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Examination of recent science proposals for the Millennium Science Initiative revealed a strong Chilean position in theoretical disciplines. The lack of engineering, technology, and the experimental natural sciences is serious and needs action.

•  Background
As a member of the Program Committee, judging many proposals for the World Bank sponsored research under the Millennium Science Initiative (MSI), I have had opportunities to closely observe the Chilean efforts in Science and Technology. Here I offer some comments, hoping that they might prove useful. These comments are made from my viewpoint as an experimental solid-state physicist with a microelectronics specialty and from my previous activities in advising and assisting governments on science funding in other countries, especially in Germany, The Netherlands, Japan, and Singapore. 

2. Disciplines

a. Medical and biological fields

Medical, pharmaceutical, and biological research in Chile is strong, has good connections –especially to the United States – and appears internationally competitive. The proposals from these areas were therefore quite successful. Apparently, there is a longstanding tradition in Chile to perform this type of scientific activity in cooperation with hospitals and medical schools. The cost of running experimental science in this domain is surprisingly low, especially when compared to modern physics or engineering research. No ultrahigh vacuum is usually needed, nor are expensive electronics, high-class clean rooms, laser light sources, low-temperature equipment, ultrapure gases, or precision miniature handling systems required. The very capable Chilean community in this realm clearly recognized this niche to perform competitive research under stringent financial limits. 

b. Physics and chemistry

Physics and chemistry, on the other hand, are much more demanding in resources to maintain a respectable position. The leading industrial countries in the world, in particular the USA and Japan- but now also Korea, Taiwan, and most recently China- invest tremendous amounts of money into fostering education, research, and development in order to stay in this ferociously competitive international race. Materials research, molecular beam techniques, micro-electronics, modern optics, lithography, and microscopy with atomic resolution are just some of the important contemporary topics in this field. They are necessities to achieve and maintain productivity in microelectronic integrated circuits, for example. Research and training for this modern industry urgently require access to this very expensive equipment. Chile suffers from a weak position in this field.

Physics and chemistry, however, have to be taught in universities, at least as a basic instruction for medical, engineering, and biology students as well as for high-school teachers. Chile has attained a very satisfactory position in this respect and can demonstrate good academic instruction. The professors in these fields in Chile had to restrict their own personal research to financially less demanding theoretical activities. We have seen this restriction in rather dramatic fashion in all of our jury considerations for the World Bank MSI. Most recently, in the last 2003 bidding at Santiago, we encountered proposals for theoretical quantum chemistry, for theory in solid-state sciences, for theoretical quantum optics, for elementary particle theory, for nonlinear theory of complex fluids, even for essentially theoretically oriented plasma research. In the discussions of all of these proposals, the applicants deplored the lack of experimentally oriented Chilean colleagues with whom to cooperate. Two proposals, in fact, directly pertained to obtain experimental facilities as outright donations from abroad (plasma research, donation from Germany; elementary particles, donation from the Ukraine – both proposals could not be supported). 

c. Engineering sciences

Another quite obvious and serious weakness consists in the lack of qualified engineering proposals. The MSI should strengthen “Science and Technology ”, but our committee could not identify a worthwhile genuine technology proposal for support by the MSI. The Program Committee did actually search quite hard and was even willing to consider specific alleviating and extenuating circumstances to overcome scientific shortcomings, but in view of the limited funding it was impossible to consider engineering-related applications, such as ore mining, metal refining, control electronics, energy storage and electrical energy generation, geometallurgy, or high-voltage transmission and others. Also eliminated were proposals for food engineering and industrial mineral engineering. A proposal on time-resolved astronomical observations had some computer- and measurement-related engineering aspects, but unfortunately, it had also to be eliminated rather early in the judging. The only compromise obtained in the deliberations during the last competition on July 2003 concerned one proposal related to seismotectonics, where some commendable partnership with construction engineering became –hopefully- apparent.This partnership was a major reason for recommending this project to be funded. This result of these almost complete rejections of the engineering-related proposals will most certainly exert disappointment and demotivation in Chile's engineering science community. It is to be hoped that other sources of support can be mustered by the government of Chile. 

d. Mathematics, software, and astronomy

Mathematics and the computer-oriented sciences are also quite well positioned in Chile. Again, this field does not require excessive investment in equipment, especially nowadays, when the cost for modern powerful computers has been so strongly reduced. Here again, we have a strategic niche for Chile of great significance since education of sufficent and well-educated software specialists is an absolute necessity. Astronomy with its special importance for Chile is also a case in point: this basic, non-applied research is internationally very strong!

3. Conclusion

My conclusion of these observations is: Chile's adequate position in the relatively inex-pensive theory-oriented sciences and a dangerously inadequate activity in all practical, experiment- and technology-oriented disciplines. My observations stem only from one type of science funding in Chile, namely the Millennium Science Initiative; other funding sources obviously also exist and are effective. However, the list of over fifty detailed applications for the Millennium Science Initiative is an important and trustworthy general indicator of academic research and training of a country. The World Bank seems to be aware of such a wider analysis beyond the direct financing of a few individual projects. The deliberations of the Program Committee always tried to take this general aspect into account. 

4. International Comparison 

Chile thus far obviously could not and did not want to compete in the fields of expensive equipment-related high-technology. Chile's position thus clearly differs from those in Korea, Taiwan, Singapore, or Malaysia. All those Asian countries do not enjoy the very favorable Chilean possession of raw materials (copper and many other valuable ores and minerals) or high-quality natural export goods (timber, fish, wine, fruit,..). These Asian countries were thus forced to enter the complicated new fields of modern technology, which required them to invest heavily and systematically in expensive equipment and refined academic education. In this respect, Chile more resembles Thailand, a country with very well developed agrarian sectors and previous huge success in rice export. The position of Thailand (or also of Sri Lanka, a tea-exporter) has therefore remained relatively weak in experimental science and technology. One can, however, now see rather frantic efforts of countries such as Thailand to catch up in technology, since even for the mere attraction of labor-intensive production jobs from developed countries, a host country has to offer adequate practice and training of middle-level and high-level technical people.

5. Strategy Options 

I deem these conclusions to be of significance, especially since the World Bank's MSI ought to be interested in the future economic strength and well-being of the partner nations. Two possible strategies arise for Chile: first, a continuation of adhering to the theory niches with low financing efforts or, second, a definitive strengthening of the undoubtedly demanding and expensive experimental and engineering sciences. 

•  Adherence to previous strategy 

Adhering to the previous strategy has an obvious advantage of avoiding excessive budgetary strains. The theory-related activities will nevertheless educate good specialists, which might also become useful in some practical industrial occupations. Theoretical physicists, for example, are usually very effectively employed in the software and computer industries. These scientists are in most cases also good educators in the secondary school systems. The economic multiplication factors of these groups, however, remain weak for the modernization of industry. 

Much improvement in the experimental sciences with sharing of financial burdens might possibly be achieved by strong international cooperations within South America. There are some positive signs to be observed. Again, the Program Committee always considered such plans of collaborative efforts, especially with Brazil and Argentina. Chile must then be prepared to also contribute good national programs, inviting for her neighbors. Without question, a national economy can benefit much more strongly if such research is performed within the country, if possible very close to industrial activities! 

•  Novel strategies 

A new strategy would first require a deliberate strengthening of engineering education on all levels. The criteria “outreach” and “cooperation” –as known from judging the MSI proposals – should also be applied. Next, the installation of some intentionally elitist centers of research-oriented hardware sciences should be considered. Here, the researchers already active in the MSI – nuclei and centers might be most helpful, since these theorists are usually fully aware of the international scene in the experimental sciences. The Program Committee mentioned these points in the discussions of the MSI nuclei. Stipulations ought to be made in the granting of the MSI financing with the objective to prepare experimental expertise from the basis of the theory-heavy projects. 

Some conservative reactions, reluctance, and even resistance might be anticipated from the established theory-communities, which –understandably- tend to cling to their status and privileges. Well-earned praise for their basic work in competing successfully in the international scene and motivation to now help establish experiment and applications should hence be given by government, parliament and in the Chilean media. The necessary conditions for the MSI support ought to be precisely restated with that goal in mind. 

It might also be of some use to study the approaches by Singapore and Taiwan, although there are obvious differences in history, tradition, and economy. The connections to the science policies in the USA and to Europe should, of course, here be fully utilized.

6. Economic Modernization 

Education of modern experts with hands-on experience and a thorough knowledge of internationally utilized equipment and their future applications are extremely useful for advancements in threshold-economies. It is these practical scientists, who can start their own companies, who can run national affiliates of international firms, who can service and maintain complicated systems quickly and efficiently. Such practical science experts will be of interest to almost any established industries to initiate modernization and expansion. It would be quite unreasonable to demand such economic stimulus from astronomers, theoretical physicists, quantum chemists, or pure mathematicians, although these groups are truly essential in providing the basic knowledge to their experimental colleagues. 
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