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Annotation
Use of advanced Information and Communication Technologies (ICT) in science is constantly growing, which broadens modern possibilities to acquire relevant scientific information and extend scientific communication that are the crucial elements for producing new knowledge. However, productivity of this innovation within the science itself was not proved, although it was not challenged. 

The paper analyses the process of ICT assimilation in the Russian academic community (1994-2004), including dynamics of indicators characterising not only the level of ICT use but their influence on professional productivity of scholars as well. On the basis of empiric data obtained during 10-year sociologic monitoring the report shows unambiguously positive resulting correlation between the level of use of ICT by scholars and their professional success.

Modern ICT that have become an integral part of the world science create new forms for research organisation corresponding to global technologies of Knowledge Society: virtual laboratories, grid systems, etc. These crucial innovations in science organization are connected with transition to the Information Society and create new challenges, which will be discussed in the paper.
Introduction
Information and Communication Technologies (ICT) that were unimaginable before have largely optimised information search and scientific communication and gave scholars possibility to easily and simply satisfy these two important professional needs. Thus, even within the framework of traditionally organised scientific activity users of Internet technologies obviously gained advantages over their colleagues who don’t use computer telecommunications.

However, computer technologies, like any radical technical innovation, do not confine themselves to satisfying existing and recognized needs. Developing according to their logic, advanced technologies offer scientific community such radical innovations, which become part of the research process and can in long term bring dramatic changes, not only positive ones, concerning organisation of scientific activity, and lead to transformation of science in general. This is only becomes acknowledged after some time, when experience of using computer telecommunications allows to consider deep processes and their outcomes connected with these telecommunications. 

The idea to study these issues first appeared in the USA where science computerisation was carried out earlier and in larger scale than in other countries. The question of the role of computer communications was largely discussed by scientists from the European Union at the First international conference “The Global Science System in Transition – GSST”, May 1997, Luxenburg, Austria). This conference established that ICT have entered the research infrastructure, and set an objective to conduct permanent analysis of actual current processes of assimilating new network technologies (in different countries, different scientific disciplines, different types of research, etc.), and draft practical recommendations for scientific policy, aimed at overcoming the transitional problems [1, p. 213].

ICT and Professional Activity of Scientists

Since1994 Department of sociology of science in the Institute of Natural Sciences and Technology History of the Russian Academy of Sciences (INSHT RAS) has been carrying out methodical monitoring of the state of research and professional activity of scientists within the system of the Russian Academy of Sciences. The monitoring is based on empiric pilot scanning that is usually carried out every three years in 6-8 elite RAS institutes in the sphere of physics, chemistry and biology. This scanning covers all main indicators characterising scientific work and self-consciousness of scientists. At the same time special attention is paid to new factors bearing considerable influence on the research process. Since 1998 major attention has been paid to new forms of scientific communication, based on modern ICT.

The scanning conducted in 1995 for the first time recorded the importance of this innovation and showed the initial phase of computer telecommunications assimilation; Scanning carried out in 1998 surveyed the state of affairs after large-scale connection of RAS institutes to the Internet; scanning in 2001/02 showed “mature” phase of modern network technologies application. Eventually, the main issue concerning ICT is their influence on the efficiency of scientific work. They exist and constantly develop, many scientists don’t imagine their work without this service. But do they contribute to increasing productivity and efficiency of scientific work? This can be substantiated only on the basis of correlation between scientist’s activity in using ICT and their professional productivity. The world literature doesn’t have such data, and the view on “definitive usefulness” of new technologies is usually proved only by general reasons of logic [6, p. 57–58].

Our monitoring takes into account heterogeneity of scientific community according to the degree of scientists participation in telecommunications by dividing all respondents into 5 virtual groups: К – L – M – N – O (К – maximum, О – zero telecommunications activity). Professional productivity was measured by the number of publications in domestic and foreign journals, and the number of scientific reports at international conferences and participation in international grants. Scanning conducted in 1998 revealed presence of positive correlations between professional productivity of scientists and active use of ICT. However, inverse dependence was absent: “hyperactive” ICT group K was generally weaker than other users of computer telecommunications, while minimally active ICT group N showed great results, at least in what concerns the publication indicator (see table 1, lower lines). All this allowed to make the conclusion that active use of ICT was more the result than the cause of general professional activity and productivity of scientists. 

Table 1

Professional productivity of scientists using ICTs on different level*

	
	Publications
	Reports at international conferences

	Groups
	Total number in 3 years
	%

of authors
	In foreign publications
	%

of authors
	Total number in 3 years
	% of reporters

	К
	19,7       19,7

7,6           6,4
	100

85
	12,7      12,7
 5,2          4,3
	100
81
	4,7          4,7
4,6           3,6
	100
78

	L
	16,0       16,0
9,3           8,9
	100
96
	11,6       11,2
 5,5          4,9
	96

89
	6,5          6,1
3,7           2,6
	93
70

	М
	11,4       11,0
9,8           9,0
	97
92
	 4,6         4,0
 5,1          4,3
	87

84
	4,5          3,2
3,5           2,2
	71
63

	N
	7,6          7,3
9,5           7,3
	96
77
	 3,9         2,9
11,0         6,4
	74
58
	3,0          1,5
3,5           2,3
	50

65

	О**
	–             –
6,6           5,0
	–
77
	 –            –
 4,9          1,6
	–

33
	–             –
4,3           1,1
	–

27

	Selection at average
	11,0       10,6

8,6           7,5
	96

86
	 6,4         5,3
 6,1          4,2
	82

70
	4,8          3,1
3,9           2,3
	64

60


___________________

* Bold type corresponds to scanning in 2001/02, normal type – scanning in 1998;

to the left – average number of articles / reports in three years calculated per author,

to the right – the same, calculated per group member.

** For group O the results of the years 2001/02 were excluded as inadequate.

The results of scanning in 2001/02 (Table 1, upper lines), summarising three years after the previous monitoring, clearly showed dramatic changes in the role of ICT in scientific society. Absolutely all groups reflected sustainable positive correlations between the use of ICT and professional productivity. The main ICT users (K, L, M) evidently improved their indicators both concerning the number of publications and reports, and participation in international grants (Table 2). At the same time hyperactive ICT group K obtained the first place on professional productivity indicators, while earlier successful group N considerably surrendered its efficiency. Additional examination of results concerning results of group O revealed their inadequacy expressed in considerable overstatement of characteristics of their productivity [2, p. 592–93].


Table 2

Correlations between use of ICT and participation in international grants (%)*

	Groups
	Heads of collective grants
	Members of collective grants
	Executors of individual grants
	Do not have grants

	К
	67 / 15
	33 / 54
	0 / 0
	34 / 35

	L
	58 / 23
	22 / 58
	4 / 8
	29 / 27

	М
	10 / 8
	32 / 38
	3 / 3
	57 / 57

	N
	6 / 8
	14 / 40
	1 / 4
	78 / 56

	О
	0 / 7
	17 / 34
	0 / 0
	83 / 62

	Selection at average
	19 / 12
	22 / 44
	3 / 3
	60 / 48


___________________

* Bold type corresponds to scanning in 2001/02, normal type – scanning in 1998.

Thus, comparison of results obtained in 2001/02 and 1998 clearly showed considerable positive influence of ICT use on productivity of scientific work [4, р. 10–12]. However, almost full technical provision of computer communications to all scientists who expressed willingness to use them (85-90 %), revealed in 2002, was recorded only for elite academic institutes. It should be noted that modernisation of information and communication sphere is needed by larger circle of researchers. Complicacy of providing modern network technologies to national research community is increased by their constant development. Unfortunately, it is impossible to satisfy once and for all the need in modern ICT in principle: rapid development of this innovation demands permanent updating of information-communication infrastructure of science. Development of Information Society demands constant extension of electronic network and modernization of network technologies.

ICT and Outlooks for Science in the Information Society

The system of scientific knowledge, especially in natural science, is international, which at first sight makes science intrinsically predisposed to international integration. But in fact there are many problems here, since science is not only a cognitive, but a social institute as well. Major difficulties arise when new technologic possibilities clash with old political policies. New technologies created global possibility for real scientific cooperation that is not limited in space or governmental borders and is easily carried out in real time. But in reality, if we talk about science not as a knowledge system but as a sphere of activity, – there is no world science, since it is organised on national principle, and even divided by departmental barriers on national level. Certainly, science should be open, i.e. scientific knowledge should be available for all. But those who spend money on it naturally want to gain some advantages. Democratic idea of open science, or international use of fundamental scientific knowledge encounters the reality of national expenditures on acquisition and storage of new knowledge. International scientific projects should overcome differences, sometimes huge ones, of national interests of their participants. However, since these antinomies exist against the background of evident tendency of globalisation of the world economy, it is highly possible that in the course of time transformation of science in this direction is inevitable.

This outlook brings to the fore two questions. Can modern computer telecommunications serve as a tool for reconstructing the present mosaic of national fundamental research in the integrated global system? And can further development of ICT per se lead to integration of national research systems into a global one?

The results of a decade of our sociologic monitoring of the process of ICT assimilation in the leading RAS institutes (1995 – 2004) gave us ground to give positive answer to the first question, since Internet technologies providing technological basis for science globalisation, ideally correspond to information and communication needs of scientists and are easily assimilated by the research community. But answer to the second question has so far been negative, at least for Russia. Development of network communications is a prerequisite, but it is still insufficient for real integration of national research on the global whole. Until computer networks become networks connected with financing, in other words, until we implement program financing, they will remain a very convenient, efficient, priority, but still only one of the tools of scientific communication. 

Apropos, second GSST conference “Digital Technologies of Cooperation and Organization of Scientific Work and Knowledge Economy” (December 1999, Luxenburg, Austria), that continued and developed intentions of the previous event, mainly concentrated on discussing the new forms of science organisation, based on ICT. The majority of reports were dedicated to the work of scientific groups distributed in space but functioning as a single research unit. Such notions as virtual group or virtual laboratory (VL), which until recently were discussed as possible models of future organisation of research within globalised science system, by the time of the event were implemented somewhere and were discussed as real objects [1, p. 215]. They were called collaboratory – a hybrid of collaboration and laboratory, the term that reflects the very essence of this new organisation. Evidently, this term was brought from a book that was very popular 20 years ago, by B. Latour and C. Woolgar “Laboratory Life” [3], which elaborated on and analyzed professional life of research laboratory in 70-ies. Now collaboratory becomes the object of such studies.

Unfortunately, interest to virtual laboratories is still uncharacteristic to the Russian science. Thus, we will not dwell to special analysis of this form of research organisation but will limit to indicating on its fast dissemination in countries that organically assimilated network Information and Communication Technologies.

Laying hopes on advanced ICT, as it appears in the USA and most advanced countries [6], we should be more attentive to some latent tendencies, which in the course of time can become dangerous for science. These dangers usually complement the advantages of computer telecommunications and are mainly connected with long-term prospects. Thus, providing access to unprecedented large volume of different information and facilitating its targeted search, new Information Technologies, however paradoxical it may sound, narrow the angle of vision of scholars, as they dramatically reduce spontaneous acquaintance with information on related problems, methods, approaches that is taking place when one is working with printed publications. At the same time, interviews with those who use computer telecommunications for many years, showed that considerable part of scientists who are concentrated on their scientific work, whenever it is possible, are trying to avoid to search for information in the Internet themselves. Trying to save time they often request not search systems but colleagues who are already acquainted with that information. The role and functions of “creators” and “informators” that have always been unevenly distributed among separate scientists, are even more differentiated, which further reduces the share of “unforeseen” scientific information spontaneously coming to the researchers and widening their horizons. This inevitably lessens universalism of a scientist and openness to new ideas and approaches.

Virtual groups of scientific communication are easily created on the basis of common professional interests and are integrating ever more homogenous groups that are clearly less diversified than invisible colleges. Increased fragmentation, “encapsulation” of problem areas weaken and even completely stop possibility of cross-fertilisation – one of the main stimulators of scientific knowledge development. Preservation of diversity is a crucial factor of sustainable efficiency and productivity of integrated global science. Vitality of science, as of biocenosis, is provided by diversity (on personal, group and national levels), that is why its preservation is one of the key tasks and problems to be resolved. Another important point is that the new way of effective provision of new problem domains by researchers – by creating networks from existing and well-known specialists – is efficient only in short-term, it does not stipulate development of new specialists and will be limited by existing ideas and approaches.

Nevertheless, it is evident that development of advanced Information and Communication Technologies and their penetration in science is promoting development of new forms of research organisation; it is irreversible and represents the dominating tendency, at least for the nearest decade. 

Living in poorly computerised environment we are settled by acquiring computers and getting access to the Internet, that is achieving the “global level”, but we keep forgetting that this level is constantly rising and new technologies are quickly replaced by updated ones that considerably surpass the old ones. Not long ago we discussed virtual laboratories, when an international grid system appeared and started to support modern projects in the sphere of physics, which create large bulks of experimental data. Distributing information flows among co-executors from different countries, the grid provides fast data processing and quick scientific results. The experience of physics is being distributed to other disciplines, and we are speaking now about e-science, including e-social sciences. On the forthcoming XVI World Sociological Congress (2006) this new phenomenon is submitted for special discussion [5].

In this environment even to be in touch with the international scientific information and to maintain international contacts it is necessary to constantly update information and communication infrastructure of national science. That is why our outlooks to obtain a dignified place in the world science are closely connected with attention which will in the nearest future be paid to further introduction and, what is most important, development of modern network ICTs.
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