WHAT IS SCIENCE ? WHO IS SCIENTIST?  
1.
The Indian public discussion space was suddenly filled with the discussion on “who is scientist?” albeit for a brief while. The TV media may find it a difficult topic as they have to catch hold of “big-wigs” of ‘science”. They may not be sure of results, as they feel confident about bashing up a party or a Minister or a public official. Or in some exotic subjects that excite the middle class.

2.
The word “scientist” had been used by the media, in the high society circles and even in policy making groups of government, as some one who holds high office in a scientific or technology establishment and uses lots of science jargons unknown to them. For them, he is practically “omniscient” on any matter of science and technology. Already in power, most of them (the eminent “scientists”) loved (love !) this status and behaved (behaved !) to be so – almost dealing with anything on life with science jargons, interspersed.

3.
Since science, technology, medical and academic institutions in India are predominantly funded by Government, many other experts/specialists within the system (or under the hierarchy of the system) often do not talk in public. They may go to scientific gatherings and speak. Media mostly cover only the inaugural sessions which are studded with high power S&T bosses and related politicians from the Ministries or VVIP like the President, Vice President, Prime Minister, Governors, Chief Ministers etc. Nowadays it is also a fashion to have a top business person in such inaugural sessions. Thus media (including electronic one) get some sound bytes and photoops and practically reproduce what is told there. There may be a few occasional reports of failures – often the official versions are reported with one or two different views. In a few cases some reports of CAG are reproduced as great critical reports on S&T system. Often these reports are more about lapses in accounting or administrative procedures based on a narrow bureaucratic understanding of scientific and technical projects.

4.
Other set of “scientific” reports are about some achievements of an NRI (Indian abroad), often with very little depth, more as public relations exercise for or by the individual concerned. “Indian scientist’s breakthrough”.

5.
Other “scientific” items etc. are events like solar eclipse; an “Indian” involved in space flight; or some health related medical result (often bordering on exciting sexual connotations!). Or some environmental activism report with very little of science content. Or at times of natural calamity, explaining about earthquake or tsunami.

6.
That is how India deals with its science and technology. Indian tax payers give about Rs.35,000 crores or more annually to maintain India’s S&T establishment. It is growing about 5 to 6% every year! They look at Indian S&T as being run by a few “chief magicians” who can create wonders for India and save them from all troubles. Statements by them that “India is great and we are ahead in the world and we are innovative” excites the middle class.
7.
So “who is a scientist?” or “he/she is not a scientist” being told by one high level (top boss) person about another high level top boss person shocks people – divides them into opinion seeking.

8.
I was approached recently by a few media persons to clarify on one of such rare recent public statement; whether I agree or not. I told the person that the meaning of word science is complex but in India we have reduced it to mean many other things, which it is not. I added that I need to explain what science and scientist mean. I also suggested that I have written about these issues in my book “Empowering Indians”. He may read and then we can discuss or come for a 1 or 2 hour discussion. The reporter, understandably, is busy and had to file a report or article quoting many persons and was perhaps disappointed. What he will write, I do not know. (I later learnt about it. I have not seen it yet. But from what I was told on phone by a friend, and should be thankful to him for reporting what I said reasonably well within the constraints).

9.
But I thought it is important to share with the readers what I have learnt and know.

What is “Science”?

10.
Under this omnibus word, we often include science, technology, engineering, medical profession etc. We also cover basic research, applied research, product development, project management of R&D projects, high level administration tasks of these S&T institutions (i.e. Directors, Director General, Project Director etc), tasks involving policy advice to Govt. etc.

11.
Sometimes depending on the context or the convenience of the high level speaker, definitions are narrowed to some super specialized activity within these broad spectrum. For example, while trying for big governmental budget (S&T funding), all information and descriptions are put together in terms of expected results or outcomes or benefits. “Superconductivity research will take India to very great heights of energy saving in electricity transmission; it can result in compacting many medical diagnostic devices” etc. Per se it is not wrong if one takes into account a wide variety of possible outcomes in technology, engineering, medicine without considerations of gestation period, investments required for developing products, techno-economics of alternate routes etc. But those who push for the programme and funds will also say it is frontier area of science taking place in most advanced countries, and that more of scientific research by Indians will give us those benefits. The programme is won on the basis of possible outcomes and benefits of such “science”.
12.
But how does one focus on benefits? Scientific research cannot translate into development automatically; it required teams trained in technology, engineering and design and also specific R&D projects focused on specific products. Basic research scientists will consider them not to be “science” and they would like to concentrate on basic science only. So after winning the research funding, a lot of it is pumped into basic research and very little for product research. Another important point not known to common public and many policy makers, is that most of the basic scientific research in India is in fact “follower science”. Some new path or possibility is opened up somewhere in the world. Then thousands of scientists all over he world will start looking at the same thing or similar thing with different materials or different experimental conditions. Sometimes, such follower science research goes on for many years. Such a follower science research requires good equipment as used elsewhere in the world and adequate training to prepare for the experiment, analyse data etc. That is what India did for superconductivity research earlier and is currently doing for ‘nanotechnology’ or ‘stem cells’ or many ‘renewable energy sources’ etc. Within India they are presented as if they are Indian breakthroughs. Perhaps in a democratic set up with several “pulls” & “pushes” such an overselling may be useful. But it is not basically “scientific” in approach or with the correct “scientific temper” – commonly abused and misused word!

13.
No doubt such massified follower scientific research is also required because some new inventions come only this way. But there is no one-to-one guarantee of successful or useful output except publication of scientific  papers. When Newton is quoted that he was merely standing on several other shoulders, he basically referred to this process.
14.
There is another big public relations (PR) exercise done by scientists by quoting citation index – that how often paper of an author has been quoted by others. If one is in a field where foreign scientists are also working, then number of quotes may be more. Also personal links with other foreign scientists also help. If one is working on India specific (or developing country specific) problems, many foreign scientists may not quote them. This does not mean that foreign scientists are biased and do not take into account of work from scientists of developing countries.

15.
In this context it is good to remember the magnitude of the scientific, engineering, technological, medical, agricultural etc enterprise. Millions of papers are generated each year. Even in a narrow superspeciality, thousands of papers are produced. It is difficult to read all of them and refer. Naturally one goes for familiar sources. We should remember that scientific or technological or engineering or medical etc processes are very standardized in terms of measurements, analysis, presentation etc. There will be very little of individual biases. Of course there are some small minority amongst scientists who fudge data and publish. If it is not ‘earthshaking’ type, it passes off into the dustbins of scientific, engineering etc papers. But if they claim a breakthrough, then many others try to repeat – i.e. follower type -; if they can’t repeat, there is  a furore. Recall one S/Korean stem cell researcher was caught and he was shamed. In India while by and large there are good standards on ethics of scientific research reporting, there are those who break ethics. Some reach high positions as well. There is another version of unethical behaviour. It is not fudging data, which will get caught, but using the result reported by a lesser known scientist who has published somewhere and writing it as your own paper! This is called plagiarism. In India, one cannot boldly assert that plagiarism is caught and punished. There are some “big scientists” involved in plagiarism too and let off   because they are powerful. That is so because our “scientific community” (science, engineering, medical etc) is run by feudal type hierarchies. In addition, governmental rules of codes of conduct on researches, academics etc. further compounds the feudal hierarchy. (It is to be noted most of the S&T funding in India comes from Govt. and Govt. rules apply. They are used by those in higher levels of hierarchy against those who may have differences on scientific issues. They also utilize their position to claim the scientific work of the “subordinate scientists/engineers etc” as their own. Thus higher they go up in administrative hierarchies, the greater the number of scientific papers they publish !).
16.
Coming back again to what is Science? There are several facets of it :

17.
Purely basic research be it in physics, chemistry, biology, engineering, medicine etc. For example how does matter exist in nanosizes? Or some aspects of origin of cell or life; or about an astronomical body; or how did some geological features relating to earthquake form; or what is the nature of memory cell in human brain or an animal brain ? How does a cancer cell form ? Or some special mathematical equations;…..
18.
Basically exploring many aspects of nature, just an enquiry. These are BASIC RESEARCHES.

19.
Some of it may be addressed to  possible applications: For example: How does grime or dust attach to a textile fiber?  How does skin react to some herbs? How can efficiency of an engine be increased? Or how does a battery deteriorate while recycling it by recharging (the end goal may be to improve life)…….. These types of basic research may be called oriented basic research.
20.
Many persons who do basic research without necessarily an application in mind are often called fundamental researchers. Their minds are just curiosity driven: Why ? How? Sometimes it is also driven by the scientist’s (as a person) involvement with society – e.g. workings of a criminal’s brain; or mechanics of suffering in a disease; or conditions that occur before a disaster like a landslide; or search for a new source of energy to be used by human beings; or to reduce fertility of a dangerous insect etc.

21.
Basic research is one which is driven by the idea of the scientist himself/herself or groups of them (be it for curiosity or from his / her own observations of societal, human etc. issues).

21.1
Or Oriented basic research is one for which broad directions are set because of governmental grants or industrial demands or scientist’s own entrepreneurial instincts etc.

22.
Both of the above really belong to the category of basic research per se. One should not expect products out of them – in the short term or medium term. There may be lots of research papers and also many patents when the researcher feels that there is possible end use, though it may be just in very early stages of concept.
23.
In most developed countries, such researches are primarily done at the Universities. They are scientists working on scientific research irrespective of the fields : mechanical engineering (i.e. engine efficiency); energy (battery related or new energy sources); medical or life sciences (origin of cancer, memory etc); astronomy, planetary sciences, geophysics (landslide, earthquake etc). Though costs may vary depending on topics chosen, by and large costs of research at the basic research stage are low, compared to subsequent stages of development (in R&D – the D component). Of course, some of the basic research may not go towards D. Most of the oriented research is expected to.
24.
In India, unfortunately, most of the Universities are starved of research funds and funds are mostly given to national laboratories (like CSIR, ISRO, ICAR, BARC,etc.) Thus many of our young people do not get opportunity to participate in research projects while studying in a college/university. Even at Ph.D. stages which is all is meant to be through some new research is done (in colleges and universities) on a shoe-string budget. Our national laboratories got (get !!) funding on the basis that do oriented basic research and more importantly that they will develop products. Unfortunately, due to hierarchical nature of their organizations, a few basic research persons often get to the top (showing research papers in large quantity) and those who develop products are left behind in the pretext that they are not having enough research papers!! This is where the mix-up of “science” & “engineering” take place. Those who develop products are dubbed conveniently as ‘engineers’ or ‘technology developers’ and those who publish more research papers are praised as ‘scientists’. Due to the feudal hierarchies, compounded by Govt. office discipline, these claims go unchallenged.

25.
As for the political policy makers or higher levels of bureaucracies, ‘science’ is put under ‘one-basket’ and left to ‘scientists’ to manage. Since they are not very keen on the outcome (as Industries, private & public sector import technologies and also armed forces import most of the critical systems from abroad, there is no real demand for the outcome of the Indian ‘science’). It is a sad fact that less than 5% Indian GDP is derived from the large amount of annual funds (Rs.35,000 crores or more) given to the national  laboratories.

26. The above two (para 21 and 21.1 above) categories of persons who concentrate on research, that is, something new beyond the horizon of existing knowledge or reconfirming some new results which have just appeared in the horizon of knowledge due to work of  others, or extending those results to other conditions of experiment (i.e. if one tries a stem cell growth from one organ, other tries it from another organ or if there is a promising nanoscience result on one material, try it on another material etc) – these  researchers whether they are in University, Industry,  a national laboratory or an NGO Institute, are generally called ‘scientists’ or ‘scientific researchers’. Even if their topic is in medical field (say a practicing physician or surgeon) or in engineering, even if they are part time or full time; or geology etc. They are really to be called “scientists”.

27. There are  a number of medical research papers from doctors and surgeons of AIIMS and such hospitals. Of course, there are some (physician) doctors who do not practice and do full time research. There are life science persons or biochemistry persons who are not doctors (or physicians in the practicing sense and also not allowed to practice because they do not have MBBS, or M.D/M.S degrees) who can work on medical science research. They are also medical scientists. Some medical breakthroughs may also come through them. It does not mean that those who practice only and not do research either because of inclination or because there is no time available, are any less inferior in medical scientific knowledge especially when it comes to use of it for treating a patient. The other medical scientist may not be able to diagnose a patient and treat them !
28.
Similar examples can be given in the engineering field as well. Those who conceptualise and build new aircrafts or a machine or a computer or a new type of human habitat, use lots of scientific knowledge, engineering knowledge and apply them to conceptualise new design and to develop them. They also may have to develop new test methods to validate the performance oaf the new systems. Though a lot of application of scientific and technical knowledge and intuition is involved, often these persons are not called researchers. They are ‘developers’. A person associated in this project not for such designs but to study some very narrow aspects for study (which are in the form of oriented basic research) may be called scientists; as engineering scientists. For example, some of them may study the fracture behaviours of a part of an aircraft; or some aspects of turbulence in atmosphere which could affect aircraft flight; or about behaviour of new material – for its adhesive properties for possible use in a building etc. Such persons may publish many papers and many of their results may not even find an application in the otherwise successful project of a new Aircraft, or a new House or a new Machine etc. Still they are respected as ‘engineering scientists’ increasing the corpus of engineering  science knowledge and may be some years later some of  these knowledge would be useful (not necessarily all of them !). 
29.
The ‘developers’ of  new products are also equally or sometimes much more creative, than the routine scientists pursuing basic sciences. But often it is not known outside as their work is buried in a huge organization, unlike the work of the individual or small group of scientists who publish papers.

30.
In the overall scientific, technological, medical, geological etc field or simply ‘science enterprise’ which has pervaded all aspects of human life especially during the later half of 20th century, these differentiations of work as basic research, oriented research, development etc. are but various forms of essential division of labour. All are important. Those who develop and deliver are equally important and perhaps more where resources are limited as in developing countries. We will discuss about it later.

31.
The division of work in ‘science enterprise’ is not just limited to the basic researches of the type described above and the developers. There are many more in that enterprise. We will see further on in this article.

32.
Before going further to the details of activities of development etc., let us still look at basic research and the work of basic researcher.  It is not done just by a single basic researcher or just a small team around him/her. Often it is not just limited to the community of such researchers. There are a number of research works which are possible because of an entirely new measurement device or technique. There are many examples: many new discoveries in astronomy came about because of clever engineering of telescopes; new computational techniques; in the recent times due to advent of space technology which has enabled many technological complex instrumentation in space; etc. Advances in particle physics come about because of giant particle colliders which are great engineering and technological feats; many new microsensors and imaging systems (which are really engineering marvels) have helped advance of medical science research; very high capacity supercomputers have helped modeling in a short time many nuclear or molecular reactions etc.; many advances in microscopes have helped in progress of material sciences etc. We are trying to emphasize here the multi-disciplinarity of this ‘science enterprise’. Also a total intertwining interdependency between ‘scientific research’ or ‘basic science’ and engineering or technology. Similarly some scientific breakthroughs have brought about new technology (we should remember it is not all of them that result in technology or engineering) and similarly engineering and technological achievements help (and are often essential for) ‘scientific research’ or ‘basic science’ to scale new frontiers.

33.
Often those who build the new instruments or new calculating machines or techniques, are not recognized as ‘scientists’. Again they are a part of big team and thus get lost in the ‘anonymity’ of acknowledging several others who contributed! But in no way they are inferior to those who only pursue research and publish papers. It is a division of labour; these engineers won’t often a desire to pursue collection of data and interpretation. At the same time those who demand new instruments or capabilities, to explore new areas of scientific knowledge, are equally important though they may not be able to build it by themselves as they are not good at engineering. It is  their imagination which gives new challenges. Often good scientists have curious minds and think beyond existing capabilities. They place new challenges for the engineers or science administrators, who would have been happy with their existing products or existing set of scientific  infrastructure. Such scientists when given the instruments of their desire (they may not be capable of building one though they can think of or imagine the possibility) often lead to new discoveries. Such scientists are also important to avoid the stagnation in knowledge base which may have set in at that time. Of course, there are also engineers and technologists who can think beyond existing levels of limitations in measurements and propose new designs even when no one places  a demand on them. They could excite some ‘scientists’ to think ‘big’. There are also journals which carry published articles from such engineers/technologists with imagining minds.

34.
Even as we have described the above examples, which are but miniscule ones out of the totality of possible situations, the readers can see how much of blurs exist between various narrow specialized disciplines or activities of this ‘science enterprise’. ‘Science’ as is broadly talked about or understood, is too complex to be captured through one or two examples.

35.
One often hears an expression. “It is simple; it is not ‘rocket science’.” In reality rocketry development or launch has little of ‘basic science’ described above. Basic ‘scientific’ principles involved are mostly Newtonian, Keplerian and most branches of  well known classical physics, Chemistry etc. known during 19th and early 20th centuries. During 1920’s and 1930’s American and European Russian scientists did a number of experiments, ‘oriented basic research’, to understand various possibilities of propellants and making them work for ‘propulsion’ without necessarily having any knowledge that might come from such scientific work. There were also engineers who used their engineering knowledge and intuition to try making rocket launches. These were attempts to jump right away into ‘development’ of a new product without necessarily having all the ‘science’ and ‘engineering discipline’ in place. That was so when first aircraft was flown by ‘Wright Brothers’. Or when Edison or Marconi ended up with many inventions which revolutionized human life in later decades and centuries. There are many examples even during the recent decades to illustrate how engineering or technology are born and thrive without any back up of systematic ‘scientific research’ behind them. In fact ‘Science’ follows later to explain why things behave the way they do. In spacecraft and launch vehicle (rocket) systems, there is also such knowledge base built up later after the events or new developments. But still it is practical technology development and engineering knowledge and skills which dominate the space systems, everywhere in the world even now. Still the word ‘rocket science’ has struck to anything related to space and also anything that is difficult to achieve! ‘Rocket technology’ or ‘Rocket engineering’ would have been more appropriate!!

36.
Beyond the two forms of basic research referred to in the para 21 and 21.1 and other related issues, a next major category of research comes under the term ‘Applied Research’. Bulk of the research support by Govt. of India comes under this category. (One may look at the Annual R&D Statistics released by the Department of Science and Technology (DST) of Govt. of India). Any ‘scientific’ (technological or engineering or medical or geological etc) research which focuses on specific applications in mind and / or is meant to increase the knowledge and skills to enhance the applications of the existing pool of knowledge and skills comes under the category of  applied research. Examples can be many as can be seen in the following :

36.1
Research to develop immunity against a certain virus (e.g. vaccination against H1N1 or any such item) will be called applied research. The end goals are clear and focused (whether one is successful or not is not the main issue when research is mounted).

36.2
For an already existing product or service, research efforts aimed at enhancing performance or reducing costs or improving the product life etc will fall in this category. It could be for increasing the comfort level of shoes for the user or for reduction of pollutions from a factory or for reducing the electric power consumption of a fan or a refrigerator or for improving the state of a degraded soil for agriculture or for increasing the nutritional absorption of cattle or for reducing the weight of the car without compromising basic safety features etc. You can imagine many such uses. There can be several such applied research needs for defence and security sectors as well.

36.3
In addition to the above, two broad sub-categories of applied research, there can be another category: this is to perceive a brand new application which has not existed so far. But usually it will not be totally new, in every sense of the elements of the product or service. When 3M brought out the “stick-it” pad, it was oriented strongly on an end use application. But the existing products were used to create a new one. There were a number of experiments to finalise the right glue. Many of the present uses of solar cells in various walks of life had started off as applied research. The knowledge available from basic research was the properties of solar photovoltaic materials and some basic knowledge and skills of preparing them. The history of (heart) pacemaker similarly will make a fascinating story – how it stared as a huge contraption to come to the present day forms; even now many applied researches continue. Within this category, there could be another variation, that is, the logical continuation of the results of some of the basic researches of either category in 21 or 21.1. There are many examples in life sciences (stem cell or generic or pharma etc) material sciences (nanosciences etc) and also in other fields like new energy sources.

36.4
Yet another category of ‘applied research’ comes not from research and development community per se. Nowadays since companies are aggressively competing to capture new markets and also to improve the quality and reliability of their products, they evolve a system of having a continual feedback from the ‘field’; that is, customers themselves, from market survey persons or business development managers. Such a feedback is “converted” by the scientists, engineers, technologists, medical persons, agricultural experts etc. into ‘research problems’. They do research to find new solution to meet the customer needs.

37.
One can add more sub-categories or really sub-sub-categories. Services companies use many ‘brainstorming’ or ‘brain tapping’ or ‘idea collection’ methods systematically to find new avenues for ‘applied research’. Even while Intellectual Properties (like Patents, designs etc) are generated at the basic research stages itself, at the applied research stages there are many more IP’s. These IP rights are crucial for many companies and inventors (researchers) who want to become entrepreneurs. Performance of Indian companies and S&T institutions on this front is miniscule compared to many developed countries, though there is slow and steady improvement during the past decade. In economic terms, increase of concrete output from ‘applied research’  is crucial for country’s economic growth and social development. Management of Indian S&T systems and present policies and procedures for funding S&T researches may require many changes to achieve it in real terms.

38.
At this point we need to emphasize that there is no water tight compartment between the two forms of ‘basic researches’ and the ‘applied researches’ in terms of basic knowledge of  science, (in engineering, medical, agricultural etc). But attitudes and orientation are different. The ‘applied researcher’ is very focused on the end use and time schedules for research. They cannot afford to make them open ended even if they do not end up in a deliverable product or service. But they would have covered a long way (in a short time) to identify further steps of product or process development. That is why they are called ‘applied researchers’. In the developed countries more than 50% of national expenditure in R&D is from Industry. (In Japan & Korea it is close to 80%. In Germany about 65%. In India Industry expenditure is only about 25% in the overall R&D expenditure. That is part of the reason why our industry is still follower type!). Most of Industry’s funding will be in ‘applied research’ and ‘technology & product/process development’; only a small part in ‘oriented basic research’. In applied research most of the methodologies used are as in basic research – it is not like production in a factory or erection of a metroline or construction of a complex industrial equipment or setting up of a new type of far or making of a satellite or rocket, etc. through these later activities are very much intensive in scientific, engineering, technological or medical etc. knowledge and skills. But these are imbedded in the standardized procedures and protocols that are used by the teams. But in research (basic, oriented basic or applied) there is still a search for new method, new process etc. As such they have to experiment with different possibilities, collect data meticulously, analyse, model etc. The ‘knowledge intensity’ is more with the groups which do them and importantly the researchers. So to say, they create a world of their own to explore, to find and to come up with a “Eureka” later. Then they standardize on a few options for further stages of development. Of course IP’s will be protected, just as we purchase a land for future use (sale or construction or agriculture etc). Some of the researches may be purely in theoretical domain, lots of modeling, calculations etc based on earlier data or some newly created ones.

39.
Though there are lots of closeness between three types of ‘researchers’ (see para 21, 21.1 and para 36), they don’t often mix too much. ‘Oriented basic researchers’ may be in touch ‘applied researchers’ more often and vice versa. But the ‘fundamental researchers’ often keep to their own groups, that too within their own narrow super-specialities. Even in astronomy, radio astronomers (i.e. those who use radio frequency spectrum to explore celestial bodies) often cluster together and not even mix with optical astronomers except when they look at some astronomical objects in multiple spectrums. Even in mega Astronomy conferences except for some plenary sessions, most of these superspecialities will split into their specialized sessions. So is with medical sciences. Or in so many disciplines of engineering sciences or life sciences or earth sciences etc. In fact nowadays ‘scientific community’ is attempting (not all only a few) to make these superspecialists to meet at the interfaces of their own respective “borders” in order to create new ideas or to explore new areas of research. Sometimes it happens through serendipity (i.e. accidental meetings).

40.
But by and large, the three broad categories of researchers would be considered to be pursuing ‘science’ as their career. Not that all of them are equally creative and knowledgeable. The quality variations will be there as in most aspects of life – there will be a ‘bell – curve”, that is most in the average category; some below average; some well above average. Nobel prize would normally be around the fundamental research though it is also shifting to other areas. But excellence in ‘scientific research’ need not be limited to the count of Nobel prizes, which covers only a few limited areas of scientific disciplines. To target Nobel prize winning as a part of national policy is very unwise. There are several other ways in which ‘scientific research’ can get recognized and applauded. That will require shifting away from the ‘slavish mentality’ which has been nurtured in our scientific community and elite. Also as pointed out earlier. There are many aspects of fundamental research and oriented basic research that need to be derived from our own society and heritage. Such items may not be ‘recognised’ by Royal Society of UK or in American academia. So what? Do we have to be always be follower type?

41.
In response to the question ‘What is Science? And ‘Who is Scientist?’, those who pursue the above type of research can be considered to be doing ‘science’, pursuing science as a career and they may be called ‘scientists’. Even while it is so, it is wrong to assume that those who are ‘scientists’ will know everything about science in engineering, medical, etc. They are excellent in their own narrow superspeciality disciplines and may be even poor in most of other areas. A life science person may not know about  astronomy and vice versa. Even within the astronomy, some persons concentrate on science of planetary evolution; some on totally different problems such as study of ‘blackholes’ etc. While they can understand something from other fields, there can be many areas of hazy understanding (though it could be lot superior to the understanding of those not trained in ‘science’). Most of the basic ‘scientists’ would not know much (often time know only very little) about actual practical applications. Applied research scientists would know this much better especially in the areas of their specialization. Even they would have only little knowledge of various steps involved in large scale application through production and manufacture and economics thereof. Some of them may be  so much concentrating only on their disciplines that they may not be aware alternate options of satisfying the end needs. (We will discuss later about the societal and business needs of knowing such options and therefore choices of the routes to be followed for large scale or operational applications.)

42.
In most of the developed countries many of these basic & applied scientists have their own Academies (or Associations). As we have mentioned before, most of them work in Universities: some teaching and some research work (also consultancy work to Industries by those inclined for Applied research). There is a lot economic and social (prestige and freedom) space for them. In India barring IIT’s IISc, all Universities are starved of research funding. Some older Central Universities are a little more luckier. When Govt. itself does not fund them, how can one expect Industries to fund them for basic research? Industry’s own funding for even Applied Research & Technology Development is very low compared to world standards. Most of the Central Govt. funding for Basic Research, Applied Research and technology development and high tech operational tasks go to national laboratories like Department of Atomic Energy, ISRO, DRDO, Indian Council of Agricultural Research (ICAR), CSIR and similar institutions. Department of Science & Technology (DST) and Department of Biotechnology (DBT) provide a source of research funding for other Universities. In that too private universities and State Universities do not receive much funding. Thus most universities and colleges in India are to be satisfied with teaching and with very little (scarce) funding for research available. In the field of social sciences (we will touch upon it later), the situation is still worse! As for the science Academies/Associations, there are many merely in numbers. Mostly they languish for funds. A few of them who get funds, are totally depend upon the Union Govt.’s S&T department (DST, DAE etc) to survive and are virtually act as their extension arms. They do not operate like the independent academics in Europe, USA etc. Therefore independent public discussions about various policies relating to science, technology, engineering, medical sciences, etc are not “possible” in India. Most of our (on paper) independent Academies don’t raise such issues at all; even when forced to (in rare cases), they faithfully follow the funding department’s then existing views !

FURTHER ON BEYOND APPLIED RESEARCH

43.
The ‘science enterprise’ goes much beyond the above three vital steps. Policies for relative resource allocations needed will be discussed later, as the overall Govt. funds are limited and policies should balance many pulls for these three steps and also for the subsequent steps which are crucial for converting “scientific knowledge” into wealth and as practical products/services to the people). Without splitting them in various detailed categories, we may look at them as broad categories, as will be described below.

44.
Beyond the three categories of researches (fundamental, oriented basic research and applied research), one important category of “science enterprise” is Technology Development. You will very often find the word R&D (Research and Development). The word development really demotes Technology Development. ‘Scientific’ result or an idea or ideas of ‘policies’ do not translate into actual practice and benefit people (or nation) without actual products or services in place. One can talk most intelligently, about all the ‘science’ of Nuclear Energy or Nuclear Bomb. That does not assure electric power or a reliable security for the nation or nuclear medicine. Similarly mere researching about remote sensing or communications or space navigation and position fixing, will not automatically result in the launch of Rockets and Satellites. Bulk of ISRO’s achievements have been in Space Technology and Development. No doubt there have been some supporting ‘applied research’ in various areas of metallurgy, chemicals (polymers), electronics, optical sensors, computer modeling etc., but all of them are sharply turned towards the Technology Development required for Space projects. No doubt some imbedded world knowledge and skills were obtained through direct purchase of certain sub-systems or subassemblies. In some cases international cooperation have helped in transfer of certain knowledge. Still ISRO took the lead and focused strongly on a limited number of well defined Technology Development Projects be they SLV-3, ASLV, PSLV, GSLV etc and the associated sub-systems or support systems (ground based or otherwise called ‘Programme elements’ by ISRO) or in the satellite area Aryabhata, Bhaskara, APPLE, INSAT, IRS, etc. In between a set of foreign made INSAT satellites were procured to stabilize the ground system Technology Development for applications related to telecommunications, television, meteorology etc. without waiting for full maturation of indigenous satellite making capability. This was done to keep ground system capability well established for national use by several users. So it was for remote sensing applications through the use of USA’s Landsat data even while ISRO was maturing in the Technology Development of Indian Remote Sensing satellite (IRS).

Satellite Technology Development starting with Aryabhata in 1972 (launch 1975) matured to first good operational level (still called developmental) Indian Remote Sensing Satellite (IRS) in 1988. Subsequent changes and improvements had much smaller gestation periods, as technology development of various elements (in electronics, sensors, materials, machining etc) continued albeit on a small but optimum scales.

45.
As a contrast, though Indian scientists have an excellent record of publication of scientific papers (of the three types) even in reputed international journals (right from 1960’s) in the field aeronautics, India is still struggling to make a passenger aircraft or a good military aircraft for operational uses. This is because in the field of aeronautics, most of the scientific pursuits stayed at the first three levels and no focused Technology Development project along with required project management system was tried in real terms. Such focused efforts were really done in India by Atomic Energy Department and ISRO since their inception; and by ICAR during the launch of Green Revolution. There were a few scattered actions within the other Indian laboratories, but nothing on a major scale. Indian industries (in Govt. or private sector) were much behind in Technology Development as they depended almost entirely on import of technology (and engineering upto the stage of regular production) for which they paid foreign companies and consultants. At best, they did some adaptation to make use of some local materials. There ended any further development! Since Indian Industries had a totally protected domestic market, they got good profits too!! They went for changes only when the equipments were very old. Again for the changes they went to a foreign source… This continued; hence Indian industrial technology development was (is) lagging behind. This situation with Indian Industry affected as well the work of technology development of national laboratories, as there were no users of their technology development; nor was any real demands on them except for occasional lip service by leaders. Atomic Energy Department had specific demand on them: nuclear power and nuclear bomb capability. ISRO had a clear demand on applications which it created within various user departments with the backing of Central Govt. Green Revolution was a response to a crisis in food situation and had a full backing through Govt. food purchase. In contrast other national laboratories had no such demand. Whether some “charismatic” leaders from them who could catch Prime Minister’s imagination to focus on a few projects of large socio-economic or industrial significance, could have helped, will remain a theoretical question. Vikram Sarabhai had about 30 such Technology Development Projects outside space technology, outlined for national actions around 1969. He did not live long to get them approved and organized. Thus most of “technology development” projects remained at early stages – some technical successes at small scales; many not so successful. It is often told that Indian S&T system is full of cemeteries of many such technology development pilot plants!!

46.
Focused projects, clear end uses, actual use by end users (industry or government) in it operational / commercial form, are crucial for Technology Development to fructify and to succeed in markets. It requires right policies, organizational set up and managerial skills which can blend ‘scientific research’, ‘technology development’ and further engineering. By and large Indian S&T systems and govt. industrial/technology policies have failed on this count (see a two part long article in this website tracing the origins and evolution of India’s Technology Policies 1 and 2, since independence. Despite these severe disconnects and practical non-existence of innovation ecosystem in India (we will address this word later), a few small but significant indigenous technology developments have fructified and have become a part of Indian agricultural, industrial and services sectors. It is hoped that these will increase because some parts of industry are slowly picking up Technology Development: investments in R&D.

47.
At this point, it will be illustrative to recall an important event in Indian S&T history. Tata Institute of Fundamental Research (TIFR) which was the cradle of India’s nuclear programme, developed an indigenous computer TIFRAC during the early decade of India’s independence. Note that it was from an Institute concentrating on ‘Fundamental Research’. It went beyond that for a few cases, did applied research and also entered into Technology Development to make a computing machine which was a “hot” topic worldwide at that time. Many now may not believe that it was amongst one of the best in the world to be taken note of as an important frontier technology development. So much so, detailed report on it appeared in “Advances in Electronics” – a book series which was published regularly at an international level. I read them when I was a Research Scholar at PRL, Ahmedabad in 1964. (I wonder whether any development in India enters into such books now.) What happened afterwords? It was a huge equipment built with electronic valves thus consuming lots of energy. It was so world wide. No further effort was done in India / TIFR to catch up with further developments in electronics which were taking place around the world and take the pilot product through further versions towards commercialization. If Govt., science managers, industry etc. had concentrated on it, India perhaps could have built a computer industry. TIFRAC computer thus joined the exalted cemetery!

48.
We can summarise for brevity that technology development which is the real fructification of scientific (engineering, medical, agricultural etc) researches requires a clear cut goal of end uses, a good management and organizational system to manage it and lots of further efforts (which may require several years) to commercialise/operationalise them; all through there has to be continuous incremental innovations/technology development. Often technology developers do not concentrate on publishing papers. Occasionally some ‘system level’ papers to announce their successes. ‘Scientists’ or researchers of the three categories mentioned before do not consider them  as ‘peer’ reviewed papers, as for them there is no ‘novelty” to look for. For ‘technology development’ is basically engineering of broadly known scientific principles and technological/engineering experiences. But most of the newly (with fairly successful results) attempted engineering/technological etc techniques are used in technology development. Some findings of applied research feed into it. But extremely few technology developments will have everything new. Technology (product/process) developments are built up on strong foundations of the past. Rocketry derived a lots of practices from well established aircraft industry. To that extent large technology development projects are conservative (and cautious) in approach. Only in small technology development project they pick up more risky ideas. If they work well, they migrate to bigger technology development projects. There are also issues of “scale up”. How much bigger scale one can get into based on a success at a smaller scale. There are some established practices; sometimes some bold experiments. It is to be remembered that large technology development projects be they launch vehicles, or a new type high tech factory or a new product line, cost much more money than doing a laboratory scale research. Suppose a new medical device is developed at a lab scale. It can be tested on research. Suppose a new medical device is developed at a lab scale. It can be tested on animals or human being in totally controlled situations. It costs much less. Many problems can be fixed through day-to-day experimentation. But when the device is to be launched for general use by hospitals, or medical practitioners, there are so many features that need to be incorporated to make it user-friendly, to make it reliable, repeatable etc. Those elements of technology development cost a lot more. Any failure or one element will be big loss. So before reaching that level of Technology Development, a lots of other smaller experiments are done on separate elements. Most knowledge / skills will be derived from existing commercial or operational systems or from available engineering, scientific etc literature as well as through discussions within team and capturing many experiences and expertise of expert teams. No doubt engineers, technologists etc create lots of papers on conceptual design, detailed specifications of possible systems, reviews etc. In fact internally they generate much more papers than scientists/academics do. But these remain as internal notes, documents, at most as reports. They are often held confidential (business confidential or military confidential etc). Very rarely they get into public domain, even later. In between a few condensed reports of successful completion etc come out. Maintenance of such a secrecy / confidentiality  is understandable because these products are either strategic or business-wise competitive. There are a number of IP rights get generated during this period too. They will reveal little only to fulfill legal requirements. They are meant to protect the product/service from competitors and also to prevent them from  directly copying them. If a technology development is done starting from development done by others, then their IPR’s are purchased at a price (one time or some other basis of royalty). That is how inventors or inventing labs or companies make money from their IPR’s.

49.
That brings us to another facet of Technology Development. Be it in strategic sectors like military, space or atomic energy or more open and fiercely competitive civil and commercial sectors, it is not necessary to develop every aspect (or elements/subsystems) of the new product/process/service. It is normally much more cost effective, time effective and less risky to build on other reasonably well established prior engineering & technologies (prior art). May be one has to buy IPR’s or in some cases get consultancy or just buy commercially certain subsystems which imbed the needed technologies.

50.
One end of technology development may be that everything is developed by the laboratory/company/industry itself or its partners and further put into operational use or commercial production. On the other end, nothing is developed in-house except for an overall system design and then obtain different readymade items/sub-systems through procurement or through licence production (that is you obtain the licence to produce an item for which technology development is already well stabilized). The latter end would normally be not considered as technology development by those who pursue “science and technology” as their career. Let alone R, there is no D for them except for purchasing right items and put them together. There is some creativity in system design and integration.But if there are interesting new combinations of various elements leading to a different, “new” product or service which has not existed in the market, then industry persons would tend to call it a new technology development. Many claims of new technologies in IT sector in India belong to this category. Similarly except for a few models, most of the cars or two wheelers produced by Indian companies will fall in the latter category that is of almost all sub-systems or even full design/manufacturing know-how are obtained from abroad. Even for new models which may be introduced later by them many sub-systems are obtained from abroad. Per se it is not bad from the overall national economic perspective or employment perspective or consumer perspective in India. But in the longer term, such a situation cannot continue for another sixty years. The companies which import now, ought to learn to develop new technologies for atleast a few elements of automobile or new software (in case of IT company) etc which make a unique mark in the world technology. Then alone they can achieve leadership position which will be so vital, not for prestige alone but also to be able to achieve competitive advantages over their “rivals”, so crucial for market share of their products, therefore growth and survival.

51.
In actuality, really good technology development strategy for an industry which is a latecomer is to purchase technology or to have licence production and get into a good market segment. Then they should not stop there; they should try to move towards the other end or be somewhere in the middle. Purchase a few technologies or sub-systems from other sources and develop some in-house (through partnerships with universities, labs etc. for select items). These modes are described in detail in my book “Empowering Indians: with technological, economic and business strengths”. (see website ysrrajan.com). Few industries in India are pursuing such a strategy. The national laboratories which attempt the opposite end (all technology development by themselves) often fail to do a viable product in a reasonable period. That is the reason percentage of  products from Indian technologies are practically very low, about or less than 5% of GDP! ISRO seems to have succeeded in having a right balance for its commercial launches and satellites. DAE is attempting for its nuclear power stations on a large scale commercial supply. (Present nuclear power stations while laudable, are small compared to the original targets).

52.
Thus there is a huge conceptual difference between Indian industry and Indian S&T system, as to what they describe as technology and therefore technology development or introduction of “new” technologies. Historically it is because India was laggard in industrial and even for research stage technologies at the time of independence. Subsequent policies like Industrial Development and S&T  policies instead of making the two systems (Industry and S&T) as partners, made them develop in two watertight compartments. Also both of them were insulated from the global competitive systems. Thus grew two groups of “frogs in their own wells”. Govt. policy makers had their own wells! In the early years of independence till 1991, Directorate General of Technology Development (DGTD) of the “omnipotent” Ministry of Industry of Govt. of India decided what technologies can be bought by Indian Industry (during 1970’s Deptt of Electronics took that role for electronics industries). So within industries, the only capability that developed very well was how to handle DGTD in the shortest possible time ! (Including not-so-legal methods!). Very little attention was given to what technology it was, how to do further etc. To be sure DGTD clearances did contain many conditions of Phased Manufacturing with local sources (indigenous technology development as per them!!) etc. Very little was really done or monitored. What was done, was mostly import substitution with little knowledge of  several facets of the original technology development by the suppliers (be it in metallurgy or in electronics). Thus many Indian made products were just enough for Indian consumption ! Often times even such import substitution was done only with the approval of the “principals” abroad who licensed them the technologies for production !! Thus there was little “pressure” on Indian industry (public or private) to innovate. If they opened in – house “R&D units”, it helped in terms of testing of materials for import substitutions or testing of an electronic circuit used by the “principals” made now in India with Indian components etc. And also in performing various other quality control functions which require testing. In addition, such as “R&D” investment gave the Industry, tax concessions too ! Though these activities of testing for quality etc are important production functions, to be just at such “R&D” stage, naturally repelled the S&T system persons further away from Industry. Even within the same Industry Group, there was very little of knowledge sharing, as there was practically no need. Some knowledge feedback existing only between that production line senior managers and the “principals” who supplied the machines or who licensed them. Thus even within industries, there were (are) many isolated narrow wells, not a single well for the “frogs”!

53.
Within S&T systems also there were (are) many such narrow wells. Occasional symposia brought a few practitioners together. Also culture of publishing which is existing with S&T community helped some knowledge exchange. Some of the isolated wells (lucky ones!) were connected to their foreign counterparts who often were the leaders and the Indian groups being “follower – partners”. In some exceptional cases the Indian team gave leadership in ideas, but being  limited in laboratory infrastructure and support systems, they depended on the foreign institutions to conduct experiments or to do elaborate analysis etc. Indian University systems were totally starved of research funds and even travel funds for the faculty and hence they could not even think of participating in elements of technology development. Even the funds which later started coming to the ordinary Universities in India (includes the Central Universities as well) from DST (which was the only source for them as UGC had (has) much lesser R&D funds), was (is) so small that the universities cannot even venture into a pilot plant construction or a small prototype of a subsystem needed for the final product or service.

54.
Everybody (was) still happy in their own narrow wells. The frogs croak within the wells. A few “powerful” scientists who dominate the scene for many decades continue with the same clichés. That is enough for the political classes. The bureaucracy has better pastures elsewhere in the economic reforms process or in various regulatory commissions or institutions being set up. Thus only major technology development successes from India come from ISRO, DAE for nuclear power, Tata Motors for its products from SUMO to current nano (still a long way to go to be of global standards). Tata Steel still manages a few operational improvements through technology development. Pharma Industries have reached a good stage of technology development for global quality generic products doing production at a very low cost. Indian public sector when it established Rourkela Steel Plant and Bhilai, they had absorbed the world’s (then) latest innovative technologies and adapted them. Had they continued further technology development, the story of Indian steel sector would have been different. But also it was not to be! Mahindra & Mahindra have attempted a few successful local innovations through their part technology development and part import strategy. It is not a happy state to report about India’s  Defence Industries (all in public sector) in terms of success of technology development except for the recent Light Combat Helicopter by HAL. Yet they have the best production facilities ! Thus the technology development done in India in a major way by adaptation or new R&D along with absorption from others, is not very much to show case. That is one reason why Industries and operational sectors like Railways, Roadways, Ships, Ports, Electricity Generators, Water Resources effort etc. do not attract many researchers, or applied researchers or those who like to do at least some incremental technology changes. There are now a number of about 300 R&D Centres established by foreign MNC in India over the past decade; they do some incremental R&D more D rather than R to suit the local markets and also in a few limited cases for uses elsewhere in the world. But it is not clear yet what has come out except for a few positive news reports. Also in the IT sector some specific small contract R&D’s are outsourced to Indian Industry from abroad. Very little information is available on these.

This is an area which can be watched in the coming years, but their total size in terms of the overall dimensions of the S&T enterprise is small.

55.
In all these areas of actions pointed out above, the Govt. of India policies in terms of  support of indigenous Technology Development by Indian Industries (whether private or public) have been, if any, been negative. The procurement policies of most major (spending) Union Govt. / or State Govt. departments / agencies do not encourage indigenous product developed by an Indian industry; the procedures prohibit such products not to be purchased unless the Company (Industry) had exported it abroad for at least 2 years! To add further insult to this policy, the same Industry can sell a new product or service Indian Govt. if they have a foreign collaboration !! For  technology development by S&T departments like ISRO/DAE/DRDO, Govt. of India has been more supportive by disallowing imports in these areas even at an industrial / production level. But they had (have) little amount of products or processes!

56.
Having covered various elements of “science enterprise” from fundamental (basic) research to oriented basic research to applied research to various facets/stages of Technology Development upto the stages of commercialization or operationalisations, it is necessary to address as to how this “science enterprise” normally functions. At the “fundamental research stage” it is normally done by individuals or small groups of scientists. But it is not an isolated romanticized existence. Most of those efforts using experimental data require  laboratories, and equipment, technicians or assistants in the staff laboratories and administrative staff helping them from purchase of items required on a weekly, monthly basis, to functions like arranging for  meetings; it is like any other human endeavour. Big telescopes or huge brain scanning equipment or material pieracing microscopes etc requires huge set up. Most “fundamental researchers” would not like to be disturbed by handling such organizational support; at the same time they would like the facilities / support available speedily. A good scientific institution should provide these support systems well, within the budgetary constraints. The laboratories in USA, UK and many European countries are excellent in these support systems. That is the reason many scientists go to those places. Best discoveries come from these places,. Often these scientists are not paid top-of-the line salaries. But they have reasonable quality of living through a quarters within labs/Universities or otherwise. But they have freedom and facilities to support  their experimental and computational requirements and the need for occasional get together with their counterparts/peers (travel, seminar etc). At this stage also there is a rudimentary management with a leader of the activity etc., but not necessarily based on age or hierarchy. In India such support system is very poor, unless one is in the “group” of the powerful person at the top. In most Universities and laboratories, an aspirant researcher spends most of her / his time in struggling through the hierarchical/bureaucratic systems. So it is in most national laboratories though they are funded lot more than the Universities; they tend to be fiefdoms of the “powerful”.

57.
At the oriented basic research stages also, the organizing of efforts is somewhat similar to the one at fundamental stages described above. But there could be some occasional reviews by the “management” or funders of research about the progress. In good organizations, a seamless connection can be done to the next stages: applied research or directly technology development and scale up. But Indian systems are weak in these except in a few organizations like DAE, ISRO, parts of DRDO and a few labs.

58.
At applied research stages, such a  “free existence of scientists (be it engineering, medical, physical sciences, life sciences etc) is not that simple. The activities have to be timebound, more focused with some milestones to be achieved etc. Often funds available will be much more. Herein therefore comes the project manager. Whether formally named as Project Manager or not or may be Section Head or Divisional Head, some lead person will be designated to ensure that the work is done smoothly and speedily; problems that arise (scientific, technical or admin. etc) are solved. Therefore, there will be more of reviews, documentation and formal reporting systems. In smaller projects, the project manager or section/division Head often deals also with the details of scientific and technical elements of the project, as there are much less diversity of disciplines involved. For example, it may be an aircraft wing design only or an automobile battery improvement or an automobile GPS system or a chemical or a protein or a metal alloy etc. Here the Head could be equally or more knowledgeable than the team members. His / her special capability may be seniority or even person-management capability. She / he can represent the project truly in scientific/technical terms as he/she will have full knowledge of details. (It is another issue that in a number of national laboratories even at the level of selection of section head or head of division, other extraneous considerations – politics or bureaucracy – creep in and the person has “authority” administratively or managerially but has little depth of knowledge; and still keeps on taking credit for the work or has his/her name in all scientific papers, patents etc.) Normally at a level where diversity of disciplines is less, the scientific or technical team leader ought to have good grip on scientific/technical details as good as the team members. But in the nature of scientific/technical work, it is not necessary that he / she should always come up with bright new ideas. In a good scientific arrangement approach, she / he should encourage every body to be bold to think new/experiment within, of course, the constraints of resources and time. She / he should also be capable of spotting the exceptionally gifted team member and encourage him/her to bring out new scientific/technical talents.

59. But when it comes to multidisciplinary projects or a full laboratory, several details, disciplines and superspecialities within them come into play. For example in the development of a brand new automobile or a satellite, there are several disciplines: materials (metallic and non-metallic), batteries, solar cells, computers, radio electronics, digital electronics, structures, safety engineering, chemicals, thermal design etc. There will be “project managers” or “section heads” for each of these specialities either part time or full time. There will be specialized teams. Those small teams will be nearly homogeneous or having less diversities, on the lines described earlier. In addition, since it is a big project there would be those who handle procurement, logistics, recruitment and personnel matters, finance, schedules, contracts, etc in a specialised manner. In case of a laboratory, though it may not have a specific multi-disciplinary product to be delivered, individual small groups in the laboratory will be working on many different super-specialities and producing scientific knowledge (through papers) or technical knowledge (through patents etc). These groups are supported by administrative, financial, schedule monitoring teams etc. Even in a totally basic research oriented laboratory, if it becomes a reasonably big size having about 100 re more scientists, this complexity arises. In such cases, there will be a few intermediary points of managerial aggregation and a person at the top to manage all these. Though normally such persons would have been good in one or two of the super-specialities involved in the whole project or in the laboratory, their detailed knowledge of most of the super-specialities will be limited and sometimes  hazy. This is so in purely science laboratories as well. They are not the usual generalists as it is the IAS cadre or some purely managerial cadres one sees in Industry/Business. They are a part of the “culture” of the laboratory or project and normally can empathise with the aspirations and problems of those small super-specialist groups. (in fact such is the situation in a multi-disciplinary super-speciality hospital too even when there is no large research activity.) Such an aggregation at the level of a few individuals with one person at the top (e.g. Director of a laboratory with a few Dy Directors etc. or a Project Director with a few Dy. Project Directors, Sr. Project Managers in case of technology development project) becomes necessary to organize large teams, to allocate resources, to monitor progress, to effect mid-course corrections, to remove conflicts (scientific/technical as well as other human conflicts as after all scientists/engineers are also just human and they can have ego clashes, jealousies!), etc. The reality is that they have the right and responsibility to decide (which may not always satisfy all the superspecialised teams) and in the overall sense, accountable for the output. But their detailed knowledge of many superspecialisties is poor or hazy. They should not be considered to the “end-all” of knowledge of everything in the project or the laboratory (or the hospital). Their knowledge of connections between various sub-systems in the interest of overall system (or project or  laboratory etc) is much better than those who work in superspecialities even if they are very “senior”. Often in big projects or laboratory even to understand the real details of such interconnections, some specialized young/old persons are deployed, because understanding of such linkages is not just intuitive. Lots of special knowledge intensity are required to handle such multi-disciplinary linkages. The persons who handle such multi-disciplinary linkages-details will have much better understanding of the total system and its internal interfaces. While they may be a part of the project team, or laboratory managements as staffs of Director’s office, they may not have the administrative /managerial authority to decide, often due to the fact they are junior. But modern complex systems require them and Indian S&T systems are still grappling with the problem of how to recognize them as “scientists”. Thus the top person’s knowledge of interfaces are also assisted by such persons in the interest of the overall performance. A few  discerning (and honest) Directors/Project Directors or such Chiefs, recognize these realities and do not project themselves as “all knowing”. Even when it comes to explaining to some outsider (a visitor or media etc) they would pass the baton to the correct person who has more in-depth knowledge, limiting his / her role to overall integrative functions. Those who really do so get the admiration from the whole of team members. But such persons have become rare in Indian S&T systems.

60.
Reasons are many for such a situation in India –  major one being the severe lack of public place available for knowledgeable persons, as much of it has been (is being) taken away by those who are in political positions as President, Prime Minister, Governor, Chief Minister, Minister etc., politicians, and those who are positions of power in executive and judiciary, lawyers, as well as in films and in the recent times those who are rich, those who are in social activism “taking on”  powers-that-be, those in hi-fi media, those who are in certain sports, etc. Post-independence, over a period, the “respect” given to scientists, academics etc. had been falling rapidly. The “respect” had been taken away by persons who have been described earlier in this paragraph. To expect that all those who are in the “science enterprise” to shun publicity and not to seek “power” is not realistic. Thus within the narrow space available, there was (is) a rush between the “scientists, technologists, engineers, medical researchers, project managers, etc.”. Competition is therefore very high. Rules of the game for excellence, superiority etc are not clear and  not set by common public. Nor is there a historical connotation as it is for District Collector or a Judge or a Govt. Administrator. In such a situation, it is far simpler for an outsider to go by hierarchies as it is there for Administrators, Judges etc. Entirely different textural differences within the Science Enterprise which has been described in various paragraphs of this write up are  not understood by most persons outside the “Science” system. Even within the “science” system, such a  vast spectrum of continuity and discontinuity is not fully understood, as often most practicing persons get caught within the system.

61.

In such a situation, it is easy for administrators and politicians not to look into the details of the black box. They assume their own hierarchical systems to be existing within “science enterprise”, They describe everybody as “scientists” and define “greatness of scientists” by their hierarchical positions. Director, Project Director or Chief of  organizations or Secretary of a S&T Department, etc are assumed to be omniscient. Happily many such persons also assume such a role and enter into the enjoyable task of making pronouncements on many issues on which they are not familiar. Worse still is the situation with media, which prefers often black and white descriptions rather than the grey realities of life. So they start building icons out of the few “top scientists”. It is easy for them to go to the top Directors of “Science” laboratories, Director – Generals of networks of laboratories/institutions or Project Directors of huge eyecatching projects or Secretaries of a few “science and technology” departments set up by Govt. of India as top positions for “scientists” to govern “science enterprise”. No doubt the competition between aspiring “scientists” lead to lobbying. Govt. creates a few “apex” Advisory Councils – Chairmen and members sometimes are treated as “top scientists”. Thus media has some variety for  its icon creation. For media it is like CEO of a company or Chairman. Naturally it is a human tendency to “love” such a situation. But it does create several complications inside the system of “science enterprise”. Without appreciating the texture, the “topness” of Indian science is reduced to a few individuals who are top in terms of “project management” or “Directors” etc as we have described above. Many of those who focus their lives for long term basic research or technology development of concrete products or processes, often do not come to the “top” administrative/managerial positions – in India (definitely) and also in developed countries like USA, UK, Germany, France, Sweden etc., often due to their own choices because they want to concentrate on the basic research or the technology development for further innovation etc. In these foreign countries such persons can have their own freedom of work, good quality of life and excellent work environment even if they do not take on administrative/managerial responsibilities.

62.
That is the reason they have much more of original scientific discoveries and also many new innovative products. Look at how many administrative opportunities Prof S Chandrasekhar (Chandra) rejected to continue his research; many others, including Einstein. In India great natural product pioneer  Prof Seshadri who rejected such offers but died in penury. See an article in this website (www.ysrajan.com) on Ph.D’s in the Article section. In the “Science Enterprise” there is a need to provide space for various persons right from fundamental researchers to Project Managers to others about whom we will mention later. All are important and cannot be controlled by the usual hierarchical structures of bureaucracy or the corporate business managements. All those in the “Science Enterprise” are very highly qualified and in some sense “high strung”. They are intellectuals; have great opinion about themselves; and they have independence of thought and value their freedom. Often their interests are very narrow mostly around their work. Of course, some of them develop many extra-S&T hobbies; even excel in them such as in painting, music etc. But most of them love to be around their own work.

63.
In places like USA, UK and Europe often most of the persons have “recognition space” available for them. They have good eco-system to work and to ensure that their work yield results (through publications or technology transfer etc). It is not necessary for them chase Admin/Managerial positions to get such a space. But in India for those in the “Science Enterprise” there is very little of “recognition space”. Also most of those who are not in powerful positions have to struggle for doing their work as supporting eco-system is very bureaucratic or hierarchical (except for a few lucky ones!). Let us look at the recognition space: Do we hear about those who make sensors for our missiles which are crucial? Do we hear about those who design and develop safety systems for nuclear reactors? Do we hear about the actual scientists or technologists whose work is also crucial for a scientific finding or a technology transfer? Do we hear about those who developed the software for the complex mission maneuvers required for Chandrayaan? Similar is the situation in many private sector industries as well. Do we get to know about the technology developers or designers of NANO car. Often a CEO or CTO (Chief Technology Officer) will field the question and say “everything is teamwork”! CEO or CTO may be projected or get awards. Even for these high level positions in S&T be it in Govt. or private sector, space is very limited. In companies/industries, many of them do not  even have position of CTO or R&D Director etc. Even when there is some such equivalent, they do not figure in company’s chief hierarchical structure. Similarly within Govt. laboratories say in a system having about 15,000 well qualified and contributing scientists, there will be one person as Secretary to Govt. of India – he / she is only known in public space. There may be 50 Directors of laboratories (who enjoy hierarchical power) of which a few will be known in public space.

64.
At the entry levels almost all the scientists/engineers/medical scientists etc of those mighty organizations are as good or even better many who enter into All-India govt. Services like IAS, IFS etc. Their specialist contributions are crucial for the overall success of “science enterprise”. But while almost all IAS officers become Secretary or equivalent levels in hierarchy, almost all IFS officers reach very high levels, for most scientists/engineers/technologists, it is not so. In addition, the limited hierarchical (visible) spaces make most of them invisible masses under the name “teams” or organisation’s acronym. They continue to do work. But their aspirations are often unmet. In such a situation those who crave for a good visible space, leave their superspecial areas to drift into Admin/Management/Scientific (visible) leadership! That is the main problem of Indian science enterprise not being very productive. About Rs.35000 crores per annum is spent on S&T by Govt. with taxpayers’ money. About 20% goes for Basic Research. 30% for Applied Research and 50% for “Mission” agencies, DRDO, Atomic Energy & Space. Unless several “recognition spaces” are created understanding the texture of the “Science Enterprise”, the existential dilemmas for most of those employed in “Science enterprise” will continue in India. It is not an easy task. But media can begin the process by serializing on many achievers at various levels instead of iconizing the hierarchical, archaeological (those who were in such power hierarchies – this is my term) and geological (those in power layers much earlier and still continue with power politics of S&T – again my term) layers of our “Science Enterprise”. Our media did not know about a person of Indian origin basic researcher until he got the Nobel Prize. Our power-layers have no interest in the persons who have dedicated their lives for science. There were peers in India who knew him and they were also not in power-layers! Hence media will not know. Let the civil society not lump everybody as “scientist” and thus lead themselves wrongly when they create icons who are “know-alls”. Let them understand the textures. In conversing with “scientists” let them enquire about the texture of their work as outlined in this paper instead of looking for whether he/she is from a prestigious organization and whether they pursue things like Chandrayaan or nuclear energy. Similarly colleges can call right scientists, technologists, engineers etc instead of “big shots”. If civil society and media open up recognition space for working scientists, a lot of “mental pressure” will be released from the “energetic ones” who change from science or technology development to Admin/Managerial positions within S&T for the sake of public recognition. No doubt there may be some charlatans who will try to project into media (as they often do especially after some natural disaster or some heated media attention of event). But a well balanced media coverage and civil society recognition will change the “space” for those in true pursuit of science or technology development all their lives.

65.
There are other important elements of “Science Enterprise”. We have referred to those who pursue S&T policies, S&T Management support, Multi-disciplinary Interface Managers etc) as assistance to top managements (really they are S&T Programme Managers), there are others as well. We will briefly mention about them.

(i)
Those who communicate science in a popular form so as to enable the knowledge to reach not only to common public but also to others in “Science Enterprise” not knowing other superspecialities. A mechanical engineer working on ‘heart transplant’ system can benefit a lot by simple description of heart’s functions, intricacies etc without too much of medical or physiological super-technicalities etc. There are many such good professional magazines in the world and a few in India. They are nowadays called “science communicators” – science word being used broadly.

(ii) Science Teachers in schools and colleges. In schools, the teachers are trained in science and also in doing select experiments. They know scientific principles etc well. (They need to update too especially through good “science communication” type journals and books). They often don’t do research. But they are the foundation stones for future scientists, technologies, physicians etc. In most colleges also Science, technology, engineering, pharma etc. teachers are mainly teachers. They can read higher level specialized journals in their fields to update themselves. Not all can do research or technology development unless they teach post-graduate classes as they do not have time nor facilities. Still they have vital functions in the “Science Enterprise”.

(iii) Others are the whole army of para-scientific personnel who do several important scientific – technical functions under the guidance of researchers and technology developers – these tasks range from lab analysis, data collection, computation etc. Such tasks have a good degree of “science – intensity” and cannot be performed by those who are not well trained in science at least up to degree levels. They can be termed as “scientific workers” for a want of better terms. Or better still “para-scientists” covering all disciplines. They are crucial right from supporting fundamental researchers to technology developers.


66.
Before ending this long series, it may be useful to mention about “social sciences”. Subjects like economics, sociology etc. come under this category. Some other subjects like anthropology, archaeology etc have much stronger base of physical or biological sciences and use many instrumentation and experimental techniques related to them. Even modern history studies use many of these scientific techniques like carbon-dating, climatological studies etc. Economics & sociology are different types. They deal with many complex and changing systems. Therefore the rigours of  measurements and data collection as in physical sciences, engineering, life sciences etc are not possible. To those from disciplines of physical sciences etc. the methods of economics would look hazy though economists also use many mathematical techniques as in physical sciences. In the fields like psychology, modern neurosciences and life sciences (genetics etc) have made great inroads, resulting in a number of new disciplines, including for forensic applications. 

67.
Even after such a long write up, I feel incomplete in terms of explaining the texture and processes of “science enterprise”. I have also not covered how we perform in India except for some glimpses of the hierarchical structures. It is rather unfortunate that the Indian social scientists do not make a serious study of the sociology of Indian S&T organization, the socio-psychology of Indian “scientists” (as defined here) and individual aspirations of the persons of  “science-enterprise” in India. Part of the inhibiting factor may be that most “scientists” and “academicians” are in the Govt. funded organizations and are afraid of the Central Govt. Conduct Rules (CCS) for even responding to a questionnaire. And as most Indian feudal hierarchical managements function currently, are any study funded and supported by the “Big Bosses” will not allow any critical findings!

68.
Let us hope that the coming years will open up economic, social and recognition spaces for those who want to pursue careers in the “science enterprises” in India. To summarise for recapitulation the “science enterprise” comprises the following 

1.
Those who pursue science for science sake – fundamental researchers – be it in any field of physical/life sciences, or engineering fields ranging from civil engineering to new engineering / technology areas or medicine or multiple interface disciplines like geophysics, evolution studies etc.

2.
Those who do oriented basic research, same as above but with a focused mind towards a possible application for the future, in any of these areas. Examples:  to understand scientifically the interface forces of textile materials like silk, nylon, polymer, cotton etc. with other materials like food, grime, dust etc. Such understanding may lead to new textile materials or textile coatings which can repel dust, food particles etc. Or to study the fatigue mechanisms in big civil engineering structure, which may in future lead to advance warning against catastrophic fissures and accidents or about the computing properties of brain etc.

3.
Applied researchers (in any fields mentioned above) who take forward existing knowledge bases of the present or the past into new areas of applications. Such applications may be in terms of new performance or quality/reliability levels; or for new energy efficiency level or even to reduce costs of production or for customization to meet the demands of  discerning consumers etc. Normally this is the level at which ‘technology’ and ‘intellectual property’ get produced. But it is also nowadays common that at the earlier two levels of basic research also intellectual property such as patents are produced and inventors or their organizations protect the IP’s legally for future applications.

Note:  Persons in the above three categories may also be teaching and doing research as a part time work after teaching assignments as in Universities, IIT’s, IISc, Colleges etc. or may have it full time profession as in national laboratories funded by govt. (Private or Public Sector industries have very few of such persons, as of now in India). In the present day world where “Scientific” research demands many modern facilities, it will be an extremely rare case where scientific research can be pursued by individuals of their own without being in some academic institution or a laboratory or some such entities.

4. “Science Enterprise” becomes visible to users, to the public and to public policy makers like economists only when it enters into the fourth stage which has a very broad spectrum of activities, as has been elaborated in this long article. Those who are very close to applied research and have taken on further research/development work to produce a product or to stabilize/scale up a process are often work in a super-specialised sector; they are often called technologists even though they may be in medical field or forensic field or an engineering field etc. Unless their work results in a major breakthrough in the market, they are not recognized and get lost in the name “team”. In India, this is a weak area as the “Science Bosses” have shunned this area and Govt. administrators, establishment economists or bankers have ignored (are ignoring) this area; though all of them pay lip service; N.Vittal called this process in India as technology foeticide. Therefore many young persons and also senior experienced persons avoid such pains. They shift to the stages of (1), (2) and (3) above or drift outside “science enterprise” to assist industries to import full technologies (often mature and therefore risk free) or to negotiate contracts or to other areas of Govt. administration (Public Works Department, Telecom services, regular practicing, doctors, Pollution Control Boards etc). Nowadays join multinationals/or outsource servicing IT sectors or go abroad.

A small percentage of those who come out of colleges with Postgraduation or Ph.D. in Sciences, or Graduation/Post-graduation in Engineering / Technology etc get opportunities in organizations like ISRO, DAE or DEDO to do some big technology development projects. Most of these requirements are around physical sciences/engineering. They develop products/processes for defined missions/projects. As pointed out before, most of them follow the generally known path but the technology development process are their own. (It is not that they invent something radically different. May be they will some day). Still the knowledge/skill challenges are immense. Hence they feel a sense of achievement. However, since these projects are very big, hundred of such technology developers get submerged under the term sub-system developers or “teams”. The integrating bosses are Section Heads, Division Heads or sometimes Project Managers. While these Mission agencies are able to decouple (to some extent) the regular review promotions from the purely hierarchical structure of tasks (as it is with Administrative Services/Corporate Sector Management etc) still their “recognition space” is very small, often even within their own organizations. How much of motivational losses occur due to this loss, could be a subject for sociological/psychological researches in India. However, it is a matter of reasonable satisfaction that these big Mission agencies have been able to fulfill some crucial Technology Development tasks to serve upto the end user. Between the three agencies performance on this count (end user or end use satisfaction in a cost – competitive manner) varies. This is another area of research for economists. Cost-benefit analysis has been done to some extent only for Indian Space Programme (as available in public domain). If India has to be a leader in agriculture, industries and services in the future, it is essential this technology development in its several varieties of spectrum described earlier in this article, are pursued effectively by Govt. agencies and especially corporate sector. It is also essential to get partnership from Universities/Colleges so that the teachers/researchers there can involve youth – the emerging future technology developers. As of now only a few persons from the academic sector are involved in Technology Development, that too often in peripheral items like reviews, monitoring etc. Only a very few professors have experience of development of products/processes upto the end point. It is not the fault of academic system. Govt. labs/corporate sector in India are themselves poorly organized for technology development ! A few technology developers from “prestigious” (more visible in media, not necessarily often for actual achievements!) laboratories get “recognition space” and when recognised such, they like to project themselves as “Scientists” and their work is considered as India’s achievement in “Science”. Often they would have very little to do with the steps (1) & (2) and may be some of (3). The right thing would be recognize them as “Technologists” or “Technology Developers”. Such an attitude may have come because there has been only a few real Indian technology developments; it has been mostly follower type or import substitution, though these functions are also vital to India’s economic development and social needs.

In addition, the top positions in Govt. have been mostly taken by “pure scientists” except in the “Mission Agencies”. But even those in Mission Agencies when they get “recognition space” like to be called as “scientists” while really they are  “Technology Developers” or “Project Directors of complex High Tech Projects”. This attitude may have come because of the general media hype about scientific breakthroughs; in India also an identification with the Nobel Laureate C V Raman – a great pride for Indian science when we were subject the colonial rule. Raman & Tagore were as great Icons in the Indian popular minds as Mahatma Gandhi, Nehru, Bhagat Singh, Subash Bose, Sardar Patel etc. So all those in “science enterprise” in India would perhaps like to share the glory of Indian Science. (Another great nation builder Sir Viswesvaraya a great Indian Engineer has never captured such elite and public enthusiasm. There is no Nobel for engineering. Also Indians seem to know about Indians only after a foreign recognition!). Also it is common practice of many policy writers be it from economics, management, journalists etc., to use the word “science” for almost everything of the “science enterprise” we have described. For example, the manned flights of China is described as the progress of China in Space Science and in the same or next sentence uses the word also as China mastering manned space flight technology. Any thing of R&D (research and development) is described as investment in science. For example, it is stated that  S.Korea’s progress in science is  the cause of its economics progress. In actuality S.Korea imported a lot of technology from USA, Japan and Europe for its industries and invested in incremental technology development through R&D (less of r and mostly D) by industries. While the general use of the word “science” is okay for simplicity of description, it leads to confusion between several steps in actual funding by Govt. or in terms of management. Such a loose description in govt. systems and in policy analyses, distorts the national policy, as it is in India. An euphoria gets created, if water is found on Moon, or a person of Indian origin flies in a NASA spacecraft or a person of Indian origin gets a Nobel prize in science etc. Within the national policies domain, “science bosses” who come from the fundamental research background continue to take credit of purely technology development efforts and plead for more money for “science” reiterating that it will automatically result in technology development and economic progress. Such policies and funding patterns have resulted (and is still resulting) in gross distortion of priorities in S&T and R&D in India. Technology Development, so crucial for economic strengths of Indian industry/business has suffered. As also in development of military products. While it is important to support fundamental and basic research especially in the Universities/Colleges/select laboratories as in steps (1) & (2) described above, it is also VITAL to support APPLIED RESEARCH step (3) which has to transform to technology through technology development phase step (4). Results of (1) need not and may not translate into further steps at all for economy or society. For step (2) some might. From step (3) and (4) onwards, there is a sharp orientation for success in end use, for commercialization and for wealth generation or for social goals wherever defined. For Step (1) there should be least management from the top; maximum support to create a sense of freedom; for step (2) also it has to be done similarly except that periodic reviews may judge possible further steps for Step(3) or Step(4) or reorientation. For Steps(3) and (4) the whole management style, incentives/disincentives, recognition etc have to be of different style. In order to do such functions, apart from having the specialist technology developers, one requires a special cadre of S&T persons who can be broadly categorized as Project Managers and Programme Managers.

5. We will now look into what is involved in Project Management/Programme Management in S&T. As pointed out earlier, under technology development for small specialized items under development, small teams are adequate and often they will manage themselves with the team leaders who are specialized in those fields. Example: infared sensor for safety of an industrial system – a team will do; use of computer imaging to identify movements of people, animals etc will be done by another group; use of these information to arrive at decisions in a control room to be done by another group; etc. etc. While these individual sub-system developments can take place separately in small groups, in order to produce a total system and go through technical trials, user trails, later transfer to production etc. requires a Project Management Group with a leader who may be called Project Manager or Project director. He/she may be at best expert in one or two sub-systems. She/he may not necessarily be the most creative or innovative person in that field. But generally he/she should have gone through some grill of technology development reasonably successfully. But importantly, the person should have the overall system knowledge of the total product/service to be developed and the linkages between the sub-systems and the requirements of the user as specified. This knowledge can come to him/her individually or through a small  project management team with him/her. In addition he/she should be continuously focusing on delivery (schedules, performance tests, procurement, budget release etc); he/she should also have the capability to spot problem areas and to get experts to solve them. She/he is more an organizer of persons who can “deliver goods” or make the teams to deliver. This is not an usual administrative head’s role. He/she should be able to converse with the teams who make sub-systems intelligently to understand the issues as they rise and also to make independent judgement of the progress of the work. Actually this task is very different from that of a fundamental research described in Step(1) or even oriented basic researcher as the Step(2) or applied researcher in Step(3) or even that of a specific technology developer described in Step(4). Project Director’s performance or success is not judged by the ideas he/she generates or their scientific and technical originality. Nor is it judged by the excellence of one or two sub-systems. But it is judged by his/her ability to define and to monitor all the sub-system development and to get done necessary mid-course corrections, in the interest of overall success of the project. Successful Project Managers will normally have a very few scientific/technical publications. The success of product(s) in the operational field (as in military systems, or a nuclear reactor etc) and/or in the commercial markets when introduced, is the crowning moment for the Project Director and his/her team. Programme  Management arises when the organization has many projects in the pipeline – either in terms of conceptualization and planning and also in terms of execution. Planning involves the review of status world knowledge in S&T in the areas of interest, the status within organization, internal strengths, weakness, opportunities and threats (SWOT), which ones to select in view of SWOT, budgets, user interests etc. While doing such exercise, there is a need to involve various stakeholders so that there is their involvement also in the plan that are evolved. For a commercial project, this will include customers, retailers, bankers etc., as well. After such a planning and selection of preferred options, details projects are formulated, often through study teams which should ideally include the potential project directors and some members of the project team. Programme Managers/ Programme 
Directors play the key role during this phase. Though the CEO and Chairman and the Apex Body of the organization may finally decide and approve the projects, the role of Programme Managers/Directors are crucial for right choices or options and also for sizing and phasing of the Projects. When the projects are approved and the implementation phase begins, the role of Programme Management is different. While there is a large degree of empowerment (delegation of powers) to the Project Director and the team to implement, the overall progress needs an independent monitoring for the higher management. This is done by the Programme Management team. In big laboratories with multiple tasks, it is at the apex office of the large organization, such programme management teams reside. They may be referred to as “Headquarters”. If it is made up only administrative/financial persons, the top management is cut off from the R&D/Tech. Development projects and processes. It is also necessary that those who do programme management functions are as good as Project Directors and his/her team members, if real benefits of the Programme Management is to be obtained. This is another weak area for Indian S&T organizations. Even in organisations (govt. departments) which mainly fund R&D proposals and do not have direct execution roles, such a programme  management is crucial. It should be done by well trained personnel (scientists, engineers, etc) who have the right background about the projects (for planning, for overseeing monitoring and for interfacing with different stakeholders).  In organizations which produce many technologies for transfer and which do IPR protection such programme managers with right background are required. It is not just “secretariat work” nor mere “coordination work”, as even some persons within “science enterprise” may think. Programme Management in S&T organizations may also include several policy studies relating to the external environment of the organization (about stakeholders, international relations etc.) and negotiations thereon, without necessarily any direct correlation to projects in hand. But they may point out steps to take care of the interest of the S&T organization in the context of changing environment and in view of the demands of public accountability. This is also a “HQ” function requiring persons specialising in such policy studies with S&T contents and also the needs of public accountability. Except for the visible and big size project directors most of those in this category i.e. Project management and programme management are not recognised as “scientists” though they fulfill the vital role of integrating the results of the “science enterprise”. Part of the resistance to them being rewarded/recognized comes from those working in the S&T community in steps (1), (2), (3) & (4), as they themselves feel deprived, because the visibility is taken away by  Project Directors and Apex Body leaders (Chairmen, DG, Secretary etc) and they do not like those who are intellectually supporting these big bosses! Many unpleasant decisions on priorities and pains of close monitoring are attributed to these programme management and project management persons who are “close to power”! When these functions are done purely in hierarchy based manner (as is unfortunately done in most S&T organizations in India) such a feeling cannot be considered to be wrong. But in true sense of running S&T establishments professionally, one requires good teams for project management and programme management for the tasks briefly illustrated before. In fact it is out of their good organizational leaders (Directors of Labs, etc) should emerge, especially for organization requiring multi-disciplinary tasks and having large demands of timely delivery to multiple stakeholders in government operations, industry, agriculture, services etc. Unfortunately in India, it is not always so. But at the same time, some of the successful big size Project Directors get into higher levels and are described as “Scientists” and eminent “scientists”. They also accept these statements and perhaps enjoy them. Common public and even elite policy makers do not realize that they are no way near “science” or being “scientists” as the researchers in Step(1) & (2) or even (3) are. Thus there is a mix up of expectations from the different roles.

6. The top administrators of the Laboratories, S&T Academic Institutions, Secretaries of Departments; Director Generals of agglomerate of labs etc are considered to have reached the top of science career, Secretaries being the top most. Their role is important as it is necessary to “manage” hundreds and thousands of S&T personnel and their support staff and administration. Some amount of hierarchy is also required in such functions. Approach to managing S&T personnel and planning/monitoring S&T tasks requires different types of skills which are not usually demanded of persons who are at the apex of Administration in govt. or being a CEO in a Corporate set up. Such top S&T Administrators need to be rewarded for their tasks which are unique. But to treat these positions as the only peaks of “scientific career” and the repository all “science” knowledge even while ignoring other steps in the recognition space has caused lots of problems to Indian science. The reason we are not able to create the right stable environment for Steps (1), (2) (3) & (4) is because these steps are  considered to be inferior. They are merged in an unknown mosaic of “scientific & technical teams”. They have very little power or freedom within their organization. They have to be constantly standing in queue for “approvals” amidst the plethora of rules and regulations. Therefore, the energetic and ambitious amongst them instead of pursuing “science” or “technology development” or “teaching and research” as a career, try to rush towards visible project director positions or be top administrators of Step(6), which are very few in number compared the vast number of researchers & technology developers. Another factor is that those who are merely researchers and technology developers do not get better annual monetary benefits as their emoluments will be below those of top bosses!! Some of the energetic scientists instead of concentrating on research have also managed to form Apex Scientific Committees of Govt. and become Chairman & Members of the same. They then get national visibility and perform policy advice functions (often) rather poorly and also unfortunately do not get enough time to concentrate on real research or technology development! A few persons who decide to do life time research or technology development, do not rise to their full potential even in their research work or technology development, because the organization “treats” them as those at lower levels!! In Indian S&T organization administrative hierarchies prevail very strongly (except with a very few exceptions!!). Thus we have a Cach 22 situation in Indian “Science Enterprise”. In the interest of Indian “Science enterprise” we need to find good solutions so that the younger generations can choose between various options Step (1), (2), (3), (4), (5), (6) and other step (7) to follow in the next para, without having to “sacrifice” heavily. Not all are equally talented or have the same interest. There is a normal distribution in many of these. We need to have a system where an individual can reach her/his best and also continuously raise averages.. Currently those who are at the Step (6) described here are the hierarchical chiefs and can feel proud about it as they are considered by public, media, govt. administrators etc as a one-stop points of Indian science and as the top scientists of India! When we can make many scientists, engineers etc to feel similarly in their work space and recognition space, India will create excellence in its “science enterprise” as envisaged in the flowery language of Scientific Policy Resolution (SPR).

7. The six steps above more or less describe in full the organization of S&T or Science Enterprise in our national laboratories, mission agencies, Universities where there is S&T research work, and in corporate sector where some R&D is there. Outside these steps also, there are vital pillars or foundations of S&T. These are described here :

7.1 Purely teaching (without research) science, engineering, medicine, life sciences etc. in colleges, universities and schools.

7.2 Science communicators of various forms.

7.3 Parascience services for helping those in Steps(1) to (6) above.

These persons may be described as the stock of S&T persons in the S&T statistics, but hardly get opportunities to benefit from the processes of Steps (1) – (6). Those in 7.2 may come in contact with top persons in Step (5) & (6) if they are from media; in fact may be treated very well by the top S&T bosses as a part of good PR! About others, few from S&T enterprise care! It is necessary to find out methods of updating the knowledge base of those who 7.1 in the interest of future science in India. Let us not forget that all students have to go thru schools and also colleges which have very little of research base. It is not enough to provide scholarships to best students to pursue Science to Ph.D levels. It is necessary to devise methods through which all school teachers and college teachers can keep up with progress of science, engineering, medicine, etc. It is not enough to say that they should search “google” or read reports in media. That is where the new role for science communicators described in 7.2 comes. Govt. and corporate sectors need to invest on them too and to enable and support them, to target S&T persons in 7.1 and 7.3, so that the practitioners can go beyond prescribed text books (for 7.1) or operating manuals (for 7.3). Also please see my article “Role of 21st Century Science Communicators” in Empowering Indians (www.ysrajan.com).  

69.
It is important to point out that all the seven steps are not compartmentalized. Some can play more than one role but only a very few. It is very rare to have a person who has the experience of all seven. There may be a good teacher (7.1) and also being active in Step (1), (2) or (3) and she/he would rarely be part of Step (4), as it involves more funds and pressure of tight schedules. There are many who would like to be left above in Step(1) or (2) and may occasionally excel in 7.2. There are some who catapult from Step(1) or (2) into Step(5) or (6) and do well; there are also many who mess them up after such a catapulting as their experience in project management and programme management would be low and they may find it difficult to pick them up at the age of late forties and fifties! But by and large technology development tasks are equally demanding as also Project Management & Programme Management and demand good understanding of several features of S&T. India needs to develop many such professionals in these fields of Step (4). (5) & (6) as currently there are only a few persons compared to the total stock as there was no clear demands for creating them. They would require training from a young age to meet the complex demands on S&T in the 21st Century. For Step (1), (2) & (3), people will emerge, if a free ecosystem is given and recognition space expanded, as described herein. It is like seeds waiting to sprout if only monsoon rains are showered!

70.
We have not included in these steps, those persons who do a lot of operational, production etc tasks using science, engineering, medical, etc. knowledge. They are practicing doctors (without research), and engineers in factories, public wowrk departments, electric power stations etc., those who are foresters, agricultural extension workers, engineers in mining, shipping, railway, aviation, military, etc. sectors as well as those who work in the large ICT sectors and services. All these tasks demand lots of S&T knowledge through initial training in colleges. They may have high academic achievements as well. However, in their daily tasks, they mostly execute standardized work packages though they may have to absorb periodically new knowledge/skills again in standardized / mature forms. But they do not try to change the processes as it will be attempted by those in “Science enterprise”. They may interface with Technology Development (Step 4) and project managers/programme managers in Step (5) in order to help the new developments to suit their standardized production/operational systems. Such a role is also crucial for success. In India such interfaces are  poor. Hence our Industry and operational services sectors are not innovative. But by and large those persons in these regular services conform to standard procedures of commercial production or operation etc. Whereas those in the “science enterprise” have to be continually trying to change the existing processes; the existing knowledge. These are done through Step (1), (2), (3) or (4) and subsequently scaled up through Step (5). When proven well, they become standardized processes and will be taken up by practitioners. Such practitioners become thus one of the important stakeholder of “science enterprise”. Their knowledge/skills are “science, technology intensive”. But we normally keep them out of the broad “science enterprise” though in a much large social and economic sense they are the part of “greater science enterprise” as without them S&T benefits do not percolate to society or economy, as envisaged in SPR.

71.
So we end here, as it is already too long. Hope the readers of  whole of this write-up, can now understand “Who is Scientist? What is Sciene”? If some of you, can do some efforts to remove some of existing defects in the existing organizations of “science enterprise” in India, you will do a great service to the future of India. Also you can create new S&T organizations in India to overcome these problems and start afresh with new “genetic” pool. In any case urgent actions are required because future of our people depends on the healthy productivity of our “science enterprise” and the “greater science enterprise”

Y.S.Rajan

7/11/09

Post script:

1. I have avoided giving names of persons as examples in the various steps of science enterprise. The readers can think of such examples themselves, as it will deepen the understanding.

2. Would appreciate receiving suggestions and comments. Send them to question section (even if it is only comment) or pdhanapal in the e-mail id given in the home page.
**********
