
NOT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

SOME SYSTEMS STUDIES OF THE INNOVATION 
PROCESS (RESEARCH - DEVELOPMENT - 
INTRODUCTION) 

Abstracted by 
G. Dobrov, R. Randolph, and 
P. Vas Zoltan 

June 1979 
WP-79-47 

Working Papers are interim reports on work of the 
International Institute for Applied Systems Analysis 
and have received only limited review. Views or 
opinions expressed herein do not necessarily repre- 
sent those of the Institute or of its National Member 
Organizations. 

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A-2361 Laxenburg, Austria 





PREFACE 

This working paper consists of extracts from research studies 
of the innovation process, development and introduction, under- 
taken in the USSR, Hungary and the US$.. They were selected and 
abstracted by Gennady Dobrov, Peter Vas Zoltan and Robert Randolph 
as part of their general research on the science of policy analy- 
sis. Since these studies are not generally accessible, it has 
seemed worthwhile to make them available to collaborators in the 
IIASA Innovation Task, and others, in the form of a working paper. 

We are grateful to Kan Chen, Vladimir Pokrovsky and Edward 
Roberts for permission to reproduce their material. 





CONTENTS 

NATIONAL RDI POLICY MACHINERY, 1 

THE PATTERNS OF APPLIED RESEARCH-DEVELOPMENT 
INFORMATION POLICY ANALYSIS, 4 

A Model of the RDI Life Cycle, 4 
A Methodology for Measuring and Managing 
RDI Efficiency, 1 0  
A Macromodel Relating RDI to National Growth, 22 
A Model for Planning RDI Activities, 26 
A Model of R E D  Project Dynamics, 32 

REFERENCES, 4 4 





SOME SYSTEMS STUDIES OF THE INNOVATION 
PROCESS (RESEARCH - DEVELOPMENT - INTRODUCTION) 

Abstracted by 
G. Dobrov, R. Randolph, P. Vas-Zoltan 

NATIONAL RDI POLICY MACHINERY 

In all countries the investigation, creation, transfer, and 
utilization of techological innovations is directed or at least 
influenced by the following types of actors: 

-- organs of legislative and executive state power; 

-- leading organs (associations, etc.) in various social 
and economic sectors; 

-- the leaders of the organizations and collectives (insti- 
tutes, firms, etc.) involved in the process of techno- 
logical development; and 

-- various communities and groups of people concerned with 
science and technology or with use of possibilities 
connected with this. 

Of course, the social essence of this complex process is 
different in different countries (especially the systems of 
values, criteria and preferences which determine the goal function 
and character of managerial decisions, and also the systems which 
are used for stimulation of the process of technological activity 
itself). Also different are the organizational structures and 
procedures of decision-making organs. Often there are grounds 
for discussing these as fundamentally different, mutually compet- 
itive, or contradictory to one another in some regard. This 
happens not only in the case of international analysis, but also 
on the scale of each country being examined. 

Nevertheless, the experience of managing technological devel- 
opment which has been accumulated and is being accumulated in 
various countries allows us to distinguish some general systems 
characteristics of this process. 



Figure 1 presents a generalized scheme of the interaction 
among the basic elements of the structure for management of 
national RDI activity. In the terms adopted by UNESCO, this is 
a "cybernetic model" of the national RDI system. ~ollowing the 
recommendations of the Science and Technology Policies Division 
of UNESCO, this model is used in the analysis of systems for 
management of RDI activity that have been established in various 
countries, and also in the designing of such systems for develop- 
ing countries. 

Among the characteristics of this mechanism are the follow- 
ing: 

1. managerial functions are separated between the levels 
of legislative and executive power, direct production 
of technological results, and their practical use (from 
which data about the consequences of technological 
activity are obtained); 

2. fundamental significance has to be given to the effect- 
ive functioning of developed feedback channels for 
transmission of data about the dynamics and qualitative 
structure of technology; 

3. the system must include well-developed services perform- 
ing the "memory" function--the accumulation and system- 
atization of data about the needs, potential, activity, 
and results of technological development; 

4. decisions made at all levels of management must take 
account of the significant time-lag which exists in 
the system between "input" and the signals really 
received through the feedback channels, in view of which 
the management information must include specially future- 
oriented assessments. 

The experience of many countries, and the science policy 
studies, show that failure to meet any of the indicated demands 
for RDI management leads to a sharp reduction in its effective- 
ness. In all known cases, losses from incomplete use of tech- 
nological possibilities exceed the colossal economic and social 
benefits which society receives from technological progress. 
Duplication of technological work, deceleration of the RDI cycle, 
irrational structuring of efforts, and failure of science and 
education to meet national needs--all these are examples of direct 
losses. Growth of the gap in levels of development of various 
countries, delay in the "substitution" and utilization of new 
resources, and unforeseen negative ecological and social effects-- 
these are examples of losses which may affect many generations 
of people, ideas and things. It is to avoid these hazards that 
efforts are under way to improve the analytically based manage- 
ment of research, development and introduction of socially organ- 
ized technology, and thus that RDI policy studies has been 
recognized as an important branch of applied systems analysis. 
A philosophical approach to this subject has been developed in 
papers by Dobrov et a1 (1978) and Schumacher (1973). The studies 
outlined in the rest of this paper illustrate the work that has 
been done in different countries. 
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THE PATTERNS OF APPLIED RESEARCH-DEVELOPMENT INFORMATION 
POLICY ANALYSIS 

A Model of the RDI Life Cycle 

The set of interconnected activities involved in the innova- 
tion and production process, together with the related managerial 
actions, compose a special system called the "life cycle of 
organized technology". Especially on the industrial level of 
decision making, these life cycles of creation, implementation, 
and eventual replacement of technological systems are--or have 
to be--a main object of RDI policy. 

A general description of such a cycle is given in Figure 2. 
The following quantitative assessments which can be added to 
this picture stem from world-wide industrial experience. 

1. As a result of crucial changes in the average annual 
rate of technological substitution (3-4% before World 
War 11, 8-10s in the 1970s--including 20-25s in science 
based industries) the need for "long-range effective" 
technological systems (i.e., systems which will not 
soon become obsolete) is becoming every more urgent; 

2. As a result of the growing complexity and "science- 
content" of technological changes, the time and cost 
of the R & D  parts of the technology life cycle are 
increasing. During the 1970s, the statistically esti- 
mated duration of projects increased by 1.3 to 1.5 times 
and their cost--more than twice; 

3. As a result of the growing interdependences between 
RDI and socio-economic factors, the time spent on 
systems analysis and decision making in the management 
of RDI tends to increase. Known data together with 
our observations show that the total time of waiting 
for managerial decisions (TD) can in some cases exceed 
the total duration of all other actions in the life 
cycle. The average estimation for all cases is: 

where TL .C represents the overall time-length of the 

life cycle. Contemporary estimates of the typical 
proportions of total cost and time spent on various 
stages in the life cycle of technology are given in 
Table 1. The table which is based on assessments by 
G. Morgenthaler(l973), generally follows our empirical 
findings (see Dobrov 1970) . 

Nationally supported technology transfer--e.g., an active 
patent and licence policy, international cooperation and technology 
exchange--are important for all countries as an effective option 
in dealing with the above-mentioned constraints. There is data 
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Table 1. Estimation of the structure of efforts in the life 
cycle of technology. 

Stage Cost ( $ 1  Time (years) 

Goal setting 1 ? 
0 Research 5-10 2-3 

Development 10-20 1-2 

Preparation for 
production 

40-60 1 * 
Organization of 

0 manufacture 
p: * [ Organization of 
Z market 

10-25 
H 

1 

that if all available RDI information were utilized, this would 
be equivalent to at least a redoubling of efforts in research, 
development and technological innovations. Technologically 
developed countries also have useful experience in solving pro- 
blems in other ways: MBO (Management by Objectives, PPBS (Planning 
Programming, Budgeting System), Selection of Portfolios of R E D  
Ideas, Technological Risk Evaluation, etc. 

The USSR has experience in the long-range and operative 
planning of R E D  and goal-oriented programs of technological 
advancement where managerial efficiency is increased by applying 
the set of systems demands--"sped-up", "wide-spread" and "complete" 
utilization of available final and intermediate R E D  results. 
The main benefits of this approach are: increasing the quality 
of technological options, reduction of time for the innovation 
period by 1.5 to 1.8 times, and diminution of the volume of non- 
applied results by 4-5 times. 

Figure 3 illustrates the dynamics of outflows and incomes 
which touether determine the final "effectiveness" of the tech- 
nological life cycle. Some conclusions important for RDI policy 
stem from international experience in the management of such 
cycles: 

a. In the course of time, the more advanced the situation 
is in the life cycle, the more important is the role of 
organized transfer and use of intermediate technological 
results ("spin-offs"). Very often research which has 
started from basic studies can give concrete results 
utilizable in related areas (and so justifies itself) 
even before the entire RDI project reaches its main 
intended result. 



- 
N e t  I n c o m e  N e t  O u t  go 



b. The final economic result of managing the life cycle 
differently depends on the unavoidable errors in pre- 
viously made estimations of the cost and the time of 
work to be fulfilled. 

The risk of mistake in timing leads not only to additional 
outflow but also to postponement of returns and diminution of 
the time of future utilization of the given technology before it 
becomes obsolete. 

One of the general rules of RDI success is--"to be on time". 
The importance of this rule can be illustrated also with the 
help of the model described in Table 2. It shows the interrela- 
tions between the main controllable variables of RDI management. 
This model also helps to substantiate the following rules for an 
effective RDI policy: 

-- to keep up the tempo of RDI work; 

-- to secure as complete as possible utilization of any 
intermediate applied findings; 

-- to achieve widespread dissemination of final technological 
results. 

In order for this set of rules to be comprehensive, additional 
attention is needed to the quality of RDI actions and results. 
It is known that as an RDI project progresses from one stage in 
the technological life cycle to the next, each unit of RDI work 
becomes more capital intensive by approximately an order of mag- 
nitude. So, if a mistake in research demanding for its correction 
only one unit of investments ( $ ,  R, Fr. ...) is not corrected, 
during the next RDI stage (development) it will need about ten 
units of money, and during the stage of introduction it will cost 
100 units. Being not corrected here, the mistake will require 
already about 1000 units of investments for correction when the 
technological system is in the user's hands. 

It is possible to generalize this entire set of systems 
recommendations for RDI policy-making as a logical formula of 
success: 

that is, 

"More Speedy" 

"More Complete" 

"More Widespread" 

yields 

x High Quality -+ Effectiveness of 
RD I 



Table  2 .  Re tu rn  o f  inves tment  i n  t echno logy  advance .  

where : 

- 

T-= 
E 
(1) t U s  

N 
I - - 

q r d  ' t r d  ' + q i n t  t i n t  N* 

(1) 
= e f f e c t  o f  u s i n g  new t e c h n o l o g y  sys tem f o r  one  y e a r  

t U s  
= t i m e  f o r  u s e  o f  t h i s  t echno logy  b e f o r e  s u b s t i t u t i o n  

u n i t s  of  o u t p u t  

u n i t s  o f  i n p u t s  
- 1 

- 
N = a v e r a g e  number o f  t e c h n o l o g i c a l  sys tems  i n  o p e r a t i o n  

d u r i n g  t i m e ,  tUs 

- 
'rd = a v e r a g e  c o s t  o f  one y e a r  o f  RED f o r  p r e p a r a t i o n  o f  t h i s  

t echno logy  

- 
q i n t  = a v e r a g e  c o s t  o f  one y e a r  o f  t h e  p r o c e s s  o f  p l a n t  and 

market  i n t r o d u c t i o n  of  t h i s  new techno logy  

N* = number o f  i n t r o d u c t i o n s  needed f o r  t r a n s f e r  o f  t h i s  new 
t e c h n o  logy 

t t d  = t i m e  o f  R E D  needed f o r  p r e p a r i n g  t h i s  new techno logy  

t i n t  = t i m e  needed f o r  i n t r o d u c t i o n  o f  one t e c h n o l o g i c a l  sys tem 

k  = c o e f f i c i e n t  o f  m u l t i p l i c a t i o n  and p r o p o r t i o n  o f  
u n s u c c e s s f u l  RED p r o j e c t s  (k > 1) 

(k = 1, i f  w e  have  a  s i n g l e  s u c c e s s f u l  p r o j e c t ;  
k  = m ,  i f  k  i s  a  m u l t i p l i c a t i v e  f a c t a r ) .  



A t  t h i s  p o i n t  i t  may b e  u s e f u l  t o  n o t e  t h a t  t h e  p r a c t i c e  
o f  Systems Assessment  o f  New Technologies  (SANT) based  d e c i s i o n  
making h a s  a n  e f f e c t  on  t h e  n e c e s s a r y  s t r u c t u r e  of  i n f o r m a t i o n  
g a t h e r e d  and p r o c e s s e d  i n  SANT i t s e l f .  One c r i t e r i o n  f o r  t h e  
i n f o r m a t i o n  c o n t e n t  of SANT i s  t h a t  it  must c o r r e s p o n d  t o  t h e  
i n f o r m a t i o n a l  s t r u c t u r e  o f  t h e  d e c i s i o n s .  And one  good way of  
a n a l y z i n g  t h i s  s t r u c t u r e  i s  i n  t e r m s  of  t h e  morpho log ica l  box 
p r e s e n t e d  above.  

A Methodology f o r  Measuring and 
Managing R D I  E f f i c i e n c y  

The examina t ion  o f  e f f i c i e n c y  and e f f e c t i v e n e s s  i s  by no 
means a  purpose  i n  i t s e l f .  I t  can  s e r v e  n o t  o n l y  a s  t h e  i n d i c a -  
t o r  o f  t h e  d e g r e e  o f  t h e  e f f e c t  (which can  b e  e x p r e s s e d  i n  a  
p e r c e n t a g e )  b u t  a l s o ,  and t h i s  i s  more i m p o r t a n t ,  a s  a  b a s i c  
means o f  RDI management, o f  s c i e n c e - p o l i c y  and i n  t h e  l a s t  ana ly -  
s i s  of  c o r r e c t  d e c i s i o n  making i n  economic p o l i c y .  Only when 
one  i s  f u l l y  aware of  t h e  e f f i c i e n c y  o f  r e s e a r c h  a c t i v i t i e s  i n  
t h e  v a r i o u s  d i s c i p l i n e s  of  s c i e n c e ,  c a n  i n v e s t m e n t s  be  a l l o c a t e d  
r e a s o n a b l y ,  t h e  r a t i o s  of f i n a n c i n g  be  e s t a b l i s h e d ,  t e c h n o l o g i c a l  
norms and s t a n d a r d s  be  o p t i m i z e d  and ,  e v e n t u a l l y ,  t h e  e f f e c t s  
r e s u l t i n g  from R D I  ach ievements  be  i n t e g r a t e d  i n t o  economic p l a n -  
n ing .  

E f f i c i e n c y  means t h e  p r o p o r t i o n a t e  r e l a t i o n  of  t h e  r e s u l t s  
o f  e x p e n d i t u r e .  I t  i s  a  " c o n c e p t  i n t r i n s i c  t o  s c i e n c e  and t e c h -  
nology which measures  how f a r  r e s o u r c e s  i n v e s t e d  i n  r e s e a r c h  
and development  have  been p r o d u c t i v e  w i t h i n  r e a s o n a b l e  t i m e  
l i m i t s "  (Unesco 1978) .  O r ,  " e f f i c i e n c y  i s  t h e  r a t i o  o f  u s e f u l  
work performed t o  t h e  t o t a l  ene rgy  expended" (The Conc i se  Oxford 
D i c t i o n a r y  1972) .  The e f f e c t i v e n e s s  o f  R D I  sys tem can  b e  i n t e r -  
p r e t e d  a s  an  a s s e s s m e n t  of  how t h e  sys tem a s  a whole a s  w e l l  a s  
i t s  d i f f e r e n t  p a r t s  a r e  f u n c t i o n i n g  i n  r e l a t i o n  t o  t h e  o b j e c t i v e s  
and p r i n c i p l e s  l a i d  down f o r  t h e  sys tem.  O r ,  " e f f e c t i v e n e s s  i s  
a  c o n c e p t  i n t r i n s i c  t o  s c i e n c e  and t e c h n o l o g y ,  which gauges  t h e  
o u t p u t  of  R E D  b o t h  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  a g a i n s t  t h e  
socio-economic g o a l s  o r  o b j e c t i v e s  pursued"  (Unesco 1 9 7 8 ) .  

There  a r e  two a s p e c t s  t o  be  d i s c u s s e d  i n  c o n n e c t i o n  w i t h  
e f f i c i e n c y  (i) how t o  e v a l u a t e  and measure e f f i c i e n c y ?  (ii) how 
t o  manage i t s  i n c r e a s e ?  The p r e s e n t  s e c t i o n  i s  g o i n g  t o  d e a l  
w i t h  t h e  f i r s t  problem. 

E f f i c i e n c y  i s  a  secondary  n o t i o n  s i n c e  a n  a n t e c e d e n t ,  i . e . ,  
a n  e f f e c t  t r i g g e r e d  o f f  by a c t i o n s  i s  needed f o r  i t s  e x i s t e n c e .  
T h e r e f o r e ,  w e  can  o n l y  d e f i n e  it i f  w e  set o u t  from t h e  a n a l y s i s  
o f  t h e  e f f e c t .  

A l l  R D I  a c t i v i t i e s  have  some e f f e c t  which g e n e r a l l y  i n d i c a t e s  
a  number of  d i r e c t i o n s .  Even r e s e a r c h  end ing  i n  f a i l u r e  h a s  
c e r t a i n  e f f e c t s :  namely, it p r o v i d e s  n e g a t i v e  i n f o r m a t i o n  i n -  
d i c a t i n g  t h e  d i r e c t i o n  t o  which it i s  n o t  wor thwhi le  t o  c o n d u c t  
r e s e a r c h .  I f  c e r t a i n  r e s e a r c h  h a s  proved f r u i t f u l  and h a s  had 
some e f f e c t s ,  one  o f  t h e  f o l l o w i n g  c a t e g o r i e s  of  e f f e c t s  w i l l  



become characteristic. These categories may be classified in 
four groups: 

1. The scientific-informative effect, which enriches know- 
ledse, serves as a startinq point for further research, 
and-is sometimes integrated into the official curricula. 

2. The social (political, ideological, cultural, etc.) 
effect, which becomes a material force in the life of 
society, without resulting in any direct or indirect 
economic benefit. 

3. The defence effect, which is a characteristic of military 
research. 

4. The economic effect, which contributes directly or in- 
directly to the growth of national income and is a con- 
crete measure of how science is becoming a productive 
force. 

These four categories of RDI effects cannot and should not 
be compared to each other as they are incommensurable. It is 
the theme, the aim and the type of research together that deter- 
mine the most desirable effect-category. Hence, the value of 
any research project cannot be determined by any of the charac- 
teristic effects in itself. However, if the economically 
exploitable result is of prime importance, then the examination 
of the economic effect and efficiency should be the basic guide- 
line for making decisions. 

There are various approaches to the examination of the 
efficiency of RDI. The non-economic approaches attempt to 
quantify the qualitative factors, namely, 

1. Sociological survey of the RDI environment, the analysis 
of factors influencing RDI. 

The evaluation of qualitative determinants according to 
point-values; that is, the characteristic features of 
the phenomenon examined on the basis of various criteria 
are given variable point-values, and so it becomes pos- 
sible to choose the most appropriate variant out of the 
combination thus gained. This approach makes it possible 
to rank the RDI subjects and to choose the adequate 
variant. 

3. The sciento-metric approach: on the basis of collected 
data, the science citationindex shows how frequently 
a first author is cited in literature. The statistical 
results of this can then be analyzed by various methods. 
For the evaluation of efficiency there are also economic 
approaches. 

4. Profitability calculation, which' must be made parallel 
with efficiency evaluation, since the degree of profit- 
ability does not express efficiency, as it may increase 
without any growth in the latter. 



5. Calculations in licence equivalents, which, being another 
indirect analysis of RDI efficiency, indicates how much 
more expensive or economical domestic production may be 
than the purchase of licences or know-hows. 

6. The examination of the economic efficiency of RDI acti- 
vities characterized by their economic effect, i.e., - 

the calculation of the economic efficiency of RDI in 
such cases where the economic effect is directed towards 
one of the production factors: implements, object of 
labor, technological processes, forms and methods of 
managing production and labor etc. 

If we compare the expenditures invested in a given process 
with the desired and/or achieved economic result, then it is 
the absolute economic efficiency we are trying to examine. If, 
however, we compare the planned result with the, achieved one or 
the economic efficiencies of the different variants, then we are 
examining the relative economic efficiency. 

We can speak of the economic efficiency of RDI on the macro 
(national economic, global) level when the contributions of all 
RDI activities of a country to national income (of GNP, GDP) are 
taken into consideration; however, even in this case it must be 
borne in mind that not all RDI activities have economic effects. 
And we may speak of it on the micro (individual, singular) level 
when we are examining the turning of the idea into use-value, 
i.e., the work of one researcher, one institute, one team, or 
the improvement of one product, etc. 

Calculations of economic efficiency indicate the capacity 
of RDI in a general way. Efficiency evaluations lead to direct 
conclusions as regards the future and they may be applied either 
in a narrow range or on a national scale. For us, the evaluation 
of economic efficiency represents the most comprehensive approach. 
Of course, every approach has its specific features, advantages 
and characteristic information content. However, this informa- 
tion will only become meaningful if, in addition to providing 
the facts and indicating the conclusions concerning the future, 
it also enables us to improve RDI activity by means of further 
measures, and if it can be used in decisions on the level of 
science and technology policy management. In other words; if 
the information becomes manageable and serves as a basis for 
decision making. 

The theory and the computational practice of economic effi- 
ciency has immense literature; several hundreds of formulae and 
methods of calculation have been worked out in order to compile 
the various efficiency indices, all expressing different view- 
points. 

Our second question "how to manage the increase of efficiency?" 
requires a systems analysis approach, as its management comprises 
an entire system of means and methods. The growth of science in 
our days demands an elastic system of various measures, since 



only such a system is able to increase the efficiency of the 
RDI institutions. This complex can be summarized (see Trapesnikov 
1977) as shown in Table 3. 

One special problem currently being addressed in systems- 
analytic studies of the technological life cycle is that of 
determining what fraction of the overall benefit (profit, etc.) 
produced by a new technological system is properly ascribable 
to each of the organizations involved in its development and use, 
or more generally to each of the main spheres of activity in- 
volved in the life cycle (i.e., the spheres of R & D ,  production, 
and operation). Underlying this problem is the fact that in 
most cases, the sphere which created the possibility for emergence 
of the effect (e.g., the R & D  sphere) does not coincide with the 
sphere where the effect is ultimately obtained (e.g., the sphere 
of final operation). (According to data from the USSR Central 
Statistical Administration, roughly two thirds of the effect 
arises in final use (Pokrovskii 1978). 

Many approaches to the allocation of benefits among the 
various spheres and organizations are conceivable, based on 
prices, "value added", etc. But most such approaches are appli- 
cable more to one type of economic system than another (capitalist, 
centrally planned, etc.). However, V.A. Pokrovskii in his recent 
book on Raising the Effectiveness of Scientific Research and 
Development (1978) offers a'simple yet effective solution to 
this problem which should be widely applicable, with a case- 
study example based on an actual R & D  program in the Soviet mass 
transport industry. 

Analysis in the case Pokrovskii describes was begun in 1960, 
when the system in question was still in the R & D  stage. As 
development of the system progressed, comparisons were made be- 
tween forecasts of cost and "economic effect" made by various 
methods and also between forecasts and the actual cost-effect 
trends as they evolved. It was found that forecasts were usually 
accurate within +6-7%, only rarely erring by as much as 20%. As 
it turned out, Pokrovskii says, final R & D costs were 1.41 million 
rubles less than had been predicted. The time-trends in costs 
and economic effects (and forecasts of these for the remainder 
of the technology's expected life) were as shown in Figure 4. 

Using this particular technology as a sample case, Pokrovskii 
suggests that recommendations about the distribution of economic 
effects of new technology among the involved sectors can be based 
on estimates of the share of "creative" work in the overall ex- 
penditure of labor time in each sector. Investigations of the 
use of labor time, he says, have shown that creative processes 
occupy 60% of total labor time in R & D ,  and 25% in serial pro- 
duction or in operation of the finished technology. Thus a 
"coefficient of creativity" (K) can be assigned to these three 
sectors in the proportion 60:25:25, or equivalently 2.5:1:1. 

Then the division of economic effect among the three sectors 
can be assigned according to the following formula: 



t
e
c
h
n
o
l
o
q
y
)
 

.- 
-
 . -
.
 .
 

R
D
I
 
a
n
d
 
o
f
 
t
h
e
 n
e
w
 

t
e
c
h
n
o
l
o
g
y
 

.-
 -
 -
 -
 - 
-
.
 -
 

-
 

I 

P
e
r
f
e
c
t
i
o
n
 o
f
 
t
h
e
 m
e
t
h
o
d
o
l
o
q
y
 a
n
d
 
o
f
 
t
h
e
 

m
e
t
h
o
d
s
 
f
o
r
 d
e
f
i
n
i
n
q
 
t
h
e
 
e
f
f
i
c
i
e
n
c
y
 o
f
 
R
D
I
 -1 

P
r
o
f
 i
t
a
b
i
l
 i 
ty
 
a
n
d
 

T
E
N
D
E
N
C
I
E
S
 O
F
 F 

,
P
e
r
f
e
c
t
i
o
n
 

o
f
 
t
h
e
 

o
r
g
a
n
i
z
a
t
i
o
n
 o
f
 

m
a
n
a
q
c
m
c
n
l
.
 

-
-
-
-
-
-
-
 

R
D
I
 
m
a
n
a
g
e
m
e
n
t
 

M
a
n
a
q
e
m
c
n
t
 n

f 
7

1
 

(
P
l
a
n
n
i
n
g
 n
o
r
m
s
i
n
1
 

I 
t
h
e
 s
c
i
e
n
c
e
 

1
 

o
f
 
t
h
e
 
"
r
e
s
e
a
r
c
h
-
 

p
r
o
d
u
c
t
j
o
n
"
 c
y
c
l
e
 

W
i
d
e
n
i
n
g
 
o
f
 
t
h
e
 

s
p
h
e
r
e
 a
n
d
 
l
e
v
e
l
 

o
f
 
t
h
e
 a
p
p
l
i
c
a
-
 

t
i
o
n
 o
f
 
R
D
I
 

r
e
s
u
l
t
s
 7
 

C
o
n
c
e
n
t
r
a
t
i
o
n
.
 

s
p
e
c
i
a
l
i
z
a
t
i
o
~
,
 

c
o
-
o
p
e
r
a
t
i
o
n
,
 

c
o
m
b
i
n
a
t
i
o
n
 

a
n
d
 
d
i
s
l
o
c
a
t
i
o
n
 

o
f
 
s
c
i
e
n
t
i
f
i
c
 

i
n
s
t
i
t
u
t
i
o
n
s
 

L
 P
e
r
f
e
c
t
i
o
n
 o
f
 
t
h
e
 o
r
g
a
n
i
z
a
t
i
o
n
 o
f
 
R
D
I
 

t
i
f
i
c
 
a
n
d
 
t
e
c
h
n
o
l
o
q
~
c
a
l
 

I
n
f
o
r
m
a
t
i
o
n
 b
a
s
i
s
 
f
o
r
 

t
a
c
t
s
 b
e
t
w
e
e
n
 

i
n
s
t
i
t
u
t
i
o
n
s
 

'I
 

s
c
i
e
n
c
e
 a
n
d
 

p
r
o
d
u
c
t
i
o
n
 

I 
I a

n
d
 
i
t
s
 
t
e
c
h
n
i
c
a
l
 

a
n
d
 
m
a
t
e
r
i
a
l
 

I 

T
a
b
l
e
 
3.
 

S
y
s
t
e
m
 
o
f
 
R
D
I
 m
a
n
a
g
e
m
e
n
t
.
 



w t n 3 r n ~ ~ o ~ ~ r n t n w  

EFFECT, MILLION RUBLES EXPENDITURES, MILLION RUB 

C -d a, 
a,d 11 3 
a, -4 
3a, Pcu- 
U C  o u m  
a,@ X a,@ 
.Q a u 

a m a ,  
ao c a,w 
-4 rd k U  
C m a, 
ma, - c 
C b  P c O U  
0 Id rn -4 -4 
-44J X 4JE 
c,m - rdo 
Id n k c  
da, p:a,o 
a , ~  x a u  
p:c, - 0 a, 



\ 

where 

Ei is the share of economic effect ascribed to sector i; 

Wi is the volume of wages spent on this project in sector i; 

Ki is the coefficient of creativity of the i-th sector; and 

n is the number of spheres (in our case n = 3). 

The result of applying this formula to the given case are shown 
in Table 4. 

R & D Modeling for Budgetary Decisions 

During 1975-78, Project ERAND (Energy Research ANd Develop- 
ment, conducted at the University of Hichigan) was conducEed to 
develop and explore the applicability of quantitative energy 
R E D  planning tools which would overcome some of the following 
limitations of quantitative models for R E D  decision making 
(Baker and Freeland 1975). 

1. inadequate treatment of risk uncertainty, 

2. inadequate treatment of multiple objectives, 

3. inadequate treatment of project interrelationships, 

4. no explicit incorporation of the experience and 
knowledge of the R E D  manager, 

5. inadequate treatment of nonmonetary aspects of R & D, 

6. models perceived by the R & D managers as difficult to 
understand and use, 

7. inadequate treatment of the time-variant property of 
data and criteria. 

The basic approach used in ERAND was that of multiobjective 
decision analysis (Keeney and Raiffa 1976). On the basis of a 
review of U.S. government documents, the multiple objectives of 
energy R & D  may be condensed into six general areas: 

1. economics (cost per unit energy output) ; 

2. timeliness (how soon the process will become available 
for commercial use and how well the new process fits 
into the energy-economic context of that future time); 






























































