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 It used to be the case that, as a matter of fact, one could be engaged in the sciences, in philosophy  only by being close to,  part of  an established community  of  others equally involved,  engaging in discussions,  sharing interests and values, having access  to   the same sources.   There was by the  end of the 19th century  that  well  defined  body of science in the  western world - the one out of which  has emerged our modern civilization - a body  loosely divided in schools, each   identified  by its geographic center of gravity,  by its  language.  And  by and large,  the  study of science   was  reserved to  a small   elite, generally  members of the upper class of society .  

Much of this was to change   with technological  and   economic factors  playing a major role.   Communications had been a significant  component in the  rise of    western  science  and as a consequence of western civilization. In prominent place  had, in the 15th century,  been the introduction by Gutenberg  of the printing press  leading to  the  circulation of books  and knowledge - something that was to lead  not only to the Age of Enlightenment  but also,  from the more material side of things,  to the industrial revolution.   Then mostly after World War  II,   politics and international competition led  to  the institution of governmental funding of    science and technology,   contributing in no small way to  an increase  in  population of those engaged in research, to their material conditions, to an increase in  the number and distribution of centers of  intellectual  and technological activity.  The affordability of  travel allowed for  a growth in the number of  international  conferences that  could be attended by  participants from  far and near. Then came electronic communications,   Internet, the World Wide Web,   the communications revolution that removed the remaining  separations  created by distance and national boundaries.  And,  as had been the case for Latin in the Middle Ages,  English  became de facto the lingua franca of the sciences. 

So it  appeared that  science would  now be conducted by scientists anywhere  in the  world, independently of their location on the map or  their position on the social scale,   since  many were  now  remunerated  to pursue their interests and  all had  equal access to the same electronic information.  But   this is not  really what  has been taking place.  While what is  called “scientific research”  may  and is  indeed     conducted almost anywhere,  its nature and  outcome  are  highly dependent on  the context, on the environment.   Different individuals find themselves part of different communities, they  are motivated by   different    economic and societal values,  guided by the  advice (or lack thereof)  of different  elders.   

Developments that  have been significant to the  rise of  our civilization  have almost uniformly  been the product of  communities  of men.  A significant example had been that of the Greek philosophers  and mathematicians  in   the fifth century B.C., the Pericles era  whose contributions were to play a major role in the  rise of the Renaissance close to twenty centuries later. And  important to modern  science had been the appearance of european universities in the late Middle Ages, followed  by the  appeareance  of academies, notably   the  Royal Society in London  and the Académie Royale des Sciences in Paris in  the 17th century, Berlin (1707), St. Petersburg  (1724) and other institutions out of which came in  very short order contributions by  the likes of  (limiting myself to the natural sciences) Huygens,  Newton, Leibniz, the Bernouillis,  Euler,    contributions  that    literally  changed  the course  of   human  history.  It is not so much that  something on the order of  perhaps a few hundred  or a few thousand  natural philosophers  had become  part of those institutions (the name of “scientist” did not come to be used until later), but more so the fact that they  were  brought together, interacting, discussing, competing  for fame  and new ideas, the kind of greenhouse atmosphere from which original results are coming.  What had been created  were communities of individuals searching for  recognition from their peers,  leaving  in the process  important  discoveries as well as an abundant correspondence attesting to the high degree of  intellectual  competition  between them (the  celebrated Newton-Leibniz  dispute was only one of many).

Closer to us came  the   high volume of  activity  in the  sciences and technology  associated with World War II,  with literally hundreds of thousands engaged in research and development,  forming   close knit communities  of men  (and women:  many of the men were away,  fighting  the war) restricted in their geographic location by the  circumstances  and  in the  direction of their research by what they had been  mandated to work on.  

Governmental funding of the  sciences  was to continue after the war in  developed countries first,  later modestly in developing countries. Research is no more reserved to a few,  it is no more what Babbage’s biographers described  as  a gentleman’s hobby
.   It has become an income producing career. It has become the  occupation of a large population of men and women  that are not necessarily  motivated by  the desire to learn,  the beauty of science or the   thrill of discovery (as those of previous generations did: there were no other incentives for being a scientist then, least of all  financial retribution).  For today’s generation,   “research”  is a career,  a source of income, often the main source. It is no more  restricted to a selected aristocracy.

And,  assisted by   the Information Superhighway, the conduct of research has spread  to the rest of the world, away  from  the centers where it used to be concentrated.

* * *  

democratization of research and its price 
The transition from science conducted  by  a small elite  in  relatively traditional settings  to “research”   conducted wholesale  by large numbers  of  individuals, a definitely 20th century  occurence,  is   a major step that  did not   come  without change and casualties. First an predictably  came  a loss of  intellectual quality. Quoting Norbert Wiener  talking (in the 1950’s)  of the 1940’s, a time at which he  was   an accomplished scientist at the Massachusetts Institute of Technology drawn into  the war effort
:                        


First,  there were not enough men to carry  out all the scientific projects which the war 
involved.  Secondly,  in order to carry out these projects at all, it became necessary to 
organize the work so as to use those with a minimum amount of training, ability and  
devotion.  







        


 

.......  Such men were  in no state to  accept the  discipline or hard work, and they evaluated  whatever intellectual promise they might have as if  it had  been already realized in performance.  
............
This was part of a general breakdown of the decencies in science which continues to the present day [ the 1950’s]

With the increase  in  numbers  that  came after the war, the  very structure  of intellectual pursuit was to change. Traditional communities   that included elders for guidance  and advice were becoming hard to maintain.  Much of the government funds for research  went to universities and  research  laboratories attached to universities, institutions that  were by definition fit to provide such guidance.   It is the  resulting increase in the number of graduate students thus supported by grants  that  was to lead to the  institution of  the Ph.D.  in the form we know it today.  In addition to traditional mature and accomplished scientists,  those institutions are now hosting a population of graduates students, doctoral candidates, post-doctoral fellows  and the like supported  with  funds coming from   “research” grants whose description often  contains  “well defined objectives” (which is almost an oxymoron).

One thing leading to another, holding a doctoral degree and  showing a list of publications  did become a requisite for teaching at the college level, even often  came to be expected for entering in industry, not only in the U.S. but  also  gradually in the rest of the  world
. Quoting Toraldo di Francia (from an excellent, relatively recent  book devoted to the development of the physical sciences
) : 

The young person beginning a scientific career today , particularly in physics, believes he is taking part in a race. His goal must be to get there before the others, at whatever cost - to learn his job and to accumulate a certain number of papers as soon as possible. But does the “runner” in the race notice the scenery around him? No : being so intent in winning he sees and thinks of nothing. Sometimes the young scientist even forgets the motives for entering the race. Unfortunately , this is the   sad fate awaiting many researchers : lack of culture and alienation..

But  things are not as  bad as those comments by Wiener and                       di Francia would suggest.  We are for better or worst  moving toward a different world, different from what those  members of previous generations have known.  The practice of scientific research  has become a multi-tier system where those  at the upper end still pursue science of the best quality. If anything, better material conditions together with powerful computers  and communications  give them access to  massive  banks of information,  allowing  them to  reach  results  well beyond  what   their forebears could  ever have  hoped to reach
.  Then  there is  at the other end  a  large population   of   “researchers”   coming with a variety of  qualifications,   “doing  research”  and  proposing new contributions  as  part of what their   position in life,  what their career   expects  them to do.  While some of the  outcome is good science  and will survive, much of it    is  definitely not  and its  outcome   shall  be quickly  forgotten   by and  elimination  process that been compared  with  Darwinian evolution.  In this analogy,  the  multitude  of   what is perhaps best qualified as “grey” contributions  plays the role of   the random mutations  in biological evolution, with the process that   retains the best  not so  different from the  survival of the fittest.

For all the positive results, we are left with  new problems.  Possibly the main that  must be resolved      (a   point to which I shall return) is that of   finding ways  of separating  good science from bad,  allowing  for hopefully everyone  to recognize or be told  which is which, to recognize which  scientists have respectable credentials   from   those who do not
.

the loss of personal interaction

Another  element that is on the decline in the world of science - as well as elsewhere  in fact - is the  degree of direct interaction between individuals in  face to face  situations.   Face to face communication results  not only in an exchange of   factual information, it also   contains a whole range of psychological  elements including such things as  judgments of  the credibility and credentials of    the other party, a sense of belonging to the group,   a search for “role models”,   factors  that  hold an important place in  the dynamics of  the  creative  process of    scientists, in particular  in the  earlier part of their career. The effects of  this loss begin to be noticed  and    talked, and written about. Quoting from a recent article on the subject  by  Locke
:
....  we human beings are wonderfully adapted to collaborative effort. The ability to cooperate and work together has been indispensable to our species for score of millennia. The legacy to us moderns is a set of organized neural processing systems that detect facial and vocal variations, reporting to higher brain systems  that informs us when  individuals intentions conflict with their superficial linguistic behaviors.  

 and later :
....  One of the science’s least heralded  tools is the cocktail napkin. When scientists convene at meetings, much of the most interesting action occurs between sessions when informal, sometimes heated but usually illuminating discussions take place. Theories are sketched out, graphs are drawn, on whatever paper happens to be available. Although they may  be indecipherable later, at the moment of scribbling these materials seem, and actually may be, brilliant. ......... 

Conferences are indispensable  to science....... They affirm the promise of the junior scientists and confer recognition upon their more senior colleagues. If teleconferencing becomes the mode, we should all be concerned that convening - a behavior that is critical to science - will have to be added to the endangered behaviors list.

A  revealing comment  though,  that  illustrates changes of our time :           I  did  ask one of my graduate   students to read and  make comments  on Locke’s article. This student is  what I consider  a typical  member of the younger generation  that  spent much of its time learning things about science and the outside world  from a computer screen,  whose idea   of  “research”  is in  the writing up a thesis or dissertation   that conforms with the expectations of one’s thesis director
.   To my surprise,  her reaction was  one of   disbelief,   of disagreement with Locke.  My guess is that, other than for classroom exposure,  having never really experienced the thrills  and  benefits of collaborative  exchange of ideas (given the pressure of numbers, this   is   the  fate of many  in the today’s  students   engaged in research toward the writing of a dissertation or a publishable paper) she simply  had no idea of   what Locke  was  talking about.  

Here too, this is the way the  world of science  and technology is going. The upper tier or  the scientist’s population that I did mention before  forms a community where individuals remain in relatively close contact,  notwithstanding Internet.  They still work in well defined directions, associated in groups with their  own kuhnian paradigms. But  the rest forms a  large population  of  researchers   that  are  working in a multitude of directions, often  isolated from eachother.  While  they globally do not  present the same  image as   did the much smaller  communities  of the past, this mode of “distributed research”  still has,  in the midst  of uninteresting or questionable contributions that shall quickly fall into oblivion, the potential of coming up now and then with  first class results.  And occasionally,  it is the very isolation  of individual researchers from eachother that  contributes to the appearance of  new ideas, way off the beaten tracks.

 the    changing  distribution of scientific research

The distribution  of   where and by who scientific research   is  conducted began to change in significant ways mostly after World War II.   A  telling  sign  of changes in the geographic distribution  had been  in  the  appearance of  international associations and  professional   societies meant to  give a   disciplinary   home and  global connections to  the members of   what amounted to a new professional  community  whose roots  were, because of the very nature of the post-war society,  distributed  in many parts of the world. Limiting myself to those related to  the applications of electronics that were to eventually  lead to  today’s  overwhelming computer/communications  highly technological civilization -  the area I am most familiar  with -  the first to appear was   IMACS
        (in 1955  , concerned  at first  with   the  computer simulation  of such things as airplanes and industrial plants, later  with modeling and applied mathematics)   followed by  IFIP (Information Processing), IFAC  (Automatic Control),  IFORS (Operations Research) and IMEKO (Measurement Instrumentation).  All  were established   at about the same time (between 1955 and 1962).  And all   were related to some aspect of  those   applications of  information processing technologies that had  emerged    in the early part of the 20th century,   and had been  given a significant boost  during the second world war years.  and .  But other than  for technical details, there was so much in common   between   the five that a  coordinating committee  ( FIACC,    the ”Five International Associations Coordinating Committee”) was formed  under  the aegis of  UNESCO  in the early 1970’s.

Motivation   toward  the sciences  is very much influenced by one’s environment,  a factor that is  of course eminently dependent upon one’s  location on the map.   Ironically,  one of the first  manifestation  therof has  been   in a marked  loss  of interest  found with  young people  mostly   in  the technically advanced countries of the world (Western Europe, North America).  The result is that  one finds that  a large  proportion of the  science graduate students in major educational  institutions of the West  (western Europe and north America) are nationals from other parts of the world,  mostly  from  Asia and Africa. Many of  them  will  return to their home countries  after graduating (with either a Master or Ph.D. degree  in some branch of the applied sciences)   where they will, in different environments, pursue  their  career under different circumstances. 

*  *  *

One must  make a distinction between   those developing countries  whose  economy and industrialization  are  moving fast   forward  and those  where that is not the case (countries in  the former  east European communist block   are in a category of their own,   with on the one hand  a population of first class scientists, on the other  the fate of scientific research very much affected by   political turmoil  and  the state of  the economy).

Graduating students returning to fast developing countries (typically  China and nearby  countries in  the  Pacific Asia, one of the economically fast growing regions of the world) will  find themselves in an environment  where  there is a need, where  they   will find employment  commensurate with  their  newly acquired skills, either in  industry, or  in academia  and, importantly, they  will become part of communities where science  is held in esteem.  Some of them will   continue to  conduct  scientific  research   in   an environment  that is not so  much different from    that of the West.
The situation is quite different for those  returning to slowly developing countries. Some end up in  universities,   charged with the task  of  educating  their  countrymen in the exact sciences and  technology.   And  to follow  the western     cliché,   they shall  - or will be expected, as unreasonable as the expectation may  sometimes be - to engage in “research” of the kind that may lead to original contributions,  to   publishable material. A typical scenario is that  of   young persons from  one of these countries ending up  having  spent   a  few years  getting a Ph.D.   in a European or American  University , then returning home  where  they   (generally  together with holding a teaching position) will continue   to  conduct research   in the  direction  started  with their completed doctoral dissertation. But in  the absence of equally  engaged  colleagues with which  to  engage in face to face  discussions,  from which to get feedback, deprived from the proximity of  others  able to provide them with occasional guidance,   and little aware of  what  directions of research  are  really important to  the rest of the world, some end  up  coming up many years later with  results   that are not  necessarily irrelevant,  but that  may in the meantime have entirely  lost their interest  to the   corresponding  community.  Which reminds  me of workshops  held between FIACC   members  and   delegates of   UNESCO in the 1970’s. The meta-question was :  how could we, members of FIACC (International Associations devoted to  scientific advances in  our respective disciplines)   help  transfer technology and knowledge to   the developing nations of the world.  What  came to hold  center stage in  those discussions was the concept of   “appropriate technology”.  It is simply not the case that  transferring  without change a technology that  works well in   a developed country   (such as the automation of  say a brick  factory)  will work well in  a small town  in the developing world, where  leaving  behind  unemployed  factory workers is highly undesirable.  So,  the idea of transplanting  some of  the  typical conferences with highly technical papers in  developing parts of the world  where they could be attended by    local would be scientists  was deemed  undesirable.  What was  deemed better was the organization of  workshops in developing countries  where basic, “appropriate” information and  education  concerned with “appropriate” technology would be  presented.  

But   such situations are not the rule. Most nations in the developing world have become aware of  the importance of science and  many have by now established  national research programs and institutions.  Some have realized that one way to get around the  problem of  isolation  is in  participating  in research projets in  collaboration  with technologically advanced partners.  From a recent  study  where   development is -  interrestingly and  taking no exception  from    current  practice -  also measured by numbers of papers published  (in this case as  reported by  SCI, the Science Citation Index) :     

The frequency with which investigators from a particular country collaborate [in the writing of papers] with colleagues from other nations may reflect either  the level of scientific development of a nation or its dependence on external resources to get published. Although geopolitical factors of course play a role in influencing international collaboration, developed nations are far more sufficient in science and technology than are far more self-sufficient in science and technology than are developing nations
 

The study mentions, for instance that Morocco, Algeria and Tunisia in north Africa have  large groth rates because of cooperation  with western Europe. This  undoubtedly reflects  the fact that,  for  historical and linguistic reasons (French is spoken in all three) France has maintained scientific and educational  support   to - and  collaboration with those  countries. And there is likewise a  visible amount of collaboration between  North America  and Western Europe  on the one hand,   developing countries of Latin America (Brazil, Argentine, Mexico, Chile...) on the other.

* * * 

It is not only to other parts of the world  that research has migrated.  There is also, in the West,  a migration  away from major intellectual centers to the countryside, so to speak.  It used to be the case that  contributions to the literature  published in  the exact sciences were  coming  almost  entirely from   members of  those  somewhat elitist communities typically  attached to   known universities.   But, with  circumstances  not unlike the above, research  is  also conducted  today in institutions that  used to be  devoted to  education only.   In that spirit, many    colleges in the US have   changed  their  name to “university”  and  a similar inflation  of names  has taken place in  many European countries.  

As Editor of a professional journal devoted to   mathematics,  computers and their applications, I  used to  see not so long ago article submissions coming  mostly  from  members of major institutions  located in the  traditional,  technologically advanced countries of the West  (in which I  take license to include  Israel,  Australia and New Zealand). Many submissions are now coming  not only from many parts of the  developing world,  but also from  what used to be  those less visible institutions,  teaching colleges   and universities whose faculty  is  now also  required to  engage in research and  publications.   However, because of their  particular environment,  what they have to publish is not necessarily of  great interest. Indeed, perhaps unfortunately,  one of the ways  in which many   budding  (and isolated) scientist responds to the “publish or perish” pressure is  by  searching  the literature  for   publishable topics, i.e. topics  for which they find  several, preferably recent articles in journals and  conference proceedings.  His main concern is to find something  he believes  may contribute to this  already established track (something that looks like a minor kuhnian paradigm), the fact that  others’ papers have been published being sufficient  reason to assume that the particular territory  being explored constitutes  respectable science.  Which  is perhaps best   commented upon by  citing Bruegel’s  painting  of “The parable of the blind leading the blind”.   

in closing

Just as it had been  one of the  roles of   academies  and universities of  previous centuries to  submit contributions  of  their  members to what  amounts to  peer review
,   it is  now  the role,  perhaps the   obligation   of    today’s scientific establishment (professional societies,     major journal and book  editors)  to do the same. This may seem obvious,   but   one of the weaknesses of our electronic  communications  world is  that it  has allowed  for many ways  for  this   time-honored, self regulating  system  of the sciences to be bypassed.

For example, a recent phenomenon is that of   what  appears to be  a growing  industry of    second rate  scientific conferences,  many held in touristically attractive places of the world  whose organizers, in addition  to praising the scenery,  promise publication in proceedings  and  in equally second rate “scientific” but commercially motivated  journals  that have appeared on the scene.  Contributions from would be, fee paying participants are accepted with  essentially no review. Placing those conferences   and publications  apart from those that are sponsored by  respectable bodies   with   established  credentials  is not  always easy  for newcomers and  by those in  remote places of the world  who may have a hard time recognizing  valid criteria, meaningful  names  from those that are   meaningless or worse. This is illustrated by  a cartoon   reproduced in Bill Gates’s book “The Road Ahead” - where two dogs are seen in front of a PC,  one saying  to the other  :  “On Internet, nobody knows you are a dog!  It is not  just  the anonimity,  but also  other aspects that have made those events possible.   Internet is not only cheap, it also  gives easy access to the electronic mailbox of  practically every scientist on the planet!

We  badly  need something to replace the  old system in which  the value of scientists   was known  by

       - the rank they held in their respective institutions        

       - the  reputation of those institutions. 


 -  the judgment of  their  colleagues, far  and near

        -  who those colleagues  and institutions were (Tell me thy company, 

           and I’ll tell thee  what  thou art ;  Miguel de Cervantes -1547-1616).
      -  their  publications  (less so than today, I must  point out).

Much of this  has been lost  not only  by the increase in numbers, the increased size of the establishment,    but  possibly more so be  anonimity, the  convenience and low cost of  communication  afforded by  electronics, by Internet,  allowing for the  appearance of  “virtual” - or just second class scientific research and educational  entities  with no substance nor qualifications - entities that are  not easily  distinguished from  the established scientific establishment  -  and whose   very  existence damages   the  entire  scientific community.

This could  possibly (although not easily) be  remedied by  the establishment of an   


“International Science Accreditation Board” 

                                          

that would   assign   a number,   certify   credentials  to scientists and scientific institutions  based on criteria similar  to those  that applied in  the past,    keeping a register and making that information available upon request    (something comparable to      the “Credit Reports”        that  can be obtained on anybody in the US).

* * * 
=========

Having derived “original results” and, perhaps more importantly, having those results published  became the criterion. not only to enter in the system,  but educators  are often expected  today  to  prove their competence by  continuing  a   research-for-publication  activity (often,  some claim, at the expense of the quality of  their teaching
) .

===============

It is of  course not only in scientific  research that  the problem of  quality control  exists.  It is also present  in    education,  with a multitude of new universities and similar institutions   appearing, some offering  for a fee “on line”  education from far away.  This was   expressed in a statement by Jane Buck, President of   AAAUP, the American Association of University Professors :

What is needed in the international eduction community is an accreditation agency whose integrity is without question, and that will certify that the credentials provided by colleges and universities represent genuine accomplishments, not merely the payment of tuition to profit-making corporations.

* Rutgers University, Hill Center for the Mathematical Sciences ,  New Brunswick, NJ 08903  USA -- vichneve@cs.rutgers.edu
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