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PREFACE
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It was felt that in view of its general interest to scientists
and scientific policy makers it should be made separately avail-
able as an IIASA collaborative paper. A selection of the other
papers presented at the conference is given in IIASA CP-80-1&.

Professor J. Kaczmarek is Scientific Secretary of the Polish
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GENERAL INTRODUCTION

This paper is one of two IIASA Collaborative Papers contain-
ing papers presented at the Third International Conference on the
Management of Research, Development and Education held at Wroclaw,
Poland in September 1978. The conference was, on this occasion,
jointly organized by Dr. Karol Pelc, Director of the Forecasting
Research Center of the Technical University of Wroclaw and by
Professor Gennady Dobrov, Deputy Director, Institute of Cybernet-
ics, Kiev and at that time a member of the staff of the Management
and Technology Area of the International Institute for Applied
Systems Analysis. Formally, it was jointly sponsored by the
Wroclaw Technical University and IIASA.

It is always difficult to decide what to do about conference
proceedings. The greatest value of such conferences is usually
the meeting between minds--the exchange of information and under-
standing between people from different cultures and academic back-
grounds. This was particularly true at the Wroclaw conference
where there was strong representation from ten countries, both
East and West. It was a rare opportunity for scientists to iden-
tify potential collaborators and discover who was working in which
field. Such opportunities are too few. Nevertheless, the Con-
ference Scientific Committee felt that a number of the papers
should be made available for reference in a more accessible form,
and with their help, we have made a selection for issue as IIASA
Collaborative Papers. The present paper, which opened the Con-
ference, is of wider interest and is therefore published sepa-
rately. Thirteen further papers are collected together in
CP-80-18. A complete list of the 40 papers read at the conference
are given as an Appendix to that collection--copies of individual
papers can be obtained by request from the Forecasting Research
Center, Technical University of Wroclaw.
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All the papers presented in these two Collaborative Papers
are as given at the conference. 1In the interests of economy we
have not attempted to edit them in any way.

We would like to take this opportunity of thanking the mem-
bers of the Scientific Committee of the conference for their help
with regard to the conduct of the conference and the subsequent
selection of papers for publication. It was another example of
successful international cooperation.

Karol Pelc and Ryszard Wasniowski Rolfe Tomlinson
Forecasting Research Center Management and Technology
Technical University of Wroclaw Area, IIASA



MAIN PROBLEMS IN THE CONTROL OF
SCIENTIFIC AND TECHNOLOGICAIL CREATIVE
ACTIVITIES, APPLICATION OF INNOVATIONS
AND EDUCATION OF SCIENTIFIC STAFF

Jan Kaczmarek

1e ON PROBLELS CF COrIROLLING THE DEVELOPMENT
OF SCIERCZ LD TLCLi0LCGY

While approaching the development of human societies
from the historical point of view over a long period of
time one can see that this development depends strictly on
the growth of bhuman intellect, objective understanding of
the surrounding world and practical utilization of collec-
ted knowledges. It is beyond any doubt that it is intellect
that plays the main role in this development.

This is possible to state in brief that the development

of mankind is de%ermined by the development and use of in-

tellecte.

Due to prominent discoveries of science and their nu-

merous and massive use in technology, production and services,

it was realized throughout the world that science and its

affairs are the domain not only of scientists but of entire

soc;gﬁiesl,nations and oankinde
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Thus, the contemjoraxry proulea of interrelation between
sclence and the development of life is reduced to the ques-
tion whether iV is pcssible and necessary to control R+D
and bow to do this to obiain a positive catalysis of scien-
tific activity and its optimal influence on the progress in
civilization and human culture. '

In the multiplicity of opinions on this matter all over
the world the role of organization is the thing which is
commonly accepted and a0 the role of controlling creative
activities in ascience and technologye.

Organization of societies which has been derived from

social and political ideology can either speed up or slow

down the use of the development of intellect. This is taught
by histoxry, particularly the modern history of rapidly de-
veloping countriea.

From this observation, there emerge many quesfionsz how
to develop human intellect within the framework of ‘education;
what catalysts should be used for promoting objective cogni-
tive processes that are the main substance of scientific re-
searches, and how to use results of researches in practice
within the framework of technology and productione. What to
do to secure an optimal affect of science on the cultural
development of society and material basis of its existence.

At preéent these problems are even more important since
education, science and technology become more and more in-
dispensable for further and more complex development.
Whereas social costs of R+D and education become a more and
more prominent constituent of general expenses of social and

economic developmente
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For this reason, the control of science has got a more
and more important role in the countries which accepted
planning, that is, bringing into barmony and optimal predice-
ting of all elements of the course of action, as one of the
essential factor of their developmente.

For example, in socialist countries and, so, also in

Poland, it is the task of science and technology to solve

the fundamental problems of social and economic development
and thuo science and technology are the leading factors in
creating future. In this way, science in Poland and othexr
socialist countries, gained great significance which also

involves great social responsibility. Work of a scientist

has become not only a means of satysfying cognitive passion

and paid work but also a social mission.

Similar evolution trend in establishing the role of

science and technology can be observed in all other coun-
tries although not always there exists a reasonable ideologi-
cal and theoretical justification for such an approach to
the role and responsibility of science. It is a well known
fact that not only socialist countries but also countries
basing their economy on free competition and freé creativity
have long established definite policy ih science and central
state organs appointed in order to form and realize this po-
licye It occurs in the US4, Great Britain, France, West Ger=-
many, Italy, Japan and many other countries.

Even in science itself, the opinions on the role of con-
trol, that is, managing end organizing are subject to changes.

More and more difficult and complex goals put forward to
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scienc¢e require the cooperation of more and more numerous
teams of specialists in science and technology. It often
occurs that thousands of people are employed in large re-
search programs for the whole couniry.

Since tasks are very complex, huge numbers of specia-

lists and teams are employed and the responsibility for ob-
taining the desired result and their efficient use is very

highe In the sphere of research, development and applica-
tory activity it is impossible to employ the method of the
slogan 'things will work out’.

Science of gcience and systems analysis provides scien-
tific foundation for establishing an organizing system, ade-
quate to science and technology that would be capable to pro-
mote considerably the efficiency and reliability of the in-
fluence of science on the sphere of social and economic de-
velopment of the country. In such an organized system, in-
tuition and randomress must be repleced by rational and ob-
jective motivation and methodological systematic approach.
In the sphere of science there exists an opinion that even

the best organizing systeam is not capable of replacing

gclentific creativity but a poor organizing system may de-

crease, prolong and ruin the profit following from the best

creative achievements. This statement uggests that in or-
der to obtain the optimal efficiency in the influence of
science on the social and economic development it is ne-
cessary to unite properly creativity and organization.

But this is not a union of two equal factors. In the
field of science, as generally,in ithe field of any creative

must
activity, organization/Jerform the assistant and catalytic

role in creative activity and ought to secure the effecti-
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venesgs and profit following from the achieved resultse. This
role must be performed in tne manner adapted for the speci-

fic nature of sclence. If organization does not fulfil these

conditions it becomes burcaucracy which exerts negative in-
fluence on scientific creativity.

From the point of view of creators of achievgments,
organization, first of all, should not impede in concentra-
tion, indispensable in their creative work. They expect good
organization to help them in overcoming difficulties appearing
in the sphere of conditions and means necessary for scienti-
fic work.

Then, the whole organizational system of scientific
creative work must be established in the full consciousness
that its existence and activity have got sense only when

creative activity exists and develops within its frame.



2. THE DLVELOIXALINT SYSTEL: RESEARCH-DEVELOXLENT=-FRO-
DUCTION-USE (R=D=P=-U)

In order Vo present main problems of the development
of scientific end technological creativity and application
of its results, ome should realize that this creativity forms
a part of a more general developmental system

This system includes:

- R - research, the aim of which is the discovery of new
phenomena, laws governing these phenomena and the opti-

mization of control and utilization of these phenomensa;

- D - development work, the task of which is preparation of
plans of innovations, examingation of the perfection
and usefulness of these innovations and the prepara-

tion of these innovaivions for production and for gene-

ral use;

= P = production, which is to supply products of the
required quality in an adequate amount and at appro=-
priate time, with the highest possible productivity

-and at the lowest possible social cost of production;

- U - propagation and utilization, which means efficient
distribution and rational utilization of products in

the nationael sconomy and by individual peopls.

There exist simple and reverse interconnections between

these four compoments of the developmental system generally



referred to as feedbacks. This means that each component of
the system acts on the next one but it can also be subject

to the influence of the latter /dashed/.

A8 a rule, thore doecs not oxiat a fully sclf-conininad
developmental system oa tho scale of one branch, or even the
whole national economy of a statee. Contacts with science mnd
technology of other countries ought to be common.

This is why, at the stage of research (R) the creators
of science and tochnology avail themselvea of world achieve-
ments (Wl) as well g3 themoelwves contribute to the enlarge-
ment of the resources of all-human knowledge (wd). ‘

At the stage of devolopmentlwork (D), too, one avails
oneself sgainst payment (licences, know-how) or free of charge
(exchange of information, cooperation) of foreign accomplish-
ments (Wl). Conversely, part of tho preparatbry work can be
exported abroad a8 a less or more matoerialized creative
thought.

At the stage of production (P), one avails oncself of
foreign suppliea of various materials, subassembllies aud se-
miproducts. In exchange, part of the pr&duction is exporiod
abroad (WO).

At the stage of distribution and utilization, thore exdst
eimilar links with other couniries. Imported goodm are intro-
duced to the market (Wj) whaile osurpluses can be exported.
| In each of theso compononts, human collectives are func-
tioning, which must be reinforced with new personnel. The

disgram illustrateg this by deriving the new personnel from

the education system E.
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Whole this system can be controlled in a variety of

manners, less or more comprehensive and obligatory,

wWithin this developmental system and with regard to the
existing interrelations one can examine on a narrower scale,

the subsystem of scientific and technological creativity

In this system, an appropriafe congolidation of tho per-
sonnel means and conditions for the implementation of tho
assigned tasks leads to creative worke. The effects of creative
work may include &all or some of thoe results. They are: digco=
veries and laws governing them, classified among cognitive
effects; optimization with mathematical modelling, which,
depending on thelr originality, can be classified either as
cognitive or applied effects. Ininovation projects, and after
their execution also research, and later the technical orga-
nizational preparation of producvion are results of technical

creativity, referred 10 as developumont worke
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3¢ SCIENCE POLICY COI' THE STATE. ITS CONTROL ORGANS
AND THEIR FUNCTIOHS

At present, in many countries, there have been estebli-~
shed national organs authorized to control the development
of creative scientific and technical activity and to utilize
the effects of this researche. These organs substantially dif-
fer from one another as regards the legialative'foundations
of activity, organizational forms as well as the methods and
manner of activitye.

The decision=-makers in these organs include acientists
as well as people in other fields. In some of these organs,
the role of scientists and their self=-government is strongly
emphaeiied while in others = the role of politicians and

economists.

Characteristic in this respect is a statement by a for-
mer British Minister of Science and Technology, Hailshamn,

~who Baid in the 19607s:

‘A considerable part of the people, conaidering thse
needs of science in relations witﬂ the government, is wrongly
astonished by the fact that those persons who ars to make
important decisions in the government{ and therefore must
get in touch with technical questions of great weight, do
not have either appropriate general education, or professio-
nal experience which would provide those persons with res-
pective‘qualifications for such actionse This is a very iu-

portant problem, but its solution cannot be left exclusively
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to science, or even parliamcniary deumocracy (eee). There will
always exist many questions to which ministers who are nct
qualified experts in a given field, will not be able to give
answers on the basis of their own experience. What is more,
even within the boundaries of the natural sciences, specia-
lization is s0 great now that it is dubious whether a single
man can be found, who could authoritatively speak about so-
mething more than only a limited part of & certain domain.

Thus one should not be Wrongly worried by the fact that
we are governed by 'amateurs', and it is not worthwhile to

‘look for a scientific genius who could replace all of them
in the capacity of an ‘eminence grise'. What we need is an
ordinary administrative apparatus, headed by a minister,
which collectively would be able to single out definite mat-
ters, to discuss them with competent people, both inside and
outside the government apparatus, who can ensure understan-
ding for matter-af=-fact arguments and inspire, at verious
levels of authority, methods of arriving at rational conclu-
sions, taking into account the actually available collective
and the attainable and appropriaie material means’.

In this statoement, convincing is the thesis that the
scientific qualificationa of people performing decision-ma-
king functions in nationél organo do not play a decisive role
in the accuracy and eificiency of the pursued science policy.

On the bagis of diversity of organizational forms of
national science policy orzans in various states and in the
light of rather frequent changes of forms and powers of

such organs in certain states (e.g. in Poland), one can
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arrive at the conclusion that the organizational foram alone,
not to mention the namo of a national science policy organ,
does not exort essential influcnce on the efficiency of its
activity.

The most important are always functions which the
science policy as a whole, is to perform as well as the
ways of performing these functlons.

Therefore, in order to select main problems of impro-
ving the control of scientific and techmological creativity,
it is unnecessary to seek difforences and their causes in
the forms of national organs. It is importAnt to determine
common features of the science policies of various coﬁntries
and, against this background, look for line and ways of fur-
ther improvement of this policye.

Proceeding in this manner, one can notice that the
following functions, less or more clearly and obligatorily

outlined, appear in the science policy of every country

- assignation of the lines, tasks and objects of creative
works

- preparation and winning of creators and organizers of
science and technology;

- securing material means and creating favourable conditions
for creative woriy

- actions aiming at the best posaible and most rapid utili-
zation of scientific and techanological creativity.

One can also notice that the forms and means of acti-

vity are identicel, irrespective of statutory differences
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between natiomal sclence policy organse.

These are usually:

various legislative acts j

financial incentives:

- pursuing of a definite pcrsoanel policyj;
- creating moral inceatives and influencing scientists

awarenesse

The purposefulness of the mentioned functions of science
policy and its means of action scem indisputable.

Therefore, they can be recognized as a field of necessary
improvement in various countries.

On the other hand, organizational forms of the realiza-
tion of functions and means of action of science policy not
only cen, but, as it seems, should take into account the
peculiation of a given country, its traditions, characteris-
tics of its syetem, political and economic ties with other
countries and many other factors.

The science policy of conjoined groups of countries has
an increasing significance in the formation of appropriate
national sclience policy organs. An example of this in Europe
is tos science policy of the Council for Mutual Econonmic
Asslstance and of the Organization for Ecomomic Cooperation
and Development. |

Regional conferonces of ministers of science and techno-

logy, periodically organized by UNESCO have a certain role
in the unification of the notions and functions of scienco
policy and of its national organs. So far,such conferences

have been held in Letin America (1966) , Asia (1968)
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and Europe (1870).

The process of organizational ~hanges in science cannot

be regarded as & finishod one. One should consider, however,

that every organizational change in science and its supreme

control has for some time had a nagative effect on scilentific

creativity, Therefore, it is necessary that the reforms in

the system of science and technology and in its national or=-

gans fulfill the condition necossity and efficiency.

According to Jan Szczepaﬁoki"/, before taking up the

realization of the above mentionod reforms the following

questions ought to be answered:

1)

2)
3)

4)

why do we want to change (reform) a given system? With
what phenomena are wo dissatisfied end what do we know
about the causos of these phonomena?

What state do wo want to achieve ?

What changes in the systoea do we propose ?

How can we be sure that the proposed solutions will be
better than the presoant onco, that they will yield the
expected results (cciontific, economic, social)?

What eystem of moagsurcs do we have, which permit us to pro-
dict whether the proposed changes will be functionsal?

How should non-ccientific systems (in the economy, poli-
tics, etate adminisetration, education, etc,) function in
order that scicntific systoms could ettain the goals
sssigned to thom and exsrt tho dosirable influence on the
substantive devolopmont of scienco (development of scien-

tific creativity) and the dovelopment of society ?

Professor of eociology, Vico-President of the Polish
Academy of Sciences N
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5) How do we plan to prepare the implementation of reforms ?

This concerns, in particular:

6) How to prepare the people, inform and convince them as

to the intentions of planned changes and the aims which
it will be possible to achieve; indicating what would
change and what would not change in their situation, in
their strivings for the realization of personal aims, in-

terests, etce..

7) What are the indispensable material meane, investments,
training of persomnel, preparation of normative actse.
All this is of fundamental significance for the attainment

of the objectives of reforms and for proper functioning

of the systeme.

is
8) How much time\ needed for contriving a reformed system

and carrying it into practice.
One cannot deny the evolutionary needs in control-
ling science and technology in a country where the above

test gives convincing replies.

The point is, however, thaf consideration and a prognostic
analysis should demonstrate that benefits gained from
changes will be incomparably greater than losses caused

by reorganization.
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4. CHARACTERISTICS OF THE POLISH SCIENCE AND TECHNO-
LOGY CONTROL SYSTEM

Polish systea for the menagenmcnt of science and tech-
nology valid from 1572, reveals certain particular features
~apart from theso common to all socialist couniries or even
common t0 the systems of another countries with developed
science and technologye.

One of common features 1s the so-called vertical stiruc-
ture of science; this means the division of organization
into three vertical sections eambracing the universities and
the technical institutions subject - to several departments
(as Minietry of Science, Highor Education and Technolegy, Minis-
try of Health and Social Welfare, Ministry of Education, Mi-
nistry of National Defence), scientific establishments for
the research and development (bureaus of project and cone-
truction, research institutes), that also belong to many
departments, mainly economical.

It has been assumed that within nearest 15-20 years the
vertical structure of Polish science will be maintained,

with simultaneous growth of integrational tendencies.

It means on one hand functional integration, thet is

strengthening of horizontal connections by the national plan
of research and dovelopnent works, es well as by the coordi-
national role of a2 digspcsitional centro, controlling the

whole scientific and technolaogical policy of the state. Such

a centre is in this country Ministry of Science, Higher Edu-

cation and Technology.
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Therefore the main goal of functional integration is
creating the situation in which every great scientific pro-
blem (involving the investigation programme of the state im-
portance) is solved in the cooperation of the nation-wide
scientific potential together with the development of orga-
nizational integration. This means permanent or temporary
association of the whole institutions or their parts, subject
to different vertical departments. Further it means the
creation of multifunctional scientific or research institu-~
tions connected with industrial corporations and the creation
of commonly accessible laboratories and research institutese.

There is also a common tendency towards integration'of
the research on the international scale, among others on the
scale of the countries - members of CMEA. It is obtained by
coordination of research plans or the creation of common
research programmes (the best example here 8re common programmes
of polar and space investigations), creation of common ins-
titutes, laboratories and centres of research, e.g. Interna-
tional Laboratory of Strong lMagnetic Fields and Low Tempe-
ratures in Wrociaw and the Banach International Mathematical

Centre in Warszawa.

The Polish model of investigations control ie characferi—
zed by a particuler role of the Polish Academy of Sciences.
Therefore, on one hand it is planned to etrengthen the
co-ordinating function of the Ministry of Science, Higher
Education and Technology 4in respect to economic departments
in the field of realization of state projects of the deve-

lopment of ecience and technology. On the other hand however,
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it is planned to strengthen nationwide functions of the Po-
lish Academy of Sciences, among others in the range for con-
trol and development of scientific creativity, by means of
nationwide plan of fundamental investigations, which is
coordinated by the Academy. The Academy cooperates also with
the state authorities in the matters concerning the role and
organization of Polish science, acquaints the state authori-
ties with reports on the state and néeds of sclence, pro-
poses methods appropriate for proper development of particu-
lar branches of sciencee.

The growth of this function of the Academy is expressed
in the development of advisory, expert and prognostic acti-
vity as well as in special role of corporate bodies of the
Academy and first of all a particular role of scientific
committees in the appreciation of the state and needs of
science in programming the directions of development, deter-
mination of these branches of science in which specialization
is needed and in the field of appreciation of the results of
scientific investigations, the level and quality of scientific
staff and scientific publications.

This peculiar (special) position of the Academy results
from the understanding of the meaning of competent opinion
in the matters of science and its needs as well as from
endeavours for the betier use of knowledge, talents and expe=-
rience of the outstanding scientists belonging to the Academy
or gathered in its scientific committees, scientific coun=-
cils of institutes and in scientific editorial boards. It is

to
difficult/define formally these ‘non-admistrative’ forme of
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control by the Academy. Therefore mutual relations betwesn

PAS and the Ministry of Science, Higher Education and Techno-

logy are better regulated by the principle of close coopera-

tion than by a formal division of competence.
The range of this cooperation is very wide. It embraces
among others:

- common responsibility for development of fundamental inves-
tigations and realization of the nation-wide plan of these
investigations,

- participation of members and workers of PAS in teaching and
education of students, in the improvement of academic pro-
grammes and methods of teaching, in the preparation of aca-
demic textbooks and production of apparatus needed by uni-
versities and institutions,

- participation in educating scientific staff by a system of
¢ommon doctoral ctudics,

- protection of the scientifically talented young people,

- gystem of scientific training (practice) in institutes of

PAS, summer schools organized by PAS, courses and instruction

conferences as well as the activity of PAS Free~University.
Stimulating the circulation and exchange of scientific
gtaff is also very important. It is realized in part by a
systea of contract engagement of workers of universities in
institutes of PAS and workers of PAS in the universities.
At the present stage it acquires a particular meaning in
the strengthening and broadening of forms of self-estimation
of advances and achievements in scientific research as well

the estimation of the guality and level of scientific staff.
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The formely mentionod tendency towards extending the auto-
noay of science and botter uso of nonedministrative forms

of controlling ecience coirresponds with the development of

the social scientific movoment. It includes very numerous

in Poland scientific societies, general and specialistic, ae
well the scientific and technical associations belonging to
NOT /Chief Technical Organisation/, scientific and professio-
nal essocistions of physicians, economists, architects etc.
Active members belonging to the social scientific movement
constitute approximately half a million persons., This movemant
disposes of a well developed organizational network and cons=-
titutes @ powertful tool of dissemination of science and
scientific outlook on life according to the needs of formu-
iating a well developed socialist society. Therefore the
activity in this rangse tends not only towards such & formu=-
lation of human mind which would correspond with the needs

of ¢he contemporary science but also to such a formulation

of personalities and attitudes which would enable understanding
of the contemporary world, and full awareness of the role

and responsibility of a man in the civilization created by

science and technology.
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De SOME PROBLILS OF THL SELECIION OF RESEARCH

GOALS AND TawoilS

An extremely laportant role is played by organizational
aspects in the field of delining the goals to be achieved and
the tasks to be carried oute I wish to emphasize only a few se~
lected questions among the numerous problems in this domain.

The division into cognitive and applied research (dia-
gram 10) is of a theoretical rather than practical signifi-
cance. This is so, firsi of all, because in many instances it
is dirficult to draw the line where the former type of research
ends and the latter begins. It is important, however, to single
out basic researca, counceived as veinyg of fundawmental qualita-
tive significance for the development of science and econouic
and social practice. In suca a sense, basicC research should nave
the traits of cognitive resecarch, but it can also embrace ap-
plied research of special weighte.

On the basis of tane to-date observations of both the do-
mains of basic researcn and the field of applied researcn and
development work, one can express the view that we still in-

sufficiently avail ourseclves oi the influence on the executors

of the 'power of a great goal'. Tue power of a great goal re-=
leases among participants in the implementation of a programae
great forces of internal involvement, and energy indispensavle
Ior overcoming difiiculties and in the process of the imple-

mentation.
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Principally, in each governuent programue one can find,

for a given period of time, tasits of the character of a natio=-

nal programme which mobilize both the forces of scientisto

and specialists in various fields as well as the co-participa-
tion and interest of society, and especially the youth. In Po-
land, for example, the comprehensive developament of the Vis-
tula-River is a programme of such a character. In the food
programme = the utilization of oceanic proteinsy; in the fuel
and energy programme - the chemicalization of coal and uti-
lization of energy from the nuclear theramosynthesis reaction,
in the regional planning programme = the turning of the Mazuria
lake district into a fully modern feeding and recreational
area, 6tCes

It is advisable thatv this principle ve applied as broadly
as possible in remaining national prograumes, i.e. concerning
key probleus, in inter-departmenial prograummes of the basic
research. Appropiate informational, organizational and propa-
ganda activities ought to be related to such a ‘national pro-
gramme' in order to include into its realization the most nu-
merous groups of scientists and a wide support of the society.

As regards research and development and application pro;-

raumes, of foundamental significence is such a foruulation of

material poals that they be tantamount to a new product, me-

thod, or service. Tnere snould exist full adequacy between the
plans of so~called "new launchings  in the national economy

and research and development progranmes. at present, in Poland,
especially in the field of xe¢y probleums, many of these pro-
grammes require a reforaulation or supplementation of the

Zoals of research and development worke. Such corrections in
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the contents of pleans will peruit to confirm the rightness of
the opinion about the good system of researcin planmning in ro-
land on the basis of the principle of comprenensive naticnal
prograunes. They constitute a proper wmethod uf integration of
gcientific and tecianical circles, regardless of their organi-
zational subordination, about common goals. Satisfaction with
this system will be complets when we fill good ‘forms with
good contents of taskse

48 far as the caoice of aims for research activities is
concerned one should emphasize the dissimilarity and peculia-
rity of cognitive research.

The aim of this research should be the inknown, which
needs to be discovered. Therefore, this aim cannot be deriined
teforenand. However, it is possible to define the lines or
research and, on their basis, formulate research tasks. Iuple-
wmentation of these tasiks can be supervised and evaluated. 1t
way happen, however, that results of the implementation ol re-
search tasks will be negative in comparison with the intentions
or hopes linked with definite lines of research.

The above principles of the choice of aims and lines of
research have been successiully applied for a number of years,

which conrirms the rigatness of their formulation.
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6o ESTABLISHIENT OF YEANS AND CONDITIONS FOR ACTIVITIES
IN RISEARCH AND DKVELOIMINT ( R + D)

Organizational problems related to the establishment of
suitable means and conditions for R+D are very diversified.
These problems must be solved in a satisfactory way to enable
the creators in science and technology to conduct efficient
activities.

The first group of problems in this field involves pro-
blems related to planning and verifying the progress and re-
ports on reseaxrche

Planning in R+D is the fundamental organizing process
that determines tne whole course of activities, their dura-
tion and costse. For this reason, much attention should be
paid to the planning processes. The appropriately approached
planning requires the highest scientific and organizing qua-
lificationse Therefore, some scientists who consider planning
only as a bureaucratic necessity are wronge Of course, plan-
ning can be, as any other most use?ul activity, wvulgarized
by reducing it to the qareless filling of special foras.

If planning is approacaed and implemented in this way,
it canhbe, indeed, & laborious and unnecessary bureau-
cratic operation that can be even harmful for effective ac~
tivitye.

We distinguish three regions for planning activities
in R+De. In each one of them, it is possible and necessary

to apply the requirements of system analysise
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country is, in general, more important. This is roflocted
firet of all, in the selectlon of utilitarian goals to ba
achieved by R + De

The third principle consistsxin recognizing the priori-
ties in view of urgeancy and importance. It is a rule that only
vital subjects are included into the set of problems %o be
solved. But even in the most developed countries these subjects
are too numerous to be worked out in a satisfactory waye. The-
refore, the principle of priority employed in the selection
of subjects is based on the urgency of the research work. When
reasonably interpreted, these principles can be applied in the
field of strictly cognitive research .

The succesive fourth pfinciple of 'strategic' planning
consists in condu?ting the largest possible number of R + D
projects within a complete development cycle that starts from
research activity and ends in applying and spreading out the
resultse.

It is estimated that approx. 70% of the Polish R+D
projects are conducted in such cycles. The remaining 30% are
included into non-complete developing cycles or general tech-
nological activities.

The fifth principle is an endeavour to maximal utiliza-
tion of foreign achievemeonts. 4t the stage of “strategic’
planning it is difficult and often controversial to make deci-~
slons on this what can be called an operational planning.

Here the analysis and selcction of optimal ways and means of
the implementation bcgin {$o play the most important role.

The third region covers the planning of implementation

of particular tasks 02 a singie R+D programe Thia is
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g planning of tactical type, that embraces a number of

conditional situations related ito participation in a laryge
set of other tasks that form an integral entity. In this re-
gion of planning, not only the search for optimal solutions
is of vital importance but also employing of well sulted me-
thods in conducting research or development works (designs,
production methods, ccnstructing a prototype, etce)e

Both these regions of planning have their peculiarities
and deserve further consideration.

The second extremely important instrument employed for
controlling  R+D activities is financinge. In two countries
that do not apply the complex planning of the development of
economy and R+D programs, financing is the fundamental fac-
tor of control.

While considering only the 'strategic' that is all-country
or branch region, it can be noted that two main principles
of financing have been worked out.

The first principle concerns tho adaptation of the scope

of R+D activities to thse possibilities of the state budget.

It i8 a usual mactice to compare the expenses for R+D
on the international scale as a percentage of the whole state
budget. As the matter of fact, this index is not an adequate
illuatration of the possibilities agd scale of R+4D activi-
ties in particular countiries. In this field an absolute amount
of financial means with regard to the purchasing power of
a given currency is decisivee.

The percentage index of the budget for R+D 418 not,
unfortunately, based on the recasonable premises on the actual

needs in R+De It i8s necessary to recognize that such a reaso-
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nable premise 1is the establishment of expenses as a deriva-
tive of the costs in every branch of the national economy.
This is 80 because the R+D activity must be treated as a
widely meant preparatory action for production or services.

Unfortunately, the practice of such a kind 1is consisj
tently realized only by some large industrial concerns and
firms. On the national scale only a certain emanation of this
method of establishing R+D expenses has been introduced as
allowances from iﬁcomes or production costs. In Poland, this
approach is represented by the~Fund for Technological and
Economical Progress. '

In. contrast to R+D activities, it is justified =~
within the region of theoretical studies - to finance work
from a determined part of the budget because this 1s research
of a common or very wide significance. In Poland, this kind
of financing is accomplished within the framework of the
FPund for Research Worke.

The second principle in financing R+D activities con-

8ists in the unity of tasks and means. Thls slgnifies that

financing should concern the entire R+D program, from the
beginning of research until the implementation. Only dissemi-~
nation should belong to the typical production or service
programse

This principle is put in practice in the form of the
go-called subject financing (for a program or a goal) in dis-
tinction from the object planning (for a centre, R+D and
groups of research workers).

The method of subject financing that is e.g. predominant

in Poland (up to 70%) has proved to work as belng, at some
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time, the method of distribution of financial means to parti-
cular fields of activities and social and economic needs.

Supervision plays an important and specific role in tho
control of R+D sactivities.

In Poland, the intexrference of an organizational and
administrative character into the appraisal of progress in
research has proved not to worke. Such an approach causes
only formal and rough estimation of the progress made in
creative activity, complaints aimed at bureaucracy and - this
is most important = it fails to provide the sufficiently mo-
tivated opinion on the scientific and practical value of thse
obtained results.

For this reason, in Poland, where researches are conduc-

ted for a few years now in accordance to all-couniry programs,

the Polish Academy of Sciences initiated the method of collec-—

tive self-estimation of the progress in R+D works and of

the appraisal of their results.

The method of self-estimation is the consequence of the
situation in which all-country programs are attended by all
specialists in the field associated with the program. Thus,
it is impossible to asx other better qualified specialists
not included in this group to perform the analysis and
assesament.

The method of self-estimastion consiats in considering
the progress and results of rescarch works at special seminar
sessions that are attended by the groups of workers that put
programs in practical use. The so-called opponent’ aproach
has been here successfully tested (this is analogy to the

function of a prosecutor in legal proceedings).
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It follows from the experionce gained over a few yoars,
that the method of sclf-estimaltion provides good resulta.
Self-estimations are made with a doeep insight and provokse
sharp polemics and crivicel commuenise This promotes scienti-
fic activities and the responsibllity of research workers
and creative individualse.

Preparation of the so-called asignal information’ be-
longs to the methods of peculiar verification and substantial
veportinge This kind of compact information is provided just
after results ending a given stage of work or theme have
been obtained. Signal information is written in an easy way
to be understood even by non-specialists. Its details are
sufficiently well widespread to be the basis for establishing
the opinion of authorities and society on the progress in R+D.

Within the sphere of the means and conditions of con-
ducting R+D activities, an especially vital role falls to

the development of international relations and cooperation.

International cooperat;on must be treated ss an integral
part of fulfilling tasks aimeu at meeting the need of the
| countrye. In this meaning, it is considerable enlargement of
the productive and executive posslbilities of the country.

From the point of view controlling and organi-
zing R+D activities, international cooperation should -~ with
a complex approach = include:

- Joint  research and development works,
-~ import and export of creative ideas (both scientific and
technological) that is, designs, expertises,.forecasting

advisory activity, etc.
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- import and export of the so=-called ‘materialized” creative
ideas, mainly liceénces and related facilities

- training and improving qualifications of staff members
(native workers outside the country and foreign workers at
the home country)

- cooperation within the framework of scientific and technical

agsociations both international and national,

Conducting joint R+D projects has got a crucial role auong
the above mentioned elewments.

Joint research 1is conducted in various forms which aro
required by the peculiarity of the inveatigations and organi-
zational situations.

Nevertheless, conducting research work can be classified

into four groups that are related to the organizing level,

obligatory terma and effectiveness of research:

on the first level that is less obligatory and most easy

to be put in practice, only information is exchanged on plans
and obtained results of worke. This is usually accompanied by
the mutual exchange of documentation and publications,

the second level of cooperation in R+D comprises all

from the first level and, moreover, the coordination of plans
and distribution of jobs beitween the cooperating home insti-

tutes,

the third level of cooperation embraces all from the

second level and, moreover, establishment of mixed internatio-
nal groupse in the cooperating institutes of the country. The
problem where to localize particular groups is solved by
taking into account available facilities, scientific potential,

staff levels, accommodations and other factors,
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the fourth level of cooperation is characterized by the

fact that common, permanent R+D centres of a stable nature
are established. This obviously concerns the fields in which
long term cooperation is possiblee.

Trips and stays outside the country are important ir in-

ternational cooperation. They are not the goals for themael-
ves but they are only the means for performing determined Jjobs.
As foreign trips and stays are atiractive it is necessary to
control them in accordance to the principle of priorities of
needs and importance.
In Poland, the principles of priority on the scale of e.g.
the Polish Academy of Sciences are as follows:
- the first priority falls, almost always, to foreign trips
for research purposes (research trips and stays);
- the second priority concerns educational trips and stays
in order to improve qualificationse. This is not a numerous
group of foreign trips and stays because education is
usually connected with research trips and stays. Nevertheless,
in some cases, forelgn trips and stays can be of educational
character, only,
= the third priority covers irips {to attend conferernces, pro-
vide consultations and visits to foreign centres,
- the fourth priority is attributed to trips for organizatio-

nal and representative purposese.

The foreign trips eand stays arse associated with the

go=called problem ol wmobility of scientists. The slogan of

an unrestricted mobility of scientists propagated by soue
scientiste and statesmen proved to be unrealistic and harmrnl

in the majority oI couniries. This is profitable only [for the
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richest countries that are capable of offering very conve-
nient working conditions for specialistse. Similarly as mogst
countries, Poland has replaced the principle of the unrestric-
ted mobility of scientists by that of the maximization of the
state-controlled exchange of scicntists and other gpecialistse.
Apart from securing the means and conditions for conduc-
ting current researches, the specific feature of R+D acti-

vity is the puilding of the future executive potential for

R+Ds

This problem involves, first of all, a long-term policy
of the quantatitive and qualitative development of scientific
staff and other specialists in creative activitye.

It is an extremely vital and complex problem how to im-
prove, strength and deveiop the structure and network of
R+4D centres. |

This is associated with especially difficult and costly in-
vestment, first of ell,in the field of enlargment and moderni-
zation of buildingse. The supply of unique research apparatus
is an independent and exceptional problem.

This problem concerns the production of scientific and
research apparatus in the couniry, its international exchanges
and appropriate localization and utilization. These problems
have nbt 80 far been solved optimally in many countries and,
for these reasons, thoy are one of the themes of the most
vivid discussions in scientific centres and the objects of
the deepest comments on the scientific policy.

It is insufficient to meet, even in the optimal way, the

current and future requireaments in the field of R+D activity,
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if it is impossible to creato between the scientists and aspe-
ciallsts in technology and espcecially in the strictly~leading
group of creative individuals in these fields -~ the atmosphere
of confidence for those who control the activities of R+D and
the atmosphere of active and ideological participation in achie-
ving goals. Therefore, the obtainment of well developed pro-
grams and recruitmen? of main executors are very important

tasks in the process of coatrolling the whole scientific acti-
vitye.

First of all, these goals should be achieved by including
the executive persons into the teams of authors who prepare
the programs themselvese.

This is the application of the principle of partnership
between the decision-making individuals and specialists.

To obfain a permanent existence of the atmosphere of active
and creative participation between specialists in science and
technology, it is extremely important to perform well organi-
zing functions in establishing goals and tasks and ensuring
good conditions for application and utilization of results.
-At this point, we wish to mention a certain weakness in our
organizing aptivities that is very unpleasant for scientific
workers.

Namely, creative scientific and research workers are
excessively énd too frequently bothered by typically orgahi~
zing jobs. If ?he whole organizing systems functioned effecti-
vely, the scientist and, more generally, the creative worker
could be unconscious at all of these affairs over the entire

time of lts creative worik. It is & usuall practice that even
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the scientific workers at thé highost positions in the scien=
tific hierarchy are annoyed and preoccupied by organizing, fi-
nancing, reporting and similar problems. This state of affairs
results partly from the lack of competence of the organizing
and administrative personnel.
These poor qualifications disclose the lack of self-dependence
and the fear of responsibllity. However, this state of affairs
is thought of to be = in numerous communities -~ an unavoideble
and necessary evil. Such an attitude is represented in a cer-
tain way, by the fact that some centres issued local regula-
tions requiring that scientific heads and creative scientific
workers must participate in solving every administrative problem.

Another circumstance that is unfavourable for the gocd
atmosphere for work consists in that adwinistrative authrorities
distribute between scientific workers unnecessary rumours on
the usual but excesaively inflatved difficulties in realization
of programse. Thus, a rumour is spread out between groups of
workers who are not concerncd at all with difficulties of such
a kind. An example of such a rumour 1s the complaint about the
shortage of financial means even between these groups that
have no ground for it. An analysis of the progress in implemen-~
ting basic research projects has indicated that coumpleints
about the shortage of {inancial means were put forward even
by those who had not been able to spend fully the fipnancial
means previously allocated to them. They simply repeated the
circulating general opinions without confronting them with the
actual state of affairs within their own programs.

In establishing a good atmosphere for creative and active

participation, it 1s important to view an individual contri-
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bution into the results of collective worke. This may be reali-
zed by improving the regulations concerned with granting pri-
zes and establishing the principles of appraisal of the
author ‘s contribution into publications etce Something more
ought to be done e.g. indicating the significance of even
partial contributions into final results of a whole programe.

Controlling activities of scientists, partnership, con-
vincing encouragements, thus influencing the consciousness
rather than methods of prohibitions and orders are very im-
portant for creating a good atmosphere in resesxrch worke. The-
refore, it is more reasonable and purposeful to explain, on
training courses, the principles and guidelines of scientific
policy and legislator's intentions than supply scientists with
numerous decision-making documentse.

It should be emphasised here that it is worthwhile to
conduct all possible orgarnizing activities within the scienti-
fic community by employing -~ as far as possible - non-conflic-
ting methods. In this way it is possible to avoid the loss of
energy and the distraction of the attention of creative indi-
viduals by the affairs that can be settled without exciting
emotional feelings.
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Te UTILIZATION CF RESEARCH RESULTS

Rich experience of many countries indicates that not al-
ways the country which has made a sclentific discovery or
a technical achievement reaps as the first, or reaps at all,
the fruits of its accomplishments. It is often forestalled by
countries disposing of a more efficient and stronger apparqtus
for the utilization of scientific and technical innovations.

There are also frequent cases when practically mastered
innovations are propagated slowly, which does not allow the
soclety to feel positive effects of the progress on a mass
scale. '

These two observations emphasize the specially great signi-
ficance of an application and propagation of results of research
and development work as well innovation resulting from disco-
veries. Even the best choice of aims and tasks and the best
conditions for the implementatvion of tasks and the attalinment
of goals, i.e. the optimum execution of research and develop-
ment work, is not sufficient unless application and adeduately
broad dissemination of results of this work takes place without
delays.

This indicates the indigpcnsability of posglble cloaoest

relations of R-+D work vith epplication and propagatione.

Hence this question must also come under the scope of science

policy although reaslization of application and propagaticn is

the concern mainly of national econony units, and not of the

scientific~technical base. However, there is need here for

appropriate cooperation of both partners.
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The practicae of many countries, Poland included, showg

that application and propagation constitute the least efii-

¢iently functioning link in the development cycle. In this

connection, attempts are being broadly made to lncrease the
efficienéy and effectiveness of methods, and especially of
application.

Also in Poland a comprehensive programme of application
has been worked out, which assumes that ways of influencing
the improvement of efficiency and effectiveness of applica-
tion and propagation should concern national economy units and
units of the scientific=-technical base and ought to be of an

organizational-planning, economic and moral character

The division of ways of influencing the effectiveness of
application into these three groups is a matter of order. For
in practice, ways from all three groups are usually applied at
the same time.

Organizational-planningz stimulation (diegram-=22)_.plays

an especially significant role in the countries which basc
their economy on planninge. Some elements of this type of sti-
mulation, however, can be applied, though on a limited scale,
in various socio-economic systems, irrespective of the poli-
tical system.

Experience has demonstrated that one of the most effecti-

ve ways of stimulation of applications is the ggtablishment

of mixed teams for research and application, composed of

both authors of achieveaments as well as workers of the fac-

tory who are to utvilize and apply a given innovation.
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Direct contacts and cooperation between the researcier end
the designer are particularly important. The latter mrons both the
desinger of bullding investments, the constructor of new inn-
tallations and products as well as the technologist designing
technological processes. Designers of all kinds have cone comnmon
feature: they exert the most immediate influence on the creation
of the real shape of innovations, they determine in what way
people can make use and feel the benefit of scientific disco-
veries.

The designer, next to the decision-maker, who makes deci-
sions concerning application, is the most important partner of
the author in the practical utilization of the latter s scien-
tific accomplishment.

The most effective and most indispensable for carrying out
application are purchase and building and assembly investments.
Therefore, for effectiveness of applications, a close coordi-
nation of the plan of research and development work with the

investment plen and the plan of so-called new launchings of

production is necessary. This means that the predicted applica-
"~ tions should have appropriate support in investment plans. This
condition stems from the fact that an overwhelming majority
of results of R+D work cannot be applied without bigger or
smaller investments.

The scope 0f investments in new plants or in the moderni-
zation of such invesiments determines the technological level
for many years. It is therefore very important to create the
conviction of the indispensability of imbuing every invesgtment
with innovationdg to a maximal degree. Investment projectis

should be evaluated from this point of view by teams of specia-
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listets. Only invesiments appraised positively il.e. which

obtain the so-called clause of modernity, should be admitted

for execution. Actlons of this kind enhance the interest and
demand for research achievements and innovations.

Similarly conductive to the demand for research results
ie the linking of programmes of “new launchings', i.8¢ new or
modernized products, with research programmes. Practice in
the field of applications snows that each item in the prog-
ramme of new launchings in production plants should corres-
pond with respective orders of component units of the scien-

tific—technical base for research and development work, aimed

at the introduction of a new product, modernization of a given

producte.

A social sense of innovation exists when an innovation
is propagated on a mass scale. The greatest innovations, intro-
duced on a limited scale, do not bring general social satis-
factione It is therefore important to subject the programms
for new and modernized products to social control. The time
of propagation, its scope as well as the prices of innovations
should be subject to such a social control.

Methods of econcmic influence on applications

and propagation are especially universal and generally effective.
Among metnods of economic influence, the moat signifi-

cant are these which directly influence not only people who

are the authors of accomplishments, but also the whole teams

concerned with application on- popularizetion. Thus this

*/ The variable, as distingulshsua (rom the permanec t, part
of remuneration, dependent on many criteria
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concerns making bonuses ®) deperncaent on the prompt ard qunlie
tative implementation of application and tasks nund rownvis,
determined in edvarce and dependent on tne effects obtained
from a given accomplis! zent witliin a fized period of time-
Another economic factor which should favourably irfiucnce
the time and number of applications is linking the price svsten

with renowal and modernization of production. Attempts are

made to elaborate a system of the so-called casgcade prices, i.sq.
prices diminishing with the time¢ of production of a given commo=-
dity. Therefore there havc been proposed prices of novelty , |
ordinariness and antiquation, the periods of which will be de-~
pendent on the kind of a given product and with which a decli-
ning rate of profit will be connected.

In this way, the contnuation of production of commndities
with prices will be unprofitcble for the producer, and this
should prompt him to introduce a new or improved commodity.

In order to protect onsself against this only seeming mo-
dernization and an unjustified increase of the cost of produc-
tion, 'planning-making' countries have introduced gtiffer tech-
nical requirements (categories of technical level A, B end C
and of quality Q and 1) for new products and intend to intro-
duce the principle of comparability of sale prices with the
gtrongest competitor on an international scale.

In the case of mass articles it becomes necesrary to clo-

gely connect the system of retall prices with periods of nnvelty,

ordincre and old prcducis.

Morocover, many otaer stiuula.ora of an economic natur=z
can be introduced, which should create an atmoapherr of demand

('luctlon') for imnovations [ircuoting technical progress.
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One of them may be the introduction in the calculatior
implementationed undertakings of the account of labour
costs plus the so~callid general consumtion fund, which in
conditions of Poland, for exsmple, means an increase of the
share of labour costs by about 30 per cent.

This should contribute towards lowering the limit of
profitability especially in the range of innovations con=-
nected with automation, which usually ensures savinis in
labour.

to

In order develop the undertakinge aiming at raising
the efficiendy of the application and dissemination process
it is necessary to improve the method of determining the
efficiency and profitability of the reseérch and soplica=~

tion work, comsistirng in iatroducing the above mentioned

principle of social effectivenecss. This means that is ne-

cessary to determine the resultant effectq which a given
new product brings to the producer and the urer. For it
sometimes happens that some innovations actually bring bene-
fite to the user, and not to thase producer.

Various mor-l methoés o7 astimulation

are significant for the time and scope of the implementa~

tions.

The most important thing is tho realization of a

collective and universal conviction that gpnllcetions

congtitute an interrel. 31 recescary pavt of the prepira-

tion of ncw or modernised producticne Consequently, the
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reulization of this coaviction muot be comnicted with ana-~
logous incentives aqud sauctions as in the cer? of prodnc-
tione This meena, lor ezanplie, that delaye ae well ry lask
of application undortakings skould be regnrded na a failirs
or a delay in carryiag out the production tesise.

One should recognize a3 fully justified the applizn=-

tinon of social forme of dictinction of the authors of im-

portant innovations aand of workers gsetting an outstanding
example in the applicstion and propagation of these inaova=-
tionse This is conmnectoed witk the problem of the so~—called
anonygity of authors of many achievements which are sub-
seqdbﬁtly disceminated on a mass acale.

Generally spoeking, %the appraisal of the mansgema2nt
and technical personnel should bo dbassd to a growing: degres,
on their participatioa in the application of innovatious.
Briefly, there is noed to apply tue critericn of jirrovntilon
in the appraisal of coumcaptual vorkers of production plants.

The above remarks and roflecticas on tha subjecti of
application and propagation coacern mainly research grd de=
velopuent work coxnducted within the so-called full devclopmea=
tal cjycle, or ocozprehencsively, from research to practical
application.

With regard to work of an excluaively sclentific cunrac-
ter, the notion 'application' @it be appropriatuly rodified,
1t can be repleced witn utilizeticn of resnerch rusulie in

creative technical worke. Ior example, as 'applicationﬂ'
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should be regardcd the roesults of theoreticsl studieo =nd
research on the anlsotropy of recictance of cortain plia~
tics Af thoepoe rocults have besen utllizoed in denigning of
consiructions end hav: brougat appropriato savirga in ma-
terials and an increase of the coefficient of the snfety
of construction.

Gensrally speaking, in the case of cognitive research
the proper forms of +transmitiing its results should include

alao publications, introduction of durable

achlevements in lectures and other forms of instruction,
in manuals and other tcachlsz aidse. All forms of scienti-~
fic guidance, such aa expertises and forecasts, should be
regarded as °.aluablo arnd desirable forms of utilization of
the accumulated sciontific knowledge for the application
of innovationse.

0f course, there romains the possibility of partinrina-
tion of theauthors of achloevements of cognitive rescarch

in the aprlication nrocsesedn, @.ge 1n mixed teams of authers

=

or in some other formmse Such examples are ever more punerous,
which indicates that there are more and more sclentists who
not only in their convictions but also in actions demons~
trate that the role of the researcher is not only to

create but also %o fransfer research results to practicians

in all availuble formse
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8. CONTROL Oy QI ITVLLOPLELT OF SCIERTIFLC
AND ORGANIZATIGRAL PERSONKEL

The decisivo factor and, at the same tiume, the ouh-
Ject of the innovaticn process is man, his attitudes, gia-
lifications and actions. Thercfore, the problem of scien=
tific personnel, aad of creoative and organizational por- |
sonnel in general, saould be ranked among the most impor=
tant elements of the development strategy of science and
technology as well as of personnel policye.

The system should embrance all categories of worlers
who are indispensable for tue development of science and
also for saturating with elements of acience and scienti-
fic methods all sectors of the national economy and natio-
nal culture. This concerns recearch workers of all calago~
ries (professors, adjuncte and sssistants), scientific in-
formation and documentation workers, engineevring~technical
workers, workers of ¢he planning, administrative, eccrnonic
and financial services as well a3 workers with scientifilc
qu#lifications employed in non~scientific institutione.

The crea“or, thLe rescarcher and the designer ovhi to
be +the main porsons in the pefsonnel policye. Tharerore,
ve shall devote thc rewaris presented below wmainly to ri-

search workerse.
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Thus there appears a basic question wno can be

a 8cleniist=researcher ? what criteria should he or sho fulfill?

Congidering the groest role of science in tho totae
lity of our life, one can, ss it seems, fhua formulate the
conditions for being a scientist -
= a genotyploc condition: outstanding intelligence, without

which no creative achievemmsnts are possible,

= an indispensable condition: dedication to an idea, shaped

in conformity with the suprome patterns of humanism,
= a necesgsary condition: profound scientific erudition,

- a constitute condition: comntinuous creative activity as

the main feature of a scientist,

- Q aubsidafy condition: the coanviction that, next to
creativity, the other fundamental duty of a scientist is
the transmission of research results and of the whole

accumulated scientific knowledge in general.

Among the above-listed requirements, a few words should
be said about the condition briefly termed dedication to an
idea. In connection with the growing number of
scientists and the increaase of their social function,
creétive commirtm ent 18 silgnificant, resulting not only from
knowledge, but also from the conviction that it is the

intellect and scicnce that actually pave the way for the

davologgant of mankind.
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This should give risas to an internal conviction tuat the

work of a scientist is an important cocial nisrion which

demands readiness to surmount sny difficulties in the in-
troduction of the odjoctivencss of scientific trutho in all
fields of 1life. A cancdiictic for a scientist should feel and
be convinced that hs will bs able to perform such & missione

And this means {that cctions of & scientist must be
guided nof by a pursuit of material benefits and the vanity
of commendations and distinctions, but by responsibility to
the soclety, to the nation and mankinde.

Therefore, every scientist must conétantly attempt to

make himself and his life a versatile gsocial model, not

only because of his erudition and creativity, but also in
any other respect.

Of course, pne can doubt whether the already numerous
part of society professionally practicing research and scien=
tific work will coneist exclusively of profoundly ideologi-
cal,moral and ethical individuals. It is important, however,
that the number of such scientists be large enough, so that
they be the most active group, stimulate others by their ac-
tivity, set a 1live example of the ideal of @ scientist and
man.

dnother question that requircs a few words of interpre-
tation is the probvlem c¢f erudition.

Present-day methode Aand ways of creating sciencs and of
its social utilization dewand from researchers and other cate-
gorlies of worters all-round intellectual qualifications and

abilities connected with the diversity of social functions

and roles fulfilled by them. Thus the eyatem of education
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further training of research workexrs should embrace such
queations as tho knowledge of the organization of rescerch
institutions, scienco, policy, methods of management of re-
gsearch institutions and teans, the morality and ethics of
scientific work, the law regulating the functioning of science, .
methods of firancing scienco, etc. We have initiated such
education within the framework of the University of the Polish
Academy of'Science.
Assimilation and accumulation of scientific knowledge through
the whole 1life is the foundation on which creativity can de-
velop. The practice of life shows that there are cases when
scientists fall into extremity in this field.

Depending on the type of work, scientists represent two
kinde of knowledge specialized knoﬁledge and
encyclopaedic knowledge. However, when a scientist oxcessi-
vely narrows down his specialization, seeking to increase
the_mwﬁd;ndity of his knowledge, he comes close to the in=-
fatualist, or a man engrossed by something extremely narrow
and confident that he has an absolutely full knowledge in
this domain. Briefly and ironically, an infatualist ie said
to know everything about nothilnge

Another dnnger arising frou the accumulation of know=-
ledge is excessive encyclopaedisme It can lead in consequence
to a shallowing of knowledge, and thus to dilettantism.

The problem thet appears in the education and self-edu~-
cation of a scientist is ¢o be able to choose and ansinmilate
knowledge in such a mananer as to remain in the interval pro-

per.of a apecialist who knows very wmuch about the main problem
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and has adoquate knowledge of the related problema.

And if one wants to widen the scope of scleniific knowe
ledge, it should be done in such a ways as to rewmaln in the
interval of an encyclopaedist wao knows much about many
problews,

Where to find such candidatcs for scientists, for creators
of science and techrology who would be able to meet the above~
mentioned conditions? We tackle here the important problem

of discovering talents and selectinz candidates for scienti-

fic workers.

The process of discovery of talents and initial selection
of candidates for scientific workers takes place too lats,
most often in the course of higher learning. Studies of the
careers of winmers of competitions for secondary school stu-
dents have shown that highexr schools take little interest in
them, and they form the best group of candidates for scientie
fic workers., Unfortunately, the selection for scientific wor-
kers is frequently based on accidental factors, such as the
place of residence, living and material conditions, etc.

There exists a natural field for recruitment in schools,
from which scientific institutions pick up thedir candidates.

The system should act toward widening this
field and increasing its effectiveness.

For example, very good and outstanding pupils of primary
schools are natural candicdates for workers in scientific insti=
tutions, Over 50 per cent of tho graduates of those schools

continue their education in basic vocational schools, Among
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the graduetes of the latter there is & large percentage of
greatly talented students, but only & emall number of theam
continue their edusation,

About 18 psrcent of primary school graduates go to gee
neral secondary schools, 70 percent of them are girls. And
these schools supnly cvar 50 percent of candidates for higher
schools. This fact excludes from the field of recruitment
many talented neople fit for work in research institutions,

An additional natural field of recruitment are hobby
circles existing in schools of various types, scientific
circles in higher schools and students scientific camps,
conferences and congresses organized by the student scientific
movement .

All these forms should be taken into account in the
science policy concerned with formulating the field of re-
c}uitmant of candidates for scientific workers, So far only
higher studies have formed such a field,

In recent yoars the Polish Academy of Science has been
looking for especially talented youth in the two final ycars
of study. At present, 0.4 psrcent /4 per mill/
of the students of the last and penultimate year of study
have been sslscted, who have boen granted special scienti-
fic scholarehip and embraced by the scientific care of the
Polish Acadeay o7 Scienca, Thoso students undergo eumnar
training in the Polish Acadecay of Science units, are invited
to scientific meetings, enablcd to prepare dissertetions

for a master’s degree, ascigned individual tutors, otc.
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The to-dote statistics show that ebout 60 porcent of
the candidates selected tako up scientific work (two thirde
of them in higher schools) whilo the rest choose other pro-
feesions,

It ie etill too early to formulate general conclusions
and appraisals of this sysetem, It appears, however, that fur-
ther improvement of this system, is indispensable and should

lead to good results.

A guccessive problaem in the field of personnel policy of

scientific workers is their preparation for independent scien-

tific work (the questicn of creating the genotype of e scien=

tific worker).

This problem concerns the postgraduate period only. In
the course of undergrsduate studies tHe preparation of scien-
tific workers is unfeasible since it is not known in advence
who will become a scientific worker,

Moreover, the percentage of graduateswho take up scientific
work is very small.

Therefore, the only thing that can be done for students
‘suspected’ to become scientists in the future, i3 to permit
them to pursue their studies according to individual curricula.

"However, proper proparation for scientific work must
take place only after graduation.

The education of scientific workoers in Foland tsakegs
place in a form of doctoral studias and assistantahips,

These two main ways of oducation are being constantly

improved and modernized. Mistakes of the initiael selection
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for doctorel studies are boing corrected, which eometimes
elininates Eromiaing candidatos for scientific workers. In-
formation on the cource condltions and possibilities of such
studies is widecpread 2i2iig students there ie e principle
that those who begin doctorzal zstudies should know in edvance
the oﬁbject of their doctor’s dissertation.

Assistantahip is & form of training for all kinds of
work and functions which a scientific worker will have to
perform. At the same time, an assistant, seeking to win a
doctor s degree, can attend doctoral seminars,

The perellel maintaining of the two ways of winning a
doctorate end taking up scientific work professionally,
requires a harmony 6f these ways and creating equal opportu-
nities, An assistant usually has a more difficult situation,
but on the other hand he grows into his institution and hes
e fixed position in it while a person studying for a docto-
rate does not always know where he or she will work after-
wards,

Irrespective of the way by wh'ch a young scientific
worker arrives at the doctor’s degree, he should learn eve-
rything that is necessary for his future profession, There-
fore, in the course of zssistantship he must obligatorily
ettend a course in the methodology of scientific work, and
while being a senior assistant ~ & course on the transmission
of research results and knowledge as well as on didacticn,

In this way a young scientific worker is being prepared

to be able to creste and transmit knowledge.
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A very i1mportant questicn ia the control of personnel
policy of scientific workers 13 their promotion

At present, tihare exist taree waye of promotion in Po-
land, The first type of promotion is most directly dependeont
on the scientific workor himself: it ie the winning of scien-
tific degreoes: doctor of science and doctor habilitatus,

The second type of promotion - the main one, involves
oci-nttfid posts, two of which are at the samo time highly
valued sclentific titles (extraordinary profeasor and ordl-
nary professor), This kind of promotion constitutes & speci-~
fiec scheme which principally is designed for :he whole period
of active scientific life.

The third type of promotion ie of an orgsnizational
character basic levels of this type of promotion: head of
a section, division and institute.

Scientific promction, e.g. scientific degrees, titles
and posts, was conceived in sucn & manner that scientific
achievements should be tho decisive factor. In practice,
however, 1if often happens that not crestive work but presi-
eely these “levols of promotion” are an end in itself, Creative
work is done and valued cnly inasmuch as it may bring the
possibility of promotion in tho scientific or organizational
hierarchy, The reasson behind thic are wmaterial benefits as
well as privileges and dignities connected with climbing
the ladder of scientific or organizational posts, Thus thae
problem remains open, what to do in order that the muin gosal
in the pursuit of promotion te creative work and scientific

accomplishements in genoral.
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On the other hand, howaver, in order to put into 1life
the postulates concerning improvement of ecientific work and
increesse of its efficiency, there is need for people who will
be able to direct these tasks. In othsr words, there is nued
for good organizers of creative work.,

Who are to be those organizers?

Part of them have the powers of decision-makers at respece
tive levels.‘Thus they are managers. There is s disagreement
as to the fact ﬁhe:hor a manager must simultaneously be an
outstanding specialist in a given field of sctivity and a good
orgenizer, or whether the abilities, knowledge and skills of
an organizer are eufficient.’
| In the domain of basic rasearch the conviction prevails
that a manager of scientific work should be at least a good
scientific worker, and it is desiréble that he is an outstan~
ding scientific authority. This opinion is reflected in the
slogan, often repeated in the academic circles, that “directing
ecience means creatingscionce’. Thia expresses the view that
directing scientific work requires also from the manager his
personal creastive engagement.

In practice, however, a combination of great scientific va=-
lues and orgenizational talente and skills in one person occurs
not very frequontly. The reason for this is, inter alia, thno
lack of adequate organizétional training. In o situaticn when
it i3 necessary to decide whether to designete to a post of
a manager a sclentlst with rather low organizationsl qualifi-

cations or an outstanding organizer with poor scientific queli-
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fications the first pocsibilizy is choeen in the field of
basic research. In such & casc, hbwevar, a well-qualified or-
ganizer should beo aasigncd to holp the menacer.

On the other hand, in large organizations, especielly
of the developmant and application type, organizational velues
play a very significant role, and the second alternative may
prove to be more justified.

Certainly, in each case the ideal solution is a combina-
tion of the highest scientific and technical qualifications
with high managerial and organizational qualifications.

In order to secure proper coordination of the promoticn

policy & univocal relationsghip between various viays of promo-

tion is indisponsable. Such a relationship is difficult due
to great'differences occuring in many cases between scientific
and organizational qualifications. Thus a section can be headed
by a doctor of science or a doctor habilitatus who holds the.
scientific post of an associate professor to adjunct, and
exceptionally - a cenior assistanf. A divieion can be hsadad
by a doctor or doctor habilitatus who holds the post of nn
asgociate professor to docont (exceptionally the post of an
adjunct). A candidate for the hecad of an inatitute principally
must be a8 professor, but axceptionally also associate professor,
The continuity of manageriacl functions and scientific
creativity, always should be preserved, this is why it is very

e

important to prepare tho staff of successors, This means not

only present deputies of tho scientific and organizational

personnel but also the workers at least 10 years younger than
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those whom they are to rcplaco. This poréita, bacause of tho
difference in age, to oliminate conflicts end competiticn in
relations between those who are holding posts now and their
future successors. This also gives the time for their adequote
preparation from the viewpoint of both scientific and organi-
zétional qualifications,

The Polish Academy of Science is now beéinning to set
up a system of training of organizere of scientific work, si=-
milar to the existing system of scientific treining.

Cendidates for this training should hold at leéot the
post of an adjunct.

The aim of this organizational treining is that orgeni-
zers of science, would ac-uire their knowledge not their own
mistakes, which is the most expensive method, but by the

necessary qualifications and skills acquired by education,

X X X

SE—————— EP——

In my paper I have tackled certain problems of the con-
trol of development of research, utilizetion of its results
and preparation and work of scientific personnel. Becsause of
the time limit I have not raised many problems which 8also
should bé ranked among essenttal questionse of the control of

the domain of ecience and technology.

]

I believe, howover, that even on the basis of 8 limited
review of these problems one can arrive at the conclusion
that many ﬁountries face similer problems end difficultieu,
Therefore, the exchange of experienco and views on the syste-

matic approach to these problems and their resolution, at our

conference will be ver’ necessary and certeinly useful,



