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Introduction

From a structural point of view, the entire history of
science appears as a history of continuous cognitive
and institutional differentiation, with new fields of
research being born and becoming independent in
various institutional settings. Furthermore, there is
no evidence that this development would be coming
to an end or approaching a point of saturation. On
the contrary, the diversification of the system of
science seems to continue at an accelerating pace.

What does this structural process mean from the
point of view of scientific integration? Does the
ongoing differentiation advance ourknowledge and
understanding of the increasingly complex world
around us? Ordoes itjust bring about more diversity
and fragmentation in science? Is it at all legitimate
to talk about integration in science as a reasonable
objective? If yes — as we think — then what are the
main restraints and potentials of integrative
developmentin the contemporary research system?
Inthis article the problems connected to the structural
transformation of science will be discussed frem
this perspective.

Our main presumptionis thatthere is a continuous
reflective process going on between science and
society. The internal structure and ethos of science
is being influenced and modified by the growing
external preassures put on science by economic,

political and other social forces. There is also a
basic structural tension between the differentiation
of (basic) science and the division of social
institutions, e.g. the welfare-state service system,
which an sich is political, economical and social,
needs and uses specialized knowledge like the
results of medicine, pedagogical sciences, and
technics. Thus the institutional settings of science
embody both cognitive and social aspects. As apart
of society science has its hierarchies. One of these
is the problematic relation between center and
periphery.

The differentiation of scientific activities has been
necessary for the advancement of science, or its
‘internal logic’ of development. Specialization is a
way of acquiring analytic and specific knowledge of
the various aspects of reality. The history of science,
however, cannot be reduced to any pure logic,
because the development of the scientific ‘enterprise’
is, and has always been, socially mediated. Our
present picture of science and the structure of
science itself is essentially modified by Western
culture and the centuries-long development of
capitalism(e.q., Elzingaand Jamison, 1981; Restivo,
1988).

The interconnected driving farces of scientific
research, i.e. the cognitive and the social pursuits,
have resulted in the increasing structural diversity
and heterogeneity of science. Related to this, serious
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doubts have been raised as to the ability of the
dominant modes of science — the academic and
the industrial — to confront the major problems of
contemporary reality (Nakayama, 1981). Structural
constraints in the present system of science have
become manifest in efforts to promote the study of
such complex and socially significant issues as
perspectives on national and global social
development, world economic process, problems
of developing countries and ecological problems
{e.g. OurCommon Future, 1887). The advancement
of these areas of research is not possible without
the integrative efforts of scientists from different
disciplinary and institutional backgrounds. No less
necessary would be a substantial restructuring of
research funding and organization. This
demonstrates the complexity of problems
encountered in efforts at scientific cooperation and
integration. Thus, in analyzing the structural
development of science the various interconnected
aspects of this development — cognitive,
communicative, institutional and societal — should
be taken into account (Kaukonen, 1985).

Institutional restructuration of science

Although science always evolves through and by
virtue of scientific activity, the determinants of its
development basically pertain to the objective
environment of science. In this regard one can
distinguish the social context of science, onthe cne
hand, and the object of science, the specific reality
it studies, on the other. Metaphorically speaking,
the social context of science constitutes its mundane
‘background’, whereas the object of research,
conceptualized and approached through a scientific
tradition, may be called its cognitive ‘horizon’. Whitley
(1974) illustrates this process with the concepts of
social and cognitive institutionalization. The abating
debate on internalism vs. externalism in science
studies (for a late example see Shapere, 1986)
basically concerned this relationship and the way it
is mediated in scientific thought.

In mapping the differentiation of science one can
distinguish two kinds of analytical coordinates: the
one related to the scientific substance of research
problems, the other pertaining to the intercennection
of science and society, often illustrated with the
distinction of basic and applied research. The
relationship of these coordinates is considered a
basic factor in our attempt to explain why there are
such great differences in the scientific character, in
the institutional and organizational forms and in the
social functions of various disciplines, scientific
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fields and specialties. The location of scientific
fields on this ‘map’ has objective impact on the way
the ‘scientific and the ‘social’ become concretely
interconnected in the everyday life of science. This
means, for instance, that the development of some
scientific fieldsis socially more sensitive than that of
others. This may be due either to the nature of
research problems and their closeness to social
practice and interests {e.g. the social sciences), or
to the aims and institutional profile of research (e.g.
applied R&D and its subordination to social
objectives). This position, however, does not mean
support of epistemological relativism (e.q., Yakhiel,
1985).

Institutional structures in a way play a
contradictory, double role in the development of
science. Onthe one hand, as an intermediary link in
the interconnections between science and society,
institutional forms reflect the intrinsic needs of
scientific work and its objectives, and give it relative
autonomy (Titmonas, 1974: 170—72). Onthe other
hand, they filter external societal influences on
science. The emergence of new institutional
structures usually presupposes material support
from external sources. The scientific communities
may of course contribute to the process, but without
support from extra-mural sponsors their possibility
toinfluence science policy decisions remains limited.

Scientific activity is located at the intersection of
two analytically distinct structures: the institutional
structure, which is a materialized result of the
encounter and ‘fusion’ of social and scientific
interests, and the cognitive structure, which reflects
the substantive state and dynamics of scientific
research. For scientific activity, institutional
structures function as objective conditions that
impose a certain profile and normative structure on
research and its evaluation (e.g., Nakayama, 1981;
Ziman, 1984; Broesterhuizen and Rip, 1984).
Therefore, a distinction should be made between
different institutional types of science. Four basic,
or in a Weberian sense, ideal types of science can
be distinguished according to their specific
institutional profile and dynamics (cf. Kara-Murza,
19886).

1. Academic science (Scientific Societies and
Academies) was born in the seventeenth century
apart from the scholastic university system and
received its autonomy as a result of a socio-political
‘contract’ committing the academies to non-
involvement in religion, politics, teaching and other
“dangerous elements” (Elzinga and Jamison, 1981:
42—43). The emphasis in academic science has
thus been on systematic basic (or ‘pure’) research.
Atthe sametime, however, scientific societies often
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proved to be more dynamic than the universities
and other research institutions in advancing
interdisciplinary research and scientific
communication. The role, organization and
university connections of academic science greatly
vary in different countries.

2. Universityscience has along scholastic tradition
largely resulting from its close connections to
educational functions defined by external authorities,
such as the church, the state and professional
groups. This dependence has had, and still has, a
substantial impacton the development of disciplinary
structures and research in the universities. In spite
of the ‘invasion’ of scientific research in the
universities in the nineteenth century, they still can
be often characterized as institutionally and
organizationally conservative and non-dynamic.
Perhaps traditiona!, university based disciplines
embody best the features ascribed to scientific
establishments by Elias: because they are like
sovereign states, which rank in status and power,
and differ in their traditional ideologies and values,
“interdisciplinary coliaboration, at present, is
exceedingly difficult and almostimpossible in many
cases” (Elias, 1982: 25—26). University
departments are not only discipline-organized; they
are also educational, administrative and economic
entities, competing with each others (Bourdieu,
1975). Recently in many countries the universities
have become more dependent on various external
sources of support and transformed their profile
toward ‘muitiversities’, a hybrid structure combining
different and even contradictory functions.

3. Governmental or sectoral R&D (state research
institutes and units) is typically characterized by its
subordination to political and bureaucratic goals
and administrative sectorialization. Research is
typically narrow, low-profile and mission oriented.
Resulting from ‘advocative’ functions the theoretical
and critical degrees of freedom of research are
limited and not all of the research results are made
public. A strikingexample of this kind of subordination
is offered by the Finnish forest research, the
development of which has been tightly connected
to economic utility and the interests of forest industry
(Alestalo, 1981). This has meant that broader
conceptualizations and alternative approaches to
forest issues have been opposed by the sectoral
research authorities (Lahde, 1988).

4. Industrial R&D has been, for some time, the
most rapidly expanding sphere of research in the
capitalist countries. Industrial R&D is basically
private, in-house business, with goals setand resulis
assessed inside the financing agency or corporation.
It is typically organized in dynamic but distinctly

defined projects aiming at the development of new
competitive technologies and products. The recent
development of so-called strategic research, often
co-sponsored by the government (see lrvine and
Martin, 1984), has increased the share of basic
research and the use of social science consulting in
big industrial corporations. This has resulted in
breaking down the traditional institutional barriers
between the private, governmental and academic
sectors of research and led to the emergence of
new connections. As Nakayama (1981: 89} notes,
even “academic science has been caught up in the
powerful mechanisms of industrialized science and
confirmeditself to them as a sub-contractor”. During
the fast years the major industrial corporations for
example in the US have established new kinds of
consortia and institutes to promote industrial R&D
at the “precompetetive” level in selected strategic
areas in cooperation with the government agencies
and the universities (Etzkowitz, 1989, see also
1983).

The four institutional types of research locate
themselves roughly, in the given order, on the
dimension of autonomous basic research—practice
dependent, applied research and development. Of
course, no pure types exist in reality and the
institutional structure of science also varies
considerably from country to country. Some
examples of national structural specifics are: the
development of a systematic and relatively
independent structure of Academies of Science in
socialist countries; military-technological big science
in the center countries of international politics; the
dominance of corporation hased industriatresearch
most prominently in Japan (ca. 75—80 % of total
research funding); and organizationally less
differentiated R&D -systems in small countries like
Finland.

Structural trends in the development of
science

The major historical changes in the overall system
of science indicate two historical trends (cf. Grang,
1981: 9). First, the institutional settings and
organizational forms of research have become
increasingly diverse, the mostcrucial changesbeing
of a very recent origin. Secondly, the center of
scientific activities has been shifting from academic
basic research to practically oriented R&D; from
scientific societies and universities to big
corporations and governmental agencies, or, from
the public and open ‘republic of science’ to the non-
public and closed system of scientific “enterprises”.
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In Finland the structural transition from the primacy
of the humanities and traditional academic science
1o the dominance of technological R&D has taken
place in less than thirty years. Concomitantly, the
public image of science has changed drastically
from the 1950’s to the 1980’s. (Kaukonen, 1987;
Lemola and Lovio, 1989).

An estimated 70—80 % of all research done in
the leading industrialized countries is more or less
secret or non-public for military, political, business,
orother reasons and does not get publicly evaluated
and utilized, even though it is often substantially
supported from public funds (cf. Gibbons and
Wittrock, 1985). Obviously only a marginal and
diminishing part of research activities somehow
meets the traditional institutional criteria of science.
This development implies a paradoxical diagnosis:
an increasing share of science (epistemological
criteria) results from non-science (institutional
criteria). These changes will probably create
increasing tensions between the traditional scientific

ethos and the differing goals of new institutional
environments (see Stolte-Heiskanen, 1987). For
instance, the universities are facing a threat of
becoming ‘colonialized’ by private industries and
other external interest organizations as the
dependency of universities on contract research
funding increases. This development will resultin a
growing pressure toward privatization of research
results and, hence, in erecting new barriers for
scientificcommunication (e.g. Raa, 1987). Pressures
10 secrecy are strongest in research fields like
biotechnology where majoreconomic profits can be
anticipated in the future.

The expansion ofthe ‘black box’ in science should
also worry those doing science and science policy
studies. If the trends continue, the object of these
studies will soon disappear behind closed doors.
This problem already makes it difficult to draw a
comprehensive and realistic picture of today's
science and its cognitive potential. For instance, we
have little information about the contents and

World system

o f science

[ |

National system of science

Academic Governmental Private sector /
science R&D industrial R&D
-

Interdisc. Intersectoral Intercompany
research R&D R&D

4 N

< 1.4

Interinstitutional R&D
cooperation

Il !

International R&D cooperation

—

Figure 1. Structural elements of science and their types of interconnections.
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organization of strategic research of big multinational
corporations and thus cannot judge their quality.
Ourguess, however, isthat they are more integrative
than the academic ones. The relevant results of
academic and sectoral research are open to the
closed corporations and agencies. At the same
time the strategic goals imposed on industrial
research make it necessary, and dynamic project
funding feasible, to arrive at practically applicable,
i.e. in sufficient degree integrated results.

in Figure 1the structural elements of science and
their respective types of interconnections are
presented schematically. As anillustration the space
given to each sector approximates the present
situation in Finland?®. Academic science here refers
te both universities and scientific societies/
academies.

The figure illustrates the diverse character of
internal relations in the overall R&D system and
points to the manifold problems faced by attempts
to coordinate science and technology policy. It
seems to us that the least developed links in the
scheme are in the areas of interdisciplinary,
intersectoral and interinstitutional (academic —
governmental) cooperation, due mainly to the
institutional constraints and characteristics outlined
above. On the other hand, international,
intercompany and government-industry connections
seem to be relatively more developed. From the
point of view of the social functions and responsibility
of science, the relationship of the scientific
community to the public is an important dimension
to be added to the scheme, especially when this
connection is the most underdeveloped, reflecting
the isolation of science from civil society (see
Nakayama, 19814; Elzinga, 1988). These major
structural problems notwithstanding, the following
study must be limited to the problems of scientific
integration in the most visible, academic sphere.

The idea of scientific integration: a historical
perspective

The idea of scientific integration is based on the
simple epistemologic-ontological assumption that
the object of research— nature, wo/man, society —
constitutes a totality or diverse unity in which the
various parts and aspects of reality are
interconnected in one way or another. Thus, insofar
as science strives for objective and adequate
cognition of its object, it also should progress towards
diverse unity, i.e. scientific integration (e.g. Kedrow,
1971).

Of course, we do not have pure ontological

knowledge of reality and thus cannot tell how
integrated the world ‘really’ is. Qur present concept
of reality is largely produced and mediated by
science itself. The picture that science offers is not
uniform, however. While scientific abstractions and
concepts mainly divide the world, scientific
knowledge also convinces us about the common
(material) origins of the evolution of nature, wo/man
and society. In our view, there are good grounds to
maintainthat social reality or manis more integrated
than the theories and concepts produced about it.
Apartfrom materialisticarguments, this assumption
can also be based on the cbservation that the social
mechanisms in academic science work rather for
compartmentalized than over-integrated knowledge.
From another perspective, the growing importance
of global problems and their complex
interconnections also necessitate the advancement
of more integrative and comprehensive approaches
and efforts in science, both natural and social
(Legay, 1986). If these epistemological, sociclogical
and science policy points of view are accepted, itis
evident that the degree of scientific integration
constifutes one of the criteria of scientific progress
as defined in realistic terms.

During the history of Western science, the question
of scientific monism or unity has from time to time
become accentuated. One can cite Greek
philosophers, medieval scholars, Francis Bacon,
the French encyclopedists, the Humboldtian
neoclassical university idea, Marx and Engels, the
logical positivists of the Vienna circle, and, more
recently, several Soviet philosophers®. Marx, for
instance, explicilly expressed his standpoint in
anticipating ‘the coming of one science’ (Marx,
1844: 115). More elegantly, however, the same
idea was expressed by Michelet, a French historian
who wrote in 1825 (without any materialistic
argument, though):

“Suchisthe progress of human mind: it seesfirst
science, and then the sciences, and then again
science. It sets out of unity, but from a unity of
confusion and chaos, and it returns to unity, but
to a unity of order and light.” (Quoted from
Gusdorf, 1977:585).

This beautiful but over-romantic formulation
crystallizes the development of scientificknowledge
into a pure logical and cognitive model. It comes
close to the Marxist idea of the dialectics of abstract
and concrete (respectively, analysis and synthesis)
inthe process of human cognition (e.g., Rosental et
al.,, 1974; Kedrow, 1980). Yet the real historical
development of science somehow resembles this
logical ideal.

A great many of the scholars and philosophers of
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the 18th and 19th centuries were puzzied by the
question of how nature influences society, on the
onehand, and how society has emerged historically
apart from nature, and civilized man developed
from the primitive, on the other (Kon, 1979).
Paradoxically, the questions concerning the
fundamental evolution of both nature and saciety
led to further differentiation of research®. This
structural change has been reflected in various
attempts at the classification of scientific disciplines
systematically developed during the past two
hundred years (Kedrow, 1975 and 1976).

When periodicizing the structural development of
science at a very general level, three main phases
may be differentiated. First, the era of
undifferentiated non-disciplinary science, aprimary
example of which was Greek antiquity with its
philosophically oriented holistic thinking about man,
nature and society (Volkov, 1976: 152—174).
Second, the eraof scientificdifferentiation, beginning
in the 16th and 17th centuries, which was
characterized bythe emergence of new independent
disciplinesinan‘empty space’, with little connections
to other parts of science. At the same time, the
philosophical frame of research was broken and the
hierarchy of science became restructured. New
independent disciplines emerged ‘from below” first
mechanics and physics, then chemistry, biology,
etc., which brought about the positivistic ideal of
science and the concomitant reductionist
tendencies, on the one hand, and the dualism of
‘science’and ‘humanities’, on the other (e.g. Elias,
1982: 53—69).

The newest era of differentiation and integration
began in the nineteenth century and continues to
ourtime. From astructural point of view, the essential
difference is that now new disciplines and scientific
fields by necessity also have integrative functions in
the sense that they build bridges between two or
more already existing disciplines, e.g. biochemistry,
biotechnics, social psychology. Disciplines of anew
type have emerged, too. Scientific specialties like
cybernetics, informatics and systems theory are
transdisciplinary in the sense that they provide a
common and potentially unifying framework for
scientific fields which differin their substance. There
are also new kinds of problem-based research
areas, such as peace research, social policy
research, public health studies, development
studies, environmental studies, women'’s studies,
etc. Even if the emergence of these research areas
has been closely connected with social movements
and objectives, and their scientific status has often
remained ambivalent, they none the less constitute
a growing potential for scientific integration (cf.
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Nakayama's “service science”, 1981).

As a result of these bridge-building processes,
the net of science has become all the more dense.
To develop the net metaphor further one may ask,
however, if only small fish are caught in a net with
small meshes while the big ones swim through? Or,
why does not the increased wideness, density and
sophistication of the scientific network automatically
lead to scientific integration at the cognitive level?
— Obviously, the basic question concerns the
durability of the net.

Restraints and potentials of integrative
development

As indicated above, the problem of integration
fundamentally pertains to the adequacy of scientific
knowledge and cognition. At the same time it
constitutes a complex and multifaceted issue
involving all aspects of science. Accordingly, the
problems of scientific integration should be dealt
with at the four interdependent levels of (1)
institutional structure, (2) scientific communication,
(3) cognitive structure, and (4) social relevance of
research and science policy priorities’

Institutional boundaries of academic science
parallel disciplinary structures, which at the
universities have been closely related to the
development and differentiation of educational and
professional functions. While protecting the relative
autonomy of the discipline, the institutional structure
tends to legitimate the division of academic science
into ‘monopolizedterritories’. Institutional structures
also have a more practical bearing on the problem
of scientific integration: there rarely exist material
resources or administrative prerequisities for
cooperation between different disciplines.
Interdisciplinary contacts often remain on the level
of informal organization. Professional and collegial
interests also give rise to ‘boundary work’; i.e.
attempts to legitimate the prevailing demarcation
between disciplines (Gieryn, 1983; Merton, 1973:
49—53). An interdisciplinary orientation therefore
often implies the professional risk of getting lost in
no man’s land. An example of this problematique is
offered by the interdisciplinary cooperation within
medical sciences: both social scientists and natural
scientists are outsiders in the field of “medicine
proper” (see Hamburg and Brown, 1978).

Broadly defined, scientific communication is an
integrative concept which unites the different aspects
of science and gives them concrete content and
meaning. Thus the ‘internal’ and ‘external’ factors
of science are inherently combined in scientific
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communication. This means that in practice it is not
possible to distinguish  scientific communication
defined by cognitive criteria from communication /in
science defined by social and institutional criteria
{cf. Mulkay and Gilbert, 1983). Therefore also the
institutional and cognitive problems of scientific
collaboration are merged in communicative practice.

A specific feature of the academic system is its
heavy emphasis on individual competition and
evaluation (e.g. Bourdieu, 1988). This promotes the
fragmentation of research while everybody has to
find his/her own 'niche’ in order to make a valued
academic contribution (of course, there are
differences in individuality/collectivity in different
fields). Thistendency is reinforced by the continuing
specialization of higher education, which is an
essential mediating mechanism in the reproduction
of scientific knowledge and tradition.

The consequences of these processes on
scientific communication have been expressively
described by Gusdorf (1977: 568, 588): “the evil of
specialization causes mental sclerosis. Knowledge
ceases to be a relationship to the real world, and
cultivates increasingly narrow systems of abstraction
which do not communicate with each other”. The
quotation indicates that the failures of scientific
communication basically emanate from excessive
cognitive specialization and concomitant alienation
of scientific research from practice. The processes
of differentiation are not purely cognitive, however.
They are mediated by institutional factors, such as
the organization of research work, which effect the
development of communicative infrastructure, and
thereby also the degree of mutual understanding
(cf. Koivisto 1953: 470).

The cognitive structure of science, as its most
dynamic element, has a kind of double function in
science. It constitutes the end result of scientific
activity, and the basic archive for the reproduction
of scientific knowledge. A considerable part of
research output is buried in the archive with no
impact on others’ work. Therefore an important
practical question to be studied further is: in what
degree do the results communicate to colleagues
and other relevant audiencies, and what effects do
they have?

Ultimately, the question of scientific integration
concerns the internal relations of scientific theories,
methods, and concepts and their potential {o grasp
the complex problems of reality. Without going into
a more detailed discussion, three general remarks
are in order. First, historical evidence shows that
reductionist attempts to develop a ‘unified science’
based on any one fundamental discipline (e.g.
mathematics and physics, advocated by the Vienna

circle) have failed. Therefore real progressis possible
only when the qualitative specifics and relative
autonomy of different disciplines are acknowledged
(Elias, 1982: 59—66). Secondly, in order to make
advances in an integrative direction, attempts to
combine and merge disciplinary thought with
problem-oriented research will be necessary,
otherwise there is a danger that the latter will grow
apart from the disciplinary structures, with
detrimental effects on both. Thirdly, integrative
thinking presupposes increasing self-reflexivity from
the scientific community, a consciousness of the
nature, social connections and conditions of
research work. Since the need for scientific
integration arises from the complexity of real world
problems, the scientific community must also be
more aware of the social relevance of research and
of its own social responsibility.

Atthe level of science policy, questions pertaining
foinstitutional development, financing and research
priorities are essential (see Radnitzky, 1983). As
described above, recent tendencies in the structural
development of science are not promising in this
respect. The share of public science is diminishing
while the most integrated, strategic research is
mainly carried outin secrecy. In addition, one-sided
technological orientation is gaining ground in
governmental research policy and thus leaving less
room for complex interdisciplinary projects going
beyond the technological regime.

In the early and mid 1970’s there were serious
attempts to move in the other direction. Atthat time
in Finland — as in many other countries inspired by
the OECD policies — a comprehensive science
policy program was issued with wide social science
oriented priority areas defined on the basis of the
objectives of democratic social policy. This program
was fulfilled only in part because it met resistance
and criticism from both university circles and
conservative political forces.

Inour view, the full realization of the program was
also hindered by the academic community's inability
to transform the complex priority areas into genuine
interdisciplinary research agendas and scientific
problems (Makeld, 1981:46). Itis rather paradoxical
that now, when the academic community would be
professionally better equipped to carry out similar
programs, they have been largely replaced by
technology development priorities which often are
taken as socially non-problematic (Kaukonen, 1986:
38). One may anticipate, however, thatthe problems
of societal development will, sooner or later, give
rise to new demands for more comprehensive and
integrated science policy priorities (¢f. Suomen
Akatemia, 1988).
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A communicative view from the periphery

The multifaceted problems of scientific integration
are reflected in the patterns of scientific
communication, which is a sensitive indicator of
scientific interests, orientations and connections in
the system of science. The study of scientific
communication is essential for understanding the
complexity of everyday functional mechanisms in
science. It also brings us to the center — periphery
problematique which, especially from the point of
view of small countries like Finland, also seems
relevant in this respect. The center — periphery
location of countries and scientific communities is
an important factor, which effects both the macro-
level structural development of science and the
micro-level patterns of scientific communication
(Fuhrman & Kaukonen, 1988).

The center — periphery distinction is a metaphor
which can be defined as referring to the objective
material conditions of science (external criteria). As
iswellknown, scientificand technological resources
and activities are unequally distributed in the world
and also within countries. The same unequal
distribution also accurs between sciences as some
fields have a more central position in S&T priorities
than others, and hence more resources, prestige
and power. In addition 10 resources, the size of the
country and the scale of scientific activities, there
are also other objective factors which have an
impacton the center-periphery position of countries,
such as physical location and language, which
affect accessibility to the international scientific
community. Even political and cultural factors have
an impact in this regard.

Thesize of researchinfrastructure and the quality
of scientific output are no doubt interconnected, but
their relationship need not be, and to be sure is not,
linear. Inthis respectthe differences between various
scientific fields and disciplines are essential (see
Whitley, 1984), especially in the sciences that may
have a strong national (or evenlocal) character and
emphasis, e.g., social sciences, ethnographical
research and problem oriented public health
research. In these scientific fields it may be difficult
or even impossible to define any international
“centers of excellence”. In the social sciences, for
instance, various theories and methods can be
imported and exported but often not concrete,
nationally relevant research results.

Ingeneral we may state that the degree of national
specificity vs. internationality (or universality)
objectively varies among scientific fields and,
concomitantly, so does the bearing of the center-
periphery distinction on different fields of science
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(cf. Trent, 1978). It may even he so, that nationally
(or regionally) specific sciences become subject to
externalinfluencestothe extentthattheirindigenious
development will suffer from it {cf. Galtung, 1981).
This has clearly been the case in many developing
countries (see Rahman, 1972; Shiva and
Bandyopadhuay, 1980; for a case of a European
colony see Yearley, 1989). In the case of truly
universal sciences, e.9. high energy physics, the
critical question is different: what is their use and
relevance, outside prestige and purely academic
reasons, for a small peripheral country? Is their
pursuit always worth the substantial investments
and the dues needed to participate in expensive
international programs?(E.g. CERN; Kriege, 1989).

There is some evidence that the scientific
communication and collaboration hetween small,
peripheral countries may be reciprocally intensive
and in some fields may carry even more substantial
results than that with the big center countries. In this
regard one can heuristically consider the potential
positive aspects of being at the periphery.

First, peripheral countries and their scientific
communities in a way ‘wrestle in the same weight
category’ and, being relatively outside the center
dominated hierarchies in science, they may be
more open to dialogue and collaboration on the
basis of mutual interests. Second, the peripheral
lagindevelopmentand the smaller scale of scientitic
activities need not necessarily be dysfunctional in
every respectand in all fields of science. As aresult
of the scarcity of available resources, the
differentiation of science has not, at least
institutionally, gone as far as in the big centers of
science. Therefore also the problems studied and
approaches used are often broader and more
integrative than those in the center. Latecomers
may also selectively utilize the new potential created
by the leading centers (e.g. Tsurumi, 1977).

When science is practiced on a smaller scale and
outside the mainstreams, this often forces the
individual scholar to follow and cover a relatively
wide area of research and to gather ideas from
many directions and centers — even from various
linguistic areas. It has been claimed that the growth
of scientific capital results in increasing competition
and concomitant pressure towards homogeneity
(Bourdieu, 1975), as well as in avoidance of scientific
risks andin strengthening of conservative tendencies
(Lemaine, 1980). In contrast, a peripheral position
may give more room for intellectual freedom and
creative eclecticism, assuming that the scientific
communities gain enough independence to avoid
the identity crisis which easily threatens themin the
shadow of dominant centers {Galtung, 1981).



ERKK! KAUKONEN and PIRKKO-LIISA RAUHALA

In small countries the scarcity of resources effects
the conditions of scientific activity in many ways. If
they aim atthe same coverage of research fields as
the bigger ones do, the network of researchers
becomes thinner, with less manpower in different
fields of study. Aparadoxical situation easily occurs:
a Finnish academic researcher, for example, may
personally know almost all of his/her colleagues in
the country—orthe whole staffin a “rural” university
— but may not have a single domestic colleague or
partner with whom to discuss his/her special area of
research. This creates problems of scientific
criticism, commentary, and evaluation as well as
difficulties in developing collective forms of scientific
work, all of which are importantfactors in maintaining
lively scientific traditions. Hence the need of
international contacts even in nationally specific
research areas.

The continuing differentiation of science thus
produces a number of problems for small scientific
communities and necessitates them to be selective
in research efforts. But this structural development
is notnecessarily less problematicin the big centers,
where research problems may sometimes be
sophisticated to the degree that it is not easy to
conceive of them as societally relevant problems at
all, when looking from the periphery.

Concluding remarks on future perspectives

The socialworld is becoming not only more complex,
but also more indivisible due to the new global
connections of ecology, economics, politics, and
culture. World and local societies will face an
increasing number of problems that cannot be
understood and solved without complex, integrated
approaches. Besides, it is becoming obvious that
‘local’ is no more something very different and
distant from ‘global’; the global problems and
processes manifest themselves locally and are
faced at the community level and therefore cannot
be solved from above only. In this sense the well-
known saying “think globally, actlocally”is becoming
more actual and to the point.

In the future there will be a growing societal
demand on science, both from governments and
from civil society, to develop integrative, prablem-
oriented research programs and thus help the society
to manage and survive. This may bring the
traditionally separated ‘scientific’ and ‘policy’
problems closer to each other. Contrary to recent
trends, it is also obvious that the role of social
sciences must be taken more seriously in these
programs.

The need for more ‘holistic’ theories of the
complexity of nature, society and wo/man sets
great and serious challenges for scientific actors,
institutions and the sponsors of science.
Paradoxically, however, different sectors of research
activity are stillisolated from each other and function
ondifferentoreven contradictory principles. Clearly,
the cognitive potential for integrative research is
much greater than is actually realized because of
institutional and science policy restraints. Where is
the place for cognitive work of integrative
approaches? The critical gquestion concerns the
future sources of interest and support for this kind of
research.

Ourvisionis that, in addition to the present mighty
sponsors of research — the state and the business
world — the importance of civil society, both as a
supporter and an actual locus of research, will grow
in the future. This notwithstanding the diversity of
civil society activities ranging from voluntary
associations and alternative movements to semi-
official, state sponsored organizations. As Elzinga
(1988) has noted, the articulation of interests and
demands for research from this side usually still is
a problem and often presupposes the existence of
a popular movement (e.g. environmental
movements; see Cramer et al., 1987). Another
major restraint of ‘civilian science’ is the scarcity of
own resources (the material more scarce than the
intellectual!) available for research, which results in
dependency on public and other sources of support
for research activities.

In his insightful article of 1981 Nakayama was
optimistic and even positive that the future of science
belongs to this kind of ‘service science’, which is
sustained by a sense of solidarity with the average
citizens and a concern for the common welfare.
Interestingly, Nakayama also emphasizesthatclose
contacts with the people are necessary for the
properidentification of complex, integrative research
problems — for service science the role of the
laboratory approach is only supplementary.

The structural diversification and fragmentation
of science has been caused by multiple
interconnected factors: cognitive, communicative,
institutional and social (science policy). Similarly, in
order to make progress in the integrative direction,
the influence of the same factors should be taken
into account. In general terms, integrative research
presupposes new priorities in science policy, more
dynamic forms of organizing research, collective
and open utilization of relevant cognitive potential,
and intensification of scientific communication. In a
word, new atmosphere and mechanisms should be
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created to strengthen the position and status of
interdisciplinary research and otherforms of scientific
cooperation. In meeting these demands the
development of academic science, as the most
open and transparent sector of research and as the
main reproducer of scientific traditions and
intellectuals, willbe crucial. Tomaintain and reinforce
its scientific position and relative autonomy, the
academic community has to cross academic
boundaries, both internal and external. There is no
other way to cope with the Scylla of academic
isolation and the Charybdis of instrumental policy
functionalism and entrepreneurialism.

NOTES

1. InFinland the universities’ autonomous share of public
R&D funding has decreased from 42 % in 1970 to 26
% in 1986. At the same time, the share of external
funding in university based research has grown
substantially and presently constitutes some 40-45 %
ofresearch expendituresinthe universities. (Kaukonen,
1986; Seppala, 1987).

2. As a consequence of perestroika, though, the USSR
Academy of Sciences is undergoing a major
restructuring characterised by transition from fixed
plans to more flexible project financing, increasing
competition and economic accountability.

3. According to a present estimate the proportions in
Figure 1 are: (1) academic science 14 % (universities
10 % and The Academy of Finland 4 %), (2)
governmental R&D 24 % and (3) private sectoral/
industrial R&D 62 %.

4. Nakayama presents strong arguments for the
development of a fourth sector of research - service
science - sustained by a sense of solidarity with
average citizens and a concern for common welfare.
While sympathizing with this idea, we should not
underestimate the institutional opposition and financial
restraints it inevitably meets.

5. Beginning from the 1970's extensive meetings around
this theme have been organizedby the Soviet Academy
of Sciences (e.g. the Obninsk conference in 1978 with
more than a hundred papers presented; see
Vsesojuznaja..., 1978 1-1l). The profile of these meetings
has been philosophically oriented while relatively little
attention has been paid to institutional and other
‘down-to-earth’ problems of scientific integration.

8. Interestingly, this development was criticized by
Wilhelm von Humboldt as early as 1792 in his outline
for the study on the ‘History of whoring’ (Humboldt,
1908; see also Haeberle, 1986). Von Humboldt also
created alanguage philosophy based on the paradigm
of dialogue and mutual understanding, including non-
European cultures.

7. Compared with the philosophically oriented Soviet
discussions a recent Western contribution by Chubin
et al. (1986) represents the other end; problems of
interdisciplinary research are viewed as mainly
technical and, hence, to a certain degree solvable with
the help of an instructive handbook.
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