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Executive Summary

· Higher education in the country is in a state of crisis and this crisis is particularly acute in the sciences. Training in Science and Technology requires more specialized inputs than training in the Humanities or Social Sciences. With the proliferation of information and knowledge in the last century, keeping up with the latest advances in any field has become even more difficult. 

· Higher Education needs to be nurtured- developed countries continue to pour huge resources into higher education to maintain their lead in knowledge generation and innovation while some of the developing countries like China have taken the lead in revamping and expanding their higher education system.

· From the traditional centers of learning like Nalanda and Taxila, through the madarasas established in medieval times, higher education in India has a long history. The coming of the British saw the establishment of colleges and Universities, initially to supply officers to staff the empire and subsequently as centers of learning. 

· With independence came a regulatory and grant giving mechanism in the form of the University Grants Commission. Six decades of independent India has seen a proliferation of universities and colleges. There are now more than 300 universities and over 17,000 colleges. 

· Almost all of undergraduate teaching takes place in the colleges which are affiliated to various universities. The curriculum, the academic calendar, and the examinations are all controlled by the affiliating University with no autonomy to the college teacher. Post-graduate teaching is done in the university departments where the teachers have a bit more flexibility. 

· This extreme centralization has led to a situation where the teacher has no role to play in the education apart from delivering lectures. There is a stifling of initiative and innovation.  

· There is need to have flexibility in the curriculum and in the sciences, greater stress is needed on investigative projects. The laboratory curriculum needs extensive revision which needs to be coupled with upgraded infrastructure. This is true both for undergraduate and postgraduate teaching.

· The assessment needs to be continuous rather than annual. Greater weightage needs to be given to Internal Assessment and this can be introduced in a phased fashion. The Internal Assessment needs to move away from absolute grading to a relative grading system. Use of Information Technology needs to be encouraged to make the examination process transparent and efficient. 

· The infrastructure in colleges is in need of a major overhaul. Classrooms with basic teaching amenities, faculty rooms, libraries, laboratories, and common spaces should be upgraded. Libraries need to be provided with enough money for basic textbooks and reference material. Computer infrastructure should be enhanced with Internet connectivity and more computers. Subscription to electronic resources needs to be given to colleges. The INFLIBNET model for collective negotiation of prices could be followed.  

· Motivated, qualified, and competent teachers are possibly the most critical component of any strategy to improve higher education. Incentive structures need to be devised to attract and retain the best talent to undergraduate teaching. These could include better salaries, housing, and increments for bright appointees etc. Besides these steps, some steps need to be taken to attract bright students to a career in science. 
· Quality control in the form of objective and uniform standards need to be imposed at the entry level for recruitment of teachers. A test like the National Education Test, with suitable modifications needs to be reintroduced. Periodic performance reviews and student and peer feedback mechanisms need to be put in place for teachers. The student and peer reviews need to be transparent and objective if they have to be effective. Performance reviews should give weightage to teaching, innovations in teaching and research. 
· Refresher courses and Orientation programs need to be made more effective and focused. The reach of these programs and the coverage should be increased substantially. Laboratory training for teachers should be part of the courses and this would lead to setting up of new experiments and familiarization with current equipment. A more decentralized, user-focused approach instead of the current, one-size-fits-all way of running these programs might be more effective. College faculty should be given incentives to attend conferences and workshops. 
· As far as possible, college teachers should be encouraged to do research. Improvement in infrastructure, libraries, connectivity coupled with institutional mechanisms for leave of absence etc need to be put in place. 

· The Inter-University Centers established by the UGC have proved to be immensely successful. There is an urgent need to open up many more centers, preferably regional or state level centers so that access to college and university teachers is facilitated. 

· Access to higher education should be improved. This will entail not only increasing the number of institutions, but also ensuring high quality. Quality text books and reference material should be translated and production of text books by our local scientists should be encouraged. Scholarship schemes need to be enhanced substantially and science education and a career in science made more attractive for the brightest students. 

· Governance of universities and colleges need to be improved drastically. More autonomy from funding agencies like State Governments and UGC is desirable, though some form of regulatory mechanism needs to be put in place which minimizes interference and yet serves as a check on misuse of autonomy. Process reengineering coupled with an enhanced use of Information Technology is essential for efficient and responsive governance. 

· A massive infusion of funding into higher education is necessary, though by itself will not be sufficient to improve the quality of science education. It is important to ensure that reforms in other areas like examinations, curriculum, infrastructure, human resource development, governance etc. are carried out concurrently. The ability of institutions to utilize the resources efficiently should also be assessed. 
1. INTRODUCTION

“The dominating feature of the contemporary world is the intense cultivation of science on a large scale, and its application to meet a country's requirements. It is this, which, for the first time in man's history, has given to the common man in countries advanced in science, a standard of living and social and cultural amenities, which were once confined to a very small privileged minority of the population. Science has led to the growth and diffusion of culture to an extent never possible before. It has not only radically altered man's material environment, but, what is of still deeper significance, it has provided new tools of thought and has extended man's mental horizon. It has thus influenced even the basic values of life, and given to civilization a new vitality and a new dynamism.”

These words, written in 1958 sum up the attitude to science that prevailed in the fifties: a time when the policy makers were convinced that Science & Technology would pull up India from centuries of underdevelopment. This was also the period which saw a massive growth in higher education, though from a very small base. The Science Policy Resolution of 1958 recognizes that “It is characteristic of the present world that the progress towards the practical realization of a welfare state differs widely from country to country in direct relation to the extent of industrialization and the effort and resources applied in the pursuit of science.”

On the face of it, the intervening period of about 5 decades has seen these aspirations come true- we can boast of a large scientific and technical human resource base, a handful of world-class technical institutions, more than 300 universities and a huge number of colleges, most of them offering degrees in science. In addition, we have a large research establishment in the form of the Dept. of Atomic Energy, Dept. of Space, 41 CSIR (Council for Scientific & Industrial Research) laboratories, 51 DRDO (Defence Research & Development Organization)  laboratories, and 64 ICAR ( Indian Council for Agricultural Research)  research centers. From the National Centre on Yak in West Kamang to the Centre for Airborne Systems in Bangalore, the disciplines covered by the scientific establishment in India are impressive. 

It is this quantitative growth which the Science & Technology Policy Document, 2003 of the Dept. of Science & Technology refers to when it talks about “…a sound infrastructural base for science and technology. These include research laboratories, higher educational institutions, and highly skilled human resource.”
 However, the document, in a mood which can be charitably termed self-congratulatory or in stronger terms, self-deluding, goes on to add that “India's strength in basic research is recognized internationally. Successes in agriculture, health care, chemicals and pharmaceuticals, nuclear energy, astronomy and astrophysics, space technology and applications, defense research, biotechnology, electronics, information technology and oceanography are widely acknowledged.”

Unfortunately, the reality is nowhere as rosy as the policy mandarins make out to be. It is now widely acknowledged
 that Indian science is in a crisis. And unless something is done about the state of science education and research in the country urgently, the country will lag behind not only the developed countries but also countries like China and Brazil which are developing fast. Indeed, “Other countries visualizing a similar future, are investing massively to improve both the quality and quantity of higher education and research, some to give their societies a competitive advantage, and others to preserve their advantage.”

The National Knowledge Commission is forthright in its diagnosis of the problem- “There is, in fact, a quiet crisis in higher education in India that runs deep. It is not yet discernible simply because there are pockets of excellence, an enormous reservoir of talented young people, and an intense competition in the admissions process. And, in some important spheres, we continue to reap the benefits of what was sown in higher education 50 years ago by the founding fathers of the Republic. The reality is that we have miles to go. The proportion of our population, in the age group 18-24, that enters the world of higher education is around 7 per cent, which is only one-half the average for Asia. The opportunities for higher education, in terms of the number of places in universities, are simply not enough in relation to our needs. What is more, the quality of higher education in most of our universities requires substantial improvement. It is clear that the system of higher education in India faces serious challenges.”

The fact that Higher Education needs to be nurtured  is well  recognized- developed countries continue to pour huge resources into higher education to maintain their lead in knowledge generation and innovation while some of the developing countries like China have taken the lead in revamping and expanding their higher education system.

In most societies, Universities play an important role- not only are they sites for the production of knowledge, they also nurture and train knowledge workers. Critical thinking and an open mind are crucial for an informed and responsible citizen. And in the 21st century, when knowledge and innovation play a crucial role in the economic development of a nation, it is important for us to ensure that our Universities can compete with the best in the world. 

Higher education in the country is in a state of crisis and this crisis is particularly acute in the sciences. Training in Science and Technology requires more specialized inputs than training in the Humanities or Social Sciences. With the proliferation of information and knowledge in the last century, keeping up with the latest advances in any field has become even more difficult. The Kothari Commission, in 1966, noted that ““Indian Education needs a drastic reconstruction, almost a revolution”
. Sadly, this is even truer today than 40 years ago. 

This report is an attempt to understand the various aspects of Higher Education in the Sciences. Besides a short historical introduction to the evolution of higher education in the country, the report discusses the various aspects of undergraduate and postgraduate teaching in the sciences at our universities and colleges. Since it is universally recognized that universities are the natural habitat for research, the report also discusses research and training in the colleges and universities. Each section of the report discusses the problems and suggests some policy and regulatory solutions for  them. The report concludes with a summary of the policy recommendations.

Higher Education and especially higher education in science, has been the focus of many committee and commission reports. From the Education Commission in 1948, through the Science Policy Resolution of 1958, the Kothari Commission of 1964-66, the Indian Academy of Science Report, 1994 and more recently the Science & Technology Policy Document, 2003, the National Knowledge Commission Report to the Nation,  2006 and the Indian Academy of Sciences Report 2006.  

All these reports have studied and analyzed the problems facing higher education and recommended policy changes to improve the situation qualitatively and quantitatively. The present effort is in some senses, supplementary to these endeavors. The focus of the present report is to amalgamate the macroscopic view of higher education with the microscopic view at the college/university level. This approach allows us to give specific recommendations as well as critically analyze the workability of the recommendations of national level committees and commissions. The suggestions and recommendations for improvement are given at the end of the discussion of each topic and are italicized and in bold. 
While launching the Knowledge Commission in 2005, the Prime Minister, Dr. Manmohan Singh, clearly laid down the direction that our country needs to take in case it wants to compete in the global arena. “At the bottom of the knowledge pyramid, the challenge is one of improving access to primary education. At the top of the pyramid, there is need to make our institutions of higher education and research world class. --- . The time has come for India to embark on a second wave of nation building. --- . Denied this investment, the youth will become a social and economic liability.”

If we, as a country, do not take steps urgently to rescue our higher education from mediocrity, we will continue to remain a nation of under developed potential- 9% growth, a booming telecom sector, growth in software exports and the growth of ITES notwithstanding. What is more, it would be difficult to even  maintain the growth rates of the sunshine sectors in the absence of world class higher educations in Science & Technology. 
2. A BRIEF HISTORY OF SCIENCE EDUCATION IN INDIA
Higher education in India has a long history, though the universities in their present form owe little to the historical centers of learning. The most well known among these were Nalanda and Taxila. These organized centers of learning functioned as congregations of large numbers of teachers and students, staying together for years. The curriculum, though mainly focused on the study of the Vedas and other sacred texts, also included medicine (Ayurveda), astronomy and astrology and, at least in the case of Taxila,  archery and snake charming!
 The students normally stayed for as many as 12 years at these institutions learning the Vedas, Upanishads, Buddhist philosophy and other traditional systems of learning. 

Fifth century A.D. saw the demise of Taxila though Nalanda continued till the 12th century. Apart from these well known institutions, there were others like Vikramsila, Nadia and Kanchi which flourished at various times, depending on the patronage of the rulers. The Medieval period saw a flourishing of many institutions, mostly in the form of madarasas established by the Muslim rulers. Some of the prominent madarasas were in Lahore, Delhi, Rampur and Bidar. 

This was also the period when there was a cross-fertilization of ideas from the West Asia. Thus, the study of physics, astronomy and medicine included works of Greek and Arab scholars. The medium of instruction was Arabic and the “curriculum of these colleges paralleled the trivium and quadrivium of the European institutions and included grammar, rhetoric, logic and law, geometry and astronomy, natural philosophy, metaphysics and theology while poetry was a source of pleasure to all”.
 

With the coming of the British, several institutions of higher learning were established among them the Calcutta Madarasa and the Benares Sanskrit College. These institutions were established with the purpose of producing administrators and judicial officers. Indeed, Warren Hastings who established the Calcutta Madarasa was candid enough to admit that the Madarasa was needed “"to qualify the sons of Mohamedan gentlemen for responsible and lucrative offices in the State".

Western science as a way to social and material progress of India- this idea  was being increasingly articulated  by some Indians. Raja Rammohun Roy stressed the need for education that incorporated “Mathematics, Natural Philosophy, Chemistry, Anatomy and other useful Sciences”.
  Sciences were a part of the curriculum in these institutions and some new institutions for the study of medicine and surveying were also set up. 

An important event in the evolution of teaching of Western Science was the resolution passed in 1835 by the Governor General, William Bentick and his Council. This resolution stressed that the “…great object of the British Government ought to be the promotion of European literature and science amongst the natives of India and that all funds appropriated for the purposes of education would be best employed on English education alone; that all the funds at the disposal of the Government would henceforth be spent in imparting to the Indians a knowledge of English literature and science." 

The period after 1835 saw the establishing of several institutions like colleges in Hooghly, Dacca and Patna. The Hindu College in Calcutta was transferred to the government and this later became the Presidency College. Christian missionaries also were at the forefront of establishing colleges like Elphinstone in Bombay, Madras Christian College in Madras and others in Nagpur and Agra. During this period, medical education also developed with medical colleges in Calcutta, Madras and Bombay. The demands of the economy also led to the establishment of engineering institutions at Calcutta, Bombay, Madras, and Roorkee.    

The first universities were established in the three presidencies of Calcutta, Madras and Bombay after the famous Wood’s dispatch of 1854. This dispatch, hailed as the Magna Charta of Higher Education in India,
 called for setting up of universities “… on the model of the London University and which were to consist of a Chancellor, Vice- Chancellor and a Senate. The Senate was to have the management of University funds and to frame regulations under which periodical examinations would be held in the different branches of Arts and Sciences by examiners selected from their body or nominated by them. The function of the universities was described as that of conferring degrees upon such persons as would come from any of the affiliated institutions and after having pursued a regular course of study for a given time would have, passed some required examinations.”

The period from 1857 to 1882 saw a growth in the number of colleges but no new universities. Subsequently, new universities were established in Lahore and Allahabad and later in Benaras, Hyderabad, Lucknow, Aligarh, Mysore and Patna. In 1947, the number of Universities in the country was 25, most of them with affiliated colleges teaching science courses. 

Another turning point in higher education in India was the Sargent Report (1944) which was very critical of the existing university system and recommended many reforms. Possibly the most far-reaching one was the setting up of a Grants Committee on the lines of the U.G.C. of Britain. The University Grants Committee was formed in 1945 to oversee the work of the three Universities of Aligarh, Benaras and Delhi. In 1947, all existing universities were brought under it. 

On the recommendation of the Education Commission (1948), Government decided that all cases pertaining to the allocation of grants-in-aid from public funds to the Central Universities and other Universities and Institutions of higher learning might be referred to the University Grants Commission. Consequently, the University Grants Commission (UGC) was formally inaugurated in 1953. However, it was only in 1956 that the UGC was established as a statutory body under an Act of Parliament for coordination, determination, and maintenance of standards in University education. 

The founding fathers of the new nation realized the importance of education in the development of the nation. An Education Commission was appointed in 1948 under the chairmanship of the noted philosopher, Prof. S. Radhakrishan and having several distinguished educationists as its members. The aim of the commission was very comprehensive and included studying and making recommendations in regard to:

(i) The aims and objects of university education and research in India.

(ii) The changes considered necessary and desirable in the constitution, control, functions and jurisdiction of universities in India and their relations with Governments, Central and Provincial. 

(iii) The Finance of universities. 

(iv) The maintenance of the highest standards of teaching and examination in the universities and colleges under their control. 

(v) The courses of study in the universities with special reference to the maintenance of a sound balance between the Humanities and the Sciences and between pure science and technological training and the duration of such courses. 

(vi) The standards of admission to university courses of study with reference to the desirability of an independent university entrance examination and the avoidance of unfair discriminations which militate against Fundamental Right 23 (2). 

(vii) The medium of instruction in the universities. 

(viii) The provision for advanced study in Indian culture, history, literatures, languages, philosophy and fine arts. 

(ix) The need for more universities on a regional or other basis. 

(x) The Organisation of advanced research in all branches of knowledge in the universities and Institutes of higher research in a well coordinated fashion avoiding waste of effort and resources. 

(xi) Religious instruction in the universities. 

(xii) The special problems of the Banaras Hindu University, the Aligarh Muslim University, the Delhi University and other institutions of an all-India character. 

(xiii) The qualifications, conditions of service, salaries, privileges and functions of teachers and the encouragement of original research by teachers.

(xiv) The discipline of students, hostels and the Organisation of tutorial work and any other matter which is germane and essential to a complete and comprehensive enquiry into all aspects of university education and advanced research in India.

The Commission’s report formed the blueprint for the development of higher education in the country for over a decade. Subsequently, another Education Commission was appointed in 1964 with Prof. D.S. Kothari as the Chairman. The Kothari Commission report formed the basis for the radical changes in the structure of school and university education like the introduction of 12 year schooling etc.  

The six decades since Independence has seen a mushrooming in the number of universities in the country. Most of these were universities set up by the State governments to take care of the huge demand for tertiary education. Almost all universities run undergraduate and postgraduate courses in the sciences. At last count, the number of higher education institutions in the country was as follows- 20 Central Universities, 215 State Universities, 100 Deemed Universities, 13 institutes of National Importance and around 17,000 colleges. 
 

3. TEACHING
3.1: Undergraduate Teaching
The bedrock of higher education in science is the undergraduate teaching institution or undergraduate college. There are more than 17000 colleges in the country where almost all of non-professional undergraduate teaching, i.e. teaching in Arts, Science, and Commerce takes place. Almost all the colleges are affiliated to or constituent in 131 universities, though a handful of them have been granted autonomous status. 
 Thus any meaningful attempt at analysis of science education at the tertiary level needs to analyze the situation at the college level. 

Typically, the affiliated or constituent college has no academic autonomy. The curriculum, the academic calendar, and the examinations are all centralized with the affiliating university. Colleges just happen to be the locations for teaching. A typical University might have tens of colleges, spread over a large geographical area, affiliated to it. This situation, which might have been appropriate when it was introduced more than fifty years ago, is now one of the major impediments in improving science education.  

3.11: Curriculum: 
The undergraduate science curriculum of most universities is decided by the science departments in the university. Though there are various institutional mechanisms whereby the college teachers, the people who actually have to teach the curriculum, are consulted, in practice, curriculum framing becomes an exercise carried out by the faculty members of the affiliating university. 
The usual mechanism is that each department has a committee of courses or a board of studies which decides on the curricula for undergraduate teaching. This committee or board has members from the department, a few college teachers and sometimes even outside experts. The committee debates on the changes in curricula and then gives its recommendations to the Academic Council which approves it before it becomes the official curriculum of the university.

In this process, as mentioned above, the role of the actual undergraduate teachers is marginal. The primary reason for this is that in most universities, college teachers are considered less academically inclined than their university counterparts and hence there is a feeling that the university faculty knows best what is to be taught to the undergraduates. This hierarchy is strange since in most places, the qualifications required for being a college teacher or a university teacher are identical! Nevertheless, the caste system among the teaching fraternity continues and has very serious ramifications.  

The college teacher is the fulcrum around which science education at the tertiary level revolves. This is not only because he is the person most informed about the actual ground reality but is also the person who has the potential to excite students about the subject. Unfortunately, his/her inputs into critical things like curriculum development are mostly ignored. This has a major impact on the quality of teaching since there is no sense of ownership of the curricula.  

The curricula themselves in most places are outdated and uninspiring. Even where syllabus revision takes place frequently, there is little connection with reality in terms of capabilities of teachers to teach the syllabus, the infrastructure required to teach and most importantly, the level of the students. For instance, introducing new experiments in laboratories, without adequate preparation makes it impossible for the colleges to actually undertake them. Or, introducing new subjects (like microprocessors, computer programming, genetic engineering etc) without training the faculty members (who in most cases may not be familiar with them) leads to teaching becoming a farce. 

This disconnect with the reality is worst when it comes to an appreciation of the actual academic level of students. Since the curricula are framed by university teachers who have no understanding or exposure to actual undergraduates, there is frequently a tendency to overestimate the capabilities of the students. For instance, the Class 12 syllabus in the sciences covers many topics and concepts which, it is automatically assumed, the incoming students are familiar with. Unfortunately, the understanding of these key concepts is very uneven among the students and this leads to a problem with their truly assimilating the advanced concepts. A college teacher, with his/her experience of actual undergraduates would be in a much better position to decide what is it that needs reinforcement and what can be assumed to have been taught and assimilated  at the secondary level. 

The National Knowledge Commission also points out that “... it is difficult to set curricula and assess performance for such a large number of students where there is such a large dispersion in performance at school before entering college. This reality tends to make courses less demanding and examinations less stringent across the board. In fact the design of courses and examinations needs to be flexible rather than exactly the same for large student communities.”

Another problem with the curriculum is that it encourages passive reception of knowledge. There are no elements in the curricula which call for the student to investigate, develop problem solving abilities, and work with his/her peers. This has the effect of science being taught in a way which is contrary to the basic principle in science- that of discovery, comprehension and application to different situations. 

This lacuna in undergraduate teaching is by no means typical to  Indian universities. Even in the United States of America, where the tradition of research universities ( a term used for universities as opposed to liberal arts colleges offering only undergraduate degrees) is strong, there has been some thinking to make undergraduate degrees more research oriented. The Boyer Commission on Educating Undergraduates in Research Universities was established in 1995. In its report in 1998, it recommended that “research universities   are uniquely positioned to offer an undergraduate education that takes advantage of the immense resources of their research and graduate programs and that makes research-based learning the standard”
. It further adds that steps should be taken to engage undergraduates in research or a creative endeavor and make it the centerpiece of their education; construct a first-year experience that encourages active learning and critical skills development. 

These suggestions obviously cannot be implemented in our milieu since almost no university in our country has any undergraduate program. However, there needs to be more stress on involving and exposing science students to current research. This could be done by means of summer programs, summer schools, or even supervised projects with faculty in the departments in the universities. 

There are already several such programs in place where meritorious undergraduate students take part in Summer Schools and Workshops at Research Institutes. The Indian Academy of Science also provides funding to undergraduate and postgraduate students for summer schools. But, as the Indian Academy of Science Report, 2006  points out, “This scheme should be increased several fold. The summer training should be imparted in two ways: the first approach is the current method of providing exposure to bright students in good laboratories while the second approach would be to provide funding to the best Institutions and University departments in the country to organize 2-4 week intensive courses in laboratory work, backed by appropriate sets of lectures for students. This will provide opportunities to bright students to learn new laboratory techniques and also expose them to scientists active in R&D. Besides the selected university departments, the national laboratories (CSIR, DAE, DRDO, ICMR, DBT etc.) should be encouraged to participate in such workshops for students. The Science Academies may be entrusted the responsibilities of organizing this activity.”

Laboratory work is integral to any serious scientific teaching. It is important for students to be aware of experimental techniques, data processing, and analysis as well as be familiar with the equipment used. Sadly, most universities neglect this crucial aspect of undergraduate education. Laboratory work in most colleges is taken as a necessary evil- to be gone through for form sake.

 Apart from the problems of lack of infrastructure (of which more later), there is also the issue of the choice of experiments. In most universities, the experiments which the students are supposed to perform are outdated and have little pedagogical value. The equipment used is also antiquated and there is little in the laboratory that could inspire or excite the student. In some universities, new experiments have been added, but once again, the nature of the laboratory class is such that it does not demand any innovative thinking or a sense of discovery. 

In many universities, the laboratory class has a project component. The spirit behind this is admirable but the actual implementation has destroyed it. The project is supposed to train the student to formulate a problem, investigate it, collect data, and prepare a detailed report. This would be useful in developing skills in a variety of areas like literature search, technical writing, and experimental techniques. However, in most cases, what actually happens is that the project is bought off the shelf- there being shops which specialize in preparing projects! Thus the whole thing becomes a farce.  

Recent research seems to confirm what has been known to science educators for some time- students who are given more freedom to think and less instruction in laboratory classes seem to perform much better than those who are given a “cookbook” approach to the class.
 Unfortunately, the laboratory curriculum in our colleges and universities is a classic example of the cookbook approach in which students are provided step-by-step instructions to carry out the experiments resulting in almost no innovation or understanding. 

Suggestions & Recommendations:

Formulation of appropriate syllabi is of critical importance for the quality of science education at the undergraduate level. For this purpose it is crucial that the actual college teachers have a larger say in the formulation of the curricula. This can be done in several ways- to strengthen the existing institutional mechanisms by, for instance increasing the representation of the college teachers in syllabus forming bodies. Another approach that could be tried is to divide the syllabus into two parts- a core part which is taught uniformly across all affiliated colleges and another part which particular colleges can decide on. This will allow each teacher to tailor-make the syllabus to the conditions existing in the college in terms of academic level of students, infrastructure available and the expertise of the teacher concerned. Of course, this scheme can only be practical if the examination system is also changed to take this into account. 

Undergraduate teaching should have a much larger emphasis on research and investigative projects. The laboratory curricula need major revision which will need to be supported by appropriate training for the teachers and the laboratory staff together with a massive up gradation of infrastructure of undergraduate laboratories. Project work, supervised research during the summer vacations, summer schools at university departments and research institutes should also be encouraged.   
The Indian Academy of Sciences Report rightly stresses the need to enhance the existing summer school program by involving more laboratories. However, this can be extended to include industry internships and projects. There are now a growing number of state-of-the art industrial R&D centers which could be encouraged to invite student interns during the summer vacations. This will give the students an exposure to industrial R&D while at the same time providing the industry with a set of potential recruits of high caliber. 
Curricula should have enough flexibility for interested students to take courses outside of their main area of interest. This will not only widen their knowledge base, but also encourage interdisciplinary interaction. This is also crucial since in most cases, students opting for a particular course right after their high school, are doing it with very little information about what the course actually entails. A more flexible curriculum would at least give some opportunity to students to change course mid-stream and pick a course more in tune with their interest. This is also a point made by the National Knowledge Commission in its report. 
However, to implement this kind of change in practice would face several obstacles like scheduling and coordination problems. In some cases, the colleges would not have enough faculty members to offer many of the courses. In other cases, like for instance in the University of Delhi, allowing students to take courses in different colleges could be an option given the geographical proximity. Therefore, the practical aspects of a flexible curriculum need to be thought of and this has to be university specific.  
3.1.2: Examination System:

The examination system prevalent in most undergraduate institutions is highly centralized. The affiliating university decides the timing, the nature, and the content of the examinations, which in most universities are held annually. This centralized model, where no distinction is made between the immense variations among the colleges is not conducive to any innovation or initiative. 

The examination papers are made by the university, the answer scripts are graded, and the results are declared by the university. At no step is the college teacher involved except in his/her individual capacity as an anonymous paper checker or a paper setter. The whole process is shrouded in secrecy and completely non-transparent, leading to the examination branches in most universities functioning as empires or fiefdoms, with large powers of patronage. 

What is possibly more damaging than the lack of transparency is the nature of the examinations. Most examinations do not test anything more than memory. The questions are typically such that any student with almost no understanding but a sharp memory and good writing skills can perform satisfactorily. This is very damaging in all subjects, particularly the sciences where no training is given for problem solving or application of concepts. The examinations do not have any method of assessing problem-solving abilities or an in-depth understanding of the student. And the nature of the questions is such that a reasonably intelligent student can predict to a good degree what questions will be asked by doing an analysis of the previous years examinations. 

The Knowledge Commission has also noted this state of affairs. Commenting on the dismal state of the examination system, it says, “The nature of annual examinations at universities in India often stifles the teaching-learning process because they reward selective and uncritical learning. There is an acute need to reform this examination system so that it tests understanding rather than memory. Analytical abilities and creative thinking should be at a premium. Learning by rote should be at a discount. Such reform would become more feasible with decentralized examination and smaller universities.”

All this is disastrous for science education- not just because the marks obtained at the end of the course are no indicator of the quality of the student but more importantly because it has a negative feedback effect on the teaching per se. There is no incentive for the student and to a lesser extent the teacher to be innovative in the class. The student takes the path of least resistance and is not interested in doing anything more than what is required for getting good grades in the examinations. It is shocking that most  students with an undergraduate degree from a premier university like University of Delhi in physics for instance, would never have solved a single problem in their three years! And not only does the system encourage this, it rewards those who may not have such abilities but can reproduce facts from memory. 

Decentralization of the examination system will certainly help in this since at least then, individual motivated college teachers could devise ways and means to encourage students to develop these critical skills. One way to do this would be to incorporate some form of Internal Assessment system which allows continuous assessment rather than an end-of-the-year assessment. This will also have the advantage of the teacher who is teaching the course being able to frame an assessment method which is suitable to the course and the students. 

Several universities have tried different forms of Internal Assessment with mixed results. The most common problem that one hears of is grade inflation. Teachers are frequently tempted to give marks liberally to their students in the colleges with a view of improving their prospects. Clearly, if everyone in a class in a college gets above 90% marks, the whole purpose of assessment (which is to provide a distinction between the students) is lost. And in a classic case of one-upmanship, this feat is repeated by all teachers across colleges, thereby making the whole exercise futile as far as assessment serving as a differentiator of ability and knowledge  is concerned. 

The solution in this case is not to discard Internal Assessment. The problem is not with Internal Assessment but with our fetish for “objectivity” in grading. Why is it that we cannot trust the teacher to be fair and assess the students according to what he feels they deserve? One possible  solution to this is to have the internal assessment marked on a relative basis. This kind of ranking among students in a class can be performed fairly objectively by the teacher. What causes the problem is when we try and bring about some kind of uniformity across colleges. Clearly, marks given by a teacher in a college cannot be compared with the marks given in another college. It is possibly best to leave the Internal Assessment marks on a relative scale compared to the student’s peers in the class rather than peers in other colleges. 

The University of Delhi introduced Internal Assessment in its undergraduate teaching in 2003. The scheme envisages 25% marks for Internal Assessment, which is further broken up into 10% for tutorials/continuous assessment, 10% for House exams (or internal examinations conducted in the colleges), and 5% for attendance. These marks are then “moderated”, a peculiar process whereby the raw scores sent by the colleges are processed using some statistical analysis and the moderated scores are then added to the final examination marks of the student. 

The experience of the past 3 years in the University has been mixed. There is almost across the board agreement that it has led to a higher attendance and seriousness on the part of most students. On the other hand, because of lack of proper systems and infrastructural support, the teachers have been swamped by a huge amount of clerical work. In addition, the moderation of marks, which is against the spirit of Internal Assessment, has its own share of problems. Presumably, as the University gains more experience and collects more historical data, the statistical moderation would improve. There are also operational problems of the data being collected in a timely fashion from more than 65 colleges spread over the city of Delhi. These problems could be easily circumvented if proper systems and technology is introduced. 

In the sciences, there is also an additional examination for Practicals or laboratory work. This, by and large is a big farce. The way it is conducted is as follows- the student is supposed to carry out laboratory work through the year and maintain a record of his/her work. At the end of the year, an examination is conducted where most students get reasonably good marks, irrespective of their experimental skills or regularity of work during the course of the year. Once again, since most students get very high marks, this examination also serves no purpose as an assessment since it does not differentiate. 

Suggestions & Recommendations:

The Examination System has a major role to play in providing motivation for the students and teachers alike. Assessment of the students should be best left to the teachers who are actually teaching rather than some unknown examiners. There is a need to move away from an absolute system of grading to a relative one which would be more representative of the wide dispersion among the various colleges in a large university. 

Decentralization of the examinations should be a priority. This could be done in a phased manner with an increasing weightage to Internal Assessment or Continuous Assessment over a period of time. The examination for laboratory classes should be abolished to be replaced by an assessment based on year long work and an investigative project. Information Technology should be used extensively to make the whole process efficient, transparent, and speedy. 

As the National Knowledge Commission puts it, “… assessment cannot and should not be based on examinations alone. There is a clear need for continuous internal assessment which empowers teachers and students alike, just as it breathes life back into the teaching/learning process. Such internal assessment would also foster the analytical and creative abilities of students which are often a casualty in university-administered annual examinations. To begin with, internal assessment could have a weight of 25 percent in the total but this should be raised to 50 percent over time.”
 
While this stress on Internal and Continuous assessment is desirable, there is also, as pointed out above, a need to ensure that grade-inflation does not defeat the whole purpose of this exercise. Relative grading is one way to ensure a fair assessment which also obviates the dangers of grade inflation across colleges. 
The NKC report and the Indian Academy of Sciences report do not have much to say about the laboratory examinations. The laboratory assessment as it is conducted now needs to be scarped and be replaced by an in-class assessment based on year-long work. Project and investigative work needs to be made mandatory and the weightage given to this component in assessment needs to be enhanced to provide incentive for the students. 
3.1.3: Infrastructure:

The physical infrastructure in most colleges is either woefully insufficient or  in an advanced state of decay. This proves to be a major impediment in improving the quality of teaching, especially in the sciences. Physical infrastructure includes class rooms with at least elementary teaching aids, tutorial rooms and rooms for faculty members, well-stocked libraries, computers, Internet connectivity, and laboratories, apart from recreational areas and toilets etc. 

In most colleges, there is a paucity of classrooms and tutorial rooms for discussions. Class rooms which exist are in most cases non-functional. Broken desks and light fixtures, non-functional fans, ancient, worn out blackboards are a common sight. This environment is certainly not conducive to learning and exploration. In a situation where even functional blackboards are hard to find, there is little point in talking about high technology teaching aids like projectors and display screens. There are very few rooms for tutorials and even fewer rooms for faculty members to sit and work. This lack of proper space is an important reason why faculty members are not able to continue with their research. 

Libraries are another important part of the teaching infrastructure. A well stocked library with ample sitting space is an essential part of any educational institution. Unfortunately, most colleges have libraries which are not in good health. The maintenance is in shambles and there is little budget for increasing the holdings or even maintaining subscriptions in view of the ever increasing costs of journals and books. This is disastrous since, given the high cost of books (both text books and reference books), a majority of the students are dependent on the libraries for access to books. In the absence of sufficient number of books in the library, students have little option but to fall back on class notes or cheap, sub-standard guide books. 

Information technology can play an enabling role in education. However, a majority of the colleges in the country have limited resources to provide computers for student use. Internet connectivity is very limited, even in the metropolitan cities. Apart from resources, there is also a mindset problem since most educational administrators do not seem to realize the importance of computer and internet access for students. There  is also lack of infrastructure in terms of uninterrupted power supply in most colleges. Laboratories and computer resources centers which are dependent on power suffer from this, leading to tremendous loss of time and efficiency.  

Class room teaching of science without any laboratory work is meaningless. Undergraduate teaching laboratories are in a pathetic state. The rising cost of equipment and spare parts has meant that the measly resources available for the laboratories are grossly insufficient to even maintain the labs, leave alone introduce new experiments. For instance, even in premier colleges in the University of Delhi, an undergraduate physics laboratory gets around Rs. 35000-40000 per annum for maintenance and new equipment. This when even a decent oscilloscope costs more than this amount! In this scenario, students have to make do with obsolete, non-working equipment, leading most of them to develop a life-long  aversion to experimental work.  

Surprisingly, the Education Commission in 1948 had similar observations on the state of teaching laboratories. “There is no doubt that modern teaching and research in scientific subjects require adequate and even costly equipment. Modern scientific research is largely matter of evolving new techniques, and apparatus for new techniques is costly and can only be provided by making adequate capital and recurring grants.” 
  

This gross neglect of undergraduate teaching laboratories has disastrous consequences for science education. As a commentator has noted recently, “A major area of investment in Chinese universities is the upgrading of undergraduate teaching labs. We spend almost nothing on this front even as we stuff up a few "prestige" institutes with costly equipment. But there will be a real pay-off only if we invest in training young people in the universities well. This is where China is correctly placing its money, and this is where we are totally off track.”

It is not enough to provide good class rooms, libraries, and laboratories for students. The common areas for recreation etc should also be well maintained to provide a pleasant environment for the student which is conducive to learning. 

Suggestions & Recommendations:

The infrastructure in colleges  is  in need of a  major overhaul. To think that quality science education can be delivered in absence of good infrastructure is wishful thinking. Colleges need to be provided with resources to increase the number of classrooms and to renovate existing classrooms with at least the minimum teaching aids. In addition, space needs to be provided for faculty members so that they could continue with their research and/or teaching. This aspect is important since this would also then enable most of them to spend more time in the institution and to use the time more efficiently. Maintenance of existing buildings should also be provided for since most times it is seen that there is a tendency to go in for new construction instead of spending resources on maintenance. 

Libraries need to be made functional and effective. For this most colleges will need resources for maintenance of buildings and furniture. In addition, the libraries need to be provided with sufficient copies of text books and a good collection of reference material which could be used by the students. Use of information technology should be encouraged not only in library cataloguing but also in using the Internet as a reference tool. 

Libraries should serve as hubs for information dissemination. A common user area with some computers could be made available for use by staff and students. These should be connected to the Internet through broadband connectivity. Resources should be provided for subscription to electronic resources like encyclopedias, databases, and journals. It might be judicious for some consortium like INFLIBNET to negotiate terms with the providers of these resources and then give access to individual colleges. 

Science laboratories should be upgraded and reequipped at the earliest. Each laboratory needs to be equipped with a set of basic equipment and enough resources for maintenance of equipment. The maintenance and equipment grant should be inflation indexed and be at reasonable levels keeping in mind the cost of scientific equipment. Consumables like chemicals and reagents should be available in ample quantities. 

Frequently in laboratories there is a lot of equipment which is in need of minor spare parts or repair for which resources or expertise is not available. The affiliating university could be encouraged to maintain an instrumentation laboratory which could be used by all its colleges. Alternatively, a cluster of colleges in close proximity could be provided funds to set up such a facility. Timely maintenance of equipment will be efficient and thus the limited funds could be used for adding new equipment. 

The Indian Academy of Science report on science education, 2006, also recognizes this area of neglect and adds that “Neglect of undergraduate (non-professional as well as professional) education will cost the country very dearly. It is suggested that undergraduate education in all streams – science, social sciences, languages, commerce, and technology be provided major support during the XI Plan. A scheme was earlier started by the UGC to recognize Colleges of Excellence and to provide them additional grants of Rs. 30-50 lakh. This amount is too meager to bring about any significant change in quality. A one-time grant of Rs 2 crore and a three to four-fold increase in recurring grants (other than expenditure on salaries and administration) will be required to improve the infrastructure, inter- and intra-net facilities and libraries in undergraduate Colleges.”

While it is obvious that a massive infusion of resources is needed to make a dent in the abysmal sate of infrastructure in the colleges, this is clearly not a sufficient condition. What is equally important if a judicious use of these resources to maximize the impact. Maintenance of existing infrastructure is usually a neglected area though this is something which needs urgent attention. Similarly, a common computer resource center with connectivity would provide access to the students and faculty alike. It is not enough to just give resources but equally important to ensure that the one-time grants are not mis-spent on grandiose projects of limited efficacy. This is not to suggest a top-down approach on the use of funds, since that is a decision best left to individual colleges, but the funding agencies should ensure the maximum participation in decision making with regard to spending of these funds. A huge increase in the recurring grants as proposed above by the Academy Report is welcome since this will provide much needed resources for laboratories ( equipment and consumables), net connectivity, journal subscriptions and library augmentation.  The Academy Report is correct in recommending that the increase be not for salaries and administration since frequently it is these heads of expenditure which account for the largest percentage of grants. . 
3.1.4: Human Resources:

Teaching is done by teachers- this self-evident statement actually underlines the importance of competent, qualified, and motivated teachers in maintaining the quality of undergraduate science education. And this has proved to be a major bottleneck in any attempt to bring about any qualitative improvement in teaching in colleges.

Contrary to popular perception, teaching is not very high on the list of attractive professions for good students. There is a multi-stage filtering process through which most science students pass and the good ones leave. The process starts right after school with the best and the brightest students opting for a professional degree like engineering or medicine. Those left out in this first stage join a college to pursue an undergraduate degree in sciences. Thus a majority of the students in a typical science class are not there out of choice but out of compulsion. 

There are of course many reasons why science as a career is not high on the priority list of most good students. The job opportunities for professional degree holders are better; there is a lot of parental pressure to secure a good future by becoming a professional; peer pressure etc. But one of the main reasons for a lot of students getting turned away from science is the dismal state of teaching at the school level.  

Science teaching in even the best and well endowed schools does not inspire or excite the student. The syllabus and the pattern of assessment at the secondary level are such that most students are turned off. The whole philosophy behind science, one of discovery, problem-solving and critical questioning is discouraged and rote learning is encouraged and rewarded. 

The quality of teachers is also poor given that the best opt for other careers and it is precisely those who are left with no option that make a career in school teaching. Thus a typical student who enters college is already disillusioned of science, having never experienced the joy of learning and discovery. 

This lack of motivation on the part of the students has a negative feedback on the teaching process with the teacher not delivering his/her best to a class of disinterested students. This is a very serious problem and though no numbers are available, anecdotal evidence suggests that even in good colleges the percentage of entering students who want to pursue a degree in science out of choice is no more than 15%. This number further drops by the end of the degree when the second filtration starts with the entrance examinations for management, computer applications etc. 

Thus it is those who are left after this “amrit manthan” stay on to pursue a Masters course in sciences. The third and final level of filtration takes place after the Masters degree when once again, the best students opt for a career in bureaucracy, banking, insurance etc. What is left after all this goes in  for a career in teaching. 

Clearly, the teaching profession has little charm for a bright and motivated student. This has disastrous consequences for science education since a vicious circle is operative. Students, who go through their course with bad teachers, lose interest and become de-motivated teachers themselves producing disinterested students and so on.

With the opening up of the economy, there are many opportunities available for the bright and motivated students. Thus, although teachers are now getting good emoluments (compared with the average wages in the country), there is much more on offer outside of it. However, it is not just a question of emoluments. There is little in way of career advancement available for a bright teacher. There is a provision for what is essentially an assured, time-bound promotion in most universities but this is clearly not enough of a motivating factor for performance. The lack of good working conditions in most colleges acts as a further deterrent to good students opting for teaching. 

This problem has been highlighted by the Indian Academy Of Sciences report on Higher Education, 1994 very eloquently. Bemoaning the lack of interest in science as a career, the report points out, “In contrast to the situation a few, decades ago, students, parents and indeed society as a whole do not presently view a career in science as rewarding or challenging, or even as offering a satisfying professional life. Career opportunities in science are perceived as limited, and as being not at all comparable materially with other professions. Intimately related to these negative impressions is the fact that faculty positions in colleges and universities appear lacking in prestige and respect, and in any case what young people see all too clearly is rampant inbreeding in most educational institutions.”
 

On the other hand, there are few checks and balances or performance reviews of teachers. The absence of any reviews of teaching leads to a laxity in most teachers over a period of time. Since the promotions are basically time-bound and assured, there is little incentive to better their performances. Even for those who aspire for better prospects in University departments, teaching is not valued viz-a-viz research. The criteria for selection for a higher position are always the research output of a teacher with no credit given for teaching. 

The basic qualification for appointment as a college teacher is usually a Masters degree in the relevant subject. For some time, the UGC mandated that all college lecturers would need to qualify a common test called the National Education Test (NET), though there were exceptions for candidates with higher degrees etc. 

The NET examination came up for criticism from many people. The test comprised of a general section which everyone had to qualify and then a subject test. Though the level of the examination was not very challenging, it was still difficult for students, especially from smaller universities. This led to a lot of pressure from various quarters for changes and exceptions to the Test till finally, the UGC recently abolished this mandatory requirement. 

The NET examination, with all its shortcomings was still a modest attempt at maintaining some standards in recruitment of teachers. The usual method of recruitment through an interview process is open to arbitrariness and lack of transparency. Since the essential qualifications were a Masters degree, there was a lot of variation in the candidates coming from different universities. The NET examination served as a filter, though not a very effective one, in bringing some degree of baseline uniformity in the recruitment. 

Suggestions & Recommendations:

Unless the human resource problem in undergraduate education is tackled, none of the other initiatives will bear fruit. It is imperative that systems be put in place which attract and retain the best to undergraduate teaching. School teaching should also be strengthened since it is in those formative years that a student develops likes and dislikes for subjects. The working conditions and emoluments of school teachers, especially at the secondary level need to be improved to be able to attract and retain the better talent. 

The Indian Academy of Science Report, 2006 has several suggestions with regard to undergraduate teaching which deserve attention. Among the suggested measures are doubling of salaries, better housing and other facilities, advanced increments for bright appointees and introduction of a third promotion for the meritorious. It also recommends a “Voluntary Retirement Scheme” to infuse fresh blood into the teaching system. 

These steps would certainly make some difference. However, this does not address completely the problem of motivation among science students. Given that there is a multi-stage filtration process thorough which a lot of winnowing takes place, it is hard to imagine that a sufficient number of bright students will end up with a career in teaching science. 

The problem is less institutional and more societal in nature. In the last few decades, science has lost its sheen compared to other professions like commerce and management. Whereas in the decade of the sixties and even seventies, scientists like Homi Bhabha and Vikram Sarabhai were well known names and role models for many youngsters, this is not the case since. As a society, we seem to have placed much more emphasis on “succeeding in the competitive markets” than on learning and education for the sake of it. And since this attitude is widespread, it is not surprising that bright youngsters are opting out of careers in pure science. 

Of course, there are no easy ways out of this attitudinal bind. However, it is hoped that as the opportunities become more attractive in teaching, attitudes will change over time and science would once again attract bright students. 

Recruitment of faculty members in colleges should follow some kind of minimum standards which can be objectively and uniformly applied. Given the diversity in the educational standards of various universities, a Masters degree followed by an interview( which can frequently be rigged) leaves too much scope for appointment of sub-standard teachers. There is need for a NET like test, with appropriate changes to accommodate diversity without compromising on quality, to be made mandatory for all recruitments. Unless stringent quality control is enforced at the entry level, there will never be any qualitative improvement. 

Besides providing for better opportunities in terms of emoluments and working conditions, it is also important to institute a method of performance reviews and other checks. Currently, there is no mechanism for student or peer feedback for teachers. Student feedback is important and this should be done in a way which is transparent and effective. This will certainly provide an incentive for teachers to perform even though there might be some resistance to the idea. 

Similarly, after one year probation, teachers essentially have guaranteed life-long employment without any performance related assessment. This needs to change with many faculty members looking at it as a sinecure while pursuing other interests and vocations. It might be meaningful to extend the probation period to five years with a transparent and objective assessment of the performance at the end before permanent placement. Of course, the assessment should not be based wholly on research output (as is currently the practice in similar assessments) but on a holistic measure which gives adequate credit for teaching and innovation in teaching. 

3.1.5: Access:

Science subjects are not attracting the best and the brightest of students. As mentioned above, the best students are opting for professional courses and increasing “job-oriented” courses. And even those who manage to opt for a degree in science, opting out after a first degree is becoming more common. Clearly there is need to address this issue since the quality of the input will largely determine the quality of the output and hence the quality of science practiced in the country. The issue has, as indicated above, institutional as well as societal dimensions. 

Language is a major issue in undergraduate science education. This might sound strange but let us look at the reality. A large fraction of students do not use English as a medium of instruction during their high school. On the other hand, almost everywhere, the medium of instruction for science in colleges is English. This poses a formidable problem for a large number of students. The students have problems in comprehension and this is aggravated in the sciences since there are technical terms. In fact, less than a per cent of the population uses English even as a second language

The situation is not the same in non-science subjects where college education is available in other languages. (This is certainly the case with Hindi). Thus there might be an inadvertent selection going on here with some of the good students not opting for science because of lack of language skills and rather choosing humanities subjects to continue in college. 

This language problem has another aspect. Many students find the books written in English too difficult to comprehend. The language, the style and of course the terminology is alien to them initially. The net result is that they fall back on cheap, badly written books or guide books. Though there are many excellent books available in cheap, affordable Indian editions, a majority of the students still use sub-standard books. Clearly, affordability is not so much an issue here as comprehension and comfort levels with language and style. 

The non-availability of good text books by Indian authors is somewhat of a conundrum. One thinks of the erstwhile Soviet Union, France, Germany or China where excellent text books are produced locally. And some of the best books available in English are translated into the local language. This is totally missing in India. Clearly this is not because of lack of talent-there are enough first rate researchers and teachers in the country. It is possibly a matter of what the society and peers value. The best scientists around the world have written undergraduate and postgraduate textbooks which have become classics. Richard Feynman, James Watson, and Lev Landau are some well known names whose books are used worldwide. That these scientists wrote classic text books only added to their prestige without distracting from their renown in science. The only honourable exception to this in our country was Meghnad Saha, a world-class astrophysicist who also wrote an excellent undergraduate text book.  

Higher education in India is possibly among the cheapest in the world, and yet, costs are still a barrier for some students. Though tuition fees is pegged at ridiculously low levels in most institutions, the other costs like development fund, library and laboratory fees etc add up to a fair amount given the average income in the country. If one adds the opportunity costs that a student incurs in not joining the job market right after school, the total cost of attending college is substantial for many bright but economically backward students. The proportion of our population, in the age group 18-24, that enters the world of higher education is around 7 per cent, which is only one-half the average for Asia.

Suggestions & Recommendations:

Access to quality education at the undergraduate and post-graduate levels needs to be enhanced. This will not only involve opening up more colleges and universities but much more. Opening up of more universities and colleges is not an easy task given the quantum of resources available for higher education. But even assuming that these could be generated by some kind of public-private partnership, there will always be issues of human resources. 

The National Knowledge Commission report stresses the need to open up many more undergraduate colleges and universities to improve access. The Knowledge Commission recommends an ambitious target of 1500 new universities by 2015 to provide access to higher education to 15% of the relevant population. Though the Commission suggests that the new Universities be smaller and hence more nimble
, it does not seem to address the issue of human resources for these institutions. When it is hard to fill up the existing vacancies in universities with good teachers, how a five fold increase in the faculty requirement is going to be met is not answered.  

The Indian Academy of Sciences report on Higher Education, 1994 is forthright about this- “too many universities and institutions have been established over the years without giving adequate thought to the availability of teachers of acceptable quality. Without any attempts to correct the ills of existing institutions, all too often new ones are created only to face the same problems later.”
 

One of the major areas where attention is needed is making good teaching material available in Indian languages. For this purpose, a first step could be taken in setting up of a Translation Mission as suggested by the National Knowledge Commission. The Commission feels that there is an urgent need to “Translate pedagogic materials at all levels (including primary onwards to tertiary education) specifically in natural and social sciences.” And for this, it proposes that the “…Government of India may establish a National Translation Mission (NTM), which would take up these tasks in a systematic way.”

The Commission also recognizes that language poses formidable barriers to access and recommends taking steps to introduce the study of English in conjunction with the mother tongue at the school level. According to the Commission, “An understanding and command of over the English language is a most important determinant of access to higher education, employment possibilities, and social opportunities.”

While it is true that English Language is crucial, it is by no means evident that English should be the medium of instruction of science. Once again, the examples of Soviet Union, China and France indicate that it is possible to have first rate science education in one’s mother tongue. Though the Knowledge Commission’s contention that at the present juncture, access to social and economic opportunities are determined to a large extent by access to English, that need not be so. Given that a majority of the population is not comfortable with English, it might be worthwhile  to try and look at the possibility of an alternate medium of instruction at the college level.. 

There is also an urgent need for the best scientists and educationists to be encouraged to write high quality textbooks and the government should subsidize the same. This is already happening in a modest way at the school level with the NCERT taking initiative, but it needs to be extended to the university level. 

Scholarship schemes for science education need to be enhanced. There are already some Talent Search Schemes but these are not enough. Designated Scholarships/freeships specifically for studying basic sciences need to be instituted  and these should be substantive enough to be attractive. 

The DST has an extensive program called the Kishore Vaigyanik Protsahan Yojna for attracting students to research careers in sciences, engineering, and medicine. The scheme, “...aims to identify and select students who demonstrate talent and aptitude, and encourage and assist them in pursuing research careers in their chosen fields. This programme hopes not only to assist the students to realize their potential, but also to ensure that the best scientific talent is tapped for research and development establishments in the country: A generous scholarship will be provided (up to the Pre-Phd level) to the selected students. In addition, summer programmes in prestigious research and education institutions in the country will be organized, and preferential access to facilities such as libraries, laboratories, museums, etc. will be provided.”
 The scheme needs to be expanded and possibly similar schemes be initiated only for the sciences. 

3.2: Postgraduate Teaching:

Postgraduate teaching mostly takes place in University departments, though there are several universities where some colleges have been designated as post graduate colleges. The basic issues in post-graduate teaching are much the same as discussed above for undergraduate courses. 

As regards curricula, the situation at the postgraduate level is somewhat better since the departments set the curriculum themselves and hence are in a better position to make periodic revisions, though in actual practice this does not happen. However, since the teacher is teaching to a limited number of students, there is some flexibility which the system allows. 

The examination system remains essentially the same at the postgraduate level, though in some universities there is decentralization in the sense of the teacher teaching a course also being the examiner for the course. The shortcomings with regard to project work and laboratory assessment are the same at the postgraduate level. 

Laboratories, libraries, computing and internet facilities remain primitive for most postgraduate departments, though at some well-endowed universities this is changing fast. A major reason for this is the growth in connectivity which has made access to information cheaper and faster. Still, a lot needs to be done in improving infrastructure especially for the smaller and remote universities. 

Human resources problem is even more aggravated at the postgraduate level since the incumbents need to possess a doctorate degree. On the face of it, it might seem that the quality of teachers with a PhD would be necessarily better, that is frequently not the case. Here again, the filtration process talked about above comes into play and it becomes worse since the pool of qualified people is by definition, even smaller. 

There is another problem which plagues postgraduate departments and that is the frequent neglect of teaching viz-a-viz research. The faculty members in the postgraduate departments are assessed solely on the basis of their research output for purposes of promotions or upward movement in their careers. Given this pressure, most of the younger faculty members tend to consider teaching as a necessary evil which detracts from their core occupation as researchers. 

Most postgraduate departments also have a research or PhD programme. However, the postgraduate curriculum does little to prepare a student for undertaking a research degree. There is usually too much of a gap between the level at which most postgraduate teaching is pegged and current research. And since there is almost no component of independent study or project work in most universities, the student is ill equipped for research. 

The solution to this problem could be a pre-PhD program of about one year duration in which the student could get upto speed with current topics in the subject and also fill in any gaps that remain in the postgraduate teaching. This pre-PhD program would also act as a quality control for students since frequently it is seen that many students enroll for a PhD for extraneous reasons like hostel accommodation, fellowship etc. The pre-PhD program needs to be rigorous and a step towards preparing students to undertake research in frontline topics. 

3.3: Conclusions
Undergraduate and postgraduate teaching is in need of a major revamp if the quality of science education needs to be improved in the country. Clearly the problem is multi dimensional, with some institutional, some societal and some economic dimensions. A clear understanding of the nature of the problems is essential since that will determine the nature of the solutions. 

The issues related to governance, autonomy and career advancement of faculty members are basically issues which can be resolved if the state is determined to solve them. Of course there will be opposition from vested interests, which range from college management, university administration and even the teachers in some instances. But, these problems are not insurmountable given that the funding of almost all higher education comes from the government. Governance issues need to be addressed urgently since most institutions suffer from the malaise of bureaucratic mindsets, parochialism in appointments and outright corruption in admissions and appointments. 

Granting more autonomy to colleges and departments to set curricula and conduct examinations will obviously require more than just a decision at the top since appropriate mechanisms and regulatory frameworks need to be in place before such a thing is attempted. There is little point in granting autonomy without adequate preparation of the faculty in terms of training and resources to implement it. Smaller, localized units running courses will be more adaptive and responsive to the changing trends. 

The time scales of implementing these measures can be short term since these require basically a change in rules and regulations and some supporting infrastructure. In the medium term, what is needed is building up of adequate infrastructure at the college and university level to think of quality education. This of course requires huge amounts of resources which need to be judiciously spent. 

The time scales required for resource mobilization- through public, private or private-public partnerships is usually long. Further, since the gestation period of any infrastructure project is fairly long, this delay will have to be factored in. Even in this, there are some initiatives which could be put in place very soon. These include improved connectivity and access to electronic journals and software. 

The investment required for hardware and software to provide better computer and network resources is huge. One possible way to make this more efficient would be for the UGC or some central agency to negotiate centrally with the vendors. Given the size of the procurement, it should be possible to get very competitive prices for hardware. For software, it would once again be prudent to go in for centralized negotiations and decentralized procurement. In this case, a country wide policy of using Open source software would also prove to be beneficial in the long run. 

Finally, the human resource and access issues, though very important can only bear fruit in the long term. For instance, it would be futile to expect that the level of teaching or motivation would undergo an immediate improvement. Similarly, production of high quality material in English and other languages would be a long term effort. However, it is imperative that steps are taken soon to start the various processes which will mature over a longer time scale. 

Massive resources, proper planning and implementation and appropriate mechanisms are needed if we want to improve the quality of science teaching and hence bring about a qualitative jump in our scientific capabilities. There needs to be sustained commitment from the state to implement the plans since most of them will have long gestation periods. This situation is similar to the fifties when the foresight of the then educational planners led to the establishment of world-class institutions like the IITs and the IIMs which compete with the best in the world. 

None of the above initiatives will bear fruit if the standards of governance in the Universities and colleges are not improved. The situation in the State universities and the smaller, mofussil colleges is abominable. Political interference in appointments, admissions, procurement etc has led to a moribund situation which needs to be changed drastically. Any talk of university autonomy is a joke for most universities- maybe there is some modicum of this in the larger, Central universities but this is totally missing in the State universities. 
There is an urgent need to initiate reforms in governance of institutions of higher education. The administration is lethargic and the bureaucracy not conducive to any new ideas or initiatives. This impacts not just processes which have a long term impact ( like appointments, admissions etc.) but also prove to be major irritants for the faculty and students. 

The reforms in governance are obviously not easy to bring about. Mind sets need to be changed and the administrators need to be sensitized to their role as public servants. This is not going to happen overnight. However, a mixture of changes in regulations, performance benchmarks, and training could make some difference. 

Another area which needs urgent attention is the need to introduce Technology in administration. With the use of Information Technology, many processes of administration will be streamlined (of course after suitable process re-engineering) and this will result in greater efficiencies. Introduction of technology will also bring about a change in attitudes since information will flow without frictional losses. In most cases, the power of the bureaucracy is in a large measure due to its hold on information. With the Right to Information Act and setting up of Information systems, information should be made available to the stakeholders in a timely manner. This will improve governance substantially and also provide a proper environment for the other reform initiatives to flower.
4: RESEARCH, TRAINING & SKILL ENHANCEMENT
While it is true that most of the higher education institutions in the country are primarily focused on teaching of undergraduate and/or postgraduate courses, it has been long recognized that research activities are important not only by themselves but also because of their impact on the quality of teaching. This intimate connection between research and teaching is accepted the world-over where most research takes place in the university ambience. 

This unfortunately has not been the case in India. As mentioned in the Historical Introduction, the role of universities has been seen primarily as teaching institutions. The problems faced by teachers in the universities were highlighted by none other than the doyen of Indian science, Dr. Shanti Swarup Bhatnagar in his report to the Empire Scientific Conference held under the auspices of the Royal Society in 1946. "Those familiar with the facilities provided by the modern laboratories in America or Britain would find it hard to understand the handicaps that beset the scientific worker in India at every step. Lack of equipment, lack of accommodation, long hours of routine work due to insufficient teaching staff and finally the eternal want of funds are some of the problems that handicap science teaching and scientific research in Indian universities. These circumstances should not be lost sight of when assessing the work done in India. The Government of India have[sic] no machinery for making grants to universities and research bodies for scientific research…. Whatever be the agency involved, the need exists for much larger research grants to universities and other research organizations."
 Despite these handicaps, it is creditable that  some first rate work was done by individuals like Prof. M.N. Saha at Allahabad University, Prof. D.S. Kothari at University of Delhi, Prof. J.C. Bose and Prof. P.C. Ray at Calcutta among others. 

 This lacuna was also pointed out by the Education Commission in its report in 1948. The Commission noticed “...signs of a steady decline in the quality and quantity of research at our universities.” It goes on then to analyze the reasons for this decline and feels that “…the most important [cause] is that most of the leaders of research in different fields have either left the universities or are on the verge of retirement and the universities have not been able to find suitable successors to continue the research tradition initiated and fostered by these pioneers. Ever since the higher administrative services were thrown open to Indian graduates, the universities had to compete with the Government, which is the largest employer in India, for recruitment for their teaching staff. The universities could not attract the best men to their staff and during the, last ten years a number of brilliant teachers have left the universities, for government service, as they were offered better salaries and prospects there.” 

The Commission further commented that “university teacher, to be efficient, should hold up to himself a, higher standard of attainment than mere possession of information which has to be communicated to the student. In a school a teacher may be excellent without possessing more knowledge than what he is actually required to communicate, but it is not so in higher education. In colleges and universities, it is not facts that we communicate but an influence. The mind of the learner can be acted on only when the mind of the teacher is active.”
  

Then, in a tone which is surprising for an official document, the commission has some harsh words for the teachers. “That research is as important a function of a university as teaching has not been adequately realized by teachers and universities administrators in our country. Some of the university teachers who do not care to look after their intellectual health try to justify their laziness by subscribing to the dictum that research is not an integral part of university's work-it is a mere luxury. One of the vice-chancellors also testified that the reason for stagnation amongst teachers was not so much lack of opportunities in the way of library and laboratory facilities as sheer unwillingness to put in hard work and learn more.”
 

The commission’s views on the situation in universities and the predicament of teachers are more or less valid even today. The teachers, the commission suggests “should not forget that theirs is a privileged life; they have leisure and a life, of tranquility-the two essentials for research; they are largely sheltered from the battle of life, having a security of tenure nowhere obtainable in a business house or an industrial concern or in political life. They should give the community, in grateful acknowledgement for these privileges, punctuality, efficiency, and devotion to duty in relation to their teaching work, and the germs of new ideas and newer methods in relation to their research work. They should not only impart existing knowledge, but should be, in a real sense, creators of new knowledge.” 

If the situation at Independence was dismal, things have  not improved significantly since then. After 1947, the State consciously decided to embark on a path of scientific development. However, the bedrock of this endeavour was the research institutes and agencies like the Dept. of Space, Dept. of Atomic Energy etc. The research institutes were built as centers of excellence with huge amounts of funding with the mandate to carry out frontline research. While most institutes had PhD programs, there was no linkage with universities. The universities functioned as mere suppliers of bright post graduate students to feed the PhD programs at these institutes. 

The National Knowledge Commission in its report further stresses this fact. In its Note on Higher education, the commission is forthright in its condemnation of the dominant paradigm for research in the country. “We attempted to create stand-alone research institutions, pampered with resources, in the belief that research should be moved out of universities. In the process, we forgot an essential principle. There are synergies between teaching and research that enrich each other. And it is the universities which are the natural home for research. What is more, for universities, research is essential in the pursuit of academic excellence”.
 

There are many aspects of promoting scientific research in universities. Primary among this is creating and maintaining a good research infrastructure which includes laboratories, libraries, network connectivity, and instrumentation. But creating an infrastructure by itself is not enough. What are also needed are programs for in-service training, up gradation of skills of teachers and an exposure of the vast majority of teachers to current research. The issue of in-service training and up gradation of skills for college and university teachers is an area of utmost importance since it has a direct impact on the quality of teaching. This is particularly so in the science disciplines since there is an accelerated pace of developments in the subjects and it is critical that the teachers are aware of these so that this can be communicated to the students.  

More concretely, to encourage research at universities and colleges, a multi pronged strategy is needed. Some of the components of this strategy are

i) Orientation & Refresher Courses

ii) In service research awards and travel grants

iii) Attendance of Conferences & Workshops

iv) Augmentation of research infrastructure at  Universities  & Colleges

There are a number of government agencies and autonomous bodies which facilitate these activities. These include the U.G.C, D.S.T, CSIR, DBT and a host of Ministries like the Ministry of Agriculture etc. 

i) Orientation & Refresher Courses:

Research in the sciences moves at a very fast pace the world over. While most of the frontline research has little direct impact on undergraduate or postgraduate teaching, it is important that the teachers are at least aware of the research. This awareness will put them in a better position to communicate some of the excitement of doing science to their students. In addition, there are new syllabi being introduced in many universities which involve new courses (for instance digital electronics, microprocessors, computer programming) which need to be taught. Most of the faculty needs extensive training (both theoretical and practical) in such new courses so that they can teach them. For this, workshops and refresher courses are most essential. 

The University Grants Commission (UGC) has established many Academic Staff Colleges at various universities to conduct specially designed Orientation Programmes and Refresher courses. The Orientation programmes are of 4 weeks duration and are designed for newly appointed teachers. The Refresher Courses are of 3 weeks duration and are for in-service teachers. 
 The stated objective of the Orientation programme is “to inculcate in young lecturers the quality of self reliance through awareness of social, intellectual, and moral environment as well as to discover self-potential and confidence”. 
 The Refresher Course provides “opportunities for serving teachers to exchange experiences with their peers and learn from each other. It is a forum for keeping abreast with the latest advances in the subjects, technological spin-offs etc.”

For the purposes of running these courses, the UGC has established 51 Academic Staff Colleges and also identified 84 universities and institutions as UGC-Refresher Course Centers. These programs run throughout the year and are well attended. One of the major reasons for the good attendance has been the linkage of successful completion of these courses with promotions of college and university teachers in the Career Advancement Scheme. The number of such program is fairly large- at the beginning of the Academic Year 2005-06, 260 programmes and 917 refresher courses were allocated to the universities by the UGC.

Although these programmes have been running now for some time and there are regular feedback sessions at the end of these programmes, there is no clear-cut evidence of whether these have made an appreciable change in the quality of teaching. Informal discussions with the teachers of the University of Delhi however, point to the fact that most of these programmes are not well designed. The quality of the instructors and the course content is not terribly inspiring. Most of the participants in these courses look at them as a necessary evil, a certificate that needs to be obtained to be eligible for promotion. The organic linkage with teaching is not brought out. While there are some modules on pedagogy, they seem to have little impact on the teaching methodology of the participants. Further, though the refresher courses do impart some exposure to the latest research etc in the subject areas, in the absence of any follow up, this has very limited efficacy.

This fact has been brought out in the Indian Academy of Sciences report on Science Education, 1994. Stressing the importance of refresher and orientation courses, it goes on to add that “… the experience of the chain of Academic Staff Colleges has not been good. Attendance at these courses is used largely as a prerequisite for promotion, and only 15% to 20% of those who attend have serious interest in the subject. The selection of the participants is also generally not in the hands of the course organisers.” 
 

Suggestions & Recommendations:

Though the idea behind refresher courses and Orientation Programs is an admirable one, there is now possibly a need to re-look at the actual implementation of these programs. Specifically, there is a case to be made for enhancing the reach of these programs and increasing the coverage. This can be done, for instance by holding smaller, more focused workshops at colleges which could cater to a cluster of colleges. It would also be useful to design the courses in a way which makes these of immediate use to colleges. For instance, a short term summer workshop could be organized in a college to be attended by faculty members from nearby colleges for setting up new experiments in the laboratory. Of course, some coordination would be required with the affiliating university to ensure appropriate changes in the syllabi etc. In short, a more decentralized approach, a more user-focused approach instead of a current, one-size-fits-all way of running these programs might be more effective. It has even been suggested that  attendance at refresher courses and training programmes must be delinked  from promotions, and the organisers must be allowed to select participants as -well as examine them at the end of each course. 

One of the recommendations of the Indian Academy of Sciences report, 2006,  is to expand and revamp  the UGC’s Academic Staff Colleges and to provide  more pro-active “hands-on” training in laboratory methods in different emerging areas. The report proposes that at least 200 training courses, of 2-3 weeks’ duration be held annually. Besides the UGC, DST, and DBT, the Science Academies should play a major role in these training programs on the basis of the strengths of their Fellowship. This will enhance the reach of the programs and will give faculty members from colleges an opportunity to interact with some of the leading scientists in their areas. 

ii) Travel Grants & Research Awards:

One of the ways in which in service teachers can upgrade their skills and keep in touch with research is to attend conferences and workshops, both in India and abroad. A major impediment in this is the cost of travel and support for attendance, especially for conferences abroad. For this purpose, various agencies like the UGC, DST, CSIR and INSA award travel grants to teachers for presenting their work in international and national conferences. Though this scheme is immensely useful for teachers, especially college teachers who have no other source for funding, the rules and procedures are so complex and time-consuming that few teachers are brave enough to be able to make use of them. 

Any single agency gives only funds to cover 50% of the travel cost and most agencies pay some fixed rates for per diem. This typically means that the applicant has to apply to more than one agency to get the full travel cost. And in a typical bureaucratic way, each agency wants to know whether the applicant has been able to get the other 50% of the cost! The time and energy required to avail of this facility is usually enough to put off most teachers. And yet, it is creditable that some teachers are able to make use of this scheme. For instance, the UGC alone sanctioned Rs. 1 crore as travel grant for 211 college teachers and 6 Vice Chancellors during the year 2004-05.
 

College and university teachers alike need to be provided resources for carrying out research. The infrastructure available in most colleges and universities is such that it is very difficult for an interested teacher to undertake research in his/her area of interest. This includes library, laboratories, and computer infrastructure including network connectivity. To encourage college and university teachers to continue with their research, various agencies, namely UGC and DST have schemes to grant funds. 

The UGC has a program to fund minor and major research projects in all disciplines. The financial support is for Equipment, Books and Journals, Contingency, consumables, travel etc. During 2004-05, a total of over 550 research projects have been approved. Though the amount available for these projects is not very large (Rs. 12 lakhs for a Major research project and Rs. 1 lakh for a Minor project), this facility has been very useful for providing the much needed resources for teachers, especially in colleges to carry on some research. 

The Department of Science & Technology is a major source of funding for research projects. This is done primarily through its Science & Engineering research Council ( SERC) established in 1974. This is  an apex body through which the Department of Science and Technology (DST) promotes R&D programmes in newly emerging and challenging areas of science and engineering. SERC is composed of eminent scientists, technologists drawn from various universities/national laboratories and Industry. 

The mandate of research supported by the SERC includes increased and expanded knowledge in basic research, excellence in science & engineering, innovation and promotion of selected areas, encouragement for industrial partnership in projects under engineering and technology, training of manpower for future requirement, and encouragement to young scientists and students. The number of projects supported by SERC during 2005-06 is over 350. 

To ensure better targeting of funding, the DST has several special schemes like the Young Scientist Scheme, Women Scientist Scheme, and Fast Track Scheme for Young Scientists etc. Though a large number of teachers have availed of these schemes, the number as compared to the large number of science teachers is still very small. In particular, teachers in colleges, especially in non-metropolitan cities, have not benefited from the scheme to a significant extent. Part of the problem is the lack of awareness and the abysmal working conditions for these teachers. The other problem is the very stringent peer-review process which the DST undertakes before funding any project. In a typical chicken and egg fashion, the teachers in colleges in remote areas have not been exposed to frontline research and hence are not able to compete with their colleagues from better endowed institutions. 

Apart from these two agencies, there are many other agencies which support research in specialized areas. These include the Ministry of Agriculture, Ministry of Non-Conventional energy Resources, Dept. of Atomic Energy, Dept. of Space etc. Once again, though the amount of money available with these agencies is fairly substantial, the uptake from teachers is modest. The reasons are similar- too much bureaucracy in getting the funding, lack of awareness, lack of basic infrastructure, lack of training to formulate a fundable proposal etc. 

Suggestions & Recommendations:

There is no drastic shortage of funding for research projects- what are needed are fundable, well-thought out research proposals. This obviously cannot be done in a vacuum- it is difficult to imagine a teacher in a college or a remote university, without access to proper library and network resources, to be aware of the latest research in his/her discipline. The problem is even more acute with teachers whose areas of interest involve advanced laboratory work and instruments. To expect teachers without adequate library, network, and laboratory facilities to be able to formulate a proposal which will pass the scrutiny of well known experts in their area is not practical. The lack of adequate facilities is responsible to a large extent for the disinterest among most of the teachers for continuing research. 

One way to kick-start research activity among faculty members could be to give each joining faculty member a “joining grant” to enable him/her to start work. This could be a modest sum to take care of the basic infrastructure like personal computers, some money for travel or buying books, some basic equipment for the laboratory in case of teachers working in experimental areas etc. Doing this would ensure that a new entrant into the university system works more efficiently and is not hampered by lack of basic tools needed for his/her research. 

The Indian Academy of Sciences 2006 report on Higher Education in Science and Research & Development   refers to the need for promoting a post-doctoral culture in the country. It recommends that one way to encourage the growth of this culture would be to give positive recognition to good post-doctoral research work in India at the time of appointing faculty/scientists. It also suggests that the stipends must be improved from the current less than Rs. 15,000 per month to Rs. 25,000 per month and a provision be made for providing hostels/housing for post-doctoral fellows.
These suggestions cannot be argued with. However, the number of post-doctoral positions available in the country is not substantial. There is also the issue of researchers from smaller universities being at an inherent disadvantage in competing for these limited positions. As far as giving positive recognition for post-doctoral work in India during appointments is concerned, there is already a skew in favour of research as opposed to teaching. While this may be normatively desirable, it provides no incentives for teaching. 
The National Knowledge Commission also recommends that “it is time to reverse what happened in the past and make universities the hub of research once again. This would need changes in resource-allocation, reward-systems, and mindsets. Substantial grants should be allocated for research. The provisions of these grants should be competitive and the criteria for these grants should be different from the usual criteria”.
 
iii) Conferences & Workshops:

Various research institutes, scientific bodies, and funding agencies regularly organize conferences and workshops which are attended by scientists of national and international repute. Most of these are of a specialized nature while some, like the annual Indian Science Congress are open to all scientists. Support for college teachers to attend these conferences is available from various agencies. However, there are several reasons why, apart from the Indian Science Congress, the attendance of teachers in these conferences is small. 

Firstly, the conferences are usually of a very specialized nature and hence most teachers who are not carrying out any research activity are uninterested. Secondly, most of these conferences take place at times when most universities have their teaching sessions still going on. This is usually done to accommodate the schedules of their more illustrious peers in the research institutes and the delegates from abroad. For instance, most international conferences take place during the month of December when foreign delegates have their vacations and find it convenient to travel to India. Even for the interested teachers, it is difficult to get leave from regular teaching to attend these events. 

The Indian Science Congress is a special case though. This annual event, which takes place usually in the month of January, is hugely popular with teachers. Part of the reason is that each university has some money sanctioned to provide travel support to its teachers to attend this jamboree. With several thousand delegates and sessions on almost all topics in science, the Congress is a massive affair, conventionally inaugurated by the Prime Minister. Though well attended, it is not clear what purpose an event of this kind serves apart from serving as a platform for the established gerontocracy of scientists and science-bureaucrats and as free bharat darshan for the delegates. This is because the sessions are too diffused and there is no space for any genuine interaction or discussion. 

Suggestions & Recommendations:

Clearly conferences, workshops, and schools have a major role to play in the on-going education and training of teachers. To make this more efficacious, it might be better to hold a majority of the national conferences at times which are most convenient for the teachers. For most universities, the academic calendar allows a long summer break or a long break around October. This time seems ideal for holding small regional/state level workshops and training programs. These would allow the local teachers to participate without too much inconvenience. In addition, these would also help in fostering regional and local networks of teachers which could go a long way in collaborations in research and teaching as well as sharing of ideas. The Indian Science Congress could continue for historical reasons, if for nothing else, but state and regional level congresses should be supported. The cost would be much less since travel and hospitality costs would be low. 

Satellite meetings, conferences, and workshops should be organized on the sidelines of major International Conferences. These satellite events should be held in places which are different from the “conference circuit” of Delhi, Mumbai, Bangalore, Hyderabad etc. Faculty from clusters of colleges and universities in the region should be encouraged to attend these events. Liberal travel grants and per diems should be granted for college and university teachers for these events. These satellite events would provide an excellent opportunity for teachers to interact with experts in their areas of interest. The funding agencies could ensure participation of experts from research institutes in these meetings.

 Furthermore, resources should be made available to the universities and colleges so that every faculty member could be provided support to participate in at least one international conference once in two or three years. Exposure to their peers internationally would not only make the teachers aware of the latest developments in their fields but also increase their confidence. To implement this, the teaching institutions would also need to make provisions for study/sabbatical leave for the faculty members so that teaching does not suffer in case the conference is held during term time.  

iv) Research Infrastructure:

It is clear that the universities have not kept pace with specialized institutes in research output, both in quality and quantity. There are many reasons for this state of affairs- however, the lack of adequate research infrastructure is certainly an important one. By research infrastructure is implied laboratories, library facilities with adequate access to research journals and network infrastructure. 

Among the institutions of higher, non-professional education in the country, the Central Universities are at the top of the hierarchy, followed by the state universities and then the undergraduate colleges. Even in the Central Universities, which receive a disproportionately huge amount of funding, the infrastructure for research is pathetic. Laboratories for research are almost non-existent except those that are established under some project of the faculty member. The libraries, though fairly well stocked with books, lack the budget to keep up with the increasing cost of journal subscription and increasing their holdings. In addition, the physical infrastructure of the libraries is crumbling for lack of maintenance. Network connectivity, though still not all pervasive, has improved dramatically in the last few years. 

The state universities are in a much more pathetic state. The physical infrastructure is in most cases in a state of advanced disrepair. Access to journals is very limited and even the reference books are in short supply. Computing infrastructure, whether in terms of centralized facilities or desktop computers is not adequate. Undergraduate colleges by and large have no access to either laboratories, good, well equipped libraries or adequate computing facilities. 

There are many schemes for institutional development of research infrastructure at institutions of higher learning. The UGC, for instance has many programs for strengthening research. The flagship program is the Special Assistance Program which provides resources for university departments. The objectives of the Program include supporting university departments that have potential to undertake quality teaching and research in various disciplines, to enhance infrastructural facilities, to make research a catalyst for good teaching etc. Under this program, the UGC is supporting over 450 departments with a total expenditure of over Rs. 10 crores during the financial year 2005-06. 

In addition to this flagship program, there is a one-time grant giving program called ASIST (Assistance for strengthening of Infrastructure for Science & Technology). Under this program, money is provided for strengthening infrastructure in science departments by acquiring major equipment which is not covered under other schemes. During the financial year 2004-05, over Rs. 8 crores was given to about 30 departments. There is also an Instruments Maintenance facility under which the UGC provides funds for repair and maintenance of scientific equipment. 

The newest, and in some senses the most far reaching initiative of the UGC in recent times, has been the establishment of Inter University Centers. These are centralized facilities in various disciplines which provide world class infrastructure for university faculty. The central idea is to have common facilities, with a small, core staff. These function as centers where university and college teachers can come for a few weeks and carry out research in frontline areas of their discipline. The core faculty at these institutes functions as facilitators as well as potential collaborators and mentors. The inter university centers provide state-of-the-art equipment and excellent library facilities which can be used by the university and college teachers. There are at present 6 Inter University Centers operational and they have been of great use to university and college faculty for carrying out good research.

Among the Inter University Centers is INFLIBNET which is responsible for information and library services to the Universities. One of its significant achievements has been to provide access to electronic resources, specifically journals to the Universities. Since it functions as a consortium of various universities, it is able to negotiate from a position of strength with the publishers to provide very competitive rates for subscriptions to electronic resources. 

The UGC also runs an INFONET program under which bandwidth charges are given to the universities to access the electronic resources being provided by INFLIBNET. These programs have had a major impact in the accessibility of journals and other electronic resources to several universities. 

The Department of Science and Technology also runs several programs for improving the infrastructure in universities. These include giving funding for High priority areas like neurobiology, Solid State Chemistry, Nano-materials, Materials Science, Surface Science, Plasma Physics, Macromolecular Crystallography, and Ultrafast Processes. Apart from this, there is a special program called FIST (Fund for Improvement of S&T Infrastructure in Higher Educational Institutions) under which money is provided to university departments for enhancement of scientific and computing infrastructure. 

Suggestions & Recommendations:

A number of departments in various universities have been able to take advantage of the funding to set up facilities for research. There has also been a huge increase in the network connectivity for most universities. Nevertheless, the resources available are not commensurate with the huge demand for setting up resources. One of the ways to efficiently use resources is to set up many more inter university centers with centralized facilities for use by the university and college teachers. This should be done urgently since it is not possible to equip each institution with expensive equipment. A useful model might be a regional center model which caters to a region and can be thus more accessible. 

Even where the universities have been able to use the funds to set up facilities, there remain operational problems. One major issue is control of these facilities. Typically, the department which hosts the laboratory or equipment assigns the operation of it to a particular faculty member or a group of members. This set of people then invariably starts treating the facility as a personal fiefdom, denying access to other colleagues from within the university. There is need to set up guidelines that all facilities funded by the funding agencies would be centralized facilities which can be used by all departments, irrespective of the department which hosts it. This simple step would also go a long way in fostering collaborations between departments and even colleges. 

There is also need for a realistic assessment of the needs of various institutions with regards equipment. Needless duplication could be avoided and pooling of equipment should be encouraged as a matter of policy. Furthermore, realistic sums of money should be allocated for maintenance of equipment and for consumables. It is frequently the case that very expensive pieces of equipment lie unutilized because of lack of funds for simple, inexpensive maintenance and repair. 

The INFONET/INFLIBNET program has been very successful in improving connectivity and access to electronic resources in many universities. However, it should now be extended to cover the remaining universities and most importantly, colleges, starting from the most remote colleges. With the drastic drop in broadband connectivity rates and the proliferation of the network in most areas of the country, physical connectivity should not be a major problem. 

  One of the recommendations of the Indian Academy of Science report2006,  referred to above  calls for  strengthening of the Competitive Grant System being run by the Department of Science and Technology, the Department of Biotechnology, CSIR and other departments of the Government. To make research more viable at the universities, it recommends that overheads should be pitched at 30% of the total grant. All proposals should be placed on a Proposal Tracking System and the time from submission to the release of funds should not be allowed to exceed six months. This initiative will also make the process of funding more efficient and transparent. 

The Government of India has also taken note of the  abysmal state of research in universities and colleges. In March 2005, a high-power task force under the eminent chemical technologist M.M. Sharma was set up for “improving basic scientific research in universities”. The purview of the task force was to “make an assessment of the present status of scientific research and training in universities and to determine the areas of concern”. The task force submitted its recommendations to the Government of India in 2005. The recommendations were accepted in toto by the Government and steps are being taken to implement them. 

The task force recommends taking many steps to enhance the quality and quantity of research in universities. Among them are 

i) Filling up of the vacant faculty positions in the universities. 

ii) Creating additional 1000 positions of research scientists at various levels. 

iii) Creating 10 networking centers in Basic sciences in various departments of universities to promote collaborative research.

iv) Linkages between universities and national research institutions, including joint appointments

v) Winter and Summer schools in basic sciences.

vi) Up gradation of research infrastructure  in universities

For this purpose, the task force recommends that the UGC earmark a sum of Rs 600 crores per annum. Apart from the above recommendations, the task force also has some facilitating recommendations which focus on financial autonomy, selection procedures, and post-graduate programs.  

The infrastructural constraints faced by the colleges and most of the universities are a major problem for promotion of research by the faculty members. Apart from the above mentioned areas in which action is needed to boost research in universities and colleges, there are also some structural issues involved which need to be thought of. We have more than 300 universities and over 17000 colleges. The colleges are almost totally focused on undergraduate education while the universities provide undergraduate, post graduate and research programs. 

However, the structure of the undergraduate and post graduate programs are such that there is absolutely no exposure to any research. There is no component in most of the undergraduate and postgraduate programs which involves any investigation, either at the experimental or theoretical level. This deficit in the curricula then feeds back into the faculty members not devoting any time for research. 

A comparison with the situation in China is instructive. Chinese society was very isolated before the Opium Wars but with the coming of Western influence, Chinese higher education developed rapidly. Huge progress was made in education after the revolution and in the period from 1949 to 1967, some of the Chinese universities were considered first rate. The period from 1967 to 1976 saw a tremendous upheaval in education in China. This was the time of the Great Proletarian Cultural Revolution and among its many casualties was the higher education system. As a key example, the numbers of postsecondary students dropped precipitously from 674,400 to 47,800.

However, the reforms from 1980s have had a major impact on Chinese higher education. In terms of actual size, today there are some 4,000 Chinese institutions; student enrollments are at 15 million but this is still not enough to meet the needs of 85% of the college age citizens.

In 2006, China initiated a 15 year “Medium-to-Long-Term plan for development of Science & Technology (MLP)”. The MLP calls for China to become an innovation-oriented society by 2020 and a world leader in science and technology by 2050. The plan also envisages that China becomes among the top five countries in the world in the number of invention patents granted and for Chinese-authored papers to become among the most cited in the world. 
 Several areas have been identified for strategic research and huge amounts of money are being spent to develop capacity in these areas. 

China has made huge strides in the field of science and technology and hence has a good base to move onto the next level of achievement. For instance, China ranks fifth in the number of international S&T publications and has a fairly comprehensive S&T system. There has been a lot of progress in research in life sciences, nanoscience and space technology as evidenced by the Chinese Space Program. The country has a pool of over 1 million scientists and engineers devoted to research and development, a number which is second only to the US. What is more, China is about to overtake US in the granting of PhDs in science and technology. 

The country’s planners recognize the fact that despite the huge advances made in the past few years in science and technology, there are several weaknesses which need to be addressed before China can truly be called a scientific superpower. The quantitative gains in science have not been matched by qualitative advances. Thus, though Chinese scientists publish profusely, the impact of their publications as measured by the Science Citation Index is disappointing. The emigration of a large number of top level science and technology professionals has slowed the development of a high-level leadership. Research does not optimally use scarce resources and discourages creativity. 

Chinese government has also adopted a policy whereby 10 universities have been targeted to become “world-class”. Among them are the famous Peking and Tsinghua universities. These universities will once again become centers of teaching and research, and internationally oriented programs now constitute an increasing proportion of curriculum. An innovative scheme being tried out is the concept of “twinning”. In this, a major, well-funded and endowed university twins with a poorer one to provide equipment, programs in curriculum development and faculty development.
 These twinning projects are also being tried out internationally and seem to be an innovative way to overcome resource scarcity, both material and intellectual. In addition, more and more foreign trained faculty members are being recruited bringing in a fresh perspective to the universities. 

The investment and planning of the last decade has truly paid dividends. As a commentator points out, “...Chinese performance is truly impressive and it stands only behind the United States in overall scientific productivity, measured in the number of research papers. The Indian contribution, on the other hand, has only risen slightly above what it was in 1980. By no means can we be said to be competitive. 
An analysis, using the ISI Thomson Web of Science, of papers published in the three top chemistry journals (chemistry being selected as a representative subject) between 2000 and 2006 (both years inclusive) is revealing. The figures for the U.S., China, and India (in that order) are: Angewandte Chemie (impact factor 9.60; numbers of papers: 2138, 396, 88), Journal of the American Chemical Society, JACS, (7.40; 11113, 602, 140), Chemical Communications (4.40; 1858, 794, 286).”

The National Knowledge Commission also points to the comparison between the two Asian giants. “India has about 350 universities. This number is simply not enough with reference to our needs in higher education, or in comparison with China which has authorized the creation of 1250 new universities in the last three years”
. However, it also recognizes that ” A fundamental paradigm shift in our understanding of quality and standards in higher education, however, requires creating completely new institutions that operate unconstrained by the current institutional and regulatory framework”. 
 

One of the ways to solve the problem of poor quality of the Universities is to set up model universities with world-class infrastructure. The Knowledge Commission recommends setting up 50 such institutions, called national universities, to provide education of the highest standard. Similar to the Chinese model, it also suggests that not all such institutions need to be established de novo. “Some of the existing universities could also be converted into National Universities, on the basis of rigorous selection criteria, to act as exemplars.”

However, given the paucity of trained human and physical resources, it also might be a good idea to think of some kind of “twinning” as in the Chinese case. It is not only important for some institutions to be made world-class, but equally important that they assist their less fortunate brethren to achieve some modest quality standards. 

The ideas of sharing of resources, whether human or physical is of critical importance and could also prove to be a stumbling block. This is because there is an inherent tendency not to share among  the academia in India. This might sound counter intuitive, given that the function of teachers is to share their knowledge, but when it comes to their colleagues, the very same teachers tend to get very possessive. The idea of common resources, collaborations within departments, across departments, or across institutions is something which does not come naturally to the faculty members. Of course, there would be many exceptions to this, but by and large, this is the situation in most institutions. 

The other important lacuna in our institutions of higher learning is the lack of any linkage with industry. The universities fare very poorly on this score, where till recently even the beacons of academic excellence in the country, the IITs had little industry interaction. Research projects sponsored by industry are very rare in the university science departments. Industry sponsored projects in research and development are fairly common in universities in the United States. Most other top class universities around the world are also realizing the benefits from this linkage. 

Resources for equipment, access to information and technology are among the obvious advantages for universities from this collaboration. In addition, industry sponsored research could also lead to a development of more focused research and in the long term could serve as an alternative source of funds for development and maintenance of infrastructure. For this, the universities would need to be more receptive to proposals from industry, develop a mechanism for fast-track approvals for projects, ensure transparency in research administration, and provide basic infrastructure for research. 
5. CONCLUSIONS & SUMMARY OF RECOMMENDATIONS
As we enter the twenty first century, India needs to go in for a round of nation building where education should be given primacy. Though the needs of primary and secondary education are urgent, given the abysmal rates of literacy prevalent in several pockets of the country, one cannot wait for this to happen before paying attention to higher education. 

The higher education system in the country needs to be drastically overhauled and this needs to be done urgently. There is need for massive expansion and a qualitative improvement in the institutions of higher learning in the country. This is needed so that we can improve access to higher education to all our citizens. It is also imperative if we want to compete in an increasingly globalized world where knowledge plays a role which is as important as capital, labour and natural resources. 

Improving the quality and increasing the quantity of institutions of higher learning requires huge resources. However, this is not a sufficient  condition for success. Judicious use of resources, changes in mind sets, improving systems of governance and incentives and building on our strengths is required. In addition, it is important to realize that given the tremendous diversity of existing institutions, there is no single magic formula for success. The one-size-fits-all approach is bound to fail since we are not operating with a clean slate but with institutions which have histories and inertias. 

i) Curriculum: 

There is need for the teacher to have greater control over what is taught. Institutional mechanisms to encourage larger participation of the teachers in syllabus making need to be devised. One way could be to divide the syllabus into a core part (which is uniform across all colleges) and an optional part which each teacher could devise. This will give some flexibility in what is taught while still retaining some quality control and uniformity. 

Undergraduate teaching needs to have a much larger emphasis on research and project work. The laboratory curricula is outdated and in some cases inappropriate for lack of training and infrastructure. There is urgent need to overhaul the laboratory curricula so that the students are taught techniques and instrumentation besides experimental methods. Project work and supervised research should be mandatory and could be arranged during the summer vacations. 

Curricula should be flexible enough for interested students to take courses outside of their main area of interest. There should be opportunities for students to be able to change their course of study mid-stream without too much loss of time. 

ii) Examinations:

Centralised examination system should be replaced by a decentralized one as soon as possible. It might be prudent to do this in a phased manner so that there is some check on quality and it does not cause too much disruption. In the long run, it is also important to move away from an absolute system of assessment to a relative one. 

The assessment needs to be continuous and not once a year as is the norm now. Information Technology should be used to make the examination process as transparent and efficient as possible. 

iii) Infrastructure for Teaching and Research: 

Physical infrastructure in colleges needs massive improvement. Resources should be made available for maintenance and upgrade of class rooms, faculty and tutorial rooms, laboratories etc. Libraries need to be maintained and expanded wherever possible. Enough resources should be provided to ensure ample text and reference material for the students. Use of Information Technology needs to be encouraged for cataloguing and Internet should be made available in each library. Colleges should be given subscriptions to electronic journals and other resources which could be procured centrally. 

Undergraduate laboratories need to be reequipped with a set of basic equipment and enough resources for maintenance of equipment and consumables. Instrumentation centers should be set up for a cluster of colleges or at the affiliating university for repairs and maintenance of equipment. 

At the University level, several departments have been able to set up research laboratories using the funds available from various agencies. There has also been a huge increase in the network connectivity for most universities. Nevertheless, the resources available are not commensurate with the huge demand for setting up resources for research. One of the ways to efficiently use resources is to set up many more inter university centers with centralized facilities for use by the university and college teachers. This should be done urgently since it is not possible to equip each institution with expensive equipment. A useful model might be a regional center model which caters to a region and can be thus more accessible. 

The research facilities set up at any department need to be made open to colleagues from other departments and colleges. Centralised facilities should be set up as far as possible and needless duplication of equipment should be avoided. Enough money should be made available for consumables and maintenance. Each university should be encouraged to set up an instrumentation center for maintenance of teaching and research equipment. 

The INFONET/INFLIBNET program has been very successful in improving connectivity and access to electronic resources in many universities. However, it should now be extended to cover the remaining universities and most importantly, colleges, starting from the most remote colleges. With the drastic drop in broadband connectivity rates and the proliferation of the network in most areas of the country, physical connectivity should not be a major problem. 

iv) Human Resources:

Motivated, qualified, and competent teachers are possibly the most critical component of any strategy to improve higher education. Incentive structures need to be devised to attract and retain the best talent to undergraduate teaching. These could include better salaries, housing, and increments for bright appointees etc. Possibly, the place to start is school teaching where the students’ attitudes towards subjects are typically formed. 
Besides these steps, some steps need to be taken to attract bright students to a career in science. At the moment, those that end up doing science are mostly those who are left behind in the filtration for professional courses at various levels. It is hoped that as the opportunities become more attractive in teaching, attitudes will change over time and science would once again attract bright students. 

Quality control in the form of objective and uniform standards need to be imposed at the entry level for recruitment of teachers. A test like the National Education Test, with suitable modifications needs to be reintroduced. 

Periodic performance reviews and student and peer feedback mechanisms need to be put in place for teachers. The student and peer reviews need to be transparent and objective if they have to be effective. Performance reviews should give weightage to teaching, innovations in teaching and research. At the moment, they are primarily linked to research output and attendance at refresher courses. There is need to have performance reviews at the end of a probation period (which could be made longer than the present one year) and for each subsequent promotion. Promotion should not be time bound only but should depend on the length of service as well as performance. 

v) In-service training & Research:

Refresher courses and Orientation programs need to be made more effective and focused. The reach of these programs and the coverage should be increased substantially. There is a need to possibly make them regional with a cluster of colleges participating. It would also be useful to design the courses in a way which makes these of immediate use to colleges. The content of the courses should not only reflect the latest trends in the subject but also have a component which can be utilized directly in undergraduate teaching. Laboratory training for teachers should be part of the courses and this would lead to setting up of new experiments and familiarization with current equipment. A more decentralized approach, a more user-focused approach instead of a current, one-size-fits-all way of running these programs might be more effective.
Attendance at conferences, workshops, and schools should be made attractive for teachers. This can be done by providing funding for travel, appropriate leave and holding of conferences during vacation time as far as possible etc. In addition, the funding agencies should encourage colleges and universities to organize regional conferences and workshops regularly. These would also help in fostering regional and local networks of teachers which could go a long way in collaborations in research and teaching as well as sharing of ideas. Satellite events held at regional centers should be made mandatory for all international conferences being funded by the government. Some resources could be provided to each teacher for attending international conferences periodically. 

Research activity should be encouraged especially among the college teachers. Research infrastructure needs to be improved, at least in terms of access to journals, computers, and the Internet. Newly appointed teachers could be given a start-up grant to take care of some of the basic needs to start research. Post-doctoral opportunities should be increased and teachers should be  encouraged to apply for them. Appropriate changes in the leave rules etc will need to be made. The grant system of the funding agencies needs to be made more efficient with use of Information technology. 

vi) Access

Access to quality education at the undergraduate and post-graduate levels needs to be enhanced. This will not only involve opening up more colleges and universities but much more. Apart from the huge resources needed, there will also be need for human resources which will be difficult to find quickly. Opening up of new institutions without taking into account the quality of the human resources available will be disastrous in the long run. 

Quality textbooks and reference material needs to be made available in Indian languages. Translating standard books and monographs should be taken up urgently in a massive way. There is also need to encourage book writing by our best scientists and educationists. 

Scholarship schemes for science education need to be enhanced. There are already some Talent Search Schemes but these are not enough. Scholarships/freeships should be specifically for studying basic sciences and should be substantive enough to be attractive. 
The governance of universities and colleges needs to be improved drastically. Though complete autonomy from the pay masters ( the UGC, the State governments etc.) may be a utopian dream, steps can be taken to minimize the interference in university affairs. Appointments, admissions and procurement processes need to be made transparent and strictly based on well defined criteria. The administration needs to be toned up so that they are sensitive to their roles as facilitators. Process re-engineering together with Information Technology can play a major role in making the administration more efficient, receptive, and transparent. 

ANNEXURE

Science Education in India: A Historical Background

By Dr. Rajive Tiwari, Professor of Physics, Belmont Abbey College, U.S.A.
Ancient and Medieval Period

The history of education in India can be traced back to the Vedic period. In the earliest periods the aim of education was the cultivation of Vedic scholars and propagation of Vedic knowledge, primarily through the oral medium. Over a period of time the scholarly interests expanded to include medicine and jyotish, which referred to the study of astronomy and mathematics.

In this period the learning took place mainly in temples and teachers’ homes. During the Buddhist period Taxila and Nalanda, among others, flourished as renowned cosmopolitan and eclectic centres of learning. The curriculum at these institutions included the study of medicine. Since a majority of the Ayurvedic medicines were plant-based its study necessarily involved botanical explorations. The other major medicines were made from metals and minerals and their preparations involved chemical processes.

The classification of knowledge at that time did not include what is now called the physical science. Yet, the disciplines of Nyaya-Vaisheshik and Samkhya contained ideas about the atomic nature of matter, motion, sound, gravity, energy and force. The pedagogy was centred on debates and discussions among students and teachers.

In the medieval period fresh ideas were brought in from West Asia. These included both content and pedagogy – principles of physics, astronomy and mathematics as developed by Greek and Arab scholars and their teaching as practiced by al-Ghazzali of Baghdad, for instance. The curriculum strived to maintain a balance between scientific and humanistic studies. This period was marked by a mutual enrichment of indigenous and imported scientific ideas. The collaboration was especially fruitful in the area of medical studies. The synthesis of knowledge was accompanied by an expansion of educational opportunities for both the Muslims and Hindus. Technical education was carried on in karkhanas, which were establishments that combined manufacturing and teaching in an artisan-apprentice system.

Beginnings of Western Science Education

The British realised full well that the success of colonialism was predicated upon convincing Indians of western superiority in culture and learning. In the initial years of the Raj the colonial administrators were primarily concerned about stabilising their presence in the subcontinent and for this reason decided to stay out of the education field. In their judgement interfering with the existing education system had the potential of alienating the native population by the tension it might have created between indigenous and European knowledge structures. 

Early in the 19th century the picture began to change with schools and colleges that focused on traditional indigenous learning.
 Demand for the teaching of Western science as a way to social and material progress of India was being expressed in some quarters of Indian population. In a letter to Lord Amherst Raja Rammohun Roy stressed the need for education that incorporated “Mathematics, Natural Philosophy, Chemistry, Anatomy and other useful Sciences”.
 Calcutta Madrassa and Hindu Sanskrit College in Banaras were established in this period. Although the sciences were a part of the curriculum in these institutions the main thrust was to prepare a pool of Hindu and Muslim judicial officers. At the same time, some institutions of western medicine and surveying were also started to train Indians for filling subordinate positions in these fields. Gradually, the science curriculum began to expand. Astronomy, geography and various branches of mathematics were regularly taught at colleges in Calcutta, Banaras, Delhi, Agra and Bombay.

In the 1830’s the debates between Orientalist and Anglicist camps of colonial education crystallised. This controversy had bearing upon the teaching of sciences too. The two key issues were whether there was any utility in the teaching of traditional literature and sciences and what would be the most effective medium of instruction – English or the student’s first language. Lord Macaulay, the President of the Committee of Public Instruction and William Bentinck, the Governor General at the time, came down in favour of European learning and that became the dominant trend in education. Deepak Kumar has observed that this was the first time in the subcontinent’s history when the state weighed in so heavily on what was to be taught and in what manner.

The general support for an exclusively English education notwithstanding, there were a couple of innovative pedagogical experiments undertaken by British science educators that attempted a blending of elements from eastern and western learning.
 Lancelot Wilkinson, a political agent in the colonial administration, started a school in the town of Sehore outside Bhopal. The teaching of astronomy at the school began with Bhaskara’s Siddhanta Shiromani, a 12th century text of astronomy and mathematics. Copernican astronomy was then reconstructed for the students on this foundation. Similarly, J.R. Ballantyne, the principal of Sanskrit College in Banaras wrote science textbooks in the form of aphorisms similar to Gautam’s sutra that appear in the Nyaya. Ballantyne also employed elements of shastrarth in his teaching. 

The ultimate aim of these pedagogical tools was not inconsistent with the overall colonial objective of establishing a hierarchy of knowledge in which European learning is shown to be the more advanced one. Thus, colonial rule could be granted legitimacy for bringing about an improvement in the intellectual life of its subjects. The methods used by Wilkinson and Ballantyne were in their view simply the most effective way of doing the job.

Missionary colleges in the Presidencies, such as St. Xaviers College in Calcutta, led the way in formalising science education. Government institutions followed these examples after a considerable time lag.

Formalization of Higher Education and the Status of Science

The Educational Despatch of Sir Charles Wood in 1854 paved the way for establishment of Universities at Calcutta, Bombay and Madras.
 The objective as laid out by Wood reaffirmed the opinions of Macaulay and Bentinck regarding the necessity of transmitting European science and arts and transmitting them through the medium of English language. The Universities were to be merely examining bodies modelled after University of London. The teaching function was to continue at already existing institutions. The main focus in the sciences remained utilitarian in nature with degrees in medicine and civil engineering as sole representatives. Pure sciences found a minor place in the Arts curriculum which included papers in mathematics, physics, chemistry and biology.

The decision to establish universities as examining bodies seems to have set the course for the future of Indian Universities that has lasted even after independence. Unlike some early German Universities that could have, in principle, served as models for us, Universities in India did not consider research as an important function that compliments teaching. A testimony submitted to the Calcutta University Commission of 1919, for instance, lamented, ‘…the presented system of teaching astronomy has made the birth of Aryabhatta or a Bhaskara a moral and material impossibility’.
 

The need for integrating science teaching and research was, however, recognised by some. Mahendra Lal Sircar, a physician by training, established India Association for Cultivation of Science (IACS) in Calcutta in 1869.
 IACS aimed to prepare scientific researchers through a system of instruction and apprenticeship. There was some opposition to the IACS including from Lieutenant-Governor Richard Temple who preferred spending funds on establishing an institute for technical education instead. K. M. Bannerjea, Chairman of the India League, deemed IACS an extravagance that wasn’t appropriate for India. Fr. Eugene Lafont, a Belgian Jesuit, who assisted Sircar in founding IACS, pointed out its unique importance in breaking away from British institutions that “transform the Hindus into a number of mechanics, requiring forever European supervision, whereas Dr. Sircar’s object is to emancipate, in the long run, his countrymen from the humiliating bondage”.
 

The recommendations of the Education Commission in 1882 significantly changed the nature of higher education at the universities in Madras and Bombay. In the same year Punjab University was established in Lahore.  The new curriculum, among other changes, expanded the science offerings.
 

At Madras University the number of papers was reduced from five to three. Besides English and a second language the students working towards their B.A. degree had to take an optional subject. The list of optional subjects included physics, chemistry, botany and physiology, geology and physical geography, and, mathematics and natural philosophy. On one hand, the curriculum reflected a wider selection of science offerings but on the other hand, since all of these were confined to the optional list not all students were exposed to the sciences. Moreover, a student who might have had an interest in the sciences was unable to study more than one science subject.

At Bombay University two separate undergraduate programs were introduced – one focusing on the Arts and the other on the sciences. Students in the latter program had to select three papers from pure mathematics, applied mathematics, experimental physics treated mathematically, inorganic and organic chemistry, botany, zoology, animal physiology, physical geography and geology, and, logic and psychology. Students interested in the sciences, thus, could concentrate exclusively on the subjects of their choice. The Arts students too could choose mathematics or one of the sciences as an optional paper. 

The science component of the curriculum at Punjab University was fairly strong from its inception. For the science students Mathematics, and, Physics and Chemistry were the two compulsory subjects. For the optional paper they could choose one or two from Physiology, Zoology, Botany and Geology. The science curriculum was similar to the one at Bombay University with respect to the absence of English. The Arts students, again as at Bombay University, could choose a science subject for their optional paper.

The science curriculum at Calcutta University had already been deliberated upon by a Committee set up by the University in 1871. In response to the suggestions made by the Committee a science stream was introduced. English, Mathematics and Inorganic Chemistry were compulsory subjects and students could choose from Physics, Zoology, Botany, and Geology and Geography for the optional paper.

Research-Education Dichotomy

Over a short period of time, teaching of science had spread to various moffusil public colleges to varying extent. The quality of many of these programmes, however, left much to be desired. This was due to the paucity of funds for laboratory and demonstration apparatus and also the unavailability of good instructors.

In 1900 a postgraduate research fellowship of Rs.100 per month was established at Calcutta University. The first two recipients were in the fields of Mathematical Physics and Physical Chemistry.
 The state of research in basic sciences, however, never managed to take off in any meaningful way. This was in great part due to the attitude of the colonial administrators who believed that the best place for fundamental research was Europe and the USA and that the scientists in India could be more useful in applied work.
 

A significant part of scientific research was carried out under governmental departments and was ultimately directed towards good governance and colonial utility. Botanical and agricultural research was conducted mainly at plantations and focused on the interests of cotton, silk, tea, indigo, paper and rubber industries. Important discoveries were made during geological and geographical surveys. These included a mapping of the mineral deposits. Although the main thrust of the medical services was to look after the troops and European civilians it gradually became apparent that public health can be ignored only to the detriment of the colonial rule. In the medical sciences, after some initial debates, no attention was paid to the Indian medical tradition and its pharmacology. The Cholera epidemic of 1861 provided an impetus to bacteriological investigations. Labs were set up to study plague, leprosy, malaria and typhoid besides cholera. Important research was also carried out in the fields of meteorology and solar physics, mostly at government observatories. Some government supported work was also done in the field of zoology.

Deepak Kumar has identified several problems with the nineteenth century higher education in science.
 First, the primary function of education was seen as ‘character formation’ rather than any cultivation of scientific activity. Lack of adequate funding for instructional personnel and lab equipment was another issue which constrained the growth of effective science pedagogy. An uncritical acceptance of Western models of University education engendered many systemic problems. Finally, inefficiencies in administration and management of educational policies and institutions were responsible for numerous Kafkaesque absurdities that stifled possibilities for positive outcomes.

The Twentieth Century

In the aforementioned letter to Lord Amherst Rammohun Roy had advocated a strong science education as early as 1823. Over the following decades a science curricula did take shape at many institutions. As outlined above, the quality of science education remained inferior and it was unable to attract many students. In 1908, there were only 38 students who wrote the B.Sc. exam at Calcutta University. In contrast, 1200 students appeared for the B.A. exam in that year.
 The growing nationalist movement had been demanding an increased emphasis on scientific and technical education. With an eye on the goal of industrial growth in India, starting in 1887, the Indian National Congress, in resolution after resolution, called for increasing the technical component of education.

The National Council of Education was set up in 1906 to deliberate on the best ways for promoting a national education and presenting an alternative to the British education. From the outset there was an internal debate in the Council regarding technical education. The majority of the members were in favour of keeping technical education as part of a broader curriculum which combined literary and scientific education. A breakaway group, which formed the Society for the Promotion of Technical Education, was in favour of focusing solely on technical education.
 The Society focused its efforts on supporting the Bengal Technical Institute which complemented the economic dimension of the Swadeshi Movement by providing training in areas such as ceramics, dyeing, soap-making, tanning, and candle and match manufacture.
 This divergence between the National Council and the Society underscored the inherent tension between the applied and theoretical aspects of the sciences and the question of appropriate distribution of curricular space and resources between the two.

The National Council of Education, in the meanwhile, drafted a comprehensive curriculum which covered three years of primary, seven years of secondary, and four years of college-level education. Up to the fifth year of secondary education students were to study science, humanities and technical skills. Beyond that point they could choose from one of the three streams. This curriculum was implemented at the Bengal National College and School established in Calcutta in 1906 and supported by the Council. After an initial enthusiastic spurt the enrolment at the college waned. The National College and School was unable to compete with better funded British-managed institutions. Moreover, the students graduating from the college had a difficult time finding appropriate employment since most jobs were at government or private European establishments. The creation of jobs in the swadeshi industrial sector was not sufficient to keep up with the unemployment.

In a 1906 memorandum the National Council addressed the important question of medium of instruction. It recognised the importance of teaching through the Vernaculars. In 1907 it asked the faculty members at National College to write textbooks on physics, chemistry and biology in students’ own language. The plans, however, remained mainly unfulfilled. Sumit Sarkar describes how in 1928 Hemchandra Kanungo criticised the Council for failing to spread “modern science and rationalist values in the language of the people”. In Kanungo’s view the Council had merely “offered to its students…a poor imitation of the orthodox university syllabus, plus a little of technical instruction, a good deal of uncritical worship of India’s past glories, and a necessarily eclectic combination of modern science with traditionalist beliefs and values”.

As early as 1906 the National Council’s bias towards higher education was also criticised by those who believed that the primary goal of a national educational policy should be “female and mass education”.

Parallel to these developments in the nationalist pedagogical sphere important changes were occurring in the government controlled higher education. The following summary
 of some important junctures along the trajectory of Indian higher education in pre-independence twentieth century does not deal with science education specifically but the general trends of this period affected the sciences as much as other disciplines. 

One of the provisions of the Indian Universities Act of 1904 was the granting of teaching status to universities. Initially, this stipulation remained simply a symbolic gesture due to inadequate funding for the massive transformation its implementation would have entailed. In the early part of twentieth century several new universities were established as teaching institutions both by the government, such as, at Patna and Mysore, and by private efforts, such as at Banaras and Aligarh. The voluminous report of the Sadler Commission (also known as the Calcutta University Commission) was released in 1919. This was followed by the establishment of universities at Delhi, Lucknow, Dacca, and Hyderabad among others. Many of the recommendations were administrative and legislative in nature and seem to have made a minimal impact on science education. 

The Report of the Hartog Committee (1929) focused mainly on primary and secondary education but did applaud the changes in the teaching methodologies at the university level. The Punjab University Enquiry Committee’s Report (1933) did not make any significant contribution to the philosophy or practice of higher education. 

Sargent Report (1944) was based on a serious examination of post-secondary education. It pointed out several weaknesses in the university system – excessive importance apportioned to examinations, emphasis on rote learning as opposed to imaginative thinking, impersonal relationship between students and instructors, and lack of financial support for underprivileged students. Its recommendations, many of which were put into practice, made a significant impact on the way universities were run. These included reducing the duration of undergraduate study from four to three years and compensating for it by adding one year to the Intermediate programme, and the establishment of a Grants Committee fashioned after the U.G.C. of Great Britain. An important recommendation for providing financial assistance to at least one-third of the student body never saw the light of day.
This brief overview of some of the soul-searching efforts in the twentieth century amply demonstrates that many of the failings of nineteenth-century science education, though recognised, could not be remedied for various political and economic reasons. Deepak Kumar’s aforementioned critique of the nineteenth century science education can thus be used to characterise early twentieth century as well.

The growth of university education in the western sciences has had a chequered past. Its pre-independence history is mired in colonial ambivalence towards the purpose of this education. Few occasions of clarity that did manifest could not be translated into tangible gains due to a myopic outlook and lack of political will. The dawn of independence unveiled a barren pedagogical landscape on which an overwhelming majority of the country’s population was conspicuous only by its absence. It’s not surprising that such a landscape would be devoid of a robust environment for science teaching and research.
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