such as star trackers. With the help
of satellite laser ranging to GNSS
constellations, systematic errors in the
radiometric data can be identified and
corrected. This information can be used to
improve Earth centered terrestrial Radio
frame on which GNSS system depend
upon. Many of the services provided by
innumerable agencies around the globe are
tied to the use of GNSS including time and
space reference systems. By 2027, due to
multi constellation satellite signals and
corrections from the augmentation
systems, the GNSS users will be able to fix
their position even in indoor and in sub
lanes also. According to a recent report,
the GNSS services are made available to
anyone, anywhere, anytime, any accuracy
by 2027. In the scenarios such as indoor
environment and dense tree canopy where
GNSS signals cannot penetrate, Navigation
via Signals of Opportunity can be used to
facilitate continuous navigation. NAVSOP
uses the same wireless technologies as
mobile phones, TVs, radios and the Wi-Fi.
These signals will have greater resistance
and utilizes wider range of signals. This
aspect has been generating huge
excitement in both civilian and military
circles and it is going to be real game
changer when it comes to navigation and

promises positive civilian impact. It also
finds applications in fire and rescue
services. Green navigation is going to be
order of the future. Design, development
and implementation of energy efficient,
low power, low cost and environment-
friendly navigation systems is on the top
priority. Expectation from the common
man is that the location technology should
work wherever the ‘smart’ cell phone
works. A combination of technologies such
as GNSS, cellular triangulation, Wi-Fi data
networks and Ultra wideband
triangulation will facilitate both outdoor
and indoor tracking infrastructure of the
future. Location information is going to be
as important and essential as time itself.
GNSS assisted Location Based Services
provide everything you need to capitalize
on the growing demand for location-
enhanced communications, including
emergency call positioning. The evolved
positing and localization techniques will be
thoroughly  exploited in  exploring
interplanetary atmosphere and other
planets. In Cooperative satellite navigation
for marine weather forecasting, research is
going on to find a way to use ships on the
move as a distributed meteorological
sensor network capable of retrieving data,
via satellite and/or off-line, on sea surface
conditions and in combination with
accurate EGNOS-augmented GNSS. Other
important applications include optimizing
driver behavior with enhanced active green
driving, GNSS-based odometry for rail
safety and management, a GNSS receiver
for safe information retrieval, and use of
GNSS precision farming in agriculture
sector. The on-going activities in GNSS will
improve the use of satellite navigation in
agriculture.
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Table 1: Satellite Based Navigation Systems evolution and their status.

5. No. Sate'lllte_ CountrY (Year of Fully Remarks
Navigation Operational)
1 Transit USA (1978) Retired in 1996
USA-266 (lIF) recently launched in
i GPS USA (1990) February 2016
. Kosmos-2516 (M) recently launched in
3 GLONASS Russia (1993) May 2016
European Union (2016 | Galileo-FOC FM11 recently launched in
4 ALILE
G © (EOQQ)) May 2016
5 BDS China (2011 (Regional) Compass-G7 recently launched in June
2016
Regional Navigation Satellite System (RNSS)
6 NAVIC India (2016) IRNSS 1G recently launched in April 2016
7 Qzss Japan (In Development) Michibiki was launched in September
2010
Satellite Based Augmentation Systems (SBAS)
EUTELSAT 117 West B launched in June
8 WAAS USA (2003) 2016 also has a WAAS transmitter
9 GAGAN India (2013) GSAT-15 was launched in November
2015
10 EGNOS European Union (2005) Astra.SB and Inmarsat 3-F2 are active
satellites
11 MSAS Japan (2007) MTSAT-2 was launched in February 2006

*EOC-Early Operational Capability

131







133

Chandrayaan-1 - India’s first lunar mission

A. S. Kiran Kumar

Introduction

Using space technology to address national
developmental activities has been the
prime objective of the Indian Space
Programme. The space infrastructure as
well as the host of applications put in place
over the years in areas of communication,
remote sensing and navigation has become
an integral part of societal developmental
processes in the country.

Space science and allied research have
been important aspects of the Indian Space
Programme to build capacity in the
country. Having established itself in
different aspects of space technology viz.,
the spacecraft, launch vehicle, ground
systems and space-based applications,
India’s Space Programme, spearheaded by
ISRO, rightfully thought of venturing into a
Mission to Moon. The idea of undertaking
a lunar mission was initially mooted in a
meeting of the Indian Academy of Sciences
in year 1999, which was followed-up
through discussions in the Astronautical
Society of India in the year 2000. Based on
the recommendations made by the learned
members of these fora, ISRO set up a
National Lunar Mission Task Force. ISRO
got the Study Report brought out by this
task force, reviewed by a group of around
100 eminent scientists of the country, in
the vyear 2003, who endorsed ISRO
undertaking such a mission.

Chairman, Indian Space Research Organisation
(ISRO).
E-mail: chairman@isro.gov.in

ISRO further took up the matter with the
Government and, on August 15, 2003 the
Prime Minister of India announced from
the ramparts of the Red Fort that India
would send a Mission to Moon by the year
2008. He also named the mission as
‘Chandrayaan-1’, making it clear that it
would be the first of many such missions to
come. Following, India’s first mission to
moon, Chandrayaan-1, was launched on-
board the indigenous and versatile launch
vehicle, the Polar Satellite Launch Vehicle
(PSLV), on October 22, 2008 and was
successfully inserted into the lunar orbit on
November 8, 2008.

This brief article portrays how the mission
was realised and gives highlights of the
major scientific outcomes of the effort.

Earlier missions to moon

Space age began with the launch of
Sputnik-1, the world’s first artificial
satellite, on October 4, 1957 by the Soviet
Union; and with this, the Moon, which was
circling the Earth all alone, got a tiny
companion. Following, a series of satellites
were launched by space-faring nations for
communication, remote sensing and
navigation purposes. After launching a
series of satellites for studying the Earth,
the Soviet Union launched Luna-1 on
January 2, 1959, which was the first
spacecraft to fly-by Moon. The Luna-2, an
unmanned Soviet probe, was the first man-
made object to reach the Moon on
September 14, 1959. Luna-9 was the first
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spacecraft to land successfully on the
Moon on February 5, 1966, and Luna-10
was the first spacecraft to successfully
orbit the Moon on April 3, 1966.

In parallel, United States sent Ranger,
Surveyor, Lunar Orbiter and the Apollo
missions to the Moon. Apollo 8 - the first
manned mission to the Moon - entered the
orbit around the Moon on December 24,
1968 and completed 10 orbits around
Moon before returning to Earth on
December 27, 1968. Apollo 10 was
launched on May 18, 1969, and it was a
dress rehearsal for the first Moon-landing,
testing all of the components and
procedures, just short of actually landing.
Apollo 11 was the first spaceflight that
landed the first two humans on the Moon
on July 20, 1969, and the rest is history.
Over 10 astronauts have landed on Moon
till date.

While United States was focussing on
manned missions, Soviet Union continued
with unmanned missions that deployed
rovers and returned samples to the Earth.
Japan, Europe and China have also
launched Orbiter Missions to study the
Moon.

The Chandrayaan-1 mission

The basic objective of Space Science and
Exploration is to understand the universe
we live in. Space platforms enable
scientific studies through synoptic vantage
in space and time, which cannot be
performed  through ground  based
approaches. One of the main objectives of
inter-planetary space research is to
understand the evolution of the Solar

System and that of the Planet Earth,
resource utilisation, exploitation, and the
kind. A few of the most enigmatic
guestions about the Moon are on its origin,
topography and composition. It is in this
context that the ‘Chandrayaan-1’ - Vehicle
to Moon in Sanskrit, was conceived with a
lunar  orbiter and an  impactor.
Chandrayaan-1 was conceived as a Polar
Orbiter Mission around the Moon at an
altitude of 100 km. Realization of the
Chandrayaan-1 mission is briefed in the
following sub-sections:

Objectives: One of the mission objectives
was to design, develop, launch and orbit a
spacecraft around the Moon using an
Indian-made launch-vehicle. The scientific
objectives were (i) to conduct scientific
experiments using instruments on board
the spacecraft, which would yield data for
the preparation of a three-dimensional
atlas of both the near and far sides of the
Moon, and (ii) chemical and mineralogical
mapping of the entire lunar surface at high
spatial resolution.

Payloads: In order to realise the scientific
objectives, a suite of payloads were
identified, viz., (i) Terrain Mapping Camera
(TMC)- for  systematic topographic
mapping of the entire lunar surface,
including the far side and the Polar Regions
and prepare a 3D atlas of the Moon with
high spatial and altitude sampling for
scientific studies (Kiran Kumar AS, et al.,
2009). A 5m sampling camera was chosen
to be commensurate with 1:50,000 scale
mapping and desirable contour interval of
less than 10m for height information. TMC
imaged the lunar surface in push-broom
mode in the panchromatic spectral band of
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0.50-0.75 um. To get the elevation
information, the camera had along-track
stereo viewing, acquiring stereo triplets of
the target scene in fore, nadir and aft
views. The base to height ratio (B/H) of the
camera was 1, and the swath of the
instrument was 20 km; (ii) Hyperspectral
Imager (HySl) - for mapping the entire
lunar surface in the visible and near infra-
red band in 64 contiguous bands in the
spectral range of 0.421-0.964 pm with a
spectral bandwidth of 20nm at a spatial
resolution of 80m over a swath of 20km in
push-broom mode (Kiran Kumar AS, et al.,
2009). The spatial and spectral data from
HySl were so chosen to improve the
knowledge of mineral composition of the
lunar surface; (iii) High Energy X-ray
Spectrometer (HEX) - designed to study
low-energy (30-270 keV) natural gamma
rays emitted from the lunar surface due to
decay of Uranium and Thorium (Sreekumar
P, et al., 2009), and the Field of View was
limited to 30km x 30 km from the 100 km
orbit; (iv) Lunar Laser Ranging Instrument
(LLRI) - designed to provide altimetry data
that would accurately map the topology of
the Moon (Kamalakar JA, et al., 2009). As
per the mission requirements, a 10 m)
diode-pumped laser (Nd: YAG Laser:
1064nm) together with 200mm diameter
telescope and a silicon avalanche
photodiode  formed the principal
components of this active remote sensing
instrument; (v) Moon Impact Probe (MIP)-
conceived to be part of the Chandrayaan-1
mission, as a unique, stand-alone
microsatellite, designed to impact at a pre-
decided location near the South Pole of the
Moon (Ashok Kumar Y, et al., 2009). It
carried a Moon Imaging System for surface
photography along its path, a Radar

Altimeter for terrain topography at close
distance and a Mass Spectrometer (ChASE)
for measuring the neutral composition on
the sunlit side of the Moon.

Payloads carried on-board through
international cooperation: Apart from
the indigenous payloads/experiments,
ISRO solicited proposals through an
Announcement of Opportunity (AO) from
International and Indian  Scientific
Community for participating in the mission
by providing suitable scientific payloads,
complementing the overall Chandrayaan-1
scientific objectives. There were 26
proposals from various laboratories/
agencies across the globe seeking
opportunity to fly their science instruments
on board Chandrayaan-1. Out of these, six
experiments were selected for inclusion in
Chandrayaan-1 mission. They were (i)
Chandrayaan-1 X-ray Spectrometer (C1XS)
— an instrument jointly developed by
Rutherford Appleton Laboratory, UK and
ISAC/ISRO to measure elemental
abundance of Mg, Al, Si, Fe, Ti on the lunar
surface using X-ray fluorescence technique
(1-10 keV), and X-ray Solar Monitor (XSM)
for observations of solar X-ray spectrum
from 1-20 keV; (ii) Near-Infrared
Spectrometer (SIR-2)- from Max Plank
Institute/ESA, UK to detect and measure
lunar mineral abundances using grating NIR
spectrometer (0.93-2.4 um); (iii) Sub-keV
Atom Reflecting Analyser (SARA) - a
collaborative instrument jointly developed
by Swedish Institute of Space Physics/ESA,
JAXA and SPL/ISRO to image lunar surface
magnetic anomalies, solar wind-surface
interaction and Moon’s surface
composition using low energy neutral
atoms (10 eV-3.2 keV); (iv) Radiation Dose



136 Insights on Global Challenges and Opportunities for the Century Ahead

Monitor (RADOM) from the Bulgarian
Space Science Institute to measure particle
flux, radiation dose rates and deposited
energy spectrum in the near lunar space;
(v) Moon Mineralogy Mapper (M3)- from
JPL/NASA to assess and map lunar mineral
resources and to characterize the lunar
surface in 0.7-3.0 um; and (vi) Miniature
Synthetic Aperture Radar (Mini-SAR)-
from Applied Physics Laboratory (APL)/
NASA to estimate and detect water/ice in
the polar cold traps up to a depth of a few
meters (Goswami JN, et al., 2009).

The spacecraft: As highlighted, 11
payloads were identified to be carried on-
board the Chandrayaan-1 mission. As
regards  spacecraft configuration, a
judicious mix of IRS and GEOSAT bus
systems of ISRO was identified to meet this
(India’s first) lunar mission objectives
(Goswarmi JN and Annadurai M, 2009).
One of the prime requirements was that
the spacecraft should protect the scientific
instruments in harsh environment and
provide the right environmental conditions
for the instruments to function. The
spacecraft configuration was arrived at
with adequate margins in terms of mass,
power and real-estate to house the
payloads. The spacecraft was shaped like a
cuboid, each side measuring approx. 1.5m.
The total mass of the spacecraft was about
1380 kg, including about 675 kg of
propellant, which the spacecraft required
to reach the lunar orbit and orbit further
around the Moon. The mass of all payloads
was only about 100 kg. Diligent
configuration  control of  electrical,
mechanical interfaces, mass, power,
mission and science plans, schedule,
budget and anomaly resolution, etc., called

for a quantum jump in the system
engineering practices (Annadurai M, 2016).

Ground infrastructure: The task team
constituted had also identified the need for
establishing a Deep Space Network station
for communicating with lunar craft. The
Indian Deep Space Network (IDSN)
consisting of two large parabolic antennae
- one with 18 m dish antenna (IDSN-18)
and the other with a 32 m wheel and track
antenna (IDSN-32) was established at
Byalalu near Bengaluru. The Deep Space
Network was necessary for communicating
with the Chandrayaan-1 spacecraft, that
was to be about 3,85,000 km away from
the Earth. Both these Antennae were used
to receive the spacecraft health data as
well as the scientific data sent by the
Chandrayaan-1 spacecraft.

Launch and manoeuvring: After detailed
mission studies in terms of traditional as
well as non-traditional approaches, a
launch strategy using Elliptic Parking Orbit
(EPO) with PSLV was chosen for this first
Indian lunar Mission. The Chandrayaan-1
spacecraft was launched from the Satish
Dhawan Space Centre (SDSC), Sriharikota
on-board PSLV-C11, using XL Version, on
October 22, 2008 in a highly elliptical orbit
with perigee of 255 km and apogee of
22,900 km, with an inclination of 17° 54’
(Adimurthy V, 2016). A series of precise
phasing orbits were performed in the
subsequent days placing Chandrayaan-1 in
the Lunar Transfer Trajectory on November
4, 2008. In the most critical operation on
November 8, 2008, the liquid engine of the
spacecraft was fired to reduce its velocity
to insert the spacecraft in the lunar orbit
and to enable lunar gravity to capture it.
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As a result, the spacecraft went into an
elliptical orbit with periselene (nearest
point to the moon) of 504 km and
aposelene (farthest point to the moon) of
7502 km. Subsequently, after a series of
manoeuvres, the final 100 km circular orbit
of Chandrayaan-1 was achieved on
November 12, 2008. By any standard, the
accuracy with which the final orbit was
achieved was a great pride for any space-
faring nation. The Moon Impact Probe
(MIP) was separated on November 14,
2008 from the main orbiting spacecraft to
precisely reach its impact location on
Moon’s South Pole at the designated place
near the Schakleton Crater, and this place
of impact has since been named as
‘JawaharSthal’.  MIP has taken around
3000 pictures of the Moon's surface
features and 650 mass spectra of lunar
atmospheric constituents before touching
the lunar surface.

Scientific Results: Results obtained by the
Chandrayaan-1 mission have given an
insight into various surface-atmosphere
interaction processes operating in the
lunar environment, further evidences of a
global magma ocean on the Moon in the
past and also indication of more recent
volcanic activities on the Moon, suggesting
that the Moon is still active and dynamic.
This has been in contrast to the concepts
prevailing prior to the Chandrayaan-1
mission; when the Moon, based on the
study of Apollo rocks, was considered to be
bone-dry and dormant with little geological
activity (Bhandari, 2014). Observations
made by four experiments viz., CHACE, M3,
Mini SAR, and SARA have contributed
significantly to the understanding of the
processes operating on the lunar surface

rocks, in the Ilunar atmosphere and
atmosphere-surface  interaction.  This
evidence of an active hydrosphere on the
Moon has been a major scientific outcome
of the Chandrayaan-1 mission.

A major discovery of the Moon Mission
was the presence of water (H,0) molecule
and hydroxyl (OH) on the surface layers of
exposed lunar surface (rocks and soils) that
is prominent near the cooler regions of the
Moon by the M3 instrument (Goswami,
2015). ChACE, an instrument on board MIP
of Chandrayaan-1, provided the first in-situ
detection of water in its vapour phase in
the sunlit side of the moon. Analysis of
Mini-SAR data provided evidence for the
presence of sub-surface water ice deposits
near the Moon's North Pole. It has found
more than 40 small craters (2-15 km
diameter) with sub-surface water ice
located at their base. SARA provided
information on solar wind interaction with
the Moon and showed that almost 20% of
incident solar wind protons get reflected as
neutral hydrogen from the lunar surface.
Observations of SARA indicated the
formation of mini-magnetosphere, of size
360 km, above the strong magnetic
anomaly near the Gerasimovic Crater on
the lunar far side. C1XS has detected the
presence of Magnesium, Aluminium,
Silicon, Calcium and Sodium on the lunar
surface even during low intensity solar
flares. RADOM data has provided lunar
radiation environment parameters during
quiet solar activity periods, which is very
useful for future lunar missions, both
manned and unmanned. The HySI and
TMC have provided detailed maps of
important features of the Moon’s surface
including craters on both poles of the
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Moon. LLRI has provided detailed three-
dimensional perception of many of the
polar craters of interest. High resolution
data from Chandrayaan-1 TMC has found
evidence of surface reflectance anomalies
or Halo in and around the vicinity of the
Apollor-15 landing site (Prakash Chauhan,
et al., 2009). TMC datasets also have been
used for crater counting and crater
diameter measurements for age dating
using Crater Size Frequency Distribution
(CSFD) technique (A.S. Arya, et al., 2012).
TMC datasets have helped in identifying
partially preserved lunar lave tube or lava
rille. It is named as ‘Cobra’ Rille and the
detailed study has shown a well-preserved
portion of the rille of more than a km in
length and 360m width. This lave tube can
serve as an effective radiation shield and
provide adequate space for a reasonable
habitat for future lunar astronauts
exploring the Moon over longer duration.

A new Lunar mineral Mg-Spinel (a hard
glassy mineral of magnesium and
aluminium oxide) was discovered at the
central peak of Crater Theophilus on the
near side of the Moon using spectral
reflectance data from M3 (D Lal et al,
2012). Carbon dioxide was observed earlier
by Apollo 17 LACE experiment during pre-
dawn period; but the high value of CO;
measured by ChACE was the first direct day
time measurement over Moon. M3, HySI
and SIR-2 provided information on lunar
surface composition on a global scale and
also very high resolution data for specific
lunar regions. These instruments identified
huge blocks of aluminium-rich rocks over a
large portion of lunar surface and
confirmed  ‘Global Magma  Ocean’
hypothesis that the surface of the early

Moon was molten up to a certain depth in
the initial stage of formation of the Moon.

Current Status of Chandrayaan-1:
Chandrayaan-1 was orbiting around the
Moon at a height of 100 km from the lunar
surface for chemical, mineralogical and
photo-geologic mapping of the Moon from
November 12, 2008. The spacecraft had
carried 11 scientific instruments built in
India, USA, UK, Germany, Sweden and
Bulgaria. After the successful completion
of all the major mission objectives, the
orbit of the spacecraft was raised to 200
km during May 2009. The satellite has
made more than 3400 orbits around the
moon, and the mission was concluded
when the communication with the
spacecraft was lost on August 29, 2009 due
to technical snag after nearly ten-months
of operation.

Conclusion

The Chandrayaan-1 mission has
demonstrated  India’s  capability in
undertaking Planetary Exploration, and has
yielded significant  scientific  results.
Following the success of Chandrayaan-1,
ISRO has initiated more planetary missions.
India, as may be recalled, has created
another history in interplanetary
exploration by successfully launching the
Mars Orbiter Mission (MOM) on November
5, 2013, and the spacecraft inserted into
Martian orbit on September 24, 2014.

India is planning for its next mission to
Moon, ‘Chandrayaan-2’ towards end-2017.
It would be an Orbiter-Lander-Rover
mission. The primary technical objectives
of this mission include, testing the
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capability of  soft-landing at a
predetermined site on the Moon and
perfecting the technology of rover
navigation and hazard avoidance. The
orbiter, lander and rover are equipped
with several instruments to validate and
extend the findings of Chandrayaan-1. The
orbiter will have 5 payloads, rover - 2
payloads and lander - 4 instruments.

Space Science, besides creating newer
research opportunities for scientists,
inspires students and younger generation
to take up scientific research and motivate
them to choose scientific career.
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Science & Technology of Remote Sensing - A future perspective

Y. V. N. Krishna Murthy, S. S. Raja Shekar and D. Giribabu

Science and technology of Remote Sensing
has seen an exponential growth in the last
few decades from being a reconnaissance
survey tool to a global system of near real
time earth and planetary observation
platforms. The definition describing
Remote sensing as an art and science of
obtaining information through
interpretations of satellite imagery has
now changed its role to the science of
identification of earth surface features and
estimation of their geo-biophysical
properties using electromagnetic radiation
as a mediumof interaction. Spectral,
spatial, temporal and polarization
signatures are major characteristics of the
sensor/target, which facilitate target
discrimination and information extraction.

Remote Sensing satellites, more
comprehensively called Earth Observation
systems, have started their journey with
first generation of Corona on board during
1950s with a capability of acquiring film
based imagery to second generation of
scanning radiometers and then push
broom linear arrays up to 90s. Landsat,
Spot, IRS sensors like AWIFS and LISS and
microwave platforms have established a
continual support to the science of Remote
Sensing.

National Remote Sensing Centre
Hyderabad, Telangana State, India.
E-mail: director@nrsc.gov.in

Having proved as a major beneficiary
technology  for  Natural Resources
Management and climate studies, an
enormous growth in the number and
variety of space platforms is seen in the
late 90s and start of 21° century. Present
space based remote sensing assets range
from optical, thermal to microwave
sensors along with very high resolutions in
the orders of tens of centimetres
resolution data and  very high
manoeuvrability as per the user’s
customised requirements. With the advent
of miniaturisation technologies, sizes of
satellites have plummeted to more than
100 times and numbers have grown into
swarms. Magnitude of coverage and
availability of earth imaging has changed
the nature of applications to near real time
information providers.

Keeping in line with the present trends of
real-time decision support systems in all
fields of science and technology, next
generation of Earth Observing Satellites are
being visualised as growth of intelligent
systems i.e. a space-based configuration
with agile and comprehensive on-board
integration of sensors, data processors and
communication systems. This enables
simultaneous, global measurement and
timely analysis of the earth’s environment
for real-time, mobile, professional and
common users in the remote sensing,
photogrammetry, GIS, and others. User
communities will be less concerned with
the technical complexities of image
processing, domain expertise, processing
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engines and other overheads to get value
added products and services. The journey
is to go towards establishing a knowledge
based community, empowered with real-
time decision making capability just like
selecting a TV channel using remote or
checking messages in mobile.

In Indian scenario Earth Observation
system had a very focussed mandate of
national development with inclusive
participation of all the stake holders
towards providing solutions to societal
requirements. Accordingly IRS and INSAT
series of satellites have been designed with
periodic, synoptic and systematic data
collection pertaining to land, ocean,
atmosphere and several aspects of
environment. This information inferred
from the data has become an inevitable
key ingredient in the programmes of the
government at the Centre and State
towards ensuring food and water security,
sustaining our environment and eco-
system, understanding weather and
climate, monitoring and management of
natural resources, planning and monitoring
of developmental activities, support to
management and mitigation during
disaster events, and information for better
governance. Resourcesat provides
continual support for thematic applications
like agriculture and water resources, while
Oceansat together with Scatterometer
data helps in identifying potential fishing
zones, wind speed and directions, sea
surface temperature etc. Sea state
forecasting and precise sea surface heights
are obtained using SARAL ALTIKA satellite
using its altimeter and Argos data
collection  payloads. Satellites  with
stereoscopic capability at very high

resolution, have provided India with a rich
store of Digital Elevation data that is a vital
ingredient for most of the on-ground
simulation and analysis applications viz,
flood forecast and vulnerability analysis,
coastal zone analysis, Himalayan
ecosystem studies, Smart cities
infrastructure development and Panchayat
level planning activities. Navigation is the
heart of geospatial applications and ISRO
strengthened this arena by establishing its
first  navigation series IRNSS  with
operational name "NAVIC" and providing
accurate real-time positioning and timing
services for Indian Region.

Diverse weather conditions is a challenge
for Remote Sensing data acquisition.
Optical sensors are severely limited for
data acquisition during cloudy or rainy days
as lower wavelengths (optical) cannot
penetrate  through dense particles.
Especially, disaster events like floods and
cyclones require continual data during the
events including day and night capability.
Satellites  with  microwave  sensors
overcome this as longer wavelengths
penetrate through clouds and active
sensors (self-illuminating) can also provide
night time imagery. RISAT series of
satellites provide data in multiple modes
and resolutions, which complement the
availability of data for all weather
conditions. Hyperspectral imaging is used
in advanced applications like mineral
prospecting, precision agriculture,
preparation of spectral libraries and many
more. Upcoming GISAT carries such
payload along with optical and long wave
sensors including the capability of
providing observations within intervals of
few hours. Such a single early-warning
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satellite, giving constant, complete
coverage of the country, is unique and a
great boost to near real-time disaster
management.

Study of earth atmospheric structures and
environment  prediction  still  awaits
challenges in achieving the degree of
precision and accuracies required for a
reliable and robust decision making.
Microwave remote sensing has seen a
rapid growth with numerous expeditions
like  TRMM, TERRA, SENTINEL, etc. ISRO
with its advanced observation and
modelling capabilities provides near real
time weather & oceanographic data and
predictions from MOSDAC
(http://www.mosdac.gov.in).

Mission Chandrayan has already
established the capability and purpose of
scientific missions by ISRO. Next major leap
in the near future is planned with more
advanced scientific expeditions like mission
Aditya, sensor designed to study sun's
atmosphere, second Mars mission and
mission to Venus. Aditya satellite will be
placed in the halo orbit around the
Lagrangian point 1 (L1) of the Sun-Earth
system that has the major advantage of
continuously  viewing  without any
occultation/eclipses for studying Sun's
Photosphere (soft and hard X-ray),
Chromosphere (UV) and corona (Visible
and NIR). Instruments onboard these
missions cover a wide range of capabilities
including ultraviolet, x-ray and magnetic
field measurements.

National Remote Sensing Centre,
Hyderabad is the main arm of ISRO that is
responsible for remote sensing satellite

data acquisition and processing, data
dissemination, aerial remote sensing and
decision support for disaster management.
(https://www.nrsc.gov.in/). A multifaceted
geospatial platform Bhuvan
(https://bhuvan.nrsc.gov.in/) is the
dissemination front end for all Remote
Sensing and GIS data and services in India.
It's a vast datastore for terabytes of
historic time series satellite imagery that
can be viewed or downloaded freely by all
academia and stake holders for integration
into their own process chains or research
activities.  Entire  country's  natural
resources, disaster warning information,
infrastructure and assets are made
available for empowering  national
development plans.

Today bigger challenges are being
addressed to navigate through knowledge
sharing to bring machines to talk to each
other and communicate with an
interoperable sphere of data and services
so as to bring out holistic understanding of
earth as a "single system of moving
pictures of a changing planet" rather than
snapshots of imagery of land, ocean and
atmosphere bound by virtual divide of
nations. Datacube technology, BigData and
loT (Internet of Things) are growing at a
rapid pace across the institutions.

ISRO's initiatives towards empowering
academic interface is multi pronged with
its dedicated efforts through RESPOND
projects, in-curriculum student projects,
technology development programs and
outreach activities. Remote Sensing and
GIS collectively called geospatial
technologies is also pursued in masters
degrees in many institutions. Facilities for
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advanced studies in Remote Sensing is
made  available to national and
international students through Indian
Institute of Remote Sensing, Dehradun and
CSSTEAP centres. Indian Institute of Space
Technology is another bright prospect for
all the students aiming specialisation in
these domains. In order to promote skill
development and support to start-ups in
geospatial platforms, NRSC will be
providing incubation facilities apart from
academic interfaces.
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Renewable energy technologies for future energy options

D. N. Reddy

Abstract

Solar is currently high on absolute costs
compared to other conventional sources of
power such as coal. The objective of the
Solar Mission is to create conditions,
through rapid scale-up of capacity and
technological innovation to drive down
costs towards grid parity. The Mission
anticipates achieving grid parity by 2022
and parity with coal-based thermal power
by 2030, but recognizes that this cost
trajectory will depend upon the scale of
global deployment and technology
development and transfer. The cost
projections vary — from 22% for every
doubling of capacity to a reduction of only
60% with global deployment increasing 16
times the current level. India is endowed
with vast solar energy potential. About
5,000 trillion kWh per year energy is
incident over India’s land area with most
parts receiving 4-7 kWh per sq m per day.
Hence both technology routes for
conversion of solar radiation into heat and
electricity, namely, solar thermal and solar
photovoltaic’s, can effectively be
harnessed providing huge scalability for
solar in India.

Prof. (Dr.) D N Reddy, Former Chairman, RAC/DRDO,
Min. of Defence and Member, UGC, MHRD

Former Vice Chancellor, INTU, Hyderabad

Fellow, Institution of Engineers (India).

E-mail: reddydn@gmail.com

Solar thermal VS. Photovoltaic

technologies

It is important to understand that solar
thermal technology is not the same as solar
panel, or photovoltaic technology. Solar
thermal electric energy generation
concentrates the light from the sun to
create heat, and that heat is used to run a
heat engine, which in turn runs a generator
to make electricity. The working fluid that
is heated by the concentrated sunlight can
be a liquid or a gas. Different working fluids
include water, oil, salts, air, nitrogen,
helium, etc. Different engine types include
steam engines, gas turbines, Sterling
engines, etc. All of these engines can be
quite efficient, often between 30% and
40%, and are capable of producing 10’s to
100’s of megawatts of power. Photovoltaic,
or PV energy conversion, on the other
hand, directly converts the sun’s light into
electricity.

This means that solar panels are only
effective during daylight hours because
storing electricity is not a particularly
efficient process. Heat storage is a far
easier and efficient method, which is what
makes solar thermal so attractive for large-
scale energy production. Heat can be
stored during the day and then converted
into electricity at night. Solar thermal
plants that have storage capacities can
drastically improve both the economics
and the dispatchability of solar electricity.
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Competing with fossil fuels

Solar thermal power currently leads the
way as the most cost-effective solar
technology on a large scale. It currently
competes other PV systems, and it also can
beat the cost of electricity from fossil fuels
such as natural gas. In terms of low-cost
and high negative environmental impact,
nothing competes with coal.

With an increasingly industrializing planet,
the leaders in solar thermal technology
have an ever-growing market. The issue is,
and will always be, how to make solar
thermal technology more economical.
There are currently two methods for solar
thermal collection. The first is line focus
collection. The second is point focus
collection. Line focus is less expensive,
technically less difficult, but not as efficient
as point focus. The basis for this
technology is a parabola-shaped mirror,
which rotates on a single axis throughout
the day tracking the sun. Point focus
technique requires a series of mirrors
surrounding a central tower, also known as
a power tower. The mirrors focus the sun’s
rays onto a point on the tower, which then
transfers the heat into more usable energy.
Point focus, though initially costlier and
technically more advantageous, outshines
line focus when results are concerned. The
point of focus in a line focus mirror array
can only reach temperatures around 250
°C. That is a sufficient temperature to run a
steam turbine, but when compared to the
500 °C and higher temperatures that point
focus can reach, the extra effort and cost is
balanced out by its greater efficiency
capability. High efficiency matters because

it drives down both the land usage, and the
effective cost per kWhr of the plant.

Cleaner technology and climate change

Such technological replacements allow the
exploitation of the Leapfrog Effect, which
will be an important factor in global
development and emergent markets in an
era facing serious climate change. The
Leapfrog Effect is a principle that certain
technological progressions are necessary,
but only once. The end result, or product,
is autonomous from all the preceding
stages. For example, look at the slow
transition that industrialized nations are
making right now from coal to alternative
energies. They all needed coal technology
in order to develop new, cleaner methods
of energy production. Now that these new
technologies are developed, however,
developing nations and emerging markets
need not follow the same path, but instead
could just leapfrog over coal-fired to the
cleaner technologies.

Infrastructure requirements

Another challenge for solar thermal is the
availability of space that gets consistent
amount of direct sunlight required for
efficient production of energy. Solar
thermal power plants typically require 1/4
to 1 square mile or more of land. One silver
lining of global climate change and human
impact on the land is that more and more
farmland is becoming unsuitable for
agricultural  production.  This  land,
presumably originally chosen for its sun
exposure, begs to be used for solar thermal
energy production. Utilization of
desertification can prove to be a boon for
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solar thermal real estate procurement and
growth.

With solar thermal technologies being
developed and advanced by companies
such as eSolar, Bright source, Abengoa,
Acciona, Ausra and Schott Solar, the world
has a new alternative. The benefits of
eliminating coal from our energy diet are
many. By not burning fossil fuels, countries
can be truly energy independent. Also, by
limiting, and hopefully eliminating, carbon
emissions, a nation’s pollution will not be
windswept into another nation’s
territories, further cementing the concept
of independence.

Solar thermal plants are being built around
the world, and many new planned plants
are in the works. Solar thermal is the
current solar electricity cost champion, but
more improvements are needed to beat
the cost of the lowest-cost fossil fuels in a
legislative climate without subsidies or
carbon taxes.

Hybrid solar technology

e The hybrid solar technology uses a
rooftop-mounded 48-inch diameter
collector and secondary mirror that
track the sun throughout the day using
GPS

e The collector system focuses the
sunlight into 127 optical fibers
connected to special light fixtures
equipped with diffusion rods similar to
fluorescent light bulbs

e The rods spread light in all directions.

Conclusion

Renewable Energy Technologies are
providing technology options for replacing
Fossil Fuels, thereby ensuring cleaner and
user friendly technologies for future
energy needs of people, particularly in
India.
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Materials chemistry

T. P. Radhakrishnan

Introduction

Materials mark the evolution and progress
of human civilization. The type of materials
that humans have developed and deployed
in their daily life have become the
signature of the times they lived in. From
the early periods of stone, copper, bronze
and iron ages, we have evolved into the
modern eras of plastic, silicon and carbon
ages (Figure 1). Materials play an integral
role not only in the basic necessities of life
such as food, clothing and shelter, but also
in improving the quality of life through the
development of a wide range of
technologies including health and medical,
energy and environment, and
communication and entertainment.
Chemistry being a central theme unifying
many aspects of physics, electronics and
materials science on the one hand and
biology, medicine and pharmaceutical
sciences on the other, it is natural that
materials chemistry has emerged as a
critical link in the development of
contemporary and futuristic technologies.
Materials chemistry harnesses the power
of synthetic chemistry, the fundamental
insights of condensed matter physics and
the versatility of engineering to meet the
demands of emerging concepts and
technologies in the domain of materials.

School of Chemistry, University of Hyderabad,
Hyderabad — 500 046.
E-mail: tpr@uohyd.ac.in

Early developments in the field of materials
chemistry were focused on the utilization
of the chemical understanding of atoms,
molecules and their interactions to design
and fabricate materials with specific
attributes such as electronic, magnetic or
optical. The basic classification of solids
based on the nature of the bonding
interactions, into ionic, covalent, metallic
and molecular (van der Waals) is now
expanded to include more complex
situations involving combinations of such
interactions. The familiar families of
metals, alloys, semiconductors, ceramics
etc. have been augmented by more exotic
systems with the emergence of
composites, conducting plastics,
biomaterials and molecular materials.
Materials chemistry has played a pivotal
role in these developments.

Another important development has been
the shift of focus from bulk materials to
molecular, supramolecular and nanometric
systems. The critical idea is to control and
manipulate materials at the molecular
level, to extract novel and unique
responses, and realize unprecedented
functions. This has led to the terminologies
such as advanced materials and smart
materials, and the general paradigm of
nanomaterials. The canvas of modern
materials chemistry is vast; we discuss
below a few general classes of systems in
order to impart a flavor of the field.
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Nanomaterials

The unifying theme in this field is the
emergence of size as a parameter to tune
the properties of materials; this goes
beyond the traditional idea of chemical
composition and structure as the defining
signatures of materials. Figure 2 shows the
role of chemical composition, structure
and now, size as factors that control the
properties of materials. Color of materials
change with the chemical composition as
shown for copper, chromium and nickel
compounds. A wide range of properties
like hardness, electrical/thermal
conductivity, solubility etc. vary
significantly with the structure as shown
for carbon in different forms, the chemical
composition being the same. With the
chemical composition and structure
remaining the same, change in the size of
particles of silicon from millimeter to
micrometer does not affect the properties
much, but going down to nanometer-sized
particles leads to significant change in color
(indeed the color can be tuned by varying
the particle size in the nanometric range).
The last example captures the essential
idea of nanomaterials. Unique
characteristics such as quantum
confinement of charge carriers and
localized surface plasmon resonance
extinction, as well as the large surface-to-
volume ratio of nanoparticles are exploited
in a wide variety of applications including
smart devices and sensors, photonics,
display and imaging technologies, medicine
and theranostics, catalysis and energy
applications. Emergence of nanoscopy as a
viable tool, using a range of probe and
electron microscopy techniques has been
vital in understanding and designing

nanomaterials. The  fabrication  of
nanomaterials and nanostructures is often
realized using top-down approaches where
larger particles are broken down into
smaller particles, or by bottom-up
strategies of assemblies of atoms or
molecules. Chemistry is the basis of most
of the latter approaches; the classic
example is the synthesis of ‘divided gold’
by Faraday in 1857, the simple chemistry
involved being the reduction of Au** to Au®
by phosphorus, with the reaction carried
out in carbon disulfide. Besides synthesis,
chemical functionalization plays a vital role
in many nanotechnology applications.
Materials chemistry has contributed to the
development of many novel nanomaterials
based on organic conjugated polymers,
inorganic semiconductors and hybrid
perovskites that have emerged as key
components in energy harvesting
technologies.

Carbon materials

The family of carbon materials include, in
addition to the classical allotropes such as
diamond and graphite, molecular forms
like fullerenes and nanotubes, as well as
single and few-layered  graphene.
Exfoliation through chemical means is one
of the commonly employed routes to
graphene fabrication. Once again chemical
functionalization enables the utilization of
these exotic materials in a wide range of
applications related to energy and sensing;
it also enables effective formation of
composite materials. Various chemical
transformations that lead to covalent
functionalization of graphenes are shown
in  Figure 3. Functionalized carbon
nanotubes find application in a number of
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areas including electronic  devices,
electrochemical sensors etc. Non-covalent
interactions are also effectively employed
in developing carbon based functional
materials; an interesting example is one of
the earliest organic molecular ferromagnet
based on the charge transfer complex of
Ceo with the organic m-electron donor,
tetrakis(dimethylamino)ethylene.

Molecular materials

Molecular materials are some of the finest
manifestations of the power and beauty of
materials chemistry. The fundamental
theme in the field of molecular materials is
the design and synthesis of molecules
(including macromolecules) and their
organization into assemblies (nanocrystals,
colloids, thin films, crystals) so as to elicit
materials responses and functions that are
not only characteristic of the molecular
building blocks and their interactions, but
also unique to the supramolecular
structure. The versatility of synthetic
chemistry is brought to bear upon tuning
the molecular structure which in turn
optimizes the supramolecular structure
and their materials attributes. The
relatively weak non-covalent interactions
between molecules can be exploited to
fine-tune the materials characteristics.

Liquid crystals which find extensive
applications in a wide range of
contemporary technologies, form the
earliest,  well-defined examples  of
molecular materials. The discovery of
semiconduction in purely organic materials
in the 1950s was soon followed by the

discovery of synthetic metals and
superconductors as well as conducting
polymers. Nearly all solid state properties
such as ferromagnetism, nonlinear optical
responses and ferroelectricity, established
in the domain of materials like metals,
alloys and semiconductors, have been
realized in the domain of molecular
materials. Figure 4 shows examples of
subtle chemical changes such as
substitution of metal ions or molecular
components and  oxidation/reduction
processes that have a profound impact on
the magnetic or electrical properties of
molecular materials. The first relates to a
wide range of magnetic phenomena that
can be realized through changes in the
metallocene based complexes; the second
one shows the fantastic increase of 9
orders of magnitude in the electrical
conductivity of polyacetylene upon doping
with electrons and holes. One of the
outstanding challenges in the field is the
realization of molecular scale devices.

Conclusion

In this brief article, we have attempted to
impart a feel for the significance of
materials in general, and the prime role of
chemistry in their development. The
coverage is far from exhaustive; the hope
is that the selected examples that are
projected would illustrate how chemical
ideas and explorations are key to the
design and fabrication of materials that
impact upon many aspects of modern
technology.
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Figure 3. Chemical functionalization of graphene [Ref. Paula Marques, Gil Gongalves, Sandra Cruz,
Nuno Almeida, Manoj Singh, José Gracio and Antdnio Sousa (2011). Functionalized Graphene
Nanocomposites, Advances in Nanocomposite Technology, Dr. Abbass Hashim (Ed.), InTech, DOI:
10.5772/18209. Available from: https://www.intechopen.com/books/advances-in-nanocomposite-
technology/functionalized-graphene-nanocomposites]
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Research trends in smart materials and systems

G. Prasad and S.V. Suryanarayana

“Smart materials are designed materials
that have one or more properties that can
be significantly changed in a controlled
fashion by external stimuli, such as strain,
stress, light, temperature, moisture,
pressure, pH, electric or magnetic fields
etc.” From times immemorial, human
beings used materials in smart ways for
new purposes for which they were not
originally intended. The intense activity of
research on smart materials has increased
with changing life styles and requirements
in peace, war, entertainment, transport,
comfort, health related issues and
probably in all areas where sensing is
needed. All such requirements
necessitated to look for either new
materials or to exploit by proper tuning of
the physical properties of the known
materials or to synthesize composite
materials with differing physical and
chemical properties. The advantage of
composite materials or structures is the
ability to tune a particular property to the
desired end-property for a specific purpose
of sensing. The most important issue in the
use of smart materials is the repeatability
and accuracy. The ultimate benefit from
successful research in smart materials will
be the creation of physical structures that
perform their functions without human
intervention.

Materials Research Laboratory
Department of Physics, Osmania University
Hyderabad 500007, India.

E-mail: svs.sharma@gmail.com

The development of smart materials is
truly a multi-disciplinary science, drawing
on expertise ranging from materials
science and manufacturing to engineering
design and control. Smart materials and
systems have a wide range of applications.
In terms of the definition given at the
beginning of this article, a smart material
shall necessarily integrate the functions of
a sensor, actuator and control mechanism
under the given stimulus. Sensing by a
material is to monitor environmental
changes and generate signals proportional
to the changing measure and actuation is
to change properties of the smart material
in order to achieve the desired response.
The control capability continually monitors
the sensor’s signal, processes the
information in order to determine whether
an action is required. If required, then a
signal is applied to an appropriate
actuation. Table 1 presents certain smart
materials or which can be made into
composite structures with enhanced
capability of sensing or actuation.

The use of smart materials is continuing to
grow due to increasing effort to optimize
operating systems. Some examples
include: Pyroelectrics, Piezoelectrics,
Electrostrictors, = Magnetostrictors and
Shape memory alloys.

Smart structures and systems that are built
with these materials allow for more
flexibility and greater functionality over
conventional materials systems in various
applications.  Smart  materials  find
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applications in many areas, a few of them
are: Aerospace, Defence, Automotive, Civil
Engineering, Medical diagnostics etc.

There are yet numerous unexplored
avenues for the application of sensing and
actuating materials, but their development
is still far from complete. Continued
research on the materials themselves will
spawn new as-yet-unknown applications,
and will also provide improved
performance in existing applications.
Although these special materials will not
simply replace conventional hydraulic,
pneumatic and electric motor actuators
altogether, the new actuators may
eventually be implemented more widely
than their long-established counterparts,
as they have a high energy density, large
band-width, and simple packaging.
Traditional actuators can be large and
complex systems, adding weight and
various additional costs to the application.
Sensor and actuator materials can
decrease manufacturing, operating and
maintenance costs, reduce weight and
improve system performance. Therefore,
when designing new systems, these
materials should be given proper
consideration as they present a very
legitimate alternative to conventional
systems.

In the late eighties, the research thrust in
the area of smart materials and structures
was initiated. Specifically, new ideas were
sought for research related to: embedded
sensors and actuators (including optical,
magnetic, electrical, chemical and
mechanical); phase transitions such as
those involved in shape memory; electro-
rheology; layered structures and

composites; defect crystal structures (e.g.,
photochromic glasses); biocomposites;
piezoelectric ceramics; multifunctional
macromolecules, and mathematical issues
related to smart materials and structures.
Initially, the research was ramped up with
individual and collective multidisciplinary
groups of investigators. New processing
techniques are required to produce entire
sensor, actuator and control functions in
unit cells of less than 1 mm cube. At this
scale of architecture, the array is perceived
to act as smart materials. Micro printing of
metal, insulator and actuator materials has
been demonstrated. Additional composite
architecture is achieved by tape layering
and by 3D-rapid prototyping
photolithography techniques. Local and
global response requires micro printing of
circuits and elements. The latest research
is addressing the mathematical issues in
local-global  control, simulation and
modeling.

Future requirements/opportunities

Various forward-looking scenarios suggest
areas of high priority research in smart
materials and structures. Some of the
identified areas are:

a. Lightweight materials and systems for
global deployment

b. Urban environment: 360-degree close
range threats (not stand off 2-3
kilometers)

c. Terrorist threat call for vigilance and
detection
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d. Drug interdiction, detection and
tracking

e. Explosives, nuclear detection, tracking,
and neutralization

Multifunctional requirements for
materials, e.g., strength, erosion
resistance, and stealth

g. Simplification of tasks (automatic
controlled response)

h. Laser eye protection

There is a need to recognize and support
this area with multidisciplinary programs
involving aspects of materials science,
electronics, biosystems, earth sciences,
engineered systems and mathematical
modeling. Specifically, new ideas are
sought to embed or integrate sensors and
actuators at the mesoscale or molecular
level, for optical, magnetic, electrical,
chemical, and mechanical devices.
Computer logic chips may also be
embedded in a distributed way. One large
area for future civilian and military dual
use is the need for a biomimetic nose to
detect, discriminate and alarm the
presence of chemical explosives, illegal
drugs and biological agents. Molecular
recognition and signal transduction must
be highly sensitive and selective yet robust
and regenerative. The use of actuators and
sensors at milli and micro-scales is
changing the way we think about the
design and control strategies of smart and
adaptive structures. The possibility of using
biologically inspired designs for the control
of large numbers of micro actuators
suggests a solution to the problem of

designing muscle-like systems that are
suitable for robotic fingers and arms. One
of the advantages that needs to accrue
from smart and adaptive materials is their
ability to repair themselves and to be fault
tolerant. Related to this is the necessity for
smart systems with their multiple sensors
and actuators to organize themselves into
a system which is capable of overall
functioning with both normal and
degraded modes of operation.

The most notable shift in the recent
research activity is moving toward macro-
scale embedded systems and meso-scale
integrated smart composites. Rather than
discrete actuators or sensors, more
attention is given to a composite material
response: a slab of material that warps
purposefully or changes its surface
contour, or monitors its health locally; or
alters its physical characteristics locally.
Small-scale architecture was presented as
a means to achieve an engineered negative
Poisson's ratio utilized to increase the
sensitivity of hydrophones. New
techniques of patterning and constructing
sub millimeter sensors, actuators and
distributed control elements suggest many
structural and medical applications for this
technology.

The level of integration in biological
systems is far more advanced than in
synthetic smart materials and systems.
However, our evolving understanding of
how biological organisms organize, create,
and synthesize systems with smart
functions has inspired the research
community and lead to biomimetic
material systems. Concepts from biological
systems can be used in the synthesis and
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design of the next generation of advanced
materials which function as smart systems.
Recent developments only promise
opportunities that lie ahead.

The advent of ‘knowledge revolution” —
digitization of manufacturing, mass-

customization and personalization
combined with an increasing need of social
and environmental responsibility,
sustainability etc., — has elevated

significantly the role of smart materials as
essential building blocks of increasingly
small and intricate devices and processes.
They represent enabling scientific
breakthroughs for numerous innovative
solutions to global societal challenges,
ranging from smart materials applications
for pediatric cardiovascular devices to
cellulose based biodegradable flexible
electronics and thermochromic windows.
For several years, annual lists of Top 10
Emerging Technologies have included
innovations that are dependent on smart
materials (e.g. green concrete, microscale
3D printing, recyclable, thermoset plastics).
Moreover, the European Union’s list of Key
Enabling Technologies (KETs) also includes
several large families of smart materials

(e.g. photonics, micro- and nanoelectronic,
advanced materials).

A  most recent publication (Nature
Scientific Reports) lays out a theoretical
map to use a ferroelectric material to
process information using multivalued logic
- a leap beyond the simple ‘ones’ and
‘zeros’ that makeup our computing
systems process much more efficient. The
novel logic unit will enable information
processing using not only “yes” and “no”
but also “either yes or no” or “maybe”.
This is the way human brains operate.
However, no such material is discovered
yet. Once done it is up to one’s imagination
as what type of “smartness” or “smart
material” is in store for future?



Research trends in smart materials and systems

Table 1. Smart Materials

Material class

Stimulus

Response

Pyroelectrics

Piezoelectrics
Electrostrictors
Magnetostrictors
Electroactive Polymers
Electroluminescent Materials
Photoluminescent Materials
Electrochromic Materials
Piezoelectrics
Electrostrictors
Magnetostrictors

Shape Memory Alloys
Electroactive Polymers
Electrorheological Fluids

Magnetorheological Fluids

Temperature Change
Mechanical Strain
Mechanical Strain
Mechanical Strain
Mechanical Strain
Electric Field

Incident Light

Electric Field

Electric Current
Electric Current
Magnetic/Electric Field
Temperature Change
Electric Field/pH change
Electric Field

Magnetic Field

Electric Polarization
Electric Polarization
Electric Polarization
Change in Magnetic Field
Electric Polarization
Light Emission

Light Emission
Color Change
Mechanical Strain
Mechanical Strain
Mechanical Strain
Mechanical Strain
Mechanical Strain
Viscosity Change
Viscosity Change
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Materials which revolutionize and engineer our future

P. Venugopal Reddy

Materials science continues to develop
new materials with remarkable attributes,
as well as invent new combinations of
traits. Sophisticated smart phones, robotics
to intelligent machines made of new
materials are already playing a major role
in engineering, medicine, design and
manufacturing, etc. Here are a few
examples of futuristic materials that will
give a new turn to present day technology.

Aerogel

Aerogel is a synthetic, highly porous and
ultra light material with a density of 3mg/
Cm3. The material is prepared from a gel,
in which the liquid component of the gel is
replaced with a gas. The result is a solid
with extremely low density and low
thermal conductivity. It is also known as
frozen smoke, solid smoke, solid air, or blue
smoke owing to its translucent nature.
Aerogels are already used in wetsuits, fire
fighter suits, windows, cosmetics and
nuclear weapons. They’re also expected to
be used in body armour, non-deflectable
tyres and as a heat shield for space craft
re-entry. Infact, Aerogel was used as an
insulating material in Mars Rover space
vehicle.

Professor, Department of Physics,
Osmania University, Hyderabad, India.
E-mail: paduruvenugopalreddy@gmail.com

Although aerogel was first produced in
1931, because of its extraordinary
properties and innumerable applications,
the material is still considered as a
futuristic material. Moreover, this material
holds 15 entries in the Guinness book of
world records, apart from finding a variety
of novel applications.

Carbon nanotubes

Carbon nanotubes are long chains of
carbon atoms held together by the
strongest bond ever seen in Chemistry.
These cylindrical carbon molecules have
unusual properties, which are valuable for
nanotechnology, electronics, optics and
other fields of materials science and
technology. Owing to their exceptional
strength and stiffness, nanotubes have
been constructed with length-to-diameter
ratio of up to 132,000,000:1, significantly
larger than for any other material. The
specific strength of carbon nano tubes is
48,000 KN-m/Kg, when compared to that
of the strongest material- high carbon steel
(154KN-m/Kg). Single/double/multi walled
carbon nano tubes, with extraordinary
thermal conductivity, mechanical and
electrical properties, find applications in a
variety of devices.
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Metamaterials

Metamaterials are exotic composite
materials that display properties beyond
those available in naturally occurring
materials. Metamaterials derive their
properties not from the properties of the
base materials, but from their newly
designed structures. Their precise shape,
geometry, size, orientation and
arrangement gives them their smart
properties capable of manipulating
electromagnetic waves: by blocking,
absorbing, enhancing, or bending waves, to
achieve benefits that go beyond what is
possible with conventional materials.
Metamaterials have been used to create
microwave invisible clocks and 2D invisible
clocks. Because of negative refractive index
exhibited by these materials, they may be
used as holograms in 2D display.

Topological insulators

Topological Insulators are materials with
non-trivial topological order that behaves
as insulators in their interiors but whose
surface  contains conducting  states.
However, the conducting surface is not the
unique character of topological insulators,
since the ordinary band insulators can also
support conductive surface states. The
surface states of topological insulators are
symmetrically protected by particle
number conservation and time reversal
symmetry. The unusual properties of these
materials have generated a lot of interest
in the condensed-matter community in
recent years. They bring a great
opportunity to expand understanding of
the Physics of materials and could lead to
applications in quantum computation.

Topological insulators are also promising
materials for thermoelectric science and
technology.

Graphene

Graphene is an allotrope of carbon in the
form of a two-dimensional, atomic scale,
hexagonal lattice in which one atom forms
each vertex. It is the basic structural
element of other allotropes, including
graphite, charcoal, carbon nanotubes and
fullerenes. But graphene's simple structure
belies its unmatched electronic and
physical properties. Graphene has many
unusual properties. It is about 200 times
stronger than the strongest steel. It
efficiently conducts heat and electricity,
which is a million times better than copper
and is nearly transparent to visible light.
Graphene shows a large and nonlinear
diamagnetism, greater than graphite and
can be levitated by neodymium magnets.
Potential applications of this material
include light weight, thin, flexible, vyet
durable display screens, electric/photonics
circuits, solar cells, and enhancement of
various medical, chemical and industrial
processes.

Transparent Alumina

Alumina, high temperature refractory
material, which can exist in different
phases, has high strength, super hardness
and excellent resistance to corrosion. The
transparent alumina ceramics are good
materials for electromagnetic windows,
domes for halide lamps, transparent armor
replacing sapphire. Besides the
applications for lighting and domes,
transparent nano structured alumina
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ceramic was also used as humidity sensor
which is stable up to 2 years.

Metal foam

When a foaming agent such as powdered
titanium hydride is added to molten
aluminium and cooled, the resultant
material is metal foam. It is very light with
75-95% of empty space. Because of this,
the metal foam can be used in the
automobile industry to reduce weight, in
armour industry for stopping the bullets, to
enhance the energy absorption properties
of a structure without increasing its weight,
or for sound and mechanical shock
isolation. Due to its favourable strength to
weight ratio, the metal foam is proposed
as a construction material for space
colonies. Some metal foams are so light
that they float on water, which would
make them excellent material for floating
buildings.

Transparent concrete

Light-transmitting concrete was invented
in 2001, contains glass optical fibers that
transmit light through the entire length of
the block, thus bringing sunlight through a
wall. Concrete isn’t transparent, though —
it’'s merely light-permeable. Architects can
use these blocks to make things such as
floors lit from below or translucent walls,
and a company has already made 20-
meter-long beams capable of transmitting
light across its entire length Transparent
concrete uses sunlight as source of light
instead of electrical energy and reduces
power consumption. This concrete can also
be used in cold countries to transmit heat
alone with sunlight.

Smart garments

Smart garments are fabrics that enable
digital components (including small
computers), and electronics to be
embedded in them. The basis of this new
functionality is the integration of textiles
and electronics. From clothing to
bandages, bed linen to industrial fabrics,
new products integrating e-textiles are
being created. The unique combination of
properties, like flexibility, softness,
permeability, strength, thermal, and
electrical resistance of textiles, provides
several reasons for research and
development. Such combination of
properties is not seen in several other
materials including metal, ceramic, plastic,
wood, glass, paper etc. The electronic
fabric can monitor one’s health, guards and
tells if there is any danger, measures the
chemical mixture of body fluids and do
many more such things.

Scope for developing new materials

In order to discover novel materials with
extraordinary properties and applications,
one may have to adopt innovative
experimental approaches for finding new
materials along with developing suitable
computational procedures. For this
purpose, construction of an information
library of materials with comprehensive
databases based on their crystallographic
unit cell of crystalline phases is necessary.
In order to achieve this, a Materials
Genome was established in 2011. In
addition, development of suitable high
throughput computing for the optimization
of lattice configuration, elastic, electronic,
dielectric and thermodynamic properties is
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essential. The new materials, due to their
extraordinary properties, paints a vivid
picture of our future lives. This suggests
that the way we live, work and play, will
change beyond recognition over the period
of the next century.
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Green buildings

Gregory H Kats

Over the last 20 vyears green building
standards  including LEED (adopted
globally), BREEAM (adopted Europe-wide
and in the Persian Gulf), CASBEE (Japan)
and Green Star (S Africa) have become
widely adopted. LEED, for example, is the
design basis for almost half of new non-
residential square footage in the US. This is
an extraordinary achievement and has
made for healthier, happier and greener
homes, workplaces, schools, hospitals and
public spaces for tens of millions of
families, students and workers around the
world.

But in a world of accelerating climate
change and a US government that denies
this scientific reality, the climate change
impact of these standards is no longer
adequate. Green building standards
typically deliver only a 15% to 25%
improvement in CO2 reduction compared
to new conventional buildings. Given the
scientific reality of accelerating climate
change, such a small improvement is
entirely inadequate. And because of cost-
effective energy efficiency and renewable
energy options, far deeper CO2 reductions
are now cost-effective. To be a legitimate
green building standard today, a rating
system must require large reductions in
Cco2.

Managing Director at ARENA Investments LLC and
President of Capital E.
E-mail: gkats@cap-e.com

The scientific consensus on climate change
is now overwhelming. As a March 7, 2013
Scientific American article noted: “An
astounding variety of data supports the
conclusion that our earth’s climate is
changing due to increasing greenhouse gas
(GHG) concentrations in the atmosphere.
The economic, social, and environmental
implications could be catastrophic.
Moreover, scientists have reached a
consensus that the increase in GHGs is
indeed anthropogenic”.

The moral dimension of climate change
responsibility has also had its deniers.
Some people who accept the reality of
anthropogenic climate change argue that it
is not our responsibility now - that
responsibility for global warming can be
left to future generations who will
experience the largest costs of climate
change but may have more money or
technologies to manage or mitigate climate
change. The moral or ethical aspects of
when we take on responsibility for our own
contamination of the earth, has been
spoken to directly by our leading moral
figures, including the Pope. Pope Francis,
on Nov 30, 2016, discussing climate change
stated that “Every year the problems are
getting worse. We are at the limits. If | may
use a strong word | would say that we are
at the limits of suicide”.

A green building that cuts CO2 and energy
consumption by only 20% is not a material
step toward decarbonization. Because
buildings represent over 40% of energy use
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and close to half of climate change,
building decarbonization is essential to our
rapid transition to a low carbon economy -
and established green building standards
must be central to this transition. To do so
they should immediately be revised to
require very deep carbon reductions as a
requirement for certification for new and
retrofitted buildings, and for green building
rating renewals.

Most green buildings can achieve 100%
reduction in CO2 cost-effectively. For most
buildings, a combination of energy
efficiency, onsite renewable energy
(primarily solar PV) and direct purchase of
renewable energy can today cost
effectively deliver 100% reduction of CO2
from building operations. Energy efficiency
technologies such as LED lights, solar PV,
wind and batteries have over the last
decade experienced deep and sustained
reductions in cost, making zero net carbon
buildings increasingly cost effective. On-
site energy efficiency and renewable
energy combined with purchase power
agreement contracts to buy carbon free
electricity under long term fixed price
contracts makes zero net carbon buildings
the lowest cost energy option in a rapidly
growing number of cities and states.
Where purchase power agreements are
not currently permissible, legislation
should be adopted to permit this long term
power contracting, which benefits buyers,
sellers and society as a whole. Deep cost
reductions in energy efficiency and
renewable energy have also made
financially viable far more aggressive green
building standards like Passivhuas, Zero-
Energy Buildings, and the Living Building
Challenge. But these newer, more

demanding standards effect far less than
1% of buildings and cannot drive the deep
carbon reductions we must achieve in the
building sector if we are to limit the worst
effects of global warming.

Adopting deep carbon and zero carbon
requirements would also create millions of
new jobs because energy efficiency and
renewable energy is 3 to 4 times as labor
intensive as fossil fuel and power plants.
The World Bank estimates that US wind
and solar creates about 13.5 jobs per
million dollars of spending, and that
building retrofits - energy efficiency -
creates 16.7 jobs per million dollars of
spending. This is more than 3 times the 5.2
jobs/S1 million for oil and natural gas, and
more than 2 times the 6.9 jobs/$1 million
for coal. See:
http://siteresources.worldbank.org/INTOG
MC/Resources/Measuring_the_employme
nt_impact_of_energy sectorl.pdf

Similarly, a November 2014 United
Kingdom Energy Research Center report
entitled “Low Carbon Jobs: The Evidence
For Net Job Creation From Policy Support
For Energy Efficiency And Renewable
Energy”, found that renewable energy
creates 4.3 times as many jobs as coal and
5.4 times as many as natural gas. It also
finds that job creation from clean energy
generally (renewables plus energy
efficiency) is 5.3 times greater than from
coal and 6.7 times greater than from
natural gas. See:
http://www.edie.net/downloads/Low-
carbon-jobs-Net-job-creation-for-energy-
efficiency-and-renewable-energy/63
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Renewable energy and energy efficiency
are far more labor intensive than fossil
fuels. Clean energy jobs are also more
distributed and are largely higher quality
jobs. Cities and corporations should update
their building requirements by adding
100% CO2 reduction requirements and
incentives (such as accelerated permitting,
flexibility on floor area ratio, and tax
benefits). LEED, BREEAM and other
national leading green building standards
have the market penetration and platform
to allow a broad and rapid shift to zero net
carbon buildings.,, these established
standards can renew their leadership role
and fulfill their potential to be
transformative.

If green building standards fail to
incorporate deep or 100% CO2 reductions
as a requirement they will become
increasingly irrelevant. Worse, green
building standards that enable buildings
that are only marginally better on CO2 to
claim a green mantle would be an
impediment to the rapid deep
decarbonization that we must achieve if
we are to heed the Pope’s moral call to pull
back from “the limits of suicide”. Stepping
up to this role is both a moral necessity
and financially cost effective.

Climate change is the defining issue for our
species’ future. Adopting green building
standards as a requirement for all new
construction and building retrofits it is the
most cost effective and compelling
opportunity for cities, corporations,
schools and public institutions to
demonstrate real leadership at a time of
accelerating climate change peril. To do
less when deep carbon reduction is now

cost-effective is both financially imprudent
and morally irresponsible.
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India’s water future

Asit K. Biswas!and Cecilia Tortajada?

Introduction

Water planning in India has been on an
unsustainable path for centuries. In the
16th century, Mughal Emperor Akbar
decided to build a new capital in Fatehpur
Sikri (City of Victory). In 1589, Robert Fitch,
one of the earliest English travellers to
India, noted that Agra and Fatehpur Sikri
were “two great cities, either of them
much greater than London and more
populous”.

The history of the new capital was not so
auspicious. Akbar used it only for 13 years
and then abandoned it completely to
return to his old capital on a permanent
basis. The main reason was very simple.
There was not enough water in Fatehpur
Sikri in the arid plains of northern India to
function as an effective capital.

Fatehpur Sikri is a magnificent monument
to India’s poor water planning. Over the
centuries India’s water planning has
improved only incrementally whereas its
drivers of water uses have increased
exponentially.
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2. Senior Research Fellow, Institute of Water Policy,
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Consequently, the complexities and
magnitudes of water management in the
country have steadily increased. Sadly,
even though India has now become a
major global economy power, its water
management practices and processes are
at least 50 years behind time. Thus, not
surprisingly, all over the country, there are
continuous signs of water stress because of
scarcity or excess of water, as well as its
quality and reliable availability over both
space and time.

Drivers of |India’s increasing water
requirements

There are many drivers for steadily
increasing water use. Some of these drivers
have been traditional and recognized for
centuries. Others are non-traditional and
are of comparatively recent origin. Among
the traditional factors are increasing
population, rapid urbanization, escalating
demands for food and energy, accelerating
industrial and commercial activities, as well
as changing technologies and lifestyles.

Among the non-traditional and recent ones
are steady economic growth which is
changing the nature and magnitudes of
water requirements, both in terms of
guantity and quality and over space and
time, higher education and skill levels
which are contributing to higher income
levels as well as to meet increasing
aspirations and expectations of the
average Indians. All these activities
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invariably require water since it is one of
the threads which interlink them.

Population has been historically a major
driver of increasing water use. In 1947, the
total population of undivided India was 390
million. By, 2050, total population of the
three countries that constituted undivided
India will be 2,206 billion, a 5.66-fold
increase in little over a century.
Furthermore, India is expected to overtake
China by 2022 as the most populous
country of the world. By 2050, India is
estimated to have 400 million more people
than China.

Population growth and scientific and
technological advances and steadily higher
standards of living have contributed to
exponential growth in human activities
over the past century. This has resulted in
higher water requirements for all types of
water uses: human, thermo-electric,
industrial and agricultural. Sadly, because
of  consistent bad planning and
management, efficiency of water use in all
sectors has only increased marginally.

In addition, for centuries domestic and
industrial  wastewaters  have  been
indiscriminately discharged into water
bodies without any, or at best, partial
treatment. Consequently, all water bodies
within and near population centres have
already been contaminated seriously with
domestic and industrial pollutants. This has
posed serious health and environmental
problems. This has also meant that some
water sources have now been so polluted
that they cannot be used for many
purposes without additional expensive and
sophisticated treatments.

Along with population, another major
factor over the past 60 years has been that
India has witnessed steady urbanization.
This has contributed to rapid growth of
megacities, that is cities having more than
10 million population. At present India has
five megacities: Delhi (26.5 million),
Mumbai (21.4 million), Kolkata (15 million),
Bengaluru (10.5 million) and Chennai (10.2
million). By 2030, two more will become
megacities: Hyderabad (12.8 million) and
Ahmedabad (10.5 million). In contrast,
even as late as 1980, India did not have
even a single megacity. The most populous
Indian city then was Kolkata at 9.03 million.
It was then 9th most populous city in the
world.

During the past four decades Indian cities
have undergone rapid urbanization. Delhi
is now the most populous Indian city and is
likely to grow even more. By 2030, Delhi’s
population is expected to increase by
another 9.5 million people to become 36
million. This addition is almost another
megacity.

The issue is with such rapid population
growth cities like Delhi or Mumbai have
simply been unable to provide basic
services like clean water, proper
wastewater and solid wastes disposal.
Megacities like Delhi and Mumbai have
also seen equally rapid growths of mega-
slums, primarily because of migration from
rural areas. The city administration during
the last 50 vyears never had the
management and administrative capacities
to cope with such rapid exponential
growth. Pervasive corruption, perpetual
rent-seeking by politicians, bureaucrats
and business people have meant such
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cities not only did not receive appropriate
investment funds but also were seldom
spent properly. Thus, not surprisingly,
water supply and wastewater management
in all Indian cities leave much to be
desired.

Even though water and wastewater
management practices and processes in
the megacities are poor and will continue
to be unacceptable over the next 2-4
decades, it should be noted that
megacities are in much better shape
compared to mid-size cities, and will
remain so in the coming decades. This is
because all the megacities are centres of
political and economic power. These are
places where the Indian elites live. They
also have significantly better technical,
managerial and administrative capacities
than the mid-size cities. Thus, they are
literally sucking in all types of resources
from their hinterlands for their survival.

The mid-size cities do not have the same
political, economic and media clout.
Accordingly, in the coming years these
mid-size cities are unlikely to prosper as
much as the megacities, not only in terms
of availability of clean water and sanitation
but also are likely to lag all types of
development needs which could provide
them with a good standard of living and
quality of life, including availability of food,
energy and services like health, education,
transportation and communication. This is
a fact that has been consistently ignored by
the Indian policy makers and bureaucrats.

In addition, with steady economic growth,
higher literacy and increasing skill levels,
the number of Indian middle class families

has gone up exponentially. This trend is
likely to continue. The median income of
Indian households is expected to reach
over $10,000, by 2030, in 2014 prices. One
of the direct results of this affluence has
been the rapid changes in dietary patterns
and energy consumption levels of the
affluent people which now number in
hundreds of millions. As the country has
prospered, the people have steadily moved
to a much higher protein-based diet like
milk products, fish and meat, all of which
need significantly more water to produce
than cereal-based diets. Their energy
consumption also has gone up because of
increasing use of air conditioners,
refrigerators, washing machines and cars.
All these need extra energy to produce and
operate, and no energy can be generated
without significant quantities of water.

Also, even though Central Electricity
Authority claims that India will have
electricity surplus of 1.1% in 2016-17, some
300 million Indians still do not have access
to electricity. Power cuts in many parts of
the country are still rampant, and India’s
per capita electricity consumption s
significantly lower than the world average.
It is even lower than a country like Bhutan.
It is less than one-third that of China, which
is another developing country. Thus, India
will need to generate a massive quantity of
electricity to meet the needs of all Indians
and also meet their aspirations. This does
not include an additional 400 million
people who will need more electricity.
These increases in generating capacity will
mean tremendous needs for additional
water for cooling. This will add to all the
extra water needed for food, industrial and
domestic sectors.
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Accordingly, in terms of water, the country
now is facing a perfect storm. This means
water management practices and water
use efficiencies in India need to change
dramatically in the coming years. However,
we do not see any sustained political will
that will be absolutely essential to take
some hard decisions in the future, either at
the Central or state levels.

Interstate water disputes

The problem is further exacerbated by the
fact that all important rivers in India are
interstate, and water management is
basically a state subject on which the
Centre has very limited influence or
control, except indirectly like provision of
funds.

Because of poor water management in all
the Indian states and steadily increasing
water demands, India is now witnessing
increasing conflicts on water allocations in
interstate rivers. This has become a serious
challenge to the regional stability of the
country.

Interstate water allocation conflicts have
triggered numerous protests, violence and
property destruction. If these conflicts
continue and grow, they may prove to be
one of the biggest political constraints to
India’s future economic growth and social
cohesion.

A major challenge now is the absence of
permanent and efficient dispute resolution
mechanisms for water allocation in
interstate rivers. Under the Interstate
Water Disputes Act of 1956, ad hoc
tribunals can be established on a case by

case basis whenever conflicts between two
states cannot be resolved by mutual
discussion. The initial objective and
expectation of this Act was to allow the
states to discuss and resolve the conflicts
before engaging in adjudication. This
simply has not happened.

Our research indicates that interstate
water tribunals have often contributed to
long-drawn negotiation processes which
have mostly led to hardening of the
positions of the individual states, instead of
promoting acceptable compromises. The
Act has now become part of the problems
rather than solutions. This Act should have
been amended decades ago.

There are several problems with the
existing tribunal system. First, there are no
uniform, logical and common processes
which could act as guidelines for the
tribunals to follow. They have considerable
discretions in terms of processes to arrive
at settlements as also underlying concepts
under which settlements are made.
Fundamental assumptions have often
varied from one tribunal to other
significantly. Thus, not surprisingly states
now are reluctant to accept its verdicts for
one reason or another.

Second, tribunal results are non-binding to
the states. Thus, there is no way states can
be forced to accept the awards, especially
when states consider them to be unjust,
contrary to their interests and will not be
acceptable by their people.

Third, the Centre has been consistently
reluctant to establish institutions for
implementing the awards. There are now
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discussions to see what can be done, but
whatever is proposed and accepted is likely
to be too little, too late and unlikely to be a
major improvement, in terms of time,
acceptability to all the parties and
effectiveness.

Fourth, there is no fixed stipulated
timeframe for negotiations and
adjudications. The Cauvery Tribunal took
17 years. Karnataka then promptly decided
to file a Special Leave Petition to the
Supreme Court to thwart the final award,
further delaying the settlement. Currently,
such adjudications are taking about 20
years. By then, most of the initial
conditions would have changed, and thus
the verdicts, whatever they may be, are
mostly not acceptable to the disputing
parties. Sadly, we have not seen even very
preliminary discussion of how to formulate
living treaties which could change with
time and differing conditions, a fact that
the country will have to face in the future.

An important factor linking water disputes
to state politics is often the power of state
campaigns in distracting voters from the
real issues of poor governance and lack of
administrative skills and actions.
Unfortunately, water has now assumed the
role of a political weapon for interstate
water disputes. Because of the emotional
nature of the water problems and the
states are organized on a linguistic basis, it
has been easy to inflame the people to
believe the awards of the tribunals are
unfair and unjust.

With a number of states defying orders of
tribunals and recently even the Supreme
Court, water is rapidly becoming an

important threat to India’s federalism as
well as to its future social and economic
development and political cohesion.

Improving water management practices
and processes

In order to ensure that economic growth
and industrial developments continue, that
enough food and energy are available for
an increasing population demanding
steadily improved standards of living and
quality of life, one resource is absolutely
essential: water. Demands for water are
steadily increasing. However, its
management practices are decades behind
the time.

If current dysfunctional and inefficient
water management practices continue,
with a free or highly subsidized domestic
water supply and excessive groundwater
pumping with free electricity, the country
will only get progressively worse.

Yet, India's water management need not to
be so dire. Unlike oil or coal, water is a
renewable resource. Qil or coal, once used,
cannot be utilized again. With good water
management practices, water can be used,
wastewater can be collected and treated,
and water can be reused. This process can
continue indefinitely.

Yet, treatment of wastewater and its reuse
are alien concepts in India. Estimates by
the Third World Centre for Water
Management indicate that less than 10% of
wastewater generated is collected and
properly treated. Unsurprisingly, all water
bodies within and around urban centres
are now seriously contaminated. This has
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had significant human health and
environmental costs, which are likely to
increase at least over the medium-term.

With existing knowledge and available
technology, water can be significantly
better managed so that the country has
enough water for all purposes—not only
now, but also for the year 2050 when the
population is estimated to be one-third
higher.

Take domestic water supply. Indian norms
should be based on scientific criteria and
not plucked out of thin air. Currently,
communities with over 100,000 people
with flush toilets are expected to use 150-
200 litres per capita per day (lpcd).

Many European cities, such as Leipzig and
Tallinn, have already reduced their water
consumption between 90-95 Ipcd. For
Denmark as a whole, the average
consumption is 107 Ipcd. Studies in
Singapore indicate that once water use
exceeds 80 Ipcd, there are no incremental
health benefits.

Indian urban utilities routinely lose 40—-60%
of water produced. In Tokyo, losses are
3.7%, Singapore 4.9% and a less developed
Cambodian city, Phnom Penh, 6.5%.
Instead of reducing these losses, in India,
the preferred option has been to increase
supply, even though nearly half of the new
supply is unlikely to reach the designated
beneficiaries because of system leakages,
inefficiencies and unauthorized
connections.

Herein lies one of the chronic and
fundamental problems of India’s water

management. The focus always has been
on increasing supply. No effort has been
made to manage demand and increase
efficiencies. The general feeling of the
politicians has been that there is enough
water and it is the task of the government
to provide free or subsidized water to all.
There is not a single water utility or an
irrigation authority in India that has a
financially viable model.

Take the century-old conflict between
Karnataka and Tamil Nadu over the sharing
of Cauvery waters. On a dry year, with
steadily increasing urban, industrial and
agricultural demands, with no proper
water management, there is simply not
enough water in the river to satisfy all the
demands unless they are managed.

Politicians of all parties seeking rural and
urban votes have been reluctant to
institute proper and equitable water
pricing and thus take hard decisions. Water
is also a very emotional issue. Thus, on 12
September, water riots in Bengaluru left
two dead, 1000 vehicles burnt and 400
miscreants arrested. Major businesses like
Infosys, TCS, Flipkart and Amazon had to
shut their offices. Assocham estimated that
Karnataka suffered losses of Rs. 22,000—
25,000 crores.

Even though the Cauvery dispute is over a
hundred years old, demand management
has not entered in the agenda of either
Karnataka or Tamil Nadu. Sadly, even now,
basic hydrological, water use and demand
data are not available to do any rational
planning. The situation is very similar all
over India.
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Conclusions

In spite of the widespread belief, India is
not facing a water crisis because of actual
physical scarcity of this resource. However,
it is facing a serious water crisis because of
continuing poor management practices.
Nowhere is the problem more obvious
than in Cherrapunji, the world's rainiest
city. With an annual average rainfall of
11,777 mm (463.7 in), it has been having
serious water problems in dry months for
over a decade.

In the absence of functioning water
institutions and proper water management
practices at central, state and municipal
levels and lack of political will to take hard
decisions at all political levels, water
problems in India, in terms of quantity,
quality and equity, will become
increasingly more difficult to resolve. It
proves Mark Twain’s adage “Whiskey is for
drinking, water is for fighting over.”
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How automation can address India’s water and food security challenges

Sumith Choy! and Justin Simon?

Introduction

Two of the great issues confronting India in
the next 100 years will be water security
and food security. The vast volume of
water used in agriculture ensures the two
are inextricably linked.

Many unfamiliar with the irrigation sector
will be surprised to learn that around 80
percent of the fresh water withdrawn from
the environment is used for agriculture.
People are often equally surprised to learn
that more than half of this water is ‘lost’
before it reaches farms. By improving the
management of water used for irrigation
using readily available automation
technology, India can meet the water and
food security challenges the next 100 years
will present.

The looming water crisis

Over the next 100 years much of the world,
including India will face water crises. Water
scarcity is already a major problem in many
parts of the world as the global population
grows and per capita consumption
increases. Currently, 500 million people
live in countries chronically short of water.
By 2050, that number will rise to more
than four billion, due to climate change
and unsustainable extraction from rivers,
lakes and groundwater sources. But the
problems are going to hit well before 2050.

1. General Manager India, Rubicon Water.
E-mail: Sumith.Choy@RubiconWater.com

2. Marketing Manager, Rubicon Water.
E-mail: Justin.Simon@RubiconWater.com

With India’s population expected to reach
1.6 billion by 2050 (presently about 1.28
billion), rapid urbanisation,
industrialisation and pollution of water
sources will put further pressure on water
resources. Feeding this population will
require about 380 million tonnes of food
grains annually compared to 260 million
tonnes currently.

Assuming no efficiency gains,
unconstrained global freshwater demand is
forecast to increase by approximately two
percent per year through to 2030. In
aggregate, this will mean that the existing
accessible, reliable and sustainable supply
of fresh water is 40 percent below forecast
2030 demand.

As we come to live in a more water-
constrained world, attention will inevitably
turn to the agriculture sector, which
accounts for 70% of global fresh water use,
with most of this used for irrigation. In
India, the figure is even higher at around
80%. The challenge will be to feed a bigger
population without withdrawing additional
water. The answer lies in improving the
efficiency of irrigation water delivery and
increasing the productivity of farms.

Irrigation canal system inefficiency

In India, much of the water withdrawn
from dams and rivers is lost in open canal
distribution systems before it reaches
farms. A lack of measurement makes it
difficult to come up with reliable figures
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but India’s irrigation canal supply systems
are typically about 40% efficient, that is
about 60% of the water is lost before it
even reaches farms.

The poor efficiency of India’s open canal
distribution systems presents a
tremendous opportunity to cost-effectively
close the gap between future water
demand and supply.

The inefficiency stems from the complex
nature of managing the delivery of water in
canals due to the long distances irrigation
networks traverse, the travel time for
water to move from one point to another
and the changeable dynamics of canal
networks. Typically, a large irrigation canal
network in India can be up to 75,000km
long and serve service more than a million
farmers as well as supplying drinking water
to villages and cities. The bulk of losses
result from the inability of operators to
control water effectively so that supply is
matched with ever-changing demand.

Traditionally, the movement of water in
these systems is controlled by operators
periodically physically opening and closing
gates that span the canals (called cross-
regulators). A lack of accurate
measurement of flow rates and water
levels at these cross-regulators means that
gate adjustments are made based on
guesswork rather than sound data. The
timing of water supply to individual farms
is largely dictated by the logistics of moving
water through the system, rather than
plant demand.

Canal automation

The efficiency of canal systems can be
greatly improved using canal automation
technology in combination with canal
refurbishment and redesign. Automation
has the potential to improve efficiency to
90% as has been achieved in Australia,
recovering substantial quantities of water
for productive use.

Canal automation meets changing water-
use requirements by precisely measuring
water level and flow data at cross
regulators and farm service points and
automatically making gate adjustments in
response to the data. The following are
required to achieve this:

e Automated gates with integrated flow
and water level measurement that
operate autonomously in
synchronisation with other gates in the
canal network. The gates can make
hundreds of adjustments per day. This
networked operation and integrated
flow measurement enables the gates
to precisely match supply with
demand.

e High availability, high throughput and
low latency radio communication
infrastructure that wirelessly connects
the gates and enables inter-
communication between them and a
central control centre computer.

e Management software that collects
and automatically schedules water
orders, then manages the operation of
the gates to deliver water where and
when required. By processing and
prioritising water orders it ensures that
the canal capacity is fully utilised.
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Under autonomous control, software and
hardware automatically act upon the data
at very minute intervals to ensure that the
high-level control objectives are met,
without any human intervention.

For example, a single gate operating under
autonomous control can precisely control
the water flowing through it by making
several hundred adjustments per day,
something that a human operator
managing many kilometers of canal cannot
physically do.

Australian experience

This technology is not new and has been
successfully operating in Australia for over
twenty years. The Australian experience
with canal automation provides an
example of what could be achieved in
India. After suffering the worst drought on
record from the late 1990s, Australian
governments made water reform and
investing in canal automation, the primary
means of increasing water availability.

One of the largest automation projects
undertaken in Australia is the automation
of the Goulburn-Murray Irrigation District
(GMID) in the state of Victoria. Using
Rubicon Water’s TCC Network Control
automation solution, the project aims to
increase the efficiency of irrigation water
use from approximately 70 percent to at
least 85 percent, which will mean an
annual water saving of about 429 million
cubic meters when the project is complete.
That is equivalent to the annual
consumption of Melbourne, a city of four
million people. The water savings are being
retained in storage and made available to

cities, returned to farmers and released
into environmentally significant rivers and
wetlands.

Already in the parts of the district where
modernisation has been completed
efficiency levels of 90% have been
achieved. This is water that would
otherwise be lost in the sense that it was
not able to be applied where society
required it.

Additional benefits

By improving water distribution efficiency,
canal  automation increases  water
availability. But the improved
responsiveness of an automated system
better meets farmer needs by delivering
the water on-demand in as much as this is
physically realisable. This is in contest to
manual systems that require farmers to
order water many days in advance or
supply water at times according to a pre-
set timetable that individual farmers have
little influence over. With canal
automation, farmers end up with a much-
improved supply service, which means
they can use their water much more
productively. The benefits of this improved
service include:

Improved farm productivity. By enabling
farmers to irrigate at the optimal time,
crop growth improves, giving higher yields
and quality. Productivity is also assisted by
the consistent flow rates that automation
delivers. High and consistent flow rates
reduce waterlogging and improve the
consistency of application, factors that
enable higher biomass and higher value
crops to be grown.
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More equitable distribution. Canal
automation improves equity by ensuing
water supplied is accurately measured and
all farmers get the same standard of
service no matter where their land is
located. Aside from the obvious social
implications, equitable distribution means
the productive potential of all land in the
irrigation region is exploited, whether close
or far from the dam or river that supplies
water to the canal network.

Reduced farm water use. Water supplied
at consistent and high flow rates enables
farmers to irrigate much more quickly and
precisely. This avoids applying excess water
that is not used by the plant. A reliable
supply also gives farmers the confidence to
invest in modernised on-farm equipment
to further improve water application
efficiency.

Realising these benefits will not only help
farmers feed a larger population, they will
also go a long way to achieving the Modi
government’s goal of doubling farm
incomes by 2022 .

Conclusion

Canal automation presents a tremendous
opportunity to mitigate the impact of the
water and food security issues that India
will face during the next 100 years. The
technology is not emerging; it has already
been proven over many years in other
parts of the world.

Given the vast proportion of fresh water
that the irrigation sector uses, together
with the poor efficiency of existing manual
systems, reducing these losses is the

obvious starting point in closing the
predicted gap between fresh water supply
and demand. Canal automation also has
the added benefits of improving equity of
distribution, improving crop productivity
and further reducing water use on-farm.
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Neuroendocrinology: A short historical review and where we stand

today
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The term Neuroendocrinology appeared in
the mid-1900s when it was demonstrated
that neurons in the hypothalamus control
the functions of the pituitary gland by
releasing some substance(s) still to be
characterized, in a recently discovered
system of capillary vessels reaching the
anterior pituitary. These substances were
characterized as peptides, reproduced by
total synthesis, now used to treat a variety
of medical problems. The most unexpected
discovery is that these peptides and
receptors exist in various areas of the brain
and peripheral organs and are implicated
in functions of these organs and also
overall behavior.

To the best of my knowledge, the word
“Neuro-Endocrinologie” (in French, with
the hyphen) appeared for the first time
in 1946 on the cover and as the title of an
enormous treatise by Roussy and

Mosinger.1 What | will recount here will
be the successive observations,
discoveries, and their interpretations
that led to 'neuroendocrinology’ as we
know it today as such and in its current
extraordinary conceptual expansion.
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In the 1800s, Volta and Galvani produced
contractions of the muscles of the legs of
dissected frogs by applying an electric
current to the nerves of the spinal cord.
Here, it was established that the nervous
system functions as an electric machine.

However, in the 1860s, Claude Bernard
showed that the chemicals in the poison
‘curare’ will inhibit the effects of the
electrical stimulation, thus concluding
that some substance, other than the
electrical changes of the potential
involved when applying electrical
current to the nerve, must be involved in
the ultimate result of the electrical
stimulation of the nerves. Thus, the
concept of a neuromuscular junction
was established.

In 1886, the neurologist Pierre Marie
described and named‘acromegaly," which
he considered, possibly, to be some sort
of rheumatism. The pituitary gland as
such was not even mentioned in his
text, except for a note quoting a
colleague  practitioner who had
observed an enlarged ‘mass in the sella
turcica’ during the autopsy of one
acromegalic patient. But in those times,
nothing was known about any
function(s) of the pituitary gland.

In 1905, in one of the Croonian
Lectures, Starling and Bayliss reported
the existence in duodenal extracts of a
substance, which they purified and
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named secretin, which will stimulate
the secretion of gastric acid when
injected intravenously. Starling
introduced the word hormone, short for
chemical mediator.

In 1904, the neurosurgeon Harvey
Cushing performed the first
hypophysectomy in a patient with a
pituitary tumor compressing the optic
nerve and, in 1912, published his book,
The Pituitary Body and its Disorders.

In 1921, in one of the most astute
experiments of classic Bernardian
physiology, Otto Loewi, in Gragz,
Austria, showed that while electrical
stimulation of the vagus nerve of an
isolated heart will slow down or inhibit
the contraction of that heart, the
perfusion of another heart with saline
irrigating the first heart will also
produce similar changes of the heart
contractions, thus implying that some
substance is released at the contacts
of the vagus nerveand the myocardial
muscular fibers that can be transferred
to another heart and produce the
same effects without electrical
stimulation of that heart. Loewi
proposed the existence of some
Vagustof so involved and, 2yearslaterin
1923,SirHenriDale,in London, showed
the molecule in question to be
acetylcholine, which he had been
studying and had characterized in
extracts of ergot. It was concluded that
the stimulation of nerves releases some
substance at the junction of the nerve
and its target muscle.

Starting in the 1920s, several groups in

France and the United States began to
recognize that hypophysectomy in
laboratory animals arrests body growth
and inhibits functions of the newly
recognized endocrine glands (thyroid,
testes, ovaries, and adrenals). In the
group around Herbert MclLean Evans in
Berkeley, the early purification, then
isolation and molecular structure of six
different hormones from the anterior
lobe (GH, TSH, LH, FSH, ACTH, and PRL),
was established. In 1952, Vincent du
Vigneaud, and his group in New York,
isolated, characterized, and synthesized
two hormones— oxytocin and
vasopressin —isolated from extracts of
the posterior lobe of the pituitary. All
these molecules of pituitary origin are
peptides or proteins of various lengths
(from 9 to over 100 residues).

In 1939, one of the most important
events in the history of
neuroendocrinology took place: a
meeting in New York of the Association
for Research in Nervous and Mental
Diseases that revolved around the
theme, ‘The Hypothalamus and Central
Levels of Autonomic Function,” which
was followed the next year by the
publication of its proceedings under the

title The Hypotha/amus.2 It was at this
meeting that the Scharrers (Ernst and

Berta)3 proposed the concept of
neurosecretion by presenting
histological images of neurons of the
hypothalamus of a series of vertebrates
and their equivalent in invertebrates,
which are best explained by the concept
of these neurons secreting substances,
most likely of proteinic—peptidic nature.
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And, in 1955, a book by Geoffrey W. Harris,

Neural Control of the Pituitary Gland,%
appeared, which presented the results of
Harris  research showing that highly
localized electrolytic lesions in the
hypothalamus (rabbit, ferret) will
specifically inhibit the secretion of one or
another hormone of the anterior
pituitary lobe, the electrical stimulation
of the same locations leading to
secretion of the same pituitary
hormones. And since it had been
established by that time that the anterior
lobe—in contradistinction with the
posterior lobe—does not receive nerve
fibers of hypothalamic origin, the recently
described capillaries in the pituitary
stalk, extending from the median
eminence to adenohypophyseal tissue
were thought to be the conduit for some
substances of hypothalamic origin that
would act as necessary controllers of the
secretions of pituitary hormones.

Jacques Benoit and Ivan Assenmacher, in
France, were working with birds
(primarily ducks), where the anatomy is
somewhat different and had arrived at
the same conclusion at about the same
time. And Bernardo Houssay, in Buenos
Aires, working with frogs and other
animals, showed that the flow of blood
in these capillaries is indeed from the
brain to the pituitary.

Meanwhile, following his earlier
observations published in 1936, Hans
Selye in Montreal was developing his
concept of the organism response to
stress, in what he called ‘the general
adaptation syndrome,” with an acute
pituitary—adrenal cortex response to

exposure to stress (the ‘alarm reaction’)
followed by a stage of adaptation but
ending in a stage of exhaustion and
death, should the animal be exposed to
extended periods of stress. In addition,
the acute response of the adrenal cortex
was shown to be prevented by
hypophysectomy, thus implying a
corresponding acute secretion of ACTH,
which, in turn, could be prevented by
one of the hypothalamic lesions as
shown by Harris and others. And at the
same time, Selye kept asking ‘What is the
nature of this hypothalamic trigger of
the stress-induced release of ACTH?”

As a student of Selye, | was early on
intrigued by this question. Following
the demonstration that none of the
classic neurotransmitters (acetylcholine,
norepinephrine, serotonin, etc.) was
the answer, | decided to search for
whatever substance coming from the
hypothalamic neurons would trigger
that pituitary response to stress. With
the methodology of those days (1950s),
it was out of the question to collect
microliters of hypothalamo—hypophysial
portal blood and isolate and
characterize in it some unknown
substance—assumed to be a peptide,
as were vasopressin and oxytocin—
which obviously would be present in
very minute quantities.

In my own laboratory, then at Baylor
College of Medicine in Houston, Texas,
| first demonstrated the
unquestionable existence, in crude
extracts of hypothalamic tissues, of
such a substance that triggered the
release of ACTH in/by in vitro tissue
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cultures of the anterior pituitary.5 This
unknown substance was named CRF, for
corticotrophin releasing factor, on the
proposal of Murray Saffran in Montreal,
who had also been working on this
problem. It became rapidly obvious that
substance was present in each
fragment of hypothalamic tissue (from
sheep) that we were obtaining at
slaughterhouses, in extremely small
amounts, to be processed and
characterized with the then-available
methodology. Eventually, we collected
several million fragments of sheep
brains weighing over 50 tons, and, in
1969, we were able, with the group at
Baylor, to isolate the first of these
hypothalamic re- leasing factors, TRF

(TRH) releasing thyrotropin.6 Because
of difficulties and uncertainties with the
bioassays for ACTH, we had shifted
from studying the release of ACTH to
that of TSH as | had designed a highly
reliable bioassay for such a substance.
We showed that TRF was indeed a
peptide, composed of three amino
acids, glutamic acid, histidine, and
proline, and we established the
molecular structure by mass
spectrometry as pyroGlu- His-Pro-NH2.
A synthetic replicate prepared for us by
chemist friends at Hoffmann-La Roche
Pharmaceuticals in Switzerland—at that
time we were not equipped to
synthesize peptides—had full biological
activity. In some species (human and
bovine) TRF also stimulates the release
of prolactin. That molecular structure
was confirmed about a year later in
porcine hypothalamus extracts by the
group of Andrew Schally—who had

been my first post-doc fellow at Baylor
and with whom we had been searching
for CRF—now on his own.

All along, we had also shown the
existence of a gonadotropin (LH)
releasing factor and, in 1972, it was the
group of Schally who first reported the
complete structure of porcine LRF

(LHRH)7 as that of a decapeptide that
turned out to be also that of LRF (LHRH)
of ovine origin as we established a few

months later.8

The synthetic replicates of these two
peptides now available in large quantities
were shown to be highly active in
humans, and we started designing and
synthesizing many analogs of these
native sequences with the aim of
producing superanalogs—in view of the
short half-life of the native molecules, as
well as competition antagonists in view
of the multiple clinicalimplications.

By that time (1970), we had moved to
the Salk Institute in La Jolla, California
and had established a well-equipped
laboratory, including the new
radioimmunoassays developed by Sol
Berson and Rosalyn Yalow, an extensive
program of peptide synthesis by the new
solid phase method of Merrifield, and,
in our freezers, large quantities of
ovine hypothalamic fragments. We then
decided to look for the growth hormone
releasing factor, the existence of which
had been formulated as early as 1960 by
Reichlin. We went back to our in vitro
pituitary, adding crude saline or acetic
acid extract of hypothalamus, following
the secretion of growth hormone by a
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just-established method of
radioimmunoassay for rat GH. To our
surprise, the addition of the crude
hypothalamic extract inhibited the
release of growth hormone, rapidly and
in an obvious linear dose response. That
was so unexpected that we suspected
some mistake in the experiment;
however,the observation was confirmed
repeatedly. There was no previous solid
evidenceforanegative control of growth
hormone secretion by the
hypothalamus. But the results were so
striking and consistent that we decided
to proceed, and, in a few weeks, Roger
Burgus, the chemist of the group, had
isolated a 14-residue peptide that he
sequenced, Jean Rivier synthesized, and

that | named somatostatin.2 Antibodies
were generated for possible
radioimmunoassay, histochemistry, and
the synthetic somatostatin was largely
distributed in response to many
requests. It was also tested in
collaboration with Sam Yen, University of
California, San Diego, in some acromegalic
patients with dramatic results in
lowering blood levels of growth
hormone. It was also observed in these
patients and in normal individuals that
infusion of somatostatin would lower
glycemia and decrease levels of plasma
glucagonandinsulin,anobservationthat
had first been made by the group
around Charlie Gale, in Seattle working
with baboons, but which we had never
made in our studies in the rat. With a
very short plasma half-life as we had
measured it, and the circulation time
between hypothalamus and periphery,
if somatostatin was physiologically

involved in the control of glucagon and
insulin secretion, it had to be locally
generated. In addition, | suspected that
it would be found in the vagus
terminals in the pancreas in keeping
with its original discovery and locationin
hypothalamic nuclei. To everybodys
surprise, immunohistochemistry by
Maurice Dubois, INRA, Nouzilly, France
and independently Rolf Luft and Tomas
Hoékfelt in Stockholm, showed the
peptidetobelocatedinthed-cells of the
pancreas. This discovery was followed by
the demonstration of the presence of
somatostatin in the duodenum, the
stomach, the small intestine, in several
locations of the brain cortex and
hippocampus, and some amacrine cells
of the retina, along with five different
kinds of receptors also recognized in
several types of tumors. In all these
locations, somatostatin was shown to be
inhibitory to whatever were the classic
functions of these tissues—organs. These
investigations are still in progress,
including the recent reports by Reubi et

al. 10 of specific analogs of somatostatin
labeled with radioactive markers to
localize not only the primary, but also
the minute metastases of various kinds
of tumors (pancreas, gut, lung). See also

the report by Cordoba-Chacon et al1l,

We still had to characterize a growth
hormone releasing factor (GRF, GHRH).
At that time (mid-1970s), several groups
in the United States, England, and
Sweden were reporting about the
presence in the brain of receptors for
opiates, suggesting the existence of
endogenous opioid ligands. Since it was
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known that injection of morphine in
animals, as well as in patients, was a
strong stimulator of GH release as
measured by plasma levels, we asked
whether these endogenous opioid
ligands could be the postulated GRF.
Using our large store of hypothalamic
fragments and a simple in Vvitro
bioassay—the rat myenteric plexus—in a
few weeks we had isolated three
peptides of 13, 14, and 31 amino acid
residues, which | decided to name
endorphins, a name suggested earlier by
Eric Simon in New York. Then, as we were
starting their characterization, there
appeared the paper by Hans Kosterlitz
and John Hughes that reported their
isolation and sequencing of two
pentapeptides with opioid activity, which
they named enkephalins. To our surprise,
the five residues N-terminal of our
endorphins were identical to met-
enkephalin, all of which turned out to be
fragments of the molecule named [-
lipotropin isolated years earlier by C.H. Li.
In the bioassays, enkephalins and
endorphins did release growth hormone
in vivo but not by direct exposure to
pituitary tissue in vitro. Thus, they were
not the growth hormone releasing factor
we were looking for.

Eventually, GRF (GHRH) was isolated, from
two rare pancreatic tumors from two
acromegalic patients without pituitary
tumors, as a 44-amino acid linear

peptide in our Iaboratory12 and that of
Wylie Vale who had, in 1981, finally
isolated from our ovine hypothalamic
fragments the long sought after CRF, the
corticotropin releasing factor—a 41-

residue linear peptide13—of which we
had shown the existence in 1955 but had
never succeeded in isolating.

Thus, this discovery closed the search
started in 1955 for the postulated
hypothalamicreleasingfactors for each
pituitary hormone, a search that also
revealed the unexpected inhibitor
somatostatin and many other facts of
whatis now neuroendocrinology.

Indeed, and again, the unexpected:
every single peptide originally named
and considered to be a ‘neuropeptide’
because originally found in the cell body
of neurons, has now been located along
with its mRNA in practically all tissues
where it has been searched for (see
below). Similarly, many “peripheral”
peptides (e.g., angiotensin,
cholecystokinin,  ghrelin,  glucagon,
leptin, melanocortin, secretin, etc.)
have now been located in neurons—
and some astrocytes—from which they
are released with or without one of the
‘classic’ neurotransmitters (5-HT,
acetylcholine, norepinephrine,
serotonin, etc.). Single type or, more
usually, multiple types of receptors
mediate in various tissues the
pertinent, local activities of each and all
of these peptides—for example, the
presence of CRH, CRH-BP-binding
protein, CRH-R1, CRH-R2 proteins and
the corresponding mMRNAs
demonstrated in fat cells (human SZ95
sebocytes) where CRH as an autocrine

secretion promotes Iipogenesis.14

In addition, there is increasing evidence
of the synthesis and secretion of
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peptides by neurons throughout the
brain. Oxytocin and vasopressin have
been shown in multiple brain locations
other than the hypothalamus where
they were originally recognized, and
their availability and release is being
correlated with social aggressiveness or

attachment;15 these observations were
first done in rodents and then were
confirmed in other species including
primates and, very lately, humans.
Similarly, there is evidence of extensive
distribution in the cortex, the amygdala,
and the cerebellum of CRH receptor 1
and 2 mRNAs, where the deletion of
one or the other leads to different
behavioral aspects (aggressivity,
passivity) of the animals (mice,
rats).16'17

Since so many of all these effects can
be correlated with the local,
ubiquitous, though not random,
presence of these peptides, their
autocrine release in many locations,
along with their originally described
hormonal characteristics, therefore, the
concept of hormone as originally
defined by Starling in 1905 may be
reconsidered in view of the current and
expanding observations mentioned
here regarding the ubiquity of
distribution and effects of these
peptides. Thus, 'neuroendocrinology’
has become ‘neuro-psycho-entero-
immuno-oculo-dermato-
endocrinology”. All of that shows also
the importance of basic research, as
such, as it always leads to answers of
practical significance to understand and
treat patients.

Conflicts of interest: The author declares
no conflicts of interest.

References

1. Roussy, G. & M. Mosinger. 1946.
Traité de Neuro-Endocrinologie.
Massonand Co. Paris 680 pp.

2. Fulton, J.F.,S.W. Ranson & A.M. Frantz
(Eds.). 1940. The Hypothalamus and
Central Levels of Autonomic Function.
Lippincott Williams and Wilkins.
Baltimore. 980 pp.

3. Scharrer, E. & B. Scharrer. 1940.
Secretory cells in the hypothalamus.
In The Hypothalamus and Central
Levels of Autonomic Function. ).F.
Fulton, S.W. Ranson & A.M. Frantz,
Eds.: 170-194. Lippincott William
and Wilkins. Baltimore.

4, Harris, G.W. 1955. Neural Control of
the Pituitary Gland. Edward Arnold.
London.

5. Guillemin, R. & B. Rosenberg. 1955.
Humoral hypothalamic control of
anterior pituitary: a study with
combined tissue cultures.
Endocrinology 57: 599-607.

6. Burgus, R., T.F. Dunn, D. Desiderio,
et al. 1969. Structure moléculaire
du facteur hypothalamique
hypophysiotrope TRF  d'origine
ovine: mise en évidence par
spectrométrie de masse de |la
séquence PCA-His-Pro-NH2.
[Molecular  structure of the
hypothalamic hypophysiotropic
TRF factor of ovine origin: mass
spectrometry demonstration of the
PCA-His-Pro-NH2 sequence]. C. R.
Acad. Sci. (Paris) 269: 1870-1873.



188

10.

11.

Insights on Global Challenges and Opportunities for the Century Ahead

Matsuo, H., Y. Baba, R.M. Nair, et al.
1971. Structure of the porcine LH-
and FSH-releasing hormone. I. The
proposed amino acid sequence.
Biochem. Biophys. Res. Commun. 43:
1334-1339.

Burgus, R., M. Butcher, N. Ling, et
al. 1971. Structure moléculaire du
facteur  hypothalamique  (LRF)
dorigine ovine contrdlant Ia
sécrétion de lhormone
gonadotrope hypophysaire de
luteinisation. [Molecular structure
of the hypothalamic factor (LRF) of
ovine origin monitoring the
secretion of pituitary gonadotropic
hormone of luteinization (LH)]. C
R. Acad. Sci. (Paris) 273: 1611-
1613.

Brazeau, P., W. Vale, R. Burgus, et
al. 1973. Hypothalamic polypeptide
that inhibits the secretion of
immunoreactive pituitary growth
hormone. Science 179:77-79.

Reubi, J.C., J.C. Schar, B. Waser, et al.
2000. Affinity profiles for human

somatostatin  receptor  subtypes
SST1-SST5 of somatostatin
radiotracers selected for

scintigraphic and radiotherapeutic
use. Eur. J. Nucl. Med. 27: 273-282.

Cdérdoba-Chacoén, J. et al. 2011.
Truncated somatostatin receptors
as new players in somatostatin-
cortistatin pathophysiology. Ann.
N.Y.Acad. Sci. 1220: 6-15.

Guillemin, R., P. Brazeau, P. Bohlen,
et al. 1982. Growth hormone-
releasing factor from a human

13.

14.

15.

16.

17.

pancreatic tumor that caused
acromegaly. Science 218: 585-587.

Vale, W., J. Spiess, C. Rivier, et al.
1981. Characterization of a 41-
residue ovine hypothalamic
peptide that stimulates secretion of
corticotropin and beta-endorphin.
Science 213: 1394-1397.

Zouboulis, C.C., H. Seltmann, N.
Hiroi, et al. 2002. Corticotropin-
releasing hormone: an autocrine
hormone that promotes
lipogenesis in human sebocytes.
Proc. Natl. Acad. Sci. USA 99: 7148-
7153.

Landgraf, R. & I.D. Neumann. 2004.
Vasopressin and oxytocin release
within the brain: a dynamic concept
of multiple and variable modes of
neuropeptide communication.
Front. Neuroendocrinol. 25: 150-176.

Bale, T.L. & W.W. Vale. 2004. CRF
and CRF receptors: role in stress
responsivity and other behaviors.
Annu. Rev. Pharmacol. Toxicol. 44:
525-557.

Winslow, JT. & T.R. Insel. 2004.
Neuroendocrine basis of social
recognition. Curr. Opin. Neurobiol. 14:
248-253.



189

The impact of genomics and genetic diversity in Indian populations on
public health

Lalji Singh

Diversity in Indian population

There are about 4,635 anthropologically
well defined human populations including
532 tribes, 72 primitive tribes and 36
hunters and gatherers in India. Now, it is
generally agreed that modern humans
diverged from the common ancestor of
chimpanzee and human nearly 6 to 7
million years ago. Based on fossil records
found in Africa and the finding of greater
genetic diversity within Africa when
compared with outside, Africa is the most
likely place for the Modern human origin
and dispersal.

It is now established fact that modern
human originated about 160,000 years ago
in East Africa. Our study on the Negrito
tribes of Andaman and Nicobar Islands,
such as onge, Jarawa and Great
Andamanese, using complete
mitochondrial DNA sequences and its
comparison with the mitochondrial DNA
sequences of the world population
available in the database, lead to the
theory of southern coastal route of
migration to India against the prevailing
view of northern route of migrations via
Middle East®.
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Our study was the first to reveal that the
Negrito tribes of Andaman and Nicobar
Islands are probably the descendants of
the first man to move out of Africa
following the southern route about 65,000
to 70,000 years ago. Analysis of the
archaeological assemblages at Jwalapuram
in southern India revealed the presence of
Modern humans in India about 74,000
years ago®? Based on genetic and
Archaeological data, this was further
substantiated that modern humans from
eastern Africa migrated to southern Asia
following the coastly oriented dispersal
about 60 to 50 thousand years agod.
Oppenheimer,* based on further evidence
concluded that Modern human left Africa
via single southern exit about 70,000 years
ago and spread around the Indian Ocean
long before a small branch left a southern
Asian colony earlier on the trail to populate
Europe and single southern route out of
Africa from the Red sea along the Indo
Pacific coast to Australia, including likely
extension to China, Japan and New Guinea.

Ancient roots for India’s rich diversity

Although the genome sequences of any
two unrelated people differ by just 0.1%, it
provides information that can help to
reconstruct the historical origins of modern
populations. It also points to genetic
variations that highten the risk of certain
diseases.
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To shed light on the genetic variability
across the Indian subcontinent, 132 Indian
samples from 25 groups were analyzed on
an Affymetrix 6.0 array of one million
Single Nucleotide Polymorphisms (SNPs)
spanning the widest range of ancestry in
India. Tribal groups were sampled from 13
states and 6 language families (Indo-
European, Dravidian, Austro-Asiatic,
Tibeto-Burman, Great Andamanese and
Jarwa-Onge). Some caste groups mostly
from Uttar Pradesh and Andhra Pradesh
were sampled to permit comparison of
traditionally “Upper” and “Lower” caste
groups after providing some control for
geographical spread>.

Ancestry of mainland Indian groups

There is a strong evidence for two ancient
and genetically divergent populations that
are ancestral to most Indian groups today.
The “Ancestral North Indians” (ANI) are
genetically close to Middle Easterners,
Central Asians, and Europeans, while the
“Ancestral South Indians” (ASl) are not
close to any group outside the
subcontinent. It is shown that ANI ancestry
ranges from 39-71%, and is higher in
traditionally upper caste groups and Indo-
European speakers. Groups with only ASI
ancestry may no longer exist in mainland
India®.

Our study® has revealed that nearly all
Indian groups descend from mixtures of
two ancestral populations, ASI and ANI.
This applies to traditional “tribes” as well
as “castes”. It is impossible to distinguish
castes from tribes using the data. The
genetics proves that they are not different.
This supports the view that castes grew

directly out of tribal-like organizations
during the formation of Indian society. The
one exception to the finding that all Indian
groups are mixed is the indigenous people
of the Andaman Islands. The Andamanese
appear to be related exclusively to the
Ancestral South Indian lineage and
therefore lack Ancestral North Indian
ancestry. In this sense, they are unique.
Understanding their origins provides a
window to look into the history of the
Ancestral South Indians and the period of
thousands of years ago when they diverged
from other Eurasians. The Andamanese are
the only surviving remnant of the ancient
colonizers of South Asia.

Our study provides evidence that nearly all
Indian groups including traditional “tribes”
and “castes” are admixture of ASI and ANI
populations. There was rampant mixing of
North and South populations. However,
about 1,900-4,200 vyears ago strict
endogamy (marrying within the tribe and
caste) developed®. (Fig. 1).

Implications of Genomics on public health

Present health care system has paid scant
attention to genetics and genomics on
public health. This is now changing by the
advances made by genomics. Our study®
has important medical implications. These
have serious impact on occurrence of
genetic diseases.

The origin of certain genetic disorders can
be traced back to the origin of our
populations
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Fig. 1 How India transformed from a country
where mixture between different
Populations was rampant to one where
endogamy, that is, marrying within the
local community and a key attribute of
the caste system, became the norm.

The myosin-binding protein—C3(MYBPC3
gene) is involved in about 45% of the total
cardiomyopathy. This is associated with
inheritable cardiomyopothies in the Indian
patients in which 25 base pairs of intron
between exon 32 and 33 is deleted which
causes skipping of wild type exon 33 during
the translation of the protein. Presence of
both copies of this mutated gene
(homozygous) is lethal, the affected child
dies before birth or at a very early age. In
heterozygous condition, where only one of
the two genes has the deletion mutation
(heterozygous), the individual lives up to
the age of 50 to 55 years and then dies
because of sudden cardiac arrest without
showing any prior symptoms. This
mutation is found throughout the Indian
sub-continent and absent in all other
countries  particularly the  western
countries. Our detailed study revealed that
this mutation originated about 33,000
years ago. It's distribution shows the
relatedness of these populations’. We have
developed PCR based screening for carrier
detections.

Present day populati

Founder effect

We discovered that many groups in
modern India descended from a small
number of founding individuals and have
since been genetically isolated from other
groups. This means that India is genetically
not a single large population, but instead is
best described as many smaller isolated
populations. There are a number of genetic
diseases caused by the same gene in
Caucasians and Indians but the mutations
found in that gene are different between
the two populations. Therefore, it is a must
that mutations in those genes are worked
out in Indian populations for prenatal
diagnosis, carrier detection and genetic
counselling. We cannot use the data from
western populations to extrapolate for our
populations. This is also a big challenge,
considering the complexity of Indian
population.

The chances of both defective genes being
inherited in a child are much more in
endogamous populations. It is, therefore,
predicted that many novel recessive gene
defects will be found in many endogamous
populations of India. It is only now that
molecular diagnosis, carrier analysis,
prenatal diagnosis and genetic counselling
are beginning to be used for the
prevention and treatment of genetic
disorders in India. However, the availability
of these diagnosis still remains confined to
various urban sectors and the larger
section of the country, especially the rural
people still do not benefit from these
services. In view of the fact that about 70%
of Indian population lives in villages and
most of the health-statistics of the country
does not include these areas. There is an
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urgent need to establish facilities and
utilize the knowledge available in the
public domain for the welfare of the
people of India, especially the
underprivileged and uncared for with an
aim to enhance their quality of life.

More than 6,000 human diseases are
currently being classified as resulting from
the action of a single mutant gene. It is
indeed unfortunate that only after there is
an affected child in the family that parents
or relatives get concerned with the genetic
nature of the disease. Prospective
approaches are required for combating
disorders of high prevalence and with
known genetic basis such as thalassemias,
sickle cell anaemia, haemoglobin e disease,
muscular dystrophy, neurodegenerative
diseases, mental retardation, haemophilia,
etc.; and this demands a high level of
awareness among the general public as
well as the clinicians.

Reduction of the burden of genetic
disorders in India

Thalassemia was completely eradicated in
Sardinia by adopting mandatory screening
and genetic counselling for the whole
population. In the absence of specific
treatment and gene therapy being a long
cherished goal, it is very important to
follow the concept of molecular diagnosis,
carrier detection, genetic counselling, pre-
pregnancy monitoring, pre-implantation
genetic diagnosis and prenatal diagnosis.
The identification of genetic defects(s) in
the patients can be utilized as a handle to
track the inheritance of defective gene in
the foetus by performing foetal sampling
procedure during early pregnancy. In this

backdrop, genetic diagnosis has immense
potential with particular stress on
prospective screening and counselling for
common disorders such as thalassemias,
muscular dystrophies, etc.

Several diseases prevalent in India are yet
to be identified and reported; and their
genetic basis is unknown. For example, in
our preliminary survey of the rural part of
U.P in northern India, we observed a family
whose female members, over four
generations, do not have fingers and toes;
families having several male and female
individuals affected by muscular dystrophy
and many families which have only
disabled children born. This is just a tip of
the iceberg. These cannot be explained on
the basis of our current knowledge; and
therefore, their genetic basis needs to be
established.

Preventive medicine

Due to their genetic makeup, Indians are
known to be susceptible to common
diseases such as diabetes mellitus and
coronary heart diseases. It might soon be
possible to use biomarkers of genetic
susceptibility to identify individuals with
either enhanced or reduced risk of disease
and to create clinically useful diagnostic as
well as therapeutic methods. Such a
programme would be a quantum leap
forward in preventive medicine, practiced
on genotype-specific basis. Unfortunately,
majority of the existing molecular
diagnostic facilities in our country are
inadequate and cater mainly to the rich
urban population. Such facilities are
beyond the affordability of the rural
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population and under-privileged people
from urban populations.

In developed countries, as a result of
several generations of genetic screening, it
is predicted that, in future, people will be
more intelligent, symmetrical, healthy,
beautiful and emotionally stable. In India,
genetic screening has not yet begun
significantly, even in the urban population;
the rural population is completely deprived
of it. If necessary steps are not taken, our
rural populations and under-privileged
people will be riddled with genetic defects,
not only hampering the economic growth
and development of the country but
creating two distinct India, one which lives
in villages and who are exploited by quacks
because of prevailing superstition and are
over burdened by genetic disorders; and
the other which lives in cities and are
economically better off and have access to
all the latest developments for keeping
them healthy and relatively better looking.

Precision medicine based on individual’s
genotype

It is perhaps very pertinent to point out
that the concept of personalised medicine
based on each person’s prakriti (Vata, Pita
and Kapha) or constitution to maintain
balance between mind and spirit, for the
first time in the world was laid out in the
Veda (Ayurveda) at about 4000-200 B.C.
Recently?, it has been suggested that “the
phenotypic  classification of India’s
traditional medicine has a genetic basis
and its Prakrity-based practice in vogue for
many centuries resonates with
personalized medicine”.

Future medicine will move to predictive
and preventive medicine

It can be stated that all diseases are
genetic. Genes are involved in everything,
from behaviour to infectious diseases.
Susceptibility to infectious diseases is also
in  our genes. Finding a disease-
gene enables one to predict those who are
at risk even before they develop the
disease, or those whose children might be
at risk even before the conception. Much
more common diseases such as heart
disease, cerebral vascular disease,
emphysema, bronchitis, pneumonia,
influenza, cancer, diabetes, suicide, liver
diseases all of these are genetic. The
diagnosis of disease — predisposing genes
will alter the basic practice of medicine in
future. The medicine will move to
preventative mode (keeping people well),
which should enable most individuals to
live a normal, healthy, and intellectually
alert life without disease.

Why do some drugs work better in some
patients than in others? Some drugs may
even be highly toxic to certain profiles of
patients. The pharmacogenomics® 10
correlates therapeutic responses to drugs
and the genetic profiles of patients. The
individual’s genetic profile can be used to
optimize drug prescription
(Pharmacogenetics).

In nearly 20 genes, inherited variations
have been identified which affect about 80
medications and are actionable in the
clinic. Pharmacogenomic variability is now
being used for improving the effectiveness
of medication thereby providing
cornerstone for precision medicine!*.The
success of personalized medicine therefore
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depends on accurate diagnostic tests that
identify patients who can benefit from
targeted therapies®?.

The biggest challenge faced by Indian
Society

The key question therefore is whether the
genomic medicine/personalized medicine
will improve the health of all people or
whether it will just widen the technology
gap between the rich and the poor. In India
about 70% of the people live in rural areas
who are deprived of genomic technology
because they cannot afford to buy a full
analysis of their personal genetic makeup
and then purchase designer therapies. It
therefore has to be provided at affordable
costs to those who are underprivileged.
The development of policy for taking these
services, particularly to underprivileged
and poor must start now, in view of the
need to educate and train people in the
principles of Genetics and Genomics.
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Precision/personalized medicine

Raju Kucherlapati

In the State of the Union address of 2015 in
the United States, President Obama
described a new program that was being
initiated that he called Precision Medicine.
The goal of Precision Medicine, also
referred to as Personalized Medicine, is to
use genetic and genomic information from
individuals for assessing the role of
genetics in individual health and disease
and take action to improve the lives of
individuals. This program and effort is not
limited to the United States because health
and disease have no national boundaries. |
will briefly describe how these concepts of
precision/personalized medicine  have
evolved, how they are impacting our
health and how these concepts can be
used to enhance healthcare in India and
elsewhere.

There are several critical drivers for the
evolution of the concepts of precision
medicine. The first is the recognition that
genetics plays an important role in human
health and disease. One way to
demonstrate the role of genetics in disease
is to study identical and fraternal twins.
Identical twins have the same genetic
composition and fraternal twins are like
siblings who have 50% probability of
sharing the same genetic information at
any given location in the genome.
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It has been shown that if a member of an
identical twin pair develops obesity or
diabetes the probability that the second
members also develops the same disease is
greater than 90% while that number if less
than 50% in fraternal twins. Such twin
studies have revealed that many complex
disorders have a genetic component to
them.

It is also well established that individuals
born with specific genetic mutations might
be susceptible to develop particular
diseases later in life or in other instances
such mutations may be manifested in
childhood disorders. For examples women
who are born with mutations in either
BRCA1 or BRCA2 have a high probability of
developing breast and ovarian cancer
before they reach age 50. Recessive
mutations in such genes as CFTR result in
cystic fibrosis. Based on this knowledge, it
was thought that simple and rapid
methods for cloning disease genes would
be very helpful. The beginning of this
effort was the Human Genome Project.

The goal of the Human Genome Project
was to map and sequence the genomes of
several organisms including human and
mouse genomes. A large international
effort to map and sequence the human
genome was initiated in 1990 that
culminated in the publication of the first
draft human genome sequence in 2001.
This sequence was considered a great
accomplishment of human kind because it
has for the first time provided the
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complete blueprint of the genetic
architecture of humans and is now paving
the way for many basic science and clinical
developments. At the time of completion
of the human genome sequence the public
and private efforts have spent more than
$2.5 billion and the cost of sequencing a
single human genome was estimated to be
several hundreds of thousands of dollars.
In the last 15 years this cost has gone down
very significantly and it is now estimated
that a complete human genome sequence
can be obtained for $1,000 and this cost
might be further reduced in the future.
These technological developments have
provided a strong basis for precision
medicine. It is now possible to sequence
the entire genome, all of the coding genes
(whole exome) or subsets of the 22,000 or
so genes encoded by the human genome
at a reasonable cost and this is fueling the
advances in precision medicine.

Applications of the use of gene and
genome sequencing can be found in many
areas. Different countries and different
ethnic groups have variable levels of
mutations and certain genes are more
frequently mutated in certain populations.
For example, Caucasian populations in the
United States have a 25% carrier frequency
for mutations in CFTR that, in the
homozygous state, leads to cystic fibrosis.
It is possible to screen the high risk
populations for mutations in certain genes
can help reduce the societal burden of
some genetic disorders. Such testing
procedures were already shown to be
effective in select populations around the
world.

The risk for certain types of disorders such
as Down syndrome and trisomy 18
increases with the age of the pregnant
mother. Therefore many older pregnant
mothers are recommended to have fetal
genetic testing. Such testing was
accomplished by obtaining samples of fetal
cells through amniocentesis or chorionic
villus sampling. It has been recognized
recently that some amount of fetal DNA
can be found in maternal circulation and
that the modern testing methods can
detect certain fetal abnormalities by
examining circulating fetal DNA (cfDNA).
This non-invasive method of sampling fetal
DNA has the potential to transform the
way the genetic composition of the fetus
can be assessed.

Of the millions of children born every year
around the world, a substantial number
(more than 5%) are born with genetic
abnormalities. Although several genetic
diseases can be diagnosed during early
childhood, several disorders remain
undiagnosed and may receive less than
optimal treatments. It is now possible to
sequence the whole exome of such
children and it has been shown that in as
many as 30-40% of the cases, disease
causing variants in the genome can be
found. As our understanding of the genetic
basis for human disease increas