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The long-range planning of industrial res~arch must, by the yery nature 
of the work, contend with vcry many unccrtainties. }Iany factors which are 
of importance to planning can only be considered as probability functions and 
may only be estimated 'with approximate accuracy. However, far more uncer
tainty and also confusion derives from a failure to prepare the long-range 
plans of industrial research. 

In fact one of the most apposite examples for proving the superiority 
of a Socialist planned economy over the anarchistic order of production pre
valent in a capitalist economy, is precisely the long-range planning of industrial 
research, 'with its attendant advantages for the people's economy. 

A long-range plan of industrial research can only be based on the same 
plan for industrial development or rather, they must be considered in the light 
of their complex mutual effects. It is - for understandable reasons - only 
in the planned economy of a Socialist country that it is possible to draw up 
such a long-range plan of industrial development which embraces the whole 
of the people's economy. 

A long-range plan of industrial research may thus be based on the 
various main targets of the long-range plan for industrial development, closely 
related to the latter, without which it cannot be prepared. 

The appropriate concentration of all the necessary resources, both in 
respect to material expenditure and scientific workers, is a corollary of the 
long-range plan for industrial development. From it, conclusions may be 
dra-v..-u about the order of magnitude of the necessary means, the number of 
scientific workers, their degree of training, the planning of their suitable 
distribution, etc. 

It is self-eyident that these conditions can only be fulfilled by a Socialist 
planned economy, because capitalism lacks a plan for industrial development 
'which is comprehensive of the whole of the national economy and it is, there-

5 Periodica Polytechnica Ch. \"1). 
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fore, also impossible for a long-range plan of research to be based on it which 
would take the entire national economy into account. 

All this takes place under capitalism with a great deal of overlapping 
due to competitiou between the various firms, and ,\ith a considerable decon
centration of the possible resources. 

There can, at the same time, be no doubt that some of the large firms, 
the monopolies of the leading industrial capitalist countries have achieved 
and are achieving outstanding results - we might call them the firms' pin
nacles of success -but the large-scale waste of available resources from the 
point of view of the whole national economy is also beyond any doubt. It is 
not sufficient - again from the viewpoint of the entire national economy - to 
concentrate on the most important subjects, to assure cooperation independ
ently of the drive for profits and in pursuit of the interests of national eco
nomy to establish research aims in a coordinated manner, etc. 

In the narrower sense any firm, in the broader sense the whole people's 
economy are prompted by both externally and internally effective factors to 
draw up long-range plans, in the course of which process both the external 
and the internal influencing forces must be subjected to a thorough scrutiny 
from the long-range point of view. . 

External influencing factors of this type are, for instance, changes in the 
domestic demand and in the requirements of the international market, the 
need to introduce new technological processes ,vith respect to certain products, 
a decrease in the demand for other products, the obsoleteness of products, 
the need for introducing vertical integration in the course of manufacture, 
beginning from the purchase of the raw materials to the preparation and utili
~ation of the end product (e. g. in the pharmaceutical industry), etc. 

The internal influencing factors to be considered are mainly the advantages 
accrueing to the people's economy from the elaboration of a long-range plan 
of industrial research based on the same plan for industrial development. 

The material of long-range planning of industrial research for the people's 
economy is compiled of industries, and in respect to the establishment of the 
appropriate proportions for the people's economy and of the order of precedence 
this plan therefore, in essence, reflects the aims of the various firms, moreover 
of the industrial research establishments formed to aid the research work of 
those firms, subject to evaluation and control by the higher industrial 
administration. 

The following stages may be regarded as the three main phases in the 
preparation of the plans : 

a) The suggestion of ideas for research subj ects, and on this basis the 
elaboration of concrete motions for a plan. 

b) The detailed examination and evaluation of these ideas and plan 
motions. 
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c) The selection of the plan motions which are the optimal ones from 
some points of yie,'.-. 

The plans may originate from yery different sources. Such sources might 
typically be, for example: 

a) An inyestigation of the process of production and of the requirements 
of production based on the initiative of the firms. 

b) A consideration of the given circumstances of the branch of science 
and of the points of view of higher industrial administration, for instance, on 
the initiative of the research institutions. 

c) The ideas, opinion and research strivings of the research workers. 
Typical sources of information, therefore, that require research work 

are, for example, research on various means for discovering new or better 
ra,',- materials, research tasks arising from the probable trend of the utilization 
of a particular product, research tasks arising from the present or expected 
future activities of the various competitors in the international field, conclusions 
which may be drawn from various economic phenomena, such as the trend 
of population, changes in consumer requirements, the cleyelopment of consumer 
habits, etc. 

Industrial long-range research plans may also be divided into two parts: 
1. a general part, and 
2. a specific, particular part. 
In the general part of a firm's long-range research plan it is necessary to 

come to a decision on the following main questions: 
a) On the basis of the work done and the results achieyed so far, it is 

necessary to establish for a nearer and a more remote date (e. g. 5 years and 
10 years) how the manufacture of existing products is to be developed, in respect 
to both the expected technological and economic changes. In the course of 
this all the resources of the particular sphere of activity must be established, 
in material means as well as in the requirement for research workers. 

b) The question, moreover, will have to be investigated as to whether, 
from the long-range point of yiew, the firm has any special technical advantages 
or economic features that may render it suitable for the production of a product 
that is particularly sought for on the home or the international market, but 
cannot be produced elsen·here. 

c) On the basis of the preyious point b) - but also independent of it -
an inyestigation must be carried out, which new products and processes it is 
necessary to introduce over a long-range period, and the most appropriate 
research organizations for the purpose must be found, ,dth an estimation 
also of the economic results of the ne'w products or manufacturing processes 
to b'e introduced as the results of the research work. 

d) It is necessary to consider - where the need arises - the possibility 
of backing up some of the main problems of applied research from the funda-
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mental side and - in certain cases - also to establish the need for maintenance 
services where a product or process introduced on the basis of a research result 
may later require the participation of a research establishment to ob-date 
faults that might arise. 

In the general part the firms concerned must also set out the method to 
be employed in elahorating the plan. 

One such possible method for elaborating the plan is, for instance, the 

following: 
First, a detailed analysis must he made of the activities conducted 

hitherto and the aims to he pursued in the future by the firm which is engaged 
in the planning. This includes a survey of the past activities of the firm in 
respect to their research, technical (manufacturing) economic, and financial 

aspects. 
It includes, moreover, using similar classifications, a determination and 

examination of the firm's main future aims. 
Particular care must he gh-en to the analysis of the extent to which 

the various plans prepared by the firm in the past - including those for 
research, technical realization, the financial aspects, etc. - were fulfilled in 
the course of time or why and to what degree they failed. 

It is useful to set out these important facts, taken from the past - from' 
which important conclusions for the future may frequently be dra'Nn - wher
ever possihle - in the form of appropriate tables, to be treated as documents 
for further planning work. 

If the planned product participates in international competition it is 
also necessary to prepare an international situation report of the product (or 
process) as far as can he foreseen at the time of planning, with the interna
tional research results already achieved, the momentary situation of the 
product on the market, its future prospeets, the expected hehaviour of the 
eompetitors, etc. 

The specific or particular part of the long-range plan of industrial research 
A) must contain some method for classifying the plans according to the 

set aims. This may at the same time imply the order of importance of the plans; 
B) it must, moreover, contain some method for the evaluation of the 

plans already selected and found suitable for research namely for check
ing them. 

Re A) The research plans may he classified according to very many 
points of view. It is at any rate appropriate to undertake the classification 
according to an order which "ill also make it possible to evaluate them. 
Once the long-range cle-nlopment ohjectives of a particular firm have heen 
estahlished, it is desirahle that the classification of the plan should also be 
done with due attention to these objectives and their related aspects. Research 
plans may, for instance, be classified according to the follolring research objectives: 
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the production of better raw materials, 
the study of possibilities for saving power, 
the expansion of the output of existing products, 
decreasing the costs of existing products, 
improving the quality of existing products, 
the improvement of production processes that have already been 

introduced, 
the making of new, more suitable equipment and installations, 
research on new possibilities for the use of existing products, 
the introduction of ne"w products, 
the elaboration of new, hitherto unknown manufacturing processes or 

technologies, 
the elaboration of better methods for organizing industrial research, 
undertaking fundamental scientific research from which useful applied 

scientific research follows within a shorter or longer time, 
increasing foreign exchange returns, etc. 
The further elassification of the plans may be helped by specific problems 

which justify special treatment or an unusual procedure ,\ithin the various 
aims enumerated above. 

Further considerations of elassification may be pro-dded by the various 
problems concerned ,dth the execution of the plans, e. g. whether they are 
long or short term, whether they contain fundamental scientific research or 
consist only of applied scientific research, on what level experiments are to 
take place (at the laboratory, pilot plant or manufacturing works level). 

The method of elassification according to research objectives above 
treated, "can of course only be considered as one possible method, and 
may differ considerably according to the tasks, purpoFe, etc. of the research 
institution. 

Re B) The evaluation of plans qualified as suitable for research. 
Before the plans are evaluated, the various research plans may be 

gathered in to larger groups, and the groups may be arranged according to 
various points of view, as for example, groups of subjects containing tasks 
of a creative (intuitive), applicative (reproductive), systematizing (coordinat
ing), etc. character. The very act of arranging the research tasks or the plans 
containing these tasks into groups may provide an indication for establishing 
the appropriate proportions or of discovering an undesirable lack of proportion 
in respect to the whole of the research program. 

A further consideration in the process of arrangement can, for example, 
be a separate grouping of the short and long-term, or the research and develop
ment themes and possibly those containing designing work. 

This arrangement too, can in the first place provide a picture of the 
suitable or unsuitable ratio of research and de·.-elopment projects. 
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The evaluation of the subject plans, once they have been arranged into 
suitable groups may, according to the given conditions and requirements, be 
very different. 

One of these methods of investigation, that will provide an answer to 
important questions of detail right at the outset of the research work is the 
periodic checking of the budgers of the research plans. 

Such checks will: 
firstly, encourage, on the one hand, the preparation of more accurate 

and detailed research plans, and on the other hand, the deyotion of constant 
attention to the progress of the plans and the comparison of plan and perfor
mance figures: 

secondly, they may contribute to a better coordination of research acti-dty; 
thirdly, in some cases they may provide a warning that for some reason 

or other a new evaluation is needed with regard to the planned expenditure. 
It is a natural consequence of the above procedure that it will force 

the leader of research not only to check his plans regularly, but also as the 
need arises possibly even to revise them. T,\-o effects derh-ing from this are 
particularly noteworthy. 

The one is, that the programme is not protracted through an unjustified 
length of time, and so cannot claim unjustified material means, 

the other is that this regular control undoubtedly has also an incentive 
effect on the 'work of those engaged in the research. 

On the occasion of these periodic checks an account has to be given to 
the leader of research on the resources expended during the period under 
review and the results achieved during its course. A periodic budget check 
will also show whether some, at that time "fashionable" idea was not incorpor
ated in the plan, whose subsequent evaluation, by science, has showed it to 
have been incorrect. 

Finally possible overlapping items are also revealed, moreover, this is 
a "test" of the various research plans for precision, the requisite amount of 
detail and the establishment of the necessar}" measure of cooperation. 

In the course of the preparation of re5earch plans - a part from absolutely 
short-range development plans - it is generally not possible to arrive at 
a fully accurate estimate of the expected economic results of a research, or 
of the necessary expenditure. 

Periodic checks show, from time to time, how far planning was realistic 
in this respect too. 

It may also happen that important and urgent changes must be carried 
out in the plans for some reason or other. In this case a periodic check may 
draw attention to such a need. 

Finally, checking the budgets of research plans, naturally, also prevents 
non-research expenditure from being represented as such. 
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Here, for example, are some items which may under no circumstances 
be included in research expenditure: 

a) advice or services rendered by the research department of the firm 
to the manufacturing departments, relating to any ·work belonging to the 
normal process of manufacture; 

b) non-research work devoted to the elimination of periodically arising 
faults; 

c) the performance, in general, of all tasks that belong to the normal 
course of production; 

d) possible experiments at the request of a particular customer ,,,ith 
respect to a material or article which cannot hope to become an object of 
permanent consumption or of lasting interest for the firm or factory; 

e) the cost of all kinds of routine tests which belong to the sphere of 
manufacture. 

Naturally the evaluation of the research plans will be the more inform
ative for being approached from more aspects, as each particular evaluation 
generally provides the answer to only one part of the questions to be clarified. 

A method of evaluation which will provide the answers to a different group 
of questions is, for instance, an investigation of .he scope of research subject plans 
and of the research capacity available. This investigation must primarily consider 
the number of subjects per scientific research worker during a particular period, 
moreover, the length of time that a research v,-orker needs to work on a partic
ular subject. 

Naturally it is, furthermore, useful to carry out a critical survey of the 
percentage of research workers in the totalpersonnelofa research establishment. 

Apart from the distribution of scientific workers, it is also necessary in 
the course of the evaluation, to examine how the distribution of costs has 
developed among the various fields of research cultivated. 

These inyestigations must in the last resort provide an answer to whether 
the scientific and economic importance of the yarious plans for research 
subjects, or in the particular case concerned in the economic returns, , .. ill be 
proportionate to the total expenditure de,·oted to the purpose (in research 
capacity and material outlay). 

Further possible consideraiions in the evaluation of the plans may be 
the followi.ng: 

a) To what extent may the research result, projected in the plan, be 
regarded as a hitherto unknown and completely original achievement? Before 
making the yery costly preparations for original achievements, it should also 
be borne in mind that it is much cheaper to adopt something, than to establish 
it by research. At the same time very many results of research that has already 
been done are - though perhaps not secret - nevertheless, only available 
after a careful and prolonged search. Such a careful and prolonged search is, 
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however, often far cheaper than a research on "new results" of which it turns 
out later, that it could have been adopted. 

b) The requisite flexibility of plans (opportunities for rearrangement and 
regroupiug and the precision with which deadlines can be set). 

With respect to the last consideration it should be noted that under 
certain circumstances the success of a particular research work might be 
endangered if the various phases of the plan cannot havc precisely set dead
lines, or if the phases cannot be completed in time and thus certain partial 
results - required for the next phase - are achieved too early or too late. 

c) A very important consideration in the evaluation of any plan is the 
extent to which the cosis of the research work that is planned, can be precisely 
determined beforehand. Very many plans of research are well-known which 
at the start - due exactly to unreliable calculations - seemed to require 
only modest resources but in the course of time they absorbed for ever increas
ing outlay, in return for very modest research results. 

d) Finally a consideration in the evaluation of the plans can be, whether 
an "alarm signal" has not been Rounded somewhere in connection with the 
research work that is planned, cautioning the project to be halted, or its 
plans altered. Cases in point might be, for instance the lose or acquisition 
of research workers with a special training necessary for the aim concerned, 
the availability of new information or discoveries with respect to the subject, 
an opportunity for obtaining equipment or installations, possible changes in 
the objectives of the firm, the results of new technical development affecting 
the plan etc. 

In Western literature there are essentially i/Vo ~ypes of methods for the 
subject mutually at odds ,dth one another; the examination and checking of 
the efficacy of research projects. 

The adherents of one method use formulas and equations to arrive at 
their decisions. * 

IR = (x of the saving achieved through the research result in the first year + five 
percent of the sales value of the new product over five years -:- two percent 
of the sales value of the improved quality product over two yean) 

Accordingly, the yalue of a new product UYp) for the firm may be determined by the 
following formula: 

,Y
p 

= IR·P 

* In the capitalist world, particularly in the "Cnited States, it is mainly the larger in
dustrial firms that engage in the elaboration of such formulas and equations. In the accounts 
they give these firms stress eyerywhere that their calculations are not. and iudeed cannot be, 
of general validity, having been worked out exclusiyely on the basis of their own firm's ex
periences, to suit their own requirements and satisfy their own aims. As a matter of interest 
we mav mention two such calculations. One was worked out for "Olin Industries". a firm 
quite '~'ell known throughout America, by the Head of its Research Department, dr. Fred 
Olsen. Previous to the actual calculation he first determines an Index of Return (IR). 
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where IR is the index of return as above, P is an estimated figure for the chances of success 
C is the overall cost of research, 

Other capitalist firms in the chemical industry use the following formula for the eral
uation of industrial research or development plans. 

where Pr is the project value index. 
CS is the chances for technical success on an arbitrary rating scale, say 0 to 

10, 
SP is the sales prospects, also on an arbitrary rating scale, say 0 to 10, 

o Vu is the output volume annually, 
P is the profit per manufactured unit in dollars, 
TC is the total Research and Development cost in dollars, 
L is life of product in years. 

A further formula that used is. for the examination of the returns on research or devel
opment expenditure. This formula is as follows: 

T 
P·R 

where T is the time of return. 
P is the probability of realization, 
R is the arbitrarily estimated net return oyer fiYe years, 
C is the estimated expenditure on research and deyelopment. 

(The two formulas have been published by O. Heyel: "H!lnclbook of Industrial Re
search :\Ianagement", Reinholcl Publishing Corp., New York. 1959 p. 201.) 

Adherents of the other method reject more or less formulas and equations 
- mainly because they are mechanical - and recommend decisions on the 
basis of the subjective judgement of appropriate experts, arrived at after a 

consideration of all the essential circumstances. 
Which of thc twu decisive methods is the morc appropriate also depends 

on the nature of the plans. Especially in the case of development plans where 
exact facts are available, the formulas and equations can be of definitc help 
in making a decision, with regard to the economic results that may be expected. 
Neglect of the formulas and preference for decisions taken by appropriate per
sons or teams, is more suitable where the precise data necessary for a quanti
tative decision are lacking. 

Both decisive methods raise a host of further problems. Examples which 
may be mentioned in this respect are the following: 

First. To harmonize the opposed views of various types of people on 
decisions in matters of personnel and fields of research, necessitating the ob
viation of differences of opinion arising from human weakness, errors and 
different degrees of qualification. 

Secondly. The difficulty of the suitable determination of the time factor, 
the possibly incorrect calculation or estimation of which may utterly change 
the value of a particular plan. 

Thirdly. The presence with respect to the estimation of various facts of 
many probability variables, which not infrequently mav cause the outcome 
of the calculations to be of douhtful validity. 
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Fourthly. The difficulties in general terms of formulating joint opinions 
as a team due to the need to overcome the divergences arising from the dif
ferences in technical and economic considerations and of the opinions of research 
and production experts. Within a particular firm very many kinds of conside
ration have to tally e. g. the firm's financial strength, its technological capacity 
and preparedness, the various requirements arising from the development 
of domestic demand, conclusion drawn from the competition on the interna
tional market, etc. 

Some very noteworthy findings on the examination of the economic effi
ciency of scientific research /t'ork in the Socialist countries were puhlished hy 
FJTH.* 

In essence, F_.\.TH recommends the carrying out of four kinds of investi
gations to check the efficiency of scientific research work, including industrial 
research. These investigations are to he carried out according to the following 
considerations: 

a) Successful, unsuccessful and incompleted suhjects. 
b) Expenditure. 
c) Duration. 
d) Economic results. 
Re a) Successfully completed suhjects are those items of research work, 

which according to the opinion of the research team may he regarded as having 
heen successfully completed and whose results may he adopted either within 
or outside the institute. Furthermore, those results which have within or out
side the institute have hy authoritative persons heen stated as heing ready 
for adoption hut have not been applied in practice yet and finally those 
research results which have actually heen applied in practice. Those results 
which have already heen applied, may appropriately be divided into narrow 
or hroader spheres of application. Unsuccessful are those items of research 
work which have on instructions from higher authorities or on the institute's 
o'wn initiative been interrupted or abandoned at any stage short of completion, 
moreover those subjects which have not led to a result through the use of the 
methods applied hitherto, but 'where research may he continued by using dif
ferent methods and possibly also different aims. It is appropriate to call this 
last group of suhjects in completed subjects, to distinguish them, from the com
pletely unsuccessful ones. 

Having defined the concepts of successful, unsuccessful and incompleted 
suhjects, the investigation should, according to Fiith, be extended to the follow
ing questions: 

* F"\.TH, J.: Cber die Analyse der Tiitigkeit lcissenschaftlich-technischer Zentren. :.\ach 
einem Yortrag des Autors uuf delll Y. Internationulen !-Colloquium an del' Hochschule fUr Elek
trotechnik Ilmenau, >"om 2-±. his 23. Oktohe .. 1960. F ertigungstechnik und Betrieh .... 
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1. W-hat is the ratio of the number of successful subjects to the number 
of unsuccessful ones? 

2. ·What part of the cost is devoted to incompleted subjects? 
3. What are the expected economic returns of a completed research 

work? 
Re b) In the course of investigation according to expenditure, it is useful 

to raise the follov.--ing issues: 
1. The distribution of costs among the successful, unsuccessful and 

incompleted subjects. 
2. The expenditure devoted to unsuccessful subjects, per Ft. 100,

devoted to successful subjects. 
3. The expenditure devoted to incompleted subjects, per Ft. 100,

devoted to successful subjects. 
4. The distribution of expenditure on the successful subjects, according 

to various points of view, which may be selected according to the differing 
characteristics of the suhjects. 

5. The distribution of expenditure on the unsuccessful suhjects, accord
ing to various points of ,ie-w, which may he selected according to the differing 
characteristics of the suhjects. 

This investigation makes it possihle also to reveal the reasons of the various 
findings. Thus, for example, it is possihle to examine for what reason the ex
penditure share of an incompleted subject is too large, or for what reason 
there is a large expenditure share for those suhjects, which may according to 
the research workers he regarded as having heen successfully competed, hut 
whose results have not yet heen adopted. (Reasons of this kind may, for in
stance, he: an incorrect choice of suhject, the unjustified reluctance of facto
ries to adopt a project, insufficient efforts hy the institute to propagate the 
results, research results which are open to disputs, reluctance, in general, to 
accept ne·\\, ideas, etc.) 

Similarly an examination may he made of the reason why certain re
sults have heen adopted hut not applied in practice, or why a rcsult has been 
applied only in a narrow field, whereas it seems appropriate for widespread 
application, etc. 

Re c) F"\TH, in connection with his method of investigation attrihutes 
great importance to an examination of the duration of research projects. The 
significance of the duration is mainly to he found in the fact that with the 
passage of time eyen valuahle research results may lose their value hy still 
newer results being horn. In this respect he also points out that it is frequently 
very difficult to establish the exact period when the research on a subject was 
begun and when it was terminated. For example, research ·workers will declare 
(If very many results that they are completed and reeady for application, 
though the manufacturing plant or utilizers might still have to modify them, 
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of have them modified. These jobs may be done within the institute, but they 
may also be done outside it, and it is necessary to weigh all the attendent 
circumstances when determining the period of the beginning and the comple
tion of the research. The author recommends the determination of average 
research durations as a criterion of the overall acth-ity of the institution. 
With a view to the differing import of the various subjects, however, such an 
average duration will not provide very much information obviously. 

Use of the expression 

is recommended for evaluating the time necessary for a successful research 
result, where 

Cs is the total cost of the successful completed Tesearch subjects for a 
certain period of time (e. g. 1 year), 

Co is the average value calculated from the total costs devoted to un
successful research work during the same period. 

Re d) The evaluation of the economic results almost appears as the sum
mary of the evaluations of answers to the previous detailed questions. The 
definition of the concept of economic results requires in each case separate 
consideration and deliberation. They may, fOT instance, consist of a decrease 
in costs, an increase in output, an improvement of quality, a growth in foreign 
exchange return", etc. 

In this Tt'Spt'ct the extent of the difference bet·ween the economic value 
of the nominal and the actual research results must not be left out of considera
tion. A research result achieved in the laboratory or pilot plant may undeTgo 
very considerable modification in both the technical and the economic Te
spects till its practical application. 

An investigation according to economic results consists essentially of 
performing a quantitative and a qualitati1:e examination. 

The quantitative examination may extend to absolute units of measure
ment (e. g. the numbers of plants or factories using the results, the annual 
quantity of product manufactured by using the reseaTch Tesult, the sales 
value of that quantity of product, the distTibution of the pToducts fOT domestic 
consumption and expOTt, etc.), moreover for the establishment of ratios (e. g. 
the ratio of the actual sphere of application of the research result to its possible 
sphere of application or to the existing requirement, etc.). 

The qualitative examination is, in the first place, directed towards the 
kind of economic result that involves the utilization of the research result, e. g. 
whether it increases the existing choice of goods, decreases the present cost 
of production, makes work easier or safer, and last but not least, whether it 
leads, in general, to an expansion of our knowledge of the laws of nature. 
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The qualitative examination must, moreover, cover the significance of 
the research result in comparison to the previous technical inland level and 
also to the highest international level. It must also provide an answer with re
gard to the extent to which the research result satisfies the growing require
ments of society. These questions depend in fact on the use, the applicability 
and patentability of the research result. 

The llse of the research result is, for instance, that it decreases production 
costs, opens up a new field of utilization for the product, improves the quality 
of the product, or by, for example, changing the product, increases its utility 
and thus the demand for it, this increases output, provides an opportunity for 
the acquisition of important foreign exchange, etc. 

The applicability of the research result is mainly a question of the extent 
to which the concerned result may be applied in the firm which produced or 
acquired it, with due attention to the trained re8earch workers, material 
re80urces, possibly special raw materials, special technological process or 
equipment required to apply it, and not least of all, to the magnitude of the 
subsisting requirements, etc. 

The patentability of the research result, particularly its international 
patentability, may also give numerous important items of information on 
its economic value. 

The result of the investigations described in sections a, b, c and d above, 
provides an answer on the extent of economic effectivity of the research result, 
which may in essence be aerived from a collation of the proceeas derived from the 
research result concerned and pre'dously defined according to some standard, 
and of the necessary expenditure requirea to achieve those proceeas. 

* * * 

In the long-range plan of the people's economy for industrial research, it is 
specially necessary to consider as one of the most important tasks of long
range planning of industrial research, which is the determination and satis
faction for 10-15 years ahead of the requirement of research workers of a high 
level of scientific training and of other experis. 

In order properly to accomplish this task it is of fundamental importancc 
'to pay attention to the most important del'elopment trends of the new relations 
between proauction ana science, because these trends shed light - among other 
things - on a number of tasks relating to the provision of the necessary re
search capacity, and particularly on what needs to be radically changed in 
this sphere in the future with respect to the methods of the past, in order to 
secure the efficacv of industrial research work. 

Professor NOTKIN has 'VTitten the following on this matter, in a 1958 
issue of the Vestnik Akademii Nauk: "The whole system and organization of 
production will be transformed to a scientific basis. The traditional empirical 
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methods which have been accumulated during the development of earlier 
large-scale manufacture, ",ill be present as a background. As a final result 
scientific research 'vill become an organic part and an indispensable condition 
in the development of production." 

According to Gyorgy D. SZAKASITS, tlm types of main trend are valid 
'vith respect to scientific research work. * 

The one is the acquisition of a social character by research work, in that as a 
very significant result of the revolutionary change that has taken place in 
the past decades and is still in progress now, a new, specialized branch of social 
labour, that of applied scientific research has come into existence. 

The other is the trend of science and prodllction to interweOl;e the result of 
which is an increase in the role of scientific research work and its active effect 
on the deyelopment of production, 'with a simultaneous constant growth in 
the reqllirement for the participation of highly trained experts, skilled in research 
work, in production. 

The above trends are substantiated hy a wealth of statistical figures. 
SZAKASITS cites sources to 5ho,',7 that at the beginning of the twenties about 
fifty thousand people were engaged in the sphere of scientific research through
out the world, of whom the number of leading research workers may be estim
ated to have been about fifteen thousand. In 1960, in scientific institutes 
and universities all oyer the world, ahout 650 000 people were engaged in 
research work. Thus, the number of research workers who haye also been con
cerned with the problems of production and have been doing applied industrial 
research, has very considerably increased in the last 30 years. 

The expenditure of resources deyoted to research work has also increased 
intensively. Examining the increase in the sums devoted to research and de
velopment in the two leading industrial countries, it may be established that 
whereas in the United States in 1950 some S 2500 millions were deyoted to 
research and development, and in 1959 S 9300 millions (an increase of 372%), 
in the SOviet Union the 1950 figure of 8100 million rubles rose in 1959 to an 
expenditure of about 39 500 million rubles (which corresponds to a 475% 
increase)**. Considering the percentage of investments, the Soviet Union 
has devoted about 20%, the United States 15% to research, as percentages of 
output value the figures are about 3,6% for the Soyiet Union and 1,8°~ for 
the United States. 

The increase in research and development costs and in the numbers of 
scientific workers may also be seen from the follo,ving Table for three countries 
-the Soviet Union, the United States and Great Britain -for 1959. 

* An intensive treatment of this question is giyen in D. SZAKASITS: A. tlldonuinyos 
klltat6mllnka atalaklllasanak fobb tendenciai (The main trends in the transformation of scien
tific research work), a discussion syllabus for a session of the Industria! Economics Committee 
of the Hungarian Academy of Sciences, 1961. 

** ibid. 
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Table 1 

Costs of X o. of people 
re5carch and ;\05. of scien~ with scientific 

CQuntry: de,,"clopment tine 'workers qualifications 
in $ 1000 (1000-,) per 1000 of 

million (without: population 
io'\"estments) 

So\-iet Union .... 9,8 284, 5i 
United States 9,3 220 45 
Great Britain 1,1 4i 28 

Development in respect to the increased role of industrial research in 
the preparation of nel!' products has also been intense and forceful. An investi
gation conductcd in the United States in 1956 showed, that over fifty per cent 
of the industrial products in circulation had been produced as the result of research 
activity in recent years. 

Thus a special, new field of labour has come into existence, which both 
in its form and content has become more and more alienated from the tradi
tional methods of scientific research and has increasingly assumed the traits 
of industrial productive labour. 

Socialist long-range planning must devote attention to these considera
tions, both in the planning of the industrial research institutes, as places of 
work of a new type, and also generally in meeting the planned requirement for 
industrial research personnel. 

This new type of planned, collective industrial research work also requires 
the establishment of institutions with up to date equipment, reminiscent of 
production plants, where plant-scale experiments to promote the industrial 
applicability of the research results, may also be carried out. It implies 
moreover, that the requirement in experts of the research institutes be supplied 
through long-range planning. The requirement is closely related to the devel
opment of the various branches of industry, moreover to the long-range aims 
of industrial administration. 

The minimum training period for research workers is ten years, of which 
five years may be stipulated for university training and five years for the 
acquisition of the minimum of research practice. It may thus be easily seen 
that the preparation of highly skilled industrial research workers takes about 
15 years, moreover that the requirements which can be fulfilled by such pro
longed preparation must be very thoroughly considered beforehand. 

The facts contained in a detailed study issued by the Organization for 
European Economic Cooperation tend to show that the leading capitalist 
countries were mostly - precisely because of their unplanned economic or
der - unprepared to adequately supply their advanced industries with re
search workers and specialists. 
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Of the two following Tables, the first shows the lack of research workers 
in the fields of science, the second in technical branches in the German Federal 
Republic, France, the United States and Great Britain. 

CountY!" 

G.F.R. 

France 

Biology 

lack 

slight 
lack 

Table 2 * 
Science 

United 
States general lack in all spheres 

'" ibid. 

Country 

G.F.R. 

France 
Gt. Britain 
United 
States 

in metal 
ore 
research 

lack 

Table 3 

Technical research 

lack lack 

General lack in all spheres 
i lack I 

I i 
General lack in all spheres 

surplus 

great 
lack 

?-.Iathcmatics 

equi
librium 

some 
lack 

;'Ti:;.cellancous 

lack in timber 
industry and 
oil drilling 
prospecting 
engineers 

To secure the requirement of experts for industry and industrial research, 
very valuable facts may be furnished us by the planning activity and the large
scale det:elopment that has commenced pursuant to it, which was undertaken in 
the Soviet Union during the last decades. 

Most recently, KO:IIAROV** has dealt exhaustively with the problems 
of the coverage and development of the requirement in experts in the Soviet 
Union. According to his view the following factors have a fundamental in
fluence on the numbers of scientific workers and technical experts needed in 
industry: 

a) The technical standards of the necessary work. The higher the level 
and the more complex the work that is to be done, the more the use of ma-

** 3KOHO~!II'IeCKOe OCHOBhI nO;::(fOTOBI(JJ CnemIa.llICTOB ,i],jl51 HapO;:J;HOfO X0351ilcTBa. -
(Economic fundamentals of the preparation of specialists for the people's economy). Publish
ing House of the Academy of Sciences of the Soviet Union, 1959. 
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chines and apparatus increases, the more will the number of research workers 
and experts necessary, also grow. 

b) The number of workers necessary for the work to be performed. 
An increase in the number of workers engaged in production may in some cases 
also involve a growth in the number of technical experts concerned with the 
management of production. 

c) The degree of complexity of the product manufactured (or in the 
branches of industry engaged in winning raw materials, the various geological 
or other conditions of production). It is obvious that the more complex a 
product, i. e. the conditions of work, the more experts may in a given case be 
necessary, even having an identical number of workers. 

d) The increasing role of science and up to date techniques in industry. 
It requires no further explanation to state that the industrial application of a 
new scientific result, or the enhanced introduction of new technologies require 
an increase in the number of specialists. 

e) Finally, the organization of industrial administration. The more 
rational the organization of industrial administration is, the fewer experts will 
be needed in the administrative branches and as a result the requirement for 
experts 'viiI also decrease. 

As a result of the trend towards the interweaving of science and produc
tion, a consideration of the basic factors enumerated cannot be omitted when 
preparing the long-range research plan for industry or taking measures to 
provide a planned satisfaction of the requirement in research workers, albeit 
the factors listed do not weigh equally in the case of the supply of research 
workers for the long-range industrial research of various industries, or even 
with various firms. 

Table 4* 

Development of the number of graduated specialists who have left the institutes of hiaher 
education of the Soviet Union between 1929 and 1955 '" 

Total No. of Graduates i Graduates from 
Year; graduates from ordinary i correspondence 

courses courses 

1929-1932 170000 170000 

1933-1937 370000 370000 

1938-1940 328000 304006 24000 

1941-1945** 302000 286000 16000 

1946-1950 652000 561000 91000 

1951-1955 1121000 874000 247000 

* T6.jekoztato a tudomanyos kutatas teT1:ezesenek, igazgatasanak es szerve::es€nek irodalma
rol. (Information on the literature of the planning, administration and organization of scienti
fic research.) Publication of the Hungarian Academy of Sciences, 1961. 

** war years 

6 Periodica Polytechnica Ch. 1'111. 
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KOMAROV also stresses that the appropriate long-range planning of scienti
fic and technical experts is one of the most important, and ai the same time the 
most complex and hardest task when planning for the people's economy, for which 
there are special planning bodies in the Soviet Union. These bodies, in the 
course of their work, consider the immediate aims and long-range tasks of 
social production, and, therefore, also its expected structural changes. They 
consider, moreover, the conceivable and ponderable development of science 

Table 5* 

Xumber of post-graduate students at the end of the year 

1950 1955 

Total ="0. ............. 16900 21900 29400 

At institutes of hi"her: 0> , 

education .............. 13 200 12500 16000 

At scientific institute:; 3700 9400 12600 

Table 6** 

Distribution of post-graduate students according to faculties at the beginning of 1956-

* ibid. 
** ibid. 

Total ::'\0. . ........................... . 

Engineering sciences ................... . 

Physics and mathematics .............. . 

Agronomy and veterinary science ....... . 

Philology ............... , ............. . 

~Iedical science and pharmacology ..... . 

History and philosophy ................ . 

Political economy ..................... . 

Biology .............................. . 

Chemistry ............................ . 

Geology and mineralogy ............... . 

Pedagogy ............................. . 

History of art ........................ . 

Jurisprudence ........•................ 

Geography ............................ . 

Architecture .......................... . 

At 
in::titutes 
of higher 
educa""tion 

16744 

4562 

1983 

910 

1 736 

1 624 

1432 

1 295 

583 

483 

504 

765 

333 

274-

212 

78 

At 
s.:-ientific 
institutes 

12588 

4796 

8~" 1-

1 654 

428 

540 

632 

515 

843 

835 

";56 

272 

97 

93 

147 

108 
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and technical progress, and keeping all these points of view in mind they 
prepare the five-year and the 15-year long-range plans for scientific workers 
and technical experts. 

The long-range planning of scientific workers and experts assures an 
uninterrupted supply of research "workers and technical experts for the industrial 
and scientific organizations of the Soviet Union. 

Development is characteristically shown in the following Table, which 
shou;s the grolrth in the number of graduated specialists U,11O have left the institutes 
of higher education of the Soviet Union betlt'een 1929 and 1955. 

Table ;) sho'ws the increase in the number of post-graduate students, 
while Tables Nos. 6 and 7 show the distribution of post-graduate students 
and scientific workers according to faculties at the beginning of 1956 and the 
beginning of October 1955 respectively, in the Soviet Union. 

Costs for the training of experts is a considerable item of expenditure in 
the budget of the Soviet Union. Table 8 sho'ws the order of magnitude of these 

costs. 

Table 7* 

The distribution of scientific workers according to faculties in the Soviet "Cnion 
October 1st, 1955 

Scientific 
'workers 

Total 1'\05. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 223 893 

Engineering sciences ........................ 61 107 

Medical science and pharmacology ............ 25 326 

Physics and mathematics .................... 20 0';7 

Philology .................................. 17 /-J,3 

Chemistry .................................. 16435 

History and philosophy ... . . . . . . . . . . . . . . . . . . . 15 305 

Agronomy and veterinary science ............. 15 135 

Pedagogy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 '178 

Biology .................................... 11 009 

Political economy ........................... 8 2-J,7 

Geology and mineralogy ..................... 5 653 

History of art .............................. 4 000 

Geography. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 381 

Jurisprudence ............................... 1 607 

Architecture ................................ 876 

Other ...................................... 651-J, 

* ibid. 

6* 

Percent~ 
age of 
total 

100,0 

27,3 

11,3 

9,0 

7,9 

/,-1 

6,8 

6,8 

5,1 

4,9 

3,7 

2,5 

1,8 

1,5 

0,7 

0,4 

2,9 

)i os of those with 

CandidatE=-

77961 

1855 20653 

2775 12436 

825 5364 

248 4062 

626 4639 

325 6987 

736 6021 

74 1923 

946 5544 

203 3762 

480 2262 

61 617 

144 1347 

91 1027 

31 376 

20 9-J,1 



TaMe 11* 

Spt'eilllifd)4 wilh IlIlin'l'.SiI Y lllllllifi'~Hliow; 1,_ Sp(,l'ialiHI Wjl.~1 iIl!l'rnH"linll~_lllllllil'il'l.IIi_~t~~H .... ____ . 

I I I I I l')C,i 
11),H} PHG-P)S{) }f)51--lf)55 )f)56 11):;7 II)·to 1')·16---11)50 ll)~" ·11)5;) l'JC,h yt';II'H 

Expenditnre on 1,1)(, IrawlIll-( of I 
sJ",eialists, million rnhle:; .... 2B76.B :I1SSS.:1 IH/I.S:I,9 1()72:I.O 1.IIOS,a I!HI J 2026B.2 2SI140,:\ i 619:1,1. I SB2;',tI. 

Annua! avcrul-(e no. of :;tnrknts in 
Ihonsand:; .................. BI1.7 HH9/1. 1:'91,1. I 200] 2099,6 I 9H,a I 12:';','1. I I(j:,g,2 I 20J1 ]91·1 

ABuual avcra~e Il'aining (~nsts for 
one :;tnr!enl: in mhle:; ....... :1;'/1.11. 5061 :'600 S:ISB :;0:10 ]BB9 :12:10 :I06B :IOBO :1001 

---- -~-.-.---

No. of trainr,r! sper'ialist:; in 
thou:;H1H!:; ., ....... ,........ 126,1 652 1121/1.' 2!i9,9 266.!i I 2:16,B I 127B,;, IS;'9/1. I SIO.l I !)()tJ.,O 

Av('ral-(e eo:;t of the traini nl-( of one 
speciali:;l:, thou:;and mllle:; ... 22,a 'I.B,'I. 39,6 '1.1,:l 11.1,6 I 7.B I 1:,.a I H.,:I I 12,1 I 11,6 

.In the :Fourth anrl Fifth .Fivc-Y car Plan of the Sovir'l: llnioll, thr' aVl'l'al-(e costs of I he traininl-( or one sJwcia list alld university :;tnden. 
respecliYr,ly, developr,d a:; :;howl! ahoy!'. (Spl'eialists hen, cOlllprise elll-(illcer:; anrl Il'cllllicialls.) 

'" V. E. K OllJAlIOV: 0[1. cit. 

(f) 
,jo. 

;-. 

~ 
S· 
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During the development of science and technology, beyond the trends 
of development already pointed out by SZAKASITS, the contours of a neu;, 
important trend of development are appearing with ever greater distinctiveness, 
according to which, theory must come closer to practice, science to life and applied 
research to industry. Corresponding to this latest trend in development the 
Soviet Union is increasingly raising the numbers of workers with plant ex
perience, to participate in university or college training. These university or 
college students who ha ve already had experience in production will, on success
fully completing their studies, bring a considerable qualitative change in com
parison to the skill of those specialists who are ignorant of production and 
practice, and who had gone to university straight from school. 

In order to satisf~c the quantitative demands of the requirement for ex
perts, ever increasing erening and correspondence courses are being set up at the 
universities and colleges of the Soviet Union. The extraordinary popularity 
of this form of education is shown by the fact that in the Soviet Union today, 
about half the registered university and college students are enrolled in evening 
and correspondence courses. It is only by raising the numbers at the day 
courses and establishing further evening and correspondence courses, that the 
extraordinarily expanded requirements of the Soviet Union for experts can 
be satisfied. At the same time the employment on an ever wider scale of 
women in production, also helps substantially to meet requirements for ex
perts. 

Table 9 which follows, shows the percentage ratio of "'women among the 
students at all the institutes for higher education and the technical colleges 
of the Soviet Union. 

Table 9* 

Percentage ratio of women among 
all specialists ................. . 

Of these engineers and technicians .. . 

Agricultural expprts .............. . 

Economists ...................... . 

Health workers .................. . 

Teaching staff and cultural workers 

"V. E. KmIARov: op. cit. 

\\~Omell with 
!!raduate 

qU~l.lifications 

52,0 

29,0 

38,0 

50,0 

74,0 

65,0 

\X'omC'Il with 
technical 

college 
qua1ific~tions 

65,0 

40,0 

40,0 

74,0 

91.0 

80,0 

Finally in Tables ::\os. 10 and lOa, a comparison is made of the develop
ment of specialist training in the SO'det L nion, the United States, Great Bri
tain, France and the German Federal Republic. The Tables show the total 



Total of' experts 
trained hy institntes 
of' higheJo edueation 0 

No. per lIIillion of 
population 000 ••••• 

No. of' engineers 
trained .......... . 

Pereetltuge ratio 
engineers of 
experts trained 

of 
all 

II'HO 
S()vit~t. Union 

126 176 

:10 :16 

., V. E. KOMAUOV: "p_ cit. 

TaMe 10* 

-1-;';4() -. _l'~ile;l{)~(:ntc" 
1------
I I i 

I all Sllol ,131 9001292900, 

I 11.29 2 I:I:\ J 789 

I;' 0001 ;,:\ 0001 2,1000 
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24, {OOI 2:\ 5001 1.I 7001 
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:12()O 2 BOO 2000 
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-
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Table lOa* 

Soviet Union U.S.A. I B~:;in I France I Austria I Italy 

19"10 1950 1956 1940 I 1950 1956 119561 1955 il9511l951 

I 
i I Ko. of graduate 1 

engineers in thou- I 
1400 

1

290 
I 

f 156 sands ........... 
1
392 721 316 78,5 91,8 12,6 44,4 

Ko. of engineers I per 1000 of popu- ! 
lation .......... 15,1 25,9 36,0 19 1*1 20,8 23,3 15,4 21,2 18,3 9,5 .... , : 

* in 1937. V. E. KO:lfAROV: op. cit. 

numbers of experts trained per million of the population, and separately also 
the number of engineers per thousand inhabitants. 

These very interesting and valuable figures - if transposed to the corre
sponding situation and requirements - may also be "well used in planning the 
requirements of experts for other Socialist countries. 

F. Prof. of Economics J. KLAR, Budapest XI., Mliegyetem rkp. 3., 
Hungary. 


