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Our honourable scientist President, Dr. A. P. J. Kalam, has set a very clear goal before the nation to make India a developed nation by 2020. The President has also emphasized that a strong knowledge base and greater involvement of young minds are factors that will accelerate our march towards this goal. This proposal addresses this goal and attempts to develop a vision for knowledge based India. 

Section I is devoted to develop a proper perspective of the terms knowledge, learning and education. Section II presents a discussion of the Indian scenario in this perspective. The links between knowledge and development are brought to fore in this section so as to propose reforms that will accelerate our march towards the goal of vision 2020. In Section III we discuss the application of this perspective to education in physics, the most fundamental natural science. Though the discussion focuses more on undergraduate (UG) physics education it applies equally well to other branches and levels of education.          

I WHAT IS KNOWLEDGE 

Today we are living in a knowledge era. This is evident from the common usage of the phrases such as knowledge wealth, knowledge society, knowledge bank, knowledge city, knowledge economy and knowledge based industry. Media are replete with advertisements of centers that claim to offer knowledge and skills that can lead to better professional development. Knowledge has come to be regarded today as a power that is wealthier than pelf and stronger than might. This scenario brings into close focus the discussion of what is knowledge, what is learning and what is education.

1.1 KNOWLEDGE, LEARNING AND EDUCATION

Knowledge, which literally means being informed or aware, is a combined result of ignorance and curiosity, i.e., what one doesn’t know and what one wants to know. The process of acquiring knowledge is learning. Education is the institutionalization or formalization of learning process. In education, the knowledge acquiring process gets structured. Thus the words knowledge and learning have a much wider and deeper scope than the word education. Learning / knowing begins the moment one takes birth and continues till one’s last breath. (Social knowledge transcends these boundaries too.)

1.2 WE LEARN FROM NATURE

Whom do we learn from? The answer is nature. Thus learning is a natural process of acquiring knowledge. A foetus continuously learns in the mother’s womb. Mother’s womb continuously learns in the nature’s womb. Nature ‘fills’ an expectant mother’s body with the knowledge of how not to reject the foetus as foreign, how to rear the foetus, to lactate to feed the young one and to stop lactating when the baby doesn’t need mother’s milk. A baby learns to sit, stand, walk and talk gradually and naturally. All these ‘skills’ are learnt by the child in an effortless, enjoyable and stress free manner. Even ‘falling’ is learnt joyfully as many infants giggle when they learn falling. 

These examples convince us that learning optimizes through resonance with nature. The short span in which a child learns so many skills from nature poses a challenge to all man made skill imparting techniques. Many human resource development professionals seem to have developed their techniques watching the babies grow. Einstein used to say that a child learns half of physics by the age of three1.

1.3 EDUCATIONAL STRUCTURES

In education, structures are built for formalization and optimization of learning process. From the examples discussed above it can be seen that the educational structures that are closest to the ‘natural structures’ should result in the most efficient learning. On the other hand structures that deviate sharply from the natural ones should result in the distortion and deterioration of learning process. Roots of all evils can be traced in their learning process!

The structures of first kind maintain the harmony of natural learning resulting in open and proactive minds that let nature in smoothly and steadily. Innovative and ingenious minds are products of such structures. The structures of second kind lead to un-open minds as learning is imprisoned in a rigid system. Dogmatic and puritanical minds are products of such systems as minds are conditioned to be taught rather than to learn. Table I mentions more points of comparison between the two structures.

TABLE I   COMPARISON OF TWO STRUCTURES OF EDUCATION

	STRUCTURES CLOSE TO NATURAL 


	STRUCTURES FAR FROM NATURAL 

	Encourage students to be curious and ask questions.
	Encourage students to know the answers of ‘given’ questions, i.e., discourage curiosity.



	Students are allowed to learn the secrets of nature. They are nature beholders.


	Secrets of nature are ‘taught’ to students. They are degree holders.



	Just as eaglets are allowed by eagles to fly as high as they can students are motivated to reach as high as they can in pursuit of excellence.   
	Just as chicks are trained to fly only as high as the hens can students are trained to grow only within the rigid boundaries of the structure. 

 

	Produce educated persons, scientists and human beings.

 
	Produce literate persons, graduates and professionals.


The institutions of first kind are founded and thrive on the following fundamental ideas. As one learns from nature that is infinitely vast and infinitesimally small and as each entity contains infinite knowledge learning is an unending and unstoppable process (see Table II). A learner earns knowledge from nature depending on his ignorance and curiosity (what he / she does not know and what he / she wants to know). A learner’s journey towards excellence motivates him to earn more and more knowledge from nature. This journey is not toward perfection and is thus not demoralizing. [Perfection here means omniscience that is a sublime objective in spiritual philosophy.]

TABLE II   THERE IS INFINITE KNOWLEDGE IN EACH ENTITY

	The following table includes the possible knowledge responses from learners of various levels to the question what is common salt and what does it contain.

   

	LEVEL


	KNOWLEDGE RESPONSE

	Totally ignorant / illiterate person
	Don’t know / makes food tasty

	Primary student
	Essential ingredient of food that gives us taste and energy 

	Middle class student
	Chemical compound called sodium chloride – dissolves in water, ---

	High school student
	Known as NaCl, forms due to ionic bonding of electropositive Na and electronegative Cl, ---

	Junior college student
	Crystalline material belonging FCC lattice structure

	Undergraduate student 
	NaCl structure energetically favoured, energy of cohesion, ---

	Post graduate student
	Two ion quantum mechanical system, Linear combination of atomic orbitals, properties

	Research scholar / guide
	Central, non central forces, Second, third and higher order elastic constants --- 
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	Thus we are back to the question what is common salt and what does it contain. It contains knowledge, infinite knowledge! Learner takes knowledge from the salt as per his capacity. (This raises an interesting question whether the salt contains knowledge or the learner contains knowledge and takes us to the realm of spiritual philosophy that considers knowledge an attribute of human soul. It can be said that just as beauty lies in the beholder’s eye knowledge lies in the learner’s mind’s eye. In spiritual philosophy an omniscient soul is likened to a mirror in which the knowledge of all reality in space and time reflects that ends all ignorance and curiosity that are the requirements for ‘acquiring’ knowledge.) 




1.4 ART, SCIENCE AND ENGINEERING OF NATURE

The basic learning of nature involves appreciation of her beauty and intelligence. The knowledge accumulated through this appreciation belongs to the well-known streams of arts and science. The application of this knowledge leads to developments in the disciplines of engineering, technology, medicine and applied arts that are again identifiable in nature and are akin to emulation of nature.

Medical science tells us that the left hemisphere of human brain controls the emotions and the right one controls the intellect. These two precious gifts of nature help us to learn and grasp the beauty and intelligence of nature. It is said that a balance of these two faculties is desirable in all humans. For this reason the scientists are often advised to live by heart and the artists, to use their intellect. A perfect balance of the two is a hallmark of great minds. 

The knowledge acquired in this way gives the learner joy without serving his vanity. As the process is natural it is joyful and as the knowledge is extracted from nature using an apparatus gifted by her it gives modesty. Thus, expressions such as ‘mastery over nature’ become meaningless as the capacity of one’s mind to know from nature is also endowed by nature. 

As nature is giver and learner is taker the learner can’t boast of his knowledge, as he is aware that the biggest and the smallest elude him. Many times we are awed by the amazing progress we have made in science and technology by confronting and solving intricate problems. However, a learner of nature is more awed by the myriad complications available in nature that are beyond the comprehension of human mind. In the words of Max Born, “The completest knowledge of the laws of nature does not carry with it the power of prediction, nor of mastery over nature. If the universe is a machine its lever and wheels are too fine for our hands to manipulate. We can learn and guide its large-scale motions only. Beneath our veiled sight it quivers its eternal quest.”  

This system puts the learner in a self competing mode and thus gets rid of encouragement to negative feelings of jealousy and envy that are fostered in rigid structures which emphasize competitiveness among fellow seekers. In this system a teacher assumes a role much different than what is normally understood in structured systems. A teacher is basically a learner, who, by virtue of a more exhaustive learning experience facilitates the learning process among younger learners (students). Formal lectures may not be a rigid requirement of this system. Thus the teacher may be more aptly called an expert or a guide (or a senior learner!). Thus, a teacher offers guidance that includes induction, motivation and harmonization required in the process of learning. Expertise offered by teacher includes help on trouble shooting, developing insight into arcane aspects and thus indirectly inspiring the students for higher learning. [Thus a teacher in this system is a senior learner who facilitates and optimizes the learning process of his students (junior learners) by offering expert guidance.] 

A learner of a very high caliber (a learned person, equivalent to a professor / scientist) in this system is free (at large, no assignment). This is because his dedication towards learning from nature puts him in ever self-motivating and self-competing mode that he is left with no time (never free). Alternatively, he is always sought after by eager learners due to his vast and deep knowledge and the authority he commands in facilitation of learning process and thus he is never free.

The knowledge acquired by a learner in this system is not targeted towards fulfillment of any structured criteria / norms but may result in one of the following possibilities. (i) The process of learning inspires him to learn further or (ii) The learner finds useful applications of his knowledge in various fields of human activity and pursues one or more of these fields. Here also he continues to learn and emulate nature in a joyful and humble manner. (iii) Knowledge of nature arouses the interest of learner in nature of knowledge itself and inspires him to study how knowledge evolved through human understanding of nature. These possibilities associate the learner with one of the following well-known domains of knowledge.    

(i) Applied science or technology : In science a learner extracts knowledge from nature whereas in applied science he applies this knowledge to create / invent small applications. Large-scale practical applications of knowledge belong to the field of technology. Newer and deeper (more precise) knowledge of nature always keeps the scope of sophistication of technology alive. However, just as learning from nature can never end the scope of sophistication can never end. [Nature’s technology is unreachable]. This encourages learning sans boasting. 

(ii) Engineering : Engineering deals with application of appropriate science and technology to create desired structures and designs. Here a learner learns nature’s engineering. Marvels of nature’s engineering inspire the learner to emulate nature in a more and more creative way. Many a time the creations seem to be better than the available in nature but again this success is surrendered to nature because of the creative mind gifted by nature to the learner. 

(iii) Applied arts : In arts a learner absorbs the beauty of nature in the form of knowledge. In applied arts this knowledge is applied to emulate nature. Like in other fields of application here also a learner finds the ideas of expression of nature’s beauty unending and peerless. The unending aspect keeps him delightfully ever growing and peerless aspect keeps him ego less. 

(iv) Medical : Human being is the most enigmatic creation of nature. This makes them the most ‘studied’ entity. At the same time the amount of knowledge that is being added everyday convinces us of the enormous complexity that we have. The various systems of medicine that probe humans and their relative success bring out the ‘pluralism’ in nature. A medical practitioner is always a learner as he encounters the marvels of nature during the curing and healing of his patients. The limitations imposed by nature in his job of providing health (freedom from disease) to his patients make him realize that nature is the supreme physician and he is only there to perform his duty with humility.

(v) Social and spiritual sciences : The word ‘knowledge’ gathers meaning only in human context. In social sciences, a learner pursues knowledge in social context and in spiritual sciences; he delves deeper into the realm of ‘knowing the knower’. The study of these sciences develops in a learner the wisdom to differentiate the knowledge that is beneficial to humans from the knowledge that is detrimental.   

Thus, the hierarchy of learning can be put as follows. First we gather some knowledge of nature. Then we apply this knowledge first on experimental scale and then for large-scale applications. However, this progress is pursued with the awareness of the infinite knowledge on nature’s scale. The pursuit is done with the awareness of the fact that that all philosophy can’t be mapped onto science and all science can’t be mapped onto technology (just as all thoughts can’t be converted into speech and all speech can’t be converted into action). 

As an example, the knowledge of some beautiful place on the earth can be acquired through a book or through someone. We may learn more about the place by looking at the photograph of that place. Experience of knowledge may grow further with 3d photography, video, movie, and virtual studio. However, all these are the experiences of virtual reality and the ultimate experience of knowledge is the real experience of visiting that place in flesh and blood, i.e., the experience of reality of nature. Table III illustrates some more examples of such hierarchical comparison. 

TABLE III SOME EXAMPLES OF LEARNING FROM NATURE

	KNOWLEDGE CONCEPT
	EXPERIMENTAL SCALE APPLICATION


	LARGE-SCALE APPLICATION
	REALITY ON NATURE’S SCALE

	Charge transfer in static electricity


	Experiment of comb and paper
	Vande Graff generator
	Lightening

	Crystal physics


	Crystal growth techniques


	Crystal engineering
	Crystals in nature

	Physics and chemistry of explosions
	Making a small experimental bomb


	Use of bombs for mining
	Earthquake

	Gravitation


	Zero gravity simulations


	Space shuttle training
	Zero gravity in nature

	Material memory (on / off states), chip fundamentals


	Microprocessor
	Computer
	Human brain



	Basic Painting, drawing and photography of creatures like

Butterflies and fishes
	Graphics, digital photography
	Acquarium, photo album, exhibition,

genetic engineering
	Variety of ocean fishes and butterflies in nature, biodiversity


II INDIAN KNOWLEDGE SCENARIO AND PROPOSAL FOR REFORMS

2.1 INDIAN KNOWLEDGE SCENARIO IN GLOBAL PERSPECTIVE

Today, knowledge has become a major characteristic that differentiates a developed nation from a developing one. Developed nations are the ones that have strengthened their economy by harnessing their scientific knowledge for technological growth and development. A study by Denison2 of the factors contributing to growth of the US economy from 1929 to 1982 attributes 94% of the total to factors relating to knowledge generation and dissemination: 64 % of this growth is linked to advances in knowledge generation (i.e., research and development) and another 30 % to advances in education. Better resource management, which is an application of knowledge, is also identified as a more important factor than capital. 

The Indian knowledge scenario is not very heartening in the global perspective, more so, considering our aspiration to reach the status of a developed nation by 2020. Our total investment in R and D is only 1/250th of that of the USA and 1/340th of that of Japan and our share of global scientific output in 1998 was only 1.58 % of the world’s total. Knowledge generation directly impacts national development when it results in new and improved, patentable industrial processes. Every year more than 500,000 new patent applications are filed globally. Of these China accounts for 96,000 and Korea accounts for 72,000, while India accounts for only 8000.2 

The roots of this grim scenario can be traced to our educational structures. Our educational system missed knowledge, as its main focus and deviated largely from the natural structures discussed in the first section. Though we have taken impressive strides in expanding our college and University network we have failed to make our educational structures knowledge oriented, knowledge centric and knowledge intensive. According to a recent survey by INSA (2004) it was found that only 3.6 % of talented students opt for science after school and only 157 out of every million people in India opt to become scientists as compared to 2,666 in Britain, 4095 in the US and 5095 in Japan. 

However, we should draw inspiration from the fact that knowledge is not new to India. Our glorious cultural heritage brings home to us that Indian civilization had flourished as a knowledge society in the ancient times. Mahatma Gandhi who fought the mighty British Empire through his weapons of Truth and Nonviolence was modest in mentioning that he did not tell the world anything new. He said, “The principles of truth and nonviolence are as old as these hillocks”. Just as Gandhi demonstrated the powers of these ancient tenets of Indian philosophy to the world through his convictions in their fundamental strength a knowledge revolution aimed at development also demands such a deep faith in our glorious legacy. In a sense our march towards vision 2020 has also to be a march towards our own rediscovery.

Another important factor in favour of India is that she will be enjoying a unique demographic advantage of having the largest young population in the coming decades. We can capitalize on this advantage by reforming our education structures in order to bring majority of this youth under their fold so as to trigger a knowledge revolution. The Prime Minister Dr. Manmohan Singh, in his speech at the launch of National Knowledge Commission, observed in this context, “it might be our opportunity to leapfrog in the race for social and economic development.” 

2.2 REFORMS THROUGH THE SPIRAL MODEL OF KNOWLEDGE HIERARCHY

In the proposed model of reforms a spiral ladder represents the hierarchy of knowledge. The depth of spiral signifies the knowledge accumulated through research endeavours all over the globe. The circular area at a particular depth represents the breadth of knowledge at that depth, i.e., the applicability of the knowledge available at that depth for industry or self-employment. The expanding area of the circle signifies the growth and prosperity possible with the depth at which that circle is located.  

Thus, a learner’s journey of this spiral involves exploration of the breadth or the depth of the spiral or both. As the learners keep climbing the ladder by augmenting their quota of knowledge they find ample scope in both the breadth and the depth of the ladder for pursuits of their natural propensities. In this model only proactive growth is possible because the proposed reforms will facilitate a resonance between learner’s natural interests and the knowledge activity he undertakes.   

Various circles of the knowledge spiral, representing various industries, will create opportunities to absorb learners in their circles through knowledge innovations. Career making will not be a tense and anxious undertaking as the infinite depth and breadth of nature’s knowledge has the capacity to accommodate everyone. As the final goal is very clear and the learner also develops clarity about his ability, frustrated and disgruntled attitudes will not be formed. These reforms will thus help to eliminate negative tendencies including corruption as the flexibility and openness will result in each goal seeker achieving success in proportion to his natural ability. 

The reforms will thus nurture the spirit that we are all born to win. They will emphasis and encourage everyone to pursue what one is naturally best at. Sachin Tendulkar attributes his success mainly to the freedom that he got to pursue his natural interests. Someone has rightly remarked that had Sachin been asked to concentrate on studies, it would have been a great national loss! 

Being aware of the highest / most difficult aim (like climbing the Everest, for example) and then adjusting one’s own target suiting one’s natural interest and ability will offer everyone the opportunity to be ambitious and relaxed at the same time. Achievements disproportionate to one’s ability (e.g., through corruption) or the frustration due to not achieving something that one thinks one could have will be greatly reduced (just as no one can climb Everest through corruption and no one becomes disgruntled for not having reached the top). Corruption can flourish only a few but the transparency envisaged in the proposed model will flourish everyone in proportion to one’s natural ability.

Thus, a sure and proactive march towards vision 2020 necessitates urgent steps to free knowledge from the clutches of our rigid education structures and to offer ‘seekers of knowledge’ opportunities to enjoy and uncover the secrets of nature in a flexible manner that will encourage scientific research at all levels and enhance the knowledge wealth of India. We need to revamp our education structures to make them closer to the natural ones as discussed earlier. These reforms may either be incorporated in our education system or may be introduced through ‘vision 2020 centers’ or ‘knowledge centers’ that may be opened all over the country for this purpose. 

The contributors to the knowledge centers (researchers and educators) will shoulder the responsibility of evolving knowledge spirals to adjust and fit everyone suiting one’s unique natural traits and inclinations. It is said that resources are limited but creativity is unlimited. The knowledge centers will unleash this creativity so that new fields, new industries and new employments are continuously generated to cater to the vast spectrum of interests of our young population. The flexibility of the system will allow easy transitions between various fields in tune with the signals that a learner receives from nature about his potential. That is, if learner develops a propensity for applied fields, the enormous breadth of knowledge will be offered to him. Similarly anyone working in applied fields will be welcomed to the depth of the spiral if greater depth promises him more growth and prosperity. (In rigid systems the learner doesn’t grow naturally when fields are imposed on him.) 

The asking rate of our development will be determined in a major way by how fast we introduce and implement these reforms. For the system to become people’s movement, i.e., to percolate in the national psyche these reforms need also to be spread on a large number of platforms outside our current college / university education systems such as distance education programs, open universities, community colleges, public libraries, Web/Net courses, virtual class rooms, research parks, innovation centers, technology incubators, campus companies and similar such initiatives from private sectors. The traditional boundaries between education and other sectors have to be blurred so that knowledge is not exclusive to education as emphasized in Section I. The proposed reforms promise to bring about a drastic improvement in our present knowledge scenario. Table IV presents how this improvement will take place. 

TABLE IV REFORMS FOR KNOWLEDGE REVOLUTION

	PRESENT STATUS


	IMPROVEMENTS POSSIBLE THROUGH VISION 2020 REFORMS

	1. TO BRING BACK THE JOY ASSOCIATED WITH LEARNING

	The existing system has a rigid and examination oriented structure that lacks the capacity to attract learners as it is devoid of the joy associated with learning and the thrill and excitement associated with research and innovation. This makes students storehouses of crammed information and devoid of fresh and innovative ideas. A highly educated product of this system may not be highly knowledgeable. 

The syllabi and courses are designed to suit the rigid structures. Thus the natural flairs of students are not properly identified and channelized as all have to follow a given structure. The curricular changes are effected in a very slow manner due to which many old and outdated courses continue. Moreover, the present system is expensive and not very efficient in the way it uses the time of both teachers and students.
	Vision 2020 reforms will encourage open, proactive and explorative learning. They will inculcate research temper among students and orient them to knowledge in a natural and joyful way. As the journey of knowledge spirals will be inspired by knowing and knowing more, thrill and excitement of fresh and innovative ideas will continuously enrich the learner. Knowledge based progress will ensure that highly knowledgeable ones are highly successful.
Knowledge centers will offer interest based, research based and employment based courses. The syllabi and curricula will be decided by the learners rather than by the system in a sense that unending open knowledge spirals will be available to all the learners. Learners will decide for themselves the speed and extent of knowledge accumulation. Highly talented learners will be able to cope with knowledge that doubles in every three to five years. The flexibility of the system makes the best use of time of learners and teachers as teachers are looked upon as guides who facilitate the natural learning through need based guidance.


	2. TO REDEFINE HEALTHY COMPETITION



	In the present system results of examination decide the destiny of a learner. The emphasis of preparation is thus to excel by impressing / out competing others. Many a time this leads to assessment based on weaknesses of learners and failures are often dubbed as worthless persons. The system is based on the premise that an individual can be assessed on the basis of few hours of performance in examination, which can only be partially true. Thus, the competition turns out to be a rat race for marks and degrees.  

            
	The knowledge centers will detect the strengths rather than weaknesses of individuals. They will encourage competing with oneself and confidence building through self-backing (impressing oneself). Failures, if any, will be considered a result of the mismatch between learner’s natural interests and the field chosen by him and will be advised suitably for a more correct selection of the field. One’s position in the knowledge spiral will make one aware of the knowledge wealth of nature and will help one to make one’s own assessment and thus have the opportunity of foreseeing and controlling one’s aims and destiny. Thus, in a sense, every moment will be an examination and the risk of only few moments of one’s life deciding one’s destiny will be greatly reduced. The consistency of efforts rather than few flashes of brilliance will get more weightage. The rat race for marks and degrees will be converted into a healthy competition for higher aims themselves.    




	3. TO UNVEIL TRUE EXCELLENCE



	The present ladder for growth in academic institutes is lecturer – reader/assistant professor (AP) – professor that is ideally based on the academic achievements / contributions of a teacher. However, this is seldom adhered to leading to loss of the brighter talent to more lucrative professions or to brain drain. 

The stifling uniformity present in our education system kills any initiative for academic excellence. Because of the archaic administrative and management set-up at our universities and lack of proper intellectual atmosphere, even Bhabha and Bhatnagar chose to go out of the university system to establish new science laboratories in India.3 


	The knowledge centers will promote excellence by de-bureaucratizing our education system and evolving an open and transparent point system that will unambiguously decide the ladder of excellence, based on the knowledge wealth of an individual. For example, anyone with a certain number of international research publications / patents will be automatically promoted to the cadre of AP, without any bureaucratic hassles. This will offer the intellectual freedom necessary to stimulate rapid academic growth and will produce lecturers and professors that are acceptable and useful to the society due to their knowledge and skills. 




	4. TO IMPROVE INDUSTRY – ACADEMIA SCENARIO



	In the present system there are no strong ties between industry and academia. In some institutes there are industry-institute cells to promote interaction between the two. However, these cells convey that the two are distanced and produce an artificial need for interaction.

Most university courses in the present system are devoid of ‘employable knowledge’, i.e., students are seldom instructed about how knowledge can be translated into wealth. As a result education seldom matches job requirements and large number of graduates remain unemployed.   

After completion of UG/PG courses students ‘search’ for the job often coming to terms with the harsh reality that what they were ‘taught’ has little relevance to industry/job market. Their search may lead to success or failure depending upon their performance in the cutthroat competition. Thus shocks, surprises and disillusionments are often in store for anyone completing the education and seeking employment in the present system.      

The present system may thus lead, quite often, to education just for the sake of education. In the words of George Bernard Shaw, “One who can do, does, one who cannot, teaches”. Education for the sake of education discourages ‘doing’ and thus deprives learners of the appreciation of knowledge in a real sense. For example, a civil engineering teacher, who has hardly any practical appreciation of the construction of a bridge may ‘teach’ students about how to construct a bridge and may turn out batches after batches without anyone ever visiting even the site of a bridge. Similarly, a professor of Agriculture may take more pride in flaunting his academic bio data rather than the prosperous fields to claim his competence.               

  
	Synergy between academia and industry is essential for development. Academia and industry thus can’t be distanced and then interacted. Industries may be encouraged to open academic centers in their own premises to offer courses relevant to their needs and industry may be promoted in academic institutes as is done in IITs. 

Those interested in the applications will be guided on how to translate their knowledge into technological ventures through courses that promote entrepreneurship and lead to employment. Combinations of knowledge inputs required for a particular venture will be prescribed on individual basis for employment. 

Close ties between academia and industry will result in industry putting very specific knowledge demands on the aspirants that academia will snugly fulfill. Thus, shocks and surprises of cutthroat competitions will be replaced by ‘struggle with awareness’ and the aspirants will be required to score not less than 100 %.  Thus, there will be no two options but a single option, i.e., success. However, wide options in deciding the aim itself will give the learner full freedom in deciding at which level he aspires to score 100%. 

The free knowledge scenario envisaged in the proposed reforms will greatly discourage education just for the sake of education. The vast breadths available at various depths of the knowledge spirals will offer such myriad opportunities for knowledge applications that need for education just for its sake will be hardly felt and only genuine students who are propelled by their intense curiosity will take to higher learning The knowledge centers will work towards making a professor and a professional synonymous. Professionals will enrich professions and professors will enrich academics through open knowledge spirals. They will play mutually symbiotic and rewarding roles and enrich both industry and academia. The proposed reforms will thus encourage knowledge-based competitiveness among our industries.   



	5. TO ACHIEVE EMPOWERMENT THROUGH KNOWLEDGE



	Knowledge is regarded as a power in today’s world. However, our education system doesn’t bring home that knowledge can really empower us. The growth of an individual is not linkable to the growth of his knowledge in this system. This results in knowledgeable persons getting out of the system and earning through means such as private coaching. (This is also many a time due to lack of adequate employment opportunities.) Our private education structures are flourishing as can be seen in the large-scale proliferation of private coaching centers in the country


	Alvin Tofler, the futurist, observes, “the shift from physical power to wealth power to mind power is an evolution in the foundations of the global economy.” Considering the power of money we have evolved many systems for quantification, assessment and legislation related to money. For example, the unambiguous calculation of income tax facilitates everyone amongst us to know one’s individual tax. Vision 2020 reforms will facilitate a transition from wealth power to mind power in the foundation of Indian economy. They will evolve unambiguous set of criteria for evaluation and assessment of knowledge. Concepts and practices that highlight the importance of wealth will be extended, wherever possible, to knowledge. For example, like the proverb that either you use money or lose it, the similar proverb coined for knowledge society would be either you use knowledge or lose it. Similarly, concepts such as vision 2020 accounts and knowledge passbook may be introduced to generate and uphold the interest of society in knowledge-based activities. The knowledge centers will have a record of the ‘knowledge wealth’ of the region covered under that center. Knowledge competence from any quarters will be suitably recognized and rewarded. Thus, instead of criticizing and lamenting upon the flourishing private education structures appropriate steps will be taken to subsume them in the knowledge revolution     




	6. REFORMS FOR SOCIETAL TRANSFORMATION



	As we free knowledge from the clutches of our rigid educational structures the academia assumes a greater role in the societal transformation. Vision 2020 reforms will attempt to justify this role by inculcating the spirit of education that is ‘rooted to culture and committed to progress’ as pleaded by the report, “Learning the treasure within” of UNESCO Commission on Education for 21st century.4 They will bring to fore our rich cultural heritage that sustained our civilization for millenniums and will graduate learners to higher and higher levels of awareness from animality to humanity to rationality to divinity. 

The amazing progress of developed world convinces us of the power of focused minds. But the large-scale violence and destruction in this world also points gravely that progress through powers of mind does not necessarily ensure progress of mind itself. India is a nation with a soul and her rich treasure of spiritual knowledge that focuses on the progress of mind (more correctly the soul / self that is the knower) can make India a world leader in providing solutions for global peace and harmony. Knowledge domains like yoga and vegetarianism are already attracting the stress ridden world population due to their natural, cost efficient benefits in diseases of psychosomatic origin.   




III KNOWEDGE WEALTH OF PHYSICS 

3.1 PHYSICS : A PHILOSOPHY OF NATURE

The word science originates from the Latin word that means ‘to know’ and the word physics is derived from the Greek word meaning nature. Physics thus seeks to know nature and was formerly called as natural philosophy for this reason. The laws of physics are often termed as laws of nature as they represent the intelligence and predictability in nature. 

Physics seeks to understand nature through the study of matter, energy and their interactions. This aim brings the entire breadth and depth of nature’s knowledge under the scope of physics as there is nothing in this Universe that is neither matter nor energy. As one studies physics one’s knowledge advances but at the same time one is confronted with the vast, unending reserves of nature’s knowledge rooted deeper and deeper. Physics is an enquiry into the folded logic of nature. More layers the learner unfolds, more layers emerge. It is a bottomless search; more one knows more one comes to know that there is much more to know. 

Thus by the intrinsic virtue of its very nature, pursuits in learning physics involve the joy of understanding nature and the thrill and excitement of exploring nature. Physics also opens a vast world of applications offering a wide scope to its learner in the form of courses, careers and professions that have emerged in the past or can emerge in the future on the basis of knowledge in physics. 

3.2 MATTER, ENERGY AND THEIR INTERACTIONS 

Matter can exist in the form of a gas, liquid or solid depending on the distance (forces) between its constituent atoms. Physicists have explored the depth of knowledge in various kinds of matter and collected an enormous amount of data about their structures and properties. So far we know about 92 naturally occurring elements and 16 artificial elements that can be synthesised in laboratory using high-energy accelerators and nuclear reactors. These elements are classified in a periodic table.

Atoms of these basic elements can bond together to form various molecules in countless ways to produce an incredible variety of matter around us just like a colour printer can produce any conceivable colour by combining just three colours. Thus the knowledge of materials available at present along with the knowledge that gets accumulated everyday through ongoing research in materials constitutes the matter knowledge wealth. 

Energy is more subtle and less concrete than matter. Energy is often a result of microscopic changes that take place in matter. For example, electronic transitions inside matter can produce light energy. The various energies in nature can be identified as various parts of the electromagnetic spectrum. In 1873, Maxwell showed that light is an electromagnetic wave. Maxwell’s discovery inspired investigations to study and bring forth the knowledge of other parts of the electromagnetic spectrum. The knowledge of the entire electromagnetic spectrum constitutes the energy knowledge wealth.

It was first Maxwell and then Einstein who probed the deeper aspects of matter and energy and could unify the two. These unifying aspects offer a fresh perspective to the study of matter and energy. Matter can be looked upon as ‘structured energy’. For example, a solid consisting of atoms in their fixed positions can be looked upon as a structure having energy – the configurational energy or the formation energy – that is the energy required to bring atoms from infinity to their present positions. This energy can thus turn out to be the energy required to separate atoms to infinity.

In the same way energy can be understood as ‘unstructured matter’. It is the unstructured manifestation of the matter from which it is derived and preserves the knowledge of that matter. For example, yellow light arises when transition of electron takes place between certain electronic energy levels that are possible in sodium. Thus yellow light is a characteristic of sodium and is also called sodium light for this reason.

Einstein’s equation puts matter and energy on equal footing and brings out their equivalence. Thus matter and energy are regarded not as independent of each other but as interdependent, interconvertible and interactive entities. Thus the knowledge of matter, energy and their interactions constitutes the knowledge wealth of physics. As each entity contains infinite knowledge (see Table II) the knowledge wealth of physics comprises of the infinite knowledge of matter, energy and their interactions. 

If we represent an interaction of a specific matter with a specific energy by an arrow then knowledge wealth of physics can be looked upon as a set of infinite arrows between periodic table and electromagnetic spectrum. These interactions are the ‘natural phenomena’ that have titillated the curiosity of human minds and has resulted in several discoveries in physics. 

3.3 KNOWLEDGE SPIRALS IN PHYSICS 

Knowledge grows in physics through attempts to seek agreement between theory and experiment, a method known as scientific method. Results of theoretical models are tested against experiment whereas results of experimental investigations are interpreted using theory. Agreement between theory and experiment leads to knowledge whereas disagreement between the two leads to research that further leads to knowledge. The knowledge accrued through the confluence of theory and experiment becomes an input for a large variety of applications.

At the topmost level of research this process is an open ended one i.e., a researcher takes up an unsolved problem in literature and struggles to find its solution. Thus the output of this research is always new knowledge. This knowledge is published in research journals and signifies the knowledge depth of physics. In the words of Metirin Gorden, “No research is ever quite complete. It is the glory of a good bit of work that it opens the way for something still better, and this repeatedly leads to its own eclipse.” The knowledge that gets well established over the years percolates to lower levels of learning and becomes a part of the curriculum forming the knowledge breadth of physics.

For example, Einstein had reported the explanation for the observed experimental facts of photoelectric effect in 1905 in his research paper, “On a Heuristic Viewpoint Concerning the Production and Transformation of Light”, published in the “German Annalen der Physik”. Thus photoelectric effect was considered an area of research in the first quarter of the last century. In later years it was studied in the curriculum of post graduation. Today it is studied at pre-college and UG level. 
The depth and breadth constitute the hierarchy of knowledge spirals in physics. For example, the knowledge spiral of optics would consist of the following circles in order of increasing depth. (i) Geometrical optics (lenses, mirrors and basic optical instruments) : The basic knowledge of how light rays change their paths when they fall on optical elements like lenses and mirrors enables learner to handle simple optical instruments and work on their applications. (ii) Defects and aberrations in images and their corrections, refined optical instruments : More advanced knowledge of geometrical optics concerning defects in optical instruments and their corrections facilitates learner to refine his application skills. 

Dealing with optical instruments may make the learner curious about the physical nature of light (for example, the early research on human eye by Thomas Young, an English physician, inspired him to enquire into the physical nature of light and he went on to pioneer the development of the wave theory of light). This advances the learner’s journey to the next circle of the spiral : (iii) Physical optics, interference, diffraction and polarization : This knowledge equips the learner to handle a vast number of industrial applications based on these properties such as interferometry, thin films, diffractometry, microscopy, high resolution devices, and polarizing devices. This knowledge may arouse more curiosity and drive the learner to know about advanced topics such as lasers, holography, nonlinear optics, quantum optics, optoelectronics, photonics and so on and may drive his ambition to apply this advanced knowledge for new and advanced applications.   

3.4 GOLDEN ERA OF PHYSICS AND SUCCESS OF IT IN IT

A glance at the history of developed nations in the last century reveals that the rapid technological development of these nations was due to the appropriate harness of the scientific knowledge gathered in the first half of the century, the period considered to be the golden era in physics. This period witnessed a deluge of revolutionary discoveries that laid the foundation of future technology. It saw young and curious minds getting attracted to physics as it offered a vast scope for enquiry and investigation into nature and her phenomena that was properly supported by the free educational structures present in the developed countries. 

Recently India has attracted global attention through her success in the field of software technology. The success of Indian talent in Information Technology (IT in IT) was also mainly due to the freedom and opportunities that young people got due to the easy availability of computers (India operates the world’s largest system of computer training institutions). A comparison of the success of IT in IT and the success of developed nations in the golden era of physics reveals that the educational structures close to natural ones, discussed in Sec. 1.3, essentially led to both these successes. 

The success of IT in IT inspires us for higher goals. These higher goals take us to the world of knowledge that has much wider and deeper implications than the world of information. The reforms discussed in the last section, if implemented properly, promise a similar success of IT in KT (Indian talent in knowledge technology). In Table V we discuss these reforms as applied to physics learning. Learning physics as a philosophy of nature through open spirals will lead to enjoyment, employment, empowerment and enlightenment of learners. Thus, basic physics promises to make us a knowledgeable nation, applied physics, a developed nation and metaphysics, a Nobel nation.    

TABLE V REFORMS FOR KNOWLEDGE REVOLUTION THROUGH PHYSICS 

	1. FROM MARKS AND DEGREES TO KNOWLEDGE AND SKILLS TO POWER AND PRESTIGE



	In the existing system +2 students can join the institutes of excellence only by excelling in competitive examinations. However, these examinations lack the selectivity of raw intelligence across the country as most of the selected students are ‘trained’ by the private coaching centers. Out of the large chunk of remaining students who join UG, very few students get an opportunity to join premiere research institutes after completing their post graduation. The UG programs are mostly academic oriented. After graduation students are asked to display their degrees and marks and not knowledge and skills.
	Vision 2020 reforms will offer opportunities for raw intelligence to grow and excel. It will be emphasized that knowledge is not meant only to get marks and degrees but to get power and prestige. The power is for masses and comes through exploring the breadth of physics for appropriate applications. Thus majority learners will prosper in various industrial professions by proper harness of this knowledge. This will leave only genuine students who can go beyond the breadth level to go for basic research at the depth level. Basic research is the cultural necessity of a country. Thus prestige of a country is enhanced if our brightest talents can be encouraged to do research on fundamental problems of their choice.


	2. A RESEARCH LEVEL APPROACH TO UG PHYSICS EDUCATION



	In the present educational structures students have to work at the breadth level of physics up to their PG education before they become eligible for depth level, i.e., research. 

Though lots of funds are available to support depth level research activity in physics the UG academia, involved in breadth level of physics, find dearth of funding to promote research at the UG level.

Many national initiatives to encourage science education culminate in building some centers of excellence that do not always lead to improvement in the mass UG academia of the country.
	The knowledge centers will bring the enjoyment, thrill and excitement usually experienced in research pursuits to the UG level by presenting the breadth of physics in an explorative manner to students who will be looked upon as young researchers. Thus, just as research pursuits at highest level result in newer and newer knowledge similar pursuits by UG students would result in their better and better understanding of the available knowledge. 

Just as funds are provided at PG level to promote research that outputs new knowledge funding mechanisms have to be evolved to promote better understanding and application of the available knowledge at the UG level, i.e., to enrich the knowledge spirals. Knowledge centers shall promote this kind of activity by augmenting the ‘employable knowledge wealth of physics’.

Academia involved in UG education need to develop the competence and confidence required for knowledge based education. The centers of excellence can play an important role in improving the UG academia for this mission by offering more opportunities and more flexible arrangements for the academia to develop their knowledge base. Knowledge centers will make efforts to percolate knowledge from its frontiers at the centers of excellence to mass learning. 


	3. TO IMPROVE SCIENCE - TECHNOLOGY SYNNERGY 



	In the present system students have to opt for either science or engineering / technology after 10+2. In engineering there is a science component that is usually considered secondary.

The vital links between physics education and industry that have been the hallmark of the developed countries are missing in the present system. There are hardly any laboratories in the industrial sector where physics research is encouraged.  


	Science and technology enrich each other and have fuzzy boundaries. Thus, such compartmentalization produces artificial barriers. Science or technology/engineering should be replaced by science and engineering/technology as is already there at the governmental level.

The knowledge centers will improve the synergy between academia and industry by fostering close ties between basic research and business. Open knowledge spirals will benefit industry and industry in turn will enrich them further through applied research and suitable commercialization of basic knowledge. The employable knowledge wealth will serve as an essential input for development of physics based industries. Appropriate ‘knowledge combinations’ will be evolved for different employments.




	4. PHYSICS FOR SOCIETAL DEVELOPMENT

	Knowledge centers will promote the practice of physics, a concept alien to the present physics education in India but natural to the spirit of physics (just as lawyers practice law physicists should practice physics). These practicing physicists may extend scientific method to undertake research in finding solutions to societal issues concerning health, environment, communication, energy, power, art and agriculture. Philosophical implications of physics may help us to explore the rich metaphysical treasures of India for the benefit of mankind. 

The management expert Peter Drucker has observed, “There is nothing more practical than a good theory.” In physics a vast body of theoretical knowledge has accrued through distillation of ideas from the vast observable data of nature that laid down the foundation of applied research and technological progress. As the menaces of disharmonies, turmoil, violence and environmental degradation, created by wrong theories of development, plague today’s global community the basic approach of theoretical physics may help us to evolve a more sound and practical theory of development. 





Rabindranath Tagore envisioned free India as one “Where knowledge is free” and “Where the mind is led forward by Thee into ever widening thought and action”. It is a time to understand and work for the fulfillment of Tagore’s vision by freeing knowledge from the confines of our rigid education structures and enthusing masses with the spirit of innovation and creativity to quicken our development. Dr. A. P. J. Kalam has observed that “A developed India by 2020, or even earlier is not a dream. It need not even be a mere vision in the minds of many Indians. It is a mission we can all take up.” The reforms proposed here embody the spirit of this mission and have the promise to bring about the desired transformation for India to become a developed nation.    
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