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Enormous strides have been made in science and technology since independence in our country. Higher education in this field is now accessible to a very large number of people. The quality of scientists and technologists in our country is currently comparable to the best in the world. Also, while much remains to be done, technology developed in the country has begun to affect society at large. However, compared to our potential, an impartial observer would be forced to conclude that our achievements are far from satisfactory.

While Indian history is fascinating to anyone with even mild intellectual curiosity, this talk is not about our past glories. Nevertheless, we do wish to emphasize that we are an ancient civilization fertilized by waves of invasion, of culture and of ideas. Our genetic diversity must be unsurpassed amongst nations of the world - so should that of ideas, beliefs, traditions be. Add to all this, the fact that we are very nearly also the most populous. So any level that any group of people has reached in any endeavour we should also be able to reach. This includes science and technology education.

Let me now list out a few things wrong with our educational system.

· It is heavily based on rote learning. 

I am one of those who believe that rote learning does have a significant role in education, but it must be accepted that we, along with the Chinese, Japanese and most orientals, overdo it. 

· It inculcates excessive respect for authority 

· whether it is of great men or of the printed word. 

      One should respect a teacher as someone who is sharing precious 

      things  rather than as one who is always right.

· It is passive. 

Even when we cross the rote learning stage we tend to emphasize analysis at the cost of generating new ideas.

· It punishes mistakes too severely. 

                    The fear of going wrong is fatal to any creative endeavour. 

                    But in our system, we control the education of a student 

                     through  unimaginative examinations  in which, to do well, it is 

                     more   important to get simple things right rather than to understand 

                     a  concept. Human nature being what it is, the student soon focuses on

                     the examination rather than on learning the subject -indeed usually identifies

                     learning with preparing for examinations. The student is then limited 

                     by the imagination of the examination paper setter. Also, he usually 

                    develops an intense hatred for ‘studies’ as something essentially

                     uncreative where intelligence is to be used largely to ‘beat the system’. 

                     The better class of students still think of learning as a competitive 

                     activity which cannot be enjoyed for its own sake – such as for 

                     instance, a chat with ones’ friends.

So what is the direction in which we should go? 

·  Emphasize the play element in studies

           Even in the present educational setup, a great deal of learning often takes place outside the class room. Here learning is usually from peers through imitation  (eg. when they pick up hobbies – photography, ham radio operation, electronics and now, computer programming). Students rarely associate virtue with this kind of learning. It is seen as play and any learning that takes place is largely unconscious. It may be worthwhile to make at least a part of curricular learning imitate this form. Of course ‘play’ and ‘consolidation’ should alternate.

· Encourage risk taking

Risk taking is an important attitude in thinkers. Intellectual risk taking should be encouraged in students and particularly in children-for instance writing a story without worrying about correct grammar or spelling, learning a language by imitation, learning to sing or dance without fear of discordant notes or wrong steps. One form of risk taking is to move into uncharted territory- try to understand material for which one does not have the necessary background. This requires repeated model formation, making and refuting conjectures- all very important for professional research workers. 

· Encourage intellectual honesty in students

To be ready to admit ignorance is a necessary condition to being able to learn. It is important therefore that such admissions are not penalized, but are treated in a matter of fact manner. One must go farther – the teacher must be ready to say ‘I don’t know’ whenever it is called for and never evade answering a question through any process that distracts the student.

· Encourage tolerance of other points of view

Most serious questions, whether in science and technology or in the humanities, do not have unique right answers. Often one can make progress in understanding a question by adopting points of view which appear diametrically opposite (eg. does light have a wave or a particle nature?) . This message has to be sent home to the student by making him/her participate in informal discussions which emphasize content rather than form (debating competitions are not the answer, the aim there is usually not to arrive at the ‘truth’ but rather to convince the audience through a variety of tricks, not always honest).

· Demystify ‘greatness’

No human being is totally good or evil. No thinker is always right. Great men are also fallible human beings. The pictures of such men that is presented to students must be well rounded. We need biographies more than we need hagiographies. The advantage of doing this would be for more students to perceive ‘greatness’, whether in terms of ‘nobility of spirit’ or in terms of scientific achievements, as not unreachable.

What is the road to the goal?

We need

· Structural changes in the educational system

· A large number of creative teachers

· Facilities aiding education

· A built in mechanism for structural evolution 

· Testing of educational hypotheses

Structural changes in the educational system

So then, what should we do?

“Ah, love could thou and I with fate conspire

To grasp this sorry scheme of things entire

Would not we shatter it to bits-and then

Remould it nearer to the heart’s desire.”

                         ___Rubaiyat of Omar Khayyam

(Fitzgerald’s translation)

Let me begin by saying that this is not the direction where the solution lies. It is much easier to destroy than to create. Even if we create a new system, over a period it will develop its own corruptions and distortions. Gradual changes towards what appear to be desirable are safer. If we encounter unanticipated difficulties we can always back track.


We could make a beginning by shifting the emphasis away from the formal educational system. 

· Some credit could be assigned to work done by the student on his own, eg. design an experimental setup for the laboratory, build an electronic system to carry out a task, design an algorithm to carry out an organizational task optimally, make a defective equipment work. This could be made an alternative to a routine course. To begin with, this facility should be made available only to a very small percentage of students who could be selected by their past record in innovative work as opposed to marks in examinations.


Student groups which work in villages or with disadvantaged sections of 

            society  could be rewarded in this manner. Some credit could be assigned 

            to  teaching junior students. Here the teaching need not be geared towards

            passing an examination but rather towards acquiring skills. 


In each case, it is important that this facility be made open only to the 

            ‘very best’ students so that participation in this activity acquires the status of 

             an  honour. 


How do we select such students?  

            As far as possible we must take the help of past students who have participated 

             in the program. We will thus have a ‘special’ group of students with a practice 

             of mentoring new entrants to the group.

·      reduce  the overall size of the curriculum. What matters is how well we 

           know  something and not how much we know.

·      Encourage ‘coaching classes’ of the right kind. Coaching classes thrive through

           a need perceived by the students. If they feel that skill to build things

           is  immediately beneficial there would be an economic incentive for someone

           to start such classes.

Where are the creative teachers to be found?

Improve the quality of life of teachers. While much has to be done by the government to improve the lot of teachers, initially, higher quality teachers can only be obtained through indirect means; eg by attracting student volunteers or by pulling them out of the senior student category.
To spot and nurture talent.








This is the single most important structural educational challenge before us. 

If we solve this problem most other problems would get solved automatically. Genuine talent arises naturally out of numbers, perhaps if there is also genetic diversity. There should be an enormous pool of such talent in our country, which only needs to be shielded from the vicissitudes of life and given opportunities to grow unhindered. 

This talent has to be spotted early, perhaps by late childhood. (Volunteer organizations can play a big role in this.) One could perhaps imitate the way musical talent used to be spotted and nurtured . The Gurukul system, which is time tested in our country, could perhaps be adopted  in a modified form. Shifting talented children far away from parents may not be desirable. Further , these children are the main hope for the places they are from. So their roots to the soil should not be cut. It is to be appreciated that geographical proximity is no longer as important as it used to be. There is now the possibility of information being available to a person wherever he may be, in a reliable and speedy manner. Very soon, communication between individuals could reach the same level. It should therefore be possible for talented people to be networked based on their interests, wherever they may be. Mentoring on the one hand and learning by imitation on the other would therefore be possible in such groups. Many problems get automatically solved if we can spot and nurture talent. This is the pool of creative teachers that we desperately need.

It must be confessed that our present mechanisms for detecting talent are woefully inadequate – they are largely directed towards the urban middle class through relatively routine schemes, which only shine by comparison with our formal educational system.
Facilities for aiding education of the masses. 






Direct governmental input into this area is not always effective. Urban groups adopting villages have often proved valuable both in terms of providing facilities as well as in forming strategies. While basic infrastructure could be taken care of by local organizations, sophisticated facilities have to be made available through more innovative strategies-such as through reclaiming obsolete and defective equipment which are ‘written off’ by other educational or research organizations either in the country or abroad. Economic incentives for reclaiming and maintaining such equipment could be built into the system and therefore be made sustainable.

Built in mechanisms for structural evolution of educational systems. 


Since we do not know what future circumstances are going to be, indeed do not even know the  ‘perfect system’ for a given set of circumstances, it is obviously better to keep the structure  flexible and adaptable. For example, presently it is impossible to get into a postgraduate programme in many universities without having a basic undergraduate degree in the same field, entering which, in turn, is possible only by getting high marks in a relatively trivial, correctness based, examination. It would be desirable to provide alternative paths to reach the same goal. To give an instance, in principle, to get into the doctoral programme in Electrical Engineering at IIT Bombay, it is not necessary to have a basic degree in Electrical Engineering. All we need is that the candidate be outstanding. The basic degree could be Maths or Physics (and soon, almost any of the Sciences). The essential idea is to encourage interdisciplinary activity and to welcome gradual change.

Testing of educational hypotheses. 







How do we come up with innovative structures for education? To test educational hypotheses, the controlled experiment method would be usually infeasible, or even if feasible, too slow . It is better instead to look for people who already have some of the desirable qualities we expect in an educated person, examine their past and come to some tentative conclusion. (My teacher, whose basic training was in Electrical Engineering and who is in his mid seventies, is currently struggling with Biochemistry. Is his love of learning entirely genetic, or did nurture play a role?)
One can also learn a great deal from structures that arise naturally in our system -

 for instance coaching classes, which arise through the economic incentive, aimed

 at  cracking examinations or imparting narrow skills such as software tool usage.

 How to make coaching classes impart something that resembles 

 genuine  education?
Conclusion

There is reason to be optimistic. Almost all suggestions made here are mirrored

already  somewhere in our present system. Greatness is just around the corner…

Afterword

A few cautionary remarks have to be made about the opinions expressed

above. The educational system in the west does have some of the characteristics

which we have suggested as desirable (emphasis on the play element etc.) . If  reports are to be believed, a very sizeable fraction of the students pays no attention to studies

in the school. Juvenile delinquency is on the rise. Further, few of the accomplished students want to take up engineering or science. Even among those who

do take up such studies, many tend not to strain themselves with very hard work. 

Perhaps, the alternative to `no freedom’ is not `total freedom’.  Perhaps also,

some continuity of tradition is important.

