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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. A complete list of the 40 papers read at
the conference are given as an Appendix to this collection--copies
of individual papers can be obtained by request from the Forecast-
ing Research Center, Technical University of Wroclaw.

The introductory paper to the conference was on 'Main Prob-
lems in the Control of Scientific and Technological Creative
Activities, Application of Innovations and Education of Scientific
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Staff' and was given by Professor Jan Kaczmarek, Scientific
Secretary of the Polish Academy of Sciences and a member of the
IIASA Council. We felt that this was of sufficient interest for
a separate issue, and appears as IIASA CP-80-19. For the rest
we have selected thirteen papers for issue in this volume, and
have divided them into three groups.

The first group of five papers is concerned with problems
of strategic decision making in the field of science and tech-
nology. The first, by Petrasek, provides a new method of clas-
sifying the tasks in a forecasting problem which should help in
improving the relevance of the results to real-life decisions.
Baworowski emphasizes the importance of technology forecasting
in developing a producers strategy, and the importance of match-
ing the forecasting procedure to needs at all levels. Two papers,
by Schulze and Pelc, are then concerned with the analysis of
factors determining national strategy for science and development.
Finally, we have a paper by Dierkes and Thienen which discusses
the problems of getting a satisfactory debate over science policy
‘issues, and considers the 'Science Court'--proposed originally
by Kantrowitz--as a possible solution.

The next group of papers is concerned with structural changes
in science and technology and their impact on the management of
interdisciplinary research. The first of these is by Albrecht
and Otto who discuss, on the basis of extensive historical studies,
the dangers of generalizing over the science-technology-production
cycle without making clear differentation between different
classes of technology, as well as other factors. Eto shows some
of the problems arising from the development of new sciences--
both basic and mission oriented sciences--and discusses the im-
plications. Glowiak and Winnicki follow this theme in discussing
the managerial action needed to stimulate new fields of techno-
logical expertise, such as environmental engineering. Finally,
Dobrov, Randolph and Nurminski present some work undertaken at
IIASA relating to technological change in agriculture, and in
particular draw attention to the problems introduced by the
rapidly decreasing output-input energy ratio.

The third group of papers deals with broader questions of
management of RED and of technological change. Bobryshev and
Chereshkin discuss, in particular, the development of a planned
management information system for research and development in the
USSR.- Wasniowski considers four questions related to the manage-
ment of long range programs, namely: What is a long range program?
What are the problems of formulation and management? Why is tech-
nology assessment needed? Why is systems analysis needed? He
discusses the use of computer conferencing and the use of gaming.
Ball, Miller and Pearson then give a detailed study of the develop-
ment of single cell protein, and pay particular attention to the
problem of matching technology to market needs. Finally,
Jermakowicz and Ruszkiewicz undertake a study of the machinery
industry in Poland which enable them to identify some of the major
organizational factors influencing the effectiveness of the
Science-Technology-Production cycle in industrial enterprises.
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All the papers are presented here as given at the conference.
In the interests of economy we have not attempted to edit them in
any way.

We would like to take this opportunity of thanking the members
of the Scientific Committee of the conference for their help with
regard to the conduct of the conference and the subsequent selec-
tion of papers for publication. It was another example of success-
ful international collaboration.

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



FORECASTING OF SCIENCE AND TECHNOLOGY
AS AN INSTRUMENT FOR DECISION MAKING

FrantiSek PetraSek*

From day to day the endeavour to forecast future cv nis
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stronger.Social effectiveness of forecastiqsactivity,howsve',.
rather doubtful,especially when determininz the influence of forscgse
ting on decisions of planring znd managihg certres.Trobadly this is
due to the fact that data included in faeecast are often not only use-
less for decisinon makinz but also fslse and canrot be verified by
the user,
A relative stzznatinn in preparinz snd usingpurely predictive
models for forecasting can be observed to app:=ar simultsneocusly
with fast rrozress in building and pilot exnloyitation of various
kinds qf mocels serving for anticivation.Apart from their predicti-
ve power the latter moiels gre chsracterized b the ghility to
reflect the problem solving process when the sabject of Cecision
prepares and realises his strategy and tactics of ménagement 1/
The above mentisned trends iz the r-cent state of the art
forecasting sre a serious challenze to the forecastinz theorr wi tn
has not besn fully develored,vet.Is it possible to delimit more ex-
plicitly the tasks when formulzting the demand for a forscast ' ?
Can we define more precisely an adequate method for forccsstbingin
a certain decisive gitustion ex ante?

THE RELATIVISTIC COWCITT OF FORECASTING

The classical question "how to predict the future?" makes the
pregent forecasting methodol:zsy face the rroblem of findinz the
begt pr-dictive al-~osrithm furctioning inderendently of the prccesses
of zenerating the future.The roots cof the art predicfing &s 3 greci--
fic process of trarnsforming existing dats lay in recent concernts
of forecastinz.The mechsnistic anrr2ach which cbsclutizesg the vziue
of the forecastins method is effective /thoush to @ certain extent
only/ when rredicting natural equilibria and cycles ucing exmririca
sciences relevent to its understzrnding.Tt is Bowever noneffeciive

* Praque, Czechoslovakia



when problems of socisl develooment are to be solved.In this cs
the subject rlays an active role in the process of creatinz the
future,This in turn leads to the question "what does it mean to pre-
dict the future?" ‘

When looking for the answer the resctive role rredictving in

3 O
rh

the context of decision msiing rrocess demands attention. hei ~imae-
lates the process of predicting is the need to anticipa
in the process of rroblem golving. Thus rrediction @crcars to bhe fore
mal ssrect of an informatioral process taking place when dezigion
making subject asnticipates ir order to solve a glven probleom.Tais
formal aspect cannct have an 2absgclute’ value in the gense or deter-
minig the future.Its value is closely corrected with the content
6f informational exchanges realized vwhen the subject acquires thz
knowledzec necessary to solve a problem in a given decision malin
rrocess.

e postulate that theory of foreczsting should be besed on an
inevitsbly relstivistic concert which r-flects informztion procecses

e i

related to snticireting the future under ziven conditiong of decigive
situation.A forscacst has a special value in rel=ticn to the dearco:
of r cornition and uncfersts:ding of a ziwven situstion gz xell zg to

the dezree of idertificatini snd sre
solved when the subtject pr-o-ares s i
vity and to the de-ree of the subject's avility toc mensse and cont-

rol a given situatione.

THE PROBL=N 07 T2V CTERALISATION OF TASKD
F2R TIRECASTTING
To delimit more explixitly the tacls for forecezstimec-ccially
J
those for farecastin90€ science and techn t
to classify the tacks stemmirz from the ane

a
making rrocesszes c-ncomitant to plannirs pr

1opment of nationsl ecoromy is orisnted, wogramued,mirszed,and coniro=-

1led.,Three wor:ing hypotheses were adartad for this purrcse:

1 - processes of understandirg a given situation cen develop effec~
tively only when an irnformational exchange takes plzge tetveon

© g consequence unNGLst

.

gencral and particnlsr knowledse. a
is combined with simultaneous formulatirgend sslving cf crotle
at various levels of gener=lizing the knowledge concer g

a]
'—A-
3

given situation 2/,
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2 - procesgses of formvlatiny and solving of problems are corgtantiy
modified due to decisicy process feedback consisting in usingz
gome decisions in the crstem of management.As a consequence the
evolution of systems of msnagement results in an organidaticral
modification of an inte'lectual activity of a decision maker,
Esrecially in processes of designing and projecting of new or
improoved systems of mcaagement,certain stages occur that m. .-
processes of formulatiny and solving the problems more effe-ti:z
from the point of view of goal-orinted behaviour of a decision
maker,

3 - the disponibility of verious systems for human mansgement snd
control is not unique.ii:nce their understanding is not of the
same value for a given stage of prrobtlem solving process when
a certain system of msragement is furctioning.Especially the
nossibility of finding 3n algorithm for programming a certain
techrological system brings about the task of anticipating its
future being different "rom the task of anticipating the future
of a totslly ronprogra~ iable system within the same system of
msnagement 3/.

h:sults of the adopticn of the hyrotheses in the case of ths
management of national eccromy are given in the table.Tasks of
anticirating the future are distinguished according to three lavels
of gencrality of formulatiry and s»>lving the problems of the deve-
lopment of nationsl econom .The first level being the most generally
valid one describes 3 strat:zy of development,the second level

serves for an interchange h2tween general and particular problemz of

develovment via its prograrning urder definite conditions,arnd the

third level renresents the r~articular knowledge of developement.In

the latter case problems are formulated and solved during functio-

ning of a certain system o’ management and control of the develorment
of national economy.Four sti3ges of problem situation are distinguished
according to the tasks ass-:iated with the process of prerarinz and
realizing the system of ma:izement,The decomposition of tasks of
anticirating from the point of view of the programmability of systems
is not included ir the tzbis. One way of doing this was exrerinentally
realized for the purrose ¢~ long-range rlarring of the developem=rt

of a given institution.Fox every stage of problem situation,dis-

tinguished in the table,th. tasks of anticipating for institutional,
organizational,and technelozical subsystems. of a given institution
were prorosed according to the theory of organization 3/.When
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compared with the actual needs resulting from meturity cf the system
of management of the institution,the forecasts of individuzl
develormental - factors can be evaluzted according to their relevancs
to that stage of problem situation at which the subsystem is intdrpreted
for manzgement.Thusg,for instance the technological subsystem of =
ziven institution can be mannged according to a certain formalized
model.At the same time the oiganizational subgsystem of
institution is managed intuitively.Hence in the former
forecasts will serve presumanly to mecet the needs of znticiraticn
stemming from the fourth stage of problem situation whereas in the
latter case the need of identificaticn of problems predetermins the
need of anticipation and the necessity . of effective objects snd
methods of forecgstinz. .
The interactions betwen particular problem situations precented
in the table,are formulated basing on the presumption that when
a certain system of management is functioning on a pilot or full
scgle then close informational interactions between individusl lec-
vels of generality of the process of problem formulating an@ solving
must be attained to proscrve the stability of the sgystem.On the other
hand ‘when the problems of the development of national economy are
identified and srecified during the process of preparing & certain
system of management,the proces of acquiring the necessary lmowledso
croceeds rather‘hlisoiationan;particular levels of gensrslity of

fors

a given
c

]
\

age the

understanding a giver develsomentd situation.This presumnticn affects
the integrity of forecasting informational systems at particular
gtages of problem situations and leads to the hypothesis that the
endeavours to build zn integrated system for forecasting when tho
problems of next socizl develcpenment ax: %o be fdentified seem rather
senseless.For the game reason in order to maintain the stability of
the existing system of management an integrated informational fore-

castiqssystem must be created,
SOCIAL CHALLENGE TO SCIENCE AUD TECHNOLOGY FORZCASTIIG

A short review 4/ of forecasting of science snd techrology over
the period of the last 15 yearg ghews a variety of stimull and needs
effecting the forecasting activity.Herce there are quite o few arpro-
aches to forecasting.sach of them is quite effective when solving
gome tasks joined with anticipeting the future but very nconefficctive
when other tasks included in social demand of various decision cen=-

tres are to be solveq, These approaches concern:
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1 = techrolozy and science forecasting 5/, It expleres forms znd
functional capabilities of various artefacts /including scicn=-
tific informstion/ in the future,

2 - Technology assessment 6/. It explores interactions between func-

33

tional subsystems of artefacts and various systems condi

~

social developement in order to establish gcalg and preferences
in science and technology rolicy within the fraonmework of & cer-
tain strategy of socioeconomic developement of gociety,

3 = future research 1/. It explores the inract of posgsible waje o
science and technology development on the stratezy snd tactics
of management while solving global or local problem of the next devo-
lopment of human society or its subsystems,

4 - planning of science and technology develorment 7/. It explores and
creates norms for goal-oriented planning of science and techno=
logy development within the framcwork of the planning mechanism
used to influence the socioceconomic development of societyo.

The older tcchnblogical forecasting is arplied to solve the
development of certain functional subsystems of products or techno-
logles whose descrintion is relastively easy on the grounds of tradi-
tional informational systems.On fhe other hand the new models
appropricte for plannipg tho devolcpe=cn® cof blg social systems have
been developed recently for the needs of future research.The
represent multiasspect and interdiscirlinary epproach to every oroblem
that must be solved when managing the development of society,

From the point of view of the relativistic concept of forecss-
ting it 18 possible to explain thds historical trend /ln the develep-
ment of tasks for forecasting the future/ in the following ways
- 3 need of anticipati:g arose in connection with problems of the

regulation and control of managemeht systems /at the right bottem
of the tgble/ being interpreted as relatively isolasted technolns-
zical subsgystems of a given socisl orgenisation,

- a need of programming of social develorment by way of the cocr-
dination of specialized functionally effective activity within a
given managed social organisation sblmlatnstmnee‘i of anticipation ‘to
safeguard the effectiveness of reaching definite goals bty the
organization /the trend at the left top of the table/.As a rasult
a more complex model fo? anticipating the future originates in
which science and technology stands as factors of the development

of many functional subsystems of the model,
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- 8 need of anticipating srises when systemstic attemps are made to
Improove the orientation of development of managed social organica-
tions/at the top of th: table/ whereas this need aspnears ag early
as in first stages of formulating developmental pfoblemsoA raddel
interprretation used for anticipating the futuro assumcs g form of
gaming snd lesrning systems whereas science and techinology
development represent a subatantional goalforming activity wnen
the gtrategy of development is modelled.
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TECHNOLOGICAL FORECASTING AND
THE PRODUCERS INNOVATIVE STRATEGY

L.J. Baworowski*

1. Policy of Production Znternrises

The main superior goal of each producer is the gatiefaction of
individual and social needs changing in time /satisfaction of current
needs generates new ones/ and responding to the demand of other pro-
ducers /means of production, semi-finiched products, procducts for
cooperation/.

The quality and modernity requircments of products are every
day highers both individual ugsers and the branches of induastry went
the products to be better, more functicnal and more economic, In ine-
ternational trade there is alzo another factor = competitién, forcing
the producers to diversify the range of products, to improve their
quality and functional properties. :

The incentives in this respect are due to:

= increase of requirements due to inprovement of the quality of
life, and %9 information about competitive products in other countriey,

= Wlimor demand for modern, more funciional, more beauti™l producie,
which ors easy to handle and economic in use,

- wide diversification of prodvucis, causing wvarious "fagshions",

= gubatitution of heavy meterials o7 other, lighter and of more
attractive appearance, preserving *%:kc came functional quelities.

An ever higher rate of production renewal, shortening of life
cycles of products makes for an ircrecase of a new product to old
product ratio in the whole industriesl outsut. In the years 1963-68
about 40% of turnover increment in the US in the automobile, electro-
technical and chemical industries wes due to the introduction of new
productes 8 . In the radio engineering industry about 8C% of sales
wag ¢ to products that did not exis®t 10 years earlier /9/ . The re-
cord belongs however to electronic devices of wide uce. Their develop-
ment cycle is no longer than 3-=4 yeers, and thelr life cycle does no%
exceed 4 years. The cycle invention=iiffusion 1sg becominzs shorter and
ghorter. And thus, if for Bell it lacted 55 years, 35 years for the
radio, 15 for the radar, in cese of %rancigtor it became reduced to

Y

only 5 years /3/ .

* Technical University of Wroclaw
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According to Spruch/9/ "there is a general terdency to mein-
tain systematically the high rate of production renewal®". Tile ie
due to pressures exerted both by users 22d receivers with resvect %o
‘hree conditions: modernity, high onzlity and price. These are tiaree
major elements in enterprise policy.

2. Global Strategies of Producers

In general terms, strategy is a political tool and its task ie
to define the ways of achieving the goals set up by politics using
allocated funds / 9/ provided for this purpose. What is most impor=-
tant in strategy is the concentration on the superior goel to which
subordinate goals of lower order are assigned. In the conptruction
of a strategy the goals and resources rhould be considered in lon
time intervals. That is why all strategies should be based on the
results of forecasting studies.

By forecasting we mean alternative agsessment of a probable,
posgible and desired development of a given system, concerning any
proceggses and trends of development of warious phenohena or events
occurring in nature, social life or the consciousness. A forecasiing
object must be described by means of appropriate parameters, on the
basls of which and relying orn sciertific methods a description of
its probable and possible charges in the future iz made. It 18 2o
foundation for decision making.

On the basls of internal /enterprise level/ arnd exiternal /branch,
departments, nation, world levels/ information, forecasting activity
is conducted in the followling areas:

1. Investigation of needs and forecasts of thelr development,

2. Market research /esales, prices, product quality/ and forecasts
about future changes,

3¢ Torecasts concerning arees of interest for producers with recs-
pect to the national or world gocio-economic system,

4. FPorecasts of probable developz=nt of competitive foreign
markets,

5. Forecasts of technological develorments in branches of interesx

for producers.
The decision-making process. / 12/ with respect to global gtra=-
tegles of producers occurs as followse
- analysis of the enterprise and of its environment,
- forecasts of probable change of the environment, of possible
benefits and threats /a set of alternative decisions/,
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- gelection of feasible and desired alternatives of production
activity /a get of possible and edmisoible decisions/,

- development of a global sirategy of +the producer /a set of sel-
ected decisions/.

Usually we can have to do with %wo kinds of basic strategles
/l.e. sets of possible and admissible decircions/ in the producer’s
situation characterized by a high degree of innovative dynamics, es
described above. They are:

1. Offensive strategy,
2. Defenglve strategy.

A defensive strategy, called also sdaptive, alms at the preser-
vation of the position of the producer. I% is a gitrategy of ednnta-
tion and survival. We often have to do with apparent innovations
/innovations on a national scale only/.

The offenslve strategy tries to caznge to position of the pro-
ducer and is characterized by a competition race and an active inno-
vative activity as well as interszive introduction rate of R+D inmno-
vations.

3. Strategies of Technologicel Grow:na
The achievement of gocio-economic goals of an enterprise is re-

alized by its technical and production sectione. The necesgsity of
pursuing the global strategical objcciives of the enterprice requires
itg tranemission to the language of tcciknologye.

\Mmat are the possible technolegical strategles /4 / ir en enter-
prise?

First, we can adopt an alrcacdr uzed technology, by licence
buying.

Second, we can adapt /adjust, improve/ it according 4o the
changing needs.

Tird, we can buy a new inventicn /pateni/.

Fourth, we can develop thc crealiive nrocess by our o™ meansg,
i.e8. conduct all R+D works ir order %o zsileve new, origiral tech-

N

nological and constructionel soluztionz, az well as new procunct

4 m
<t o

TLet us look now at gpeclfic inmovation levels., Assuming g
Valen%a / 10 / that innovation is eack chanzge in a real vechnologicel
gtructure denoting the pasggegze from cone giate to another, dilferent
state, we have alsgso accepted hig division of innovatiors into eighs
Jevels /10/s

0 - regeneration,

er
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1~ internal adaptation,

2 - external adaptation,

3 = adjustment, a small qualitative change,

« a new variant = change of sormz functional elemente,

- 3 new "generation" - charge of 211 functional elements,

- a new "type" -~ change of operational concept of all elemen<is,
- a new "gspecies" - epplication of new rules.

What is the relation between the innovation levels and the tech-
nological strategy/2/ ?

A defensive strategy refers to innovations of the third level
/the first three levels are neglected gince they are part of overhaul
and rationalization processes/. It eimsc %o achieve a minimum develonw
ment level in a given branch. It requires, however, some degree of
originality and application of various results of scientific research.

The offensive strategy can be realized exclusively/ 6/ by 4=~7
levels. There are three possible subsitrategies in this reespect:

1. medium position strategy,
2. high position strategy,
3. supraposition strategy.

The first one aims at the achlievement of an average world level.
Parameters /quality, modernity and price/ of products, technologies
and congtruction have to revregent zn average world lerel.

The socond one aims at the achievement of the highest world
level, that is why the products' perzneters must represent the level
comparable with the best world products,.

The third - trieg to surpass the world level in a given area,
and the parameters must be higher than the world gtandard. Teble 1
pregsents specific strategies end inrovaiion levels corregsponding
to them.

Technological and productior effects are also shown in Teble 1,
Technological levels are accompanied by successive economic effects:

= subgtitution of imported procduc*z,
= beginning of the exports,

~ pogalbility of licence gelling,

- profitable export,

~ profitable licence sellirg,

- very profitable export,

- very profitable licence selling.

Also the possibilities/ 2 / for substitution /of omm products/
by licence has been defined.

~N N
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4. Stratezy-Dependent Technological Torecasating

Technological forecasting is a probzbilietic assessment with
a high reliability level, of the future technology trénsfer. from
gcientific resources through technologiml systems up to technological
applications, socially, economically and ecologically accepted.

Ag far as the producerfe strategy i1s concerned, technologicel
forecasting has to enable a cholce of hisg technologlcal strategy
congsidered as a technological system. At the first stage

- producer'a strategy is determined by the centre /i.e. decisions
made by political or economic authorities/,

- produceré strategy may be determined by himself or within the
framework of strategy established centrally for the whole branch or
group of products. It is shown in Table 2 by column "strategles
gsought".

As far as the three offensgsive gtrategies are concerned, the
Table shows the areas and goals of technological forecasting.

One of the elements of technological forecasting is investiga-
tion of technological gap. Without entering into details/7/ we
shall only say that it ig a kind of forecasting presented in Table 1
ag a link between rows: "competition development" and "technological
development®, What we want is to define the gap described in tech-
nical parameters or technologies /methcds of production/ between
new products and competing products. That gap shown in form of vector
of parameters does not explain everything. It must be transformed
into a time lag or regource gap. Problems of competition plenning
discussed in/ 5/ are also elemente of the offensive strategy.

5. Technological Forecasting and Scientific Reaearch Cycle

In case when the producer wanizs to launch a strategy based on
scientific regsearch of his own, the whole cycle of his activity is
presented by Table 3. The procedure iz the same for both kinds of
gtrategies, although the defensive siraiegy does not irgpire its own
R+D activity.

A success in R+D depends on the technology transfer and inter-
actions between changing technologics. Technological forecasting
should indicate both the trensfer siariting by current technologies.,
and make a review of elements, proceczes, products, gtructures, tech=
nologles, l1.e. it should reveal the ITuncition of transfer and alter-
native transformations of specific functlonse.

The goal tree is a method most widely used in forecasting since
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it allows for determination of strategies of scientific research.
Extrapolation techniques, on the other band, enable taz identify
the constraints of technology development for alternative strategies.

6. Conclusion

We have tried to present interactions between the producer's
strategy and technological forecasting. Together with the needs ana=
lysis, market research and economic forecasts, technological fore-
casting constitutes an important element in the development of pro-
ducer s gtrategy. We should also emphrize that the above ekrmts
of setting up the producer'a gtrategy are necessary prerequigites
of its determination.
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THE FACTORS FOR BUILDING OF
STRATEGIES FOR SCIENCE AND TECHNOLOGY

Dieter Schulze*

The activities of science and technology policy may be classi-
fied in: (a) determination of directions and goals of the research,
(b) building of conditions for effective realization of the re-
search, (c) buildin? of conditions for effective using of the re-
sults of research. (1]

Science and technology policy is inseparably connected with
the building and realization of strategies for development of
science and technology. Therefore we can say: building of strate-
gies for science and technology is a main task within the field of
science and technology policy.

What is the meaning of the term "strategy of science and
technology"?[2] In my opinion we can determine the meaning of
this term as follows:

(a) Strategies of science and technology--formulated at the
level of states for instance in programs of parties, as
"national goals", in declarations of governments and
administrations--are tied to general polzitical line of
the leading class forces in the respective social system
since scientific work is inseparably linked with society's
overall activity and its basic objectives arise from
social requirements.

(b) In the field of scientific or scientific--technological
activities, too, the term "strategy" aims at long term
lines and processes of development. Strategies have to
define~-in a forecasting manner and with the possible
degree of precision--especially long-term goals of scien-
tific and technological activities and also long-term
effects of these activities, for instance such effects
on environment.

(c) In scientific and technological strategies we cover
interrelated, complex aims as well as the main ways and
methods to achieve these aims.

The combination of aims and means is fundamentally for
strategic orientations, because only this combination of
the desirable with the realizable guarantees the practi-
cability of these orientations. Of course the desirable
must be a possible goal in the gnossological area and
the realizable also includes the building or regrouping
of necessary powers.

(d) In an instrumental point of view strategies of science
and technology are increasingly backed by prognosis of
future scientific~technological developments, for which
in growing degree scientifically elaborated, methodologic-
ally founded prognostic documents are necessary. As a

¥ Berlin, GDR
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rule these strategies are laid down in programs, concepts
or long-term plans, thus assuming a binding character and
must be transformed in concrete plan-directives within
the five-year, or the year-plans, the last of course
under the condition of existing of a state system of
planning.

From this point of view we can ask the gquestion: which are
the factors, influencing the building of strategies for science
and technology? The main factors in my opinion are the social
needs of a given society, the possibilities for gnoseological
development by the given statement of science and technology in
the world and the economic, scientific and technological resources
of a given country.[3] To this list of factors we have to give
some remarks.

The influence of these factors on the building of scientific-
technological strategies is only realized through the interrela-
tion of all these factors. Only the declaration of a social need
cannot constitute a strategy for science, if in the given state-
ment of scientific knowledge not exists the possibility for solv-
ing the unsolved problem. And also: if we have the gnoseological
possibility for solving of a scientific problem, then we need also
the economic and technological conditions for realizing of the
research, and so on.

The dependence of strategies from influencing factors is
threefold, the influencing factors have not only different char-
acters in the qualitative sense, but also different dimensions in
the quantity. The further gnoseological possibilities we have to
analyze in a worldwide scale--on this guarantees to define the
whole lot of possible strategies. The social needs depends on
the character of society, which as a rule is more or less iden-
tically for groups of countries, for instance for the member
countries of CMEA or for the group of developing countries. The
main goals in the fields of economics, of policy and of social
development are determined through the social characteristics of
such groups of countries and have a very deep influence on strate-
gies for science and technology. This we can see for instance at
the important place of scientific-technological cooperation in the
complex program of CMEA. [4] The concrete strategy for science and
technology within a given country depends on the economic power
and possibilities, the given technological level and many other
factors of the concrete statement within. this country.

Going out from the concrete situation in our country and
looking on the main social needs of our society, on the gnoseolog-
ical possibilities for development within science and technology
and also on the economic and other objective conditions and pos-
sibilities in scientific-technological institutions in the country
the main principles and aims for strategy in science and technology
in the GDR are determined as follows:

(a) Scientific and technological progress represents the
main factor for the intensification of the reproduction
process. Scientific and technological achievements to
be attained and utilized in the GDR by 1980 are to:



(b)

(c)
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-- ensure 60-70 percent of the required increase in
labor productivity;

-- save an annual 220-280 million working hours in indus-
try and construction;

-~ guarantee SO percent of the necessary savings of
materials. [5]

The raising of the social efficiency of research requires
the intensification of scientific and technological work
processes, including measures such as:

-~ consolidating the technical and technological use of
research and rationalizing the research processes by
the wide application of electronic data processing
and modern means of information;

-- deopening cooperation of institutions of academies
and higher education with industry and other spheres,
and with scientific institutions of the USSR and other
member countries of the Council for Mutual Economic
Assistance;

-- raising the professional standards of research staff;

~- applying government standards to ensure optimum solu-
tions to recurrent operations in development, design,
technology and production;

-- improving the proportions between research and develop-
ment so that research results can be faster applied
in production. [6]

It has to be ensured that basic research is further
expanded, since it is a source of new knowledge about law-
governed interconnections in nature and society and helps
to make long-term decisions on the development of the
economy and of science.[7] The following main lines and
priorities have been established in taking account of the
GDR's concrete economic and social requirements and of

the potential available:

1. Development of the energy base, the seeking of new or
improved formulas. for the generation, conversion,
transmission and rational use of energy, including
the scientific preparation of investments regarding
installations for the generation or transmission of
energy.

2. Extension of the raw materials base, mainly through
systematic geological prospection and the increased,
comprehensive utilization of domestic natural resources
and by-products ensuring stable supplies of raw mate-
rials and fuels to the national economy.

3. Development and rationalization in the field of primary
materials, materials and substances and of processing
techniques in order to save materials and reduce the
specific consumption of raw materials and other mate-
rials in production.



(d)

(e)

8.
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The permanent raising of the technical and technolog-
ical level of production by increased research work
in such fields as microelectronics, cybernetics and
mechanics.

To lay the scientific, mathematical and technical
foundations for the effective control of material and
mental processes that lend themselves to computeriza-
tion, and their increasing automation.

To preserve, promote and restore human health and
physical capacity, and to ensure optimum environmental
conditions. In the framework of biological and medi-
cal research it is necessary, for instance, to create
conditions enabling cancer research, research into
cardio-circulatory regulation and virus infections,
human genetics and pharmacological research to make
further progress.

A healthy nutrition requires more research efforts in
the fields of livestock farming and veterinary medi-
cine, but also with respect to the development of new
protein foods based on plant proteins, and perhaps in
the future of microbial proteins.

To satisfy the growing demand for fashionable consumer
goods easy to wear or to maintain. [8]

realization of these aims requires a radical <improve-

ment of management, planning and organization of scientific-
technological working processes.

In this respect it is necessary to implement, inter alia,

the

following series of measures:

To develop the planning of scientific and technical
work so that it becomes the main element of economic
planning, using such methods as target-program plan-
ning in conjunction with branch amd regional planning;

To develop new forms of organization for an effective
linkage between science and production, e.g., the
creation of scientific-industrial associations or
academic-industrial complexes (without that this form
of organization are inadmissably generalized);

To develop forms and methods for the efficient manage-
ment of interdisciplinary research;

To effectively organize international cooperation of
the CMEA member countries in the field of research.

The international cooperation of research is to concentrate
on the following directions:

rational use of the resources of fuel and energy;
complex use of the raw material wood;

protection of metals against corrosion;

production of biomedical implements and apparatus;

developing of new arts of pesticides and of methods
for protection of plants;
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-— elaboration of effective methods for production of
proteins and for raising the nutritive quality of
foods;

-- developing of apparatus for cleaning of gas, including
the needing implements of measurement and control.

In this strategic conception reflects in concentrated form
and for the level of the state the main goals of the political
and economic program for further growth and prosperity, the main
economic and social needs, which may only be realized with the
help of new results in research and development, the given possib-
ilities for winning of new scientific and technological knowledge,
the priorities in the fields of science and technology within the
present period, the specifics and also the limitations of economic
and scientific potential, as just as the needs for management and
organizing in science and technology. The defined strategy on the
level of the state is the result of many activities and analysis
in organs of the leading party and of the state administration,
especially of the state commission of planning, and of expertices
and assessments of many groups of scientific specialists. This
state strategy at the same time gives the basis for elaboration of
certain target-programs and also for definition of strategic
orientations and conceptions in scientific and technological organ-
izations on different levels. The strategic goals were transformed
into concrete goals and tasks within the five-year-plan and in the
year-plans in all spheres of national economics and at all levels
of organization.

From the methodological viewpoint we can define the main pro-
cedures for building of strategies in science and technology as
following: analysis of scientific-technological progress, prognosis
and assessments of future lines of development, comparison of vari-
ants and definition of priorities, and elaboration of target-
programs for defined complex aims.

For analysis of scientific-technological progress we can use
the following methods [9]: production functions, patent statistics
[10], analysis of costs and benefits of technological change,
studies of innovations, analysis of information flows [11],
especially with the Science Citation Index, studies of the cycle
science-technology-production [12] ('embodiment' of science and
technology) in the form of histograms and in other forms.

Strategies of science and technology have to be founded on
prognosis of scientific development, which to elaborate on a strong
methodological base. Within the CMEA is worked out a methodologi-
cal program of forecasting [13] and there are many uses of this
program in different countries, also in a modified and improved
form. [14]

The method of technology assessment is worked out in the
United States and there are many practical experiences in using
this method. [15] First steps in using this method are also done
in the GDR.
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The definition of priorities is to be found in comparison of
variants of future development and depends on the national goals,
the given potential within the country, and also on the internal
structure of scientific problems. [16] To define priorities is a
task of scientific and administrative organs on the highest level,
and assumes the synthesis of all influencing factors on science
and technology policy.

Going on to transformation of strategic aims into planning
documents there is the famous method of target-program-planning,
which is using in a wide dimension in Soviet Union also in other
socialist countries and by cooperation within the CMEA. [17] The
careful elaboration of such programs is a well condition for the
realization of strategies of science and technology.
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TECHNOLOGY STRATEGY--DETERMINANT FACTORS

Karol I. Pelc*

versus decontralization, and copitaleinten~
sive versus labour -~ intensivo dévalopmontgae
No group has the wisdom or forosight to plan
how whole sociotios, not to mention 2ll of
mankind, can or should edvance doun eny
single path of devclopment™.

Frank Press: An Agenda for Technology and
Policy, “Technology Review", Jon,1l278, p,55

The asbove quotation may be considered as a stimulus for ratio-
nel analysis of ways towards establishing some principles for the
TECHNOLCGY STRATEGY /TS/. Therc are several rcasons for such attemria,
Most general reason may be illustrated whon looking vpon Technology
as a main part of interface betwocn Science ond Socioty where tech-
nology or technological systems are considored as codifiecd ways of
dolibaraotely menipuloting the ernvironment to achieve scme motoriol
objective [1] « Multiple linkage between tecchnology and cocioty mov
be easily studied when a new concept of technology is uscd, based
on technology representation es a cembination of throe elomecnts:
hardware, software and orgware [2] . where tho last component correse-
ponds to organizetional and socisal structure boing involved.
| Technology hes to bo considored here os an object of management
but one should sti1ll tako into account that thero is always coo
randomncss in appearing of new tochneolegicol ideos ond imventions
which is related to the nature of human creativity.

Managerial approach to selection of technoloqy and cricntaticn of
its development is required'at various levels of socinl organizetiocn

* Technical University of Wroclaw, Poland
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beginning from the individual company, through large corporations,
up to governmental bodies. It is also considered rccently as an
important part of intornational policy both on ircgional and global
scale,

Technology stratcgy /TS/ has been studiscd by several authors
from the standpoint of a corporotionﬂ as a part of overall corpo-
rate strategy or as a result of cconcmic strategy chosen by the
firm [3] ' [4] ' [5] . Governmental concorn in tochnology strategy
/TS/ was developed firgt in tho socialist countries as o poot of
central planning system. During the soventies it has 2lso grown in
other countries with direct linkoco to rowly devoleping domein of
technology assossment /TA/. 7 h
There ere some gcneral fcaturcs of TS vhich mey be observed ac in-
dependent on the levol in hiorarchical structurc of tho manogement
system,

The term - technology strateqy /7S/ - is uvsed hore os a dori=-
vative from notions of strategy eccepted by thcory of managcment
and economicslf.
| For the purpose of thjis paper, TS may bo dofined as a group
of decision rules which arc used to choose technologies /Jor techno-
logical systems/ adecustc to desircd long=torn objcctives of given
economic system, in the light of maojor Vvecters influoncing the
situation,

Formulation of TS ropresents a synthesis - typc of tasl compeir,
for instance, to tcchnolooy esscssment which is gnalyticel ono.
The aim is to establish a fromcworl: for crecoting a coherent toche,
nology mix which fits to overall strategy of develepnent. There

is no formal mecthods or principloc eof solving this problem in
general, though‘somo experlonce and pnrfial solutiens already
exist,

1/ Examples of definitions utilized in this discinlino:

Strategy - activity which specifies for a busineces o course of

action that is designed to achieve dosired lcng-torm objectives
'in the light of e11 major extornal and internol factors present
and future [5] ,

Strategy - group of decision rules with certain characteristics

which are uscd to choose from an infinito number of possible
product - market cambinations [6] .
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Let us specify questions which arise when some principles of TS
formulation are to be found:

- what technology strategies /TS/ are possible?

- what are main factors determining TS?

-~ what combinations of determinants exist, are possible and probable?
- how to measure or assess relative valuos of TS determinants?

~ how to use this information for TS formulation?

The subject of this paper concerns mainly the first and socond
problem. There are a few types of technology strategies describod in
literature [5] ' [6] . [8] . Most significant are: offensive stra-
tegy, interstitisl strategy, defensive and absorptive strategy.

Main features of these strategies may be described as follows:

.(1) of fensive strategy (81) :

it 1s assumed that given enterprisc, corporaticn or
the national industry as a whole has to play a leeding
role in the domain of technology under considcration;
this may by accomplished by continuous ccnquering of
"terra incognita™ and cffoctive transformation of new
technological knowledge into cconomic and social
results; it is a high rislk and high potential peoyoff
strategy which demands: an intensive fundeamental
research, large R+D programs, considereble skill in
technological innovations and considerable reserves
of resources of all kinds; this TS is- 2 strotegv of
rich and already established "players®, it is adoptod
by big economic powers and the most developped natio-

nal economies;
(2) interstitial s trategqgy (Sq) :
e

it is an orientation towards gaps or intersticcs
remaining or appearing on the technological battle-
field; attempt to ovoid a dircct confrontation with
big competitors is a main principle of this strategy
which requires modcratec resources but extreme flexi-
bility, developcd information syctems and dynamic

operations; constant anolysis and mapping of techno=-
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logical development is necoessary; this strategy ic
offensive only on carefully selocted arcas of tech-
nology, it is most suitable for medium-size "playerg”
and for the countries with advanced technological

and managerial inTrastructuro but with limited re-
sources;

(3) defensive strategy (53) :

.

main technological effort is oriented towards lowc-
ring the manufacturihg costs of kncwn products or
systems; this strategy reqdiros some amount 07 spe-
cialized development laboratories in the area of
R and D as well as low labour costs in the area of
manufacturing, while the expenses for research may
be limited; this strategy is sometimes used by the
developing countries with considoreble amount of
labour force and limited capebility for widening
" of technological variety /e.g. tochnologies linked
only with local natural resources/;

(4) absorptive strategy (84) :

it is based on licenéing and adopting of technology
from outside; this strategy involves small risk and
relatively cemall expenses on R and D, it is however
usuplly combinced with technological dependcnce; it
is usually epplied by less developed countries
though 1in some arcas of technology it is also used
among partncré in economic end technologicel coopo-
ration; the flow of patents and technological knowi=
how as well as the balance in this domain arc indi-
cating the relative position of partners in the
cooperation; strategy 54 may be considered as a
transient one, if the receiver of licences deveclops
simultaneously his own R and D potentiel and pre-
pares a jump to strategy'S2 or S, .
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Tho above cateqories of TS are utilized verv scldom in a
pure form in a wide spectrum of technologics. Theoy are ucsually
combined by given organization, firm or govermmentel body depen-
ding on the donain of technolcogy. There are alsc uscd frequentlv
some mixed strateqgies with a tendency towards shift fiom rne
to another. Fornulating of TS is not a single stcp or defintic
sequence of steps but a continuous adaptive process utilizing
iterative procecdures,

As an exanplc of necessity for dynamic TS fornulatioan, cne
can study the nroblem of overpassing the technological gap by
a delayed producer while this gep is changing its dimensicn
with time.

Choice of a given type of TS depends on both: goals to be
achieved and existingcapabilities or situation. Assuming that
goals arc externally dofined by policy mckers or tep managemernt,
we should conccntrate on determinants of technology stratccey
resulting from the capabilities ond situatien of the orgenizaticen
firm or nationcl industry as o whole. Some kind of clessificetio
of .situations bhocomes necessary.

Yhen the national scale is considered and some soloction of
alternatives for development has to be dono, a similar tvpe of
19 h

proposed an apcroach which started from the coarse c¢

-

problem eppears. For solving this problem, A. 11

tion of situations [9] . He has classitvied countrics accoriding
to their ngtural resources and fecod situation versus their eco-
nomic, financial and technological position. Bv ucing thesc twn
kinds of determinants and applying two extrcme estimates /rich=

poor/ it is ersy to arrive to 4 classes /Fig.l/.
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EX oy

“conomic, financial and Technolegical
Pesition i
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c Rich ’ Poor
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£ (@ ® =
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— : 1
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ouw H
=
S Poor Poor ’
= i
..:.l
Fig.l Example of ccarse classification of situations

influencing the strotegy [9]

Content of these classos is following:

(:) USA, USSR, Canada, Auvstraltia, South Africs,
<:> Jopan, East ond ‘est Europec,
(:) OPEC, Crazil, Iran, Saudi Arcbia,

(:) most Less Developed Countrics /LOC/

Simplification in this approach is nct onlv due to inaccurate
distinction and mcasurce gpnlicd but also duce to very limited
amount of attributes talen into accounta.

For technology stratcgy sclectien a similor epproach ccould
be applied, if more detoiled snecificection eof attributes charac=
terizing the situation of the obicct /onterprisc, corporaticn,

national industry etc/ would be de f*PCf”’a Obv.ousiy, the list

2/ Notion "object™ is uscd in Vurther part of :he poy
ral one for organizaticns oOr ecccrhomic Sysiang 2,0,
industries,’ netional cconcaie s, Tar which the tochnole

tegy is formulated
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of atributes should correspond to main factors /determinants/

influencing the selection of strategy. These attributes may also be

considered as state variables which in turn are recsulting from pro-~
T

vious technological ghanges. Clossifyimg these factors and thed

G

subsequent messuremont or estimation may become a tool “or disco-

vering the similaritics among objects and their compstibility. Such

observations could lead to analytical determination of strategy for

further development,

Firgst step on this way may

be limited to consideraticn cf atiri-

butes characterizing the situation of objects which are operating

in one domain of technology, so
approximate comparison of their

In table I main groups of
ction of two categories: policy

that it is possible to inticduce an
relative situations,

attributes are listed with distin-

independent and dependent factors.

First category is moro steble while the second one should be esti-

meted both for present and futurc conditions.

Table I,

Group of attributes X
/policy independent/

Groups of attributcs xl

Raw materials
minerals
other natural res.
land, etc,
Energy
Environmental conditions
climate
water
soil

geography,etc,

Manpower /human res./
demographic data

Others

1 /policy depcndgnt/ i

1]

Economic and financisl position

Y

Intellectual potentiol
scientific staff

information,systems etc.,
patents, know=how,etc.
Educational and cultural level

Technological infrastructure .
Manacerial experience

Social structure

Marked nceds /or access to the
market/

market size

@ e &2 o e a m e wm E» ey = -

EEF PR Sy

Others i

ey L A 4 Bt hm
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Each of these groups contains a set of paramcters oF measu g
which should be further analyzed., In case of a simplificd approo:t
one can use qualitative estimates and comparisons of situations
/8.0. introducing two = or throe = levels such as: lcweacdium-hich,
etc./. Configuration of such estimatos indicates thc capability or
need for somo typc of strategy /e€.g. 81, Sy ees / in casc of givcn
object. Such qualitative rcpresentation onables an approximate loca-
lization of the object in some class /similar to that chowvn by
A.King/.

Further studies are roquired on appropriate selecction o7 datle
/absolute and relative messurcs/ and relationshins for detornining
TS when situation is identified,

Somec attempt to formal statement of the problom concerning fhe
definition and classification of the objoct’s situation and strategy
is shown bolow. -

tet us denote K = the class of objects'under consideration nond

rac

K, = the n-th object belonging to this class being cha terized by
an ordorod pair of vectors §(2Q1 , ﬂln))
[ 4
T om ] 2 ]
, nt Ant

(I’n) _ —'(1’7) _ :
X - ,gli‘)z . ) Xn;z - \n(é) ( )

Xn kn )/r'[n
_J L 4

coordinates of which represent the attribuvtes of this obicct.

[N

b

ff
O
)
3
p)
(Y]
D
=i
-4
0
O
Q

Coordinates of thesc vectors belong to 2 ditfcren:
attributes., This fTact moy bc represented as:

N <<

{r) -
(r) 1 4f attribuste > entisiies cha
f X = . )
§ condition 7’
ni
[
. if attribute Y docs not satist

¢]
for r=1, i=1.2 cenve kn and for r=2’ i= 1,2 eeecane 1n
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By introducing the function f we can describa an aebiect ¥ _ &€ K
by an ordered pair of vectors (Q_(k,,) 1((,1)\]

nt y An2

[ 0y ] /3 (2)

X an

%Mﬂ__ f(Zﬂ ?“ﬁ_ f( m)
mr = f (X ) n2= f()(nz (3)

f(X"kn) | _7[()("”?;' ) |
and

A (kn) A (in) g
Knp = (Xn;f ) Xn’-;7 (4)

Among objects belonging to class K we can distinguish 4 specific
objects K, Kp o Ky, Kg which are defined in tha following
way:

k(38 39) (=)

where the attribute Xd(‘-l) does not satisfy the conditicn ‘l‘ ) "
1 =1,2, ceeees ko, while the attribute xcfi 2) satisfies the

Condition.tv(.z) . i=, 1,2, X EEEXX l&
ot

D((g)
K/5 (X(k,t) ’ ,;) _ (6)
where the attribute x(%)

(2)/ (2) '
and the attribute X,  satisfies condition W 5/, 1= 1,2 ..0.e l/,;

I A

satisfies condition W;~ s 1=1,2,:,,%;
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1)

where the attribute X(i) does not satisfy the condition WX,‘

1 21,2 coveee kb’" and the attribute X§~2i.) does not sarisfy
j (2) = '

the Conditlon LJ 8" . i 1 2 [ lr

(k / \

K g (X o) X(‘r) (s)
(1) . (1)

where the attribute x . . satisfies the conditicn WY*
| dii (2) i
i= 1,2 secee ’ ka’ 0 while the attribute Xd'L does

not satisfy the condition W(z) vy 1 =1,2, ceee. , 1

One can eaesily observe that vectors characterizing the objects

Kyg Kﬂ . KGL and Kd- have the form adequately:
[ ] (]
0 . /
A
Xo(';‘: B 0 ) Xo(;) = l ' <9)
0 !
L L
- ]
A A
Sl _ 2 ) _
Kyt = / ) Xyz = !
; i
| L
- (11)
— 0 ] 0
ay 0 Sl ) ~ 0
d ;ﬁ) 0 ) Kpiz = | 0
0 0
L L
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B ] F' 0 )

p 0

Slke) _ / Sr) _

Ky = / ) Kga = | 0 (22)
o | 0

Objects K 4 , Kﬂ ’ KX' » K g are then representing the extreme
cases for which we may define corresponding extreme strategies.
We denote representation on class K:

F ¢+ K —e 5

which indicates a strategy s & S for each object-k & K or
F (K)= S , so that we obtain the following correspondence:
for Kg strategy Sy , F (Kd) = Sy and for K/; . KJ" . Ry
strategies Sﬂ . SO‘ . Sy adequately,

Conclusions:

It is possible to distinguish several types of technology strate-
gies which are applied in the practice of enterprises, corporations
and national industries, Some characteristics of these strategies
are given in the paper. There is a need for analytical uppgroach

and indications for an improved technique of formulating end selec-
tion of appropriate strategy. It is suggested to stiructure the pro-
blem of TS formulating on basis of a classified list of moin fac-
tors determining the situation of the object /enterprise, corpo-
ration, state/ from the standpoint of its relative capability.
Preliminary clessification of such attributes has been shcwn here.
However, it requires further alaboration. It seems reasonable to
orientate further studies of this topic towards cstablishment of
possibly general set of dimensions which could serve as o cocmmon
framework for determining the adequate technology strategics at
various levels of management. An attenmnpt to formal statement of

the problem /which is also shown abovo could perhaps facilitate

its more precise structuring.
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THE ACCEPTANCE CRISIS OF RESEARCH POLICY:
DOES THE SCIENCE COURT PROVIDE A SOLUTION?

Meinholf Dierkes*, Volker von Thienen#*

1. POINT OF DEPARTURE : THE ACCEPTANCE CRISIS OF TECHNOLOGICAL POLICY

As little as ten years ago public research and technology policy was not

a topic calculated to spark off party political and ideological discussion.
From almost onc vnd of the political spectrum to the other there was
general agreement that the Federal Republic must close the technological
gap that existed by comparison with other industrial nations, particularly
the United States and that the state must therefore create the structural
and economic prercquisites for this scientific and technical leeway to be
made up as swiftly as possible.

Recearch and techknoloay policy encountered its first crisis amid the
disgussion about the quality of Life and social indicators in the early
seventies, when it was confronted with the question of how its aims and
plans fitted in with a broad range of goals affecting society as a whole
and how both mignt perhps be better coordinated. This injection of coan-
traversy into the topic of rescarch promotion, which had until then been
supported by a broad consensus, was the point of departure of a world-wide
discussion on toncepts and instituti?@s for the social evaluation of new
technoleogies (Technoleony®assestment) .

The declared aim »f thase endenvours was "to undertake as integrated and
systematic as pensible an assessment and forecast of the essential
(positive and neaitive, direct and indirccet) effects on the central areas
of a snciety (economy, n~nvironment, institutions, the general public,
special groups) which vccur when a technology is introduced or changed"™.
An atterpt was to be w.de as early as the development stage of central
technological research processes to take into account as high a proportion
of social aims as possible by mecans of continuous evaluation and, where
negative cffects were %o be expected in the view of different affected
groeups, to minimize theze by as farreaching a modification' as possible of
the technoloqy in question.:

* International Institute for Environment and Society, Berlin, FRG
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At the same time an effort was made by those drafting public research and
technology policy to develop socially relevant criteria and Lists of
objectives to be used as guidelines in the general parties of technology
promotion. The aiw was no longer to simply close the technology gap, but
to subordinate scientific and technolcqical pregress, as a resource, to
the overall aim cf social progress. e might cite here - in place of many
other concepts - the principles for promoting industrial research drawn
up by the Federal Ministry for Research and Technology 3.

Looking back from our present-day vantage-point, both strategies must be
regarded as not having achieved much success - despite the intense efforts
made. This applies both to the alignment of technology promotion itself
on the brgod ranygc of social aims referred to under the slogan the "quality
of Life" and to the development of eftective control mechanisms to ensure
that these promotion criteria were observed. Furthermore, there was in
many cascs o failure to make clear to the increasing number of citizens
critical of offizial research and technology policy that there had been
a reorientstion within that policy. This must be attributed, substantially,
to the fact that while technology assessment institutions were intensively
discussed in the federal Republic, as in many other countries, few were
ever set up and wiere they were - as in the cazce of the Office for Techno-
logy Asscscrent (0TA) - the necessary public cxoosure and the expected
political effzct were lacking. Nor did the new lists of objectives and
criteria for rescarch promotion bring about a basic change in policy :
the largo--scile projects already promoted (enerqy, transport, data proces-—
sinq) remained the prime targets for public support. :

The central problem of this first crisis, the question of whether the goals
set by promcting “pecitfic technologies are also, in the main, socially
desirsble and whether o broad consensus can be achieved regarding such
goals, was thus by no means solved. Rather, it hac shifted more and more

to the cenflict over the concrete application of these technologies, as .
the example of the peaceful use of nuclear eneray demonstrates almost daily.

This cwitching of the conflict over ideas as to how our society should be
orq.nized in the - =djur and long term = for the ceontroversies over research
policy aine are nothine olse in view of the long-term investment character
of researzn nd development = to the level of concrcte utilization of
techneloqie~ is not the least of the factors which have nurtured the birth
of 1 <ccond «risis, the substance of which is not only doubt about the
goals of re-carch policy, but in egual measure doubt about the efficiency
of the deci:ioan-r:king bodies concerned with the praoblem of research
premotion i parliament, qovernment departments and zpecial sectors of the
econony. The crisis concerning aims has increasingly become a crisis
concecrning institutions.
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There are various reasons for this :

- Althounh such basis and vital guestions as ererqy arowth and the quality
of the enviraonment have aroused great interest on the part of the general
public and the mass media, they are not being discussed in parliament
in sufficient detail and in sufficient breadth to secure a wellfounded
formulation of intent and consensus. Partly bodies admittedly often deal
intensively with the problems in question, but the fact that the applica-
tion of new technologies is becoming more and more a matter of political
controversy all teo often prevents the man~in~the-street from recognizing
his objectives in jpolicy statements ; furthermore internal party discussion
of this subject appears to have tittle influence on the work of parliament.

- Both those who provide subsidies and those who receive them rarely succeed
in finding o commen language with thoase who are openly sceptical of
public support for scient fic and technical innovations in_ a number of
fields. Even thouagh the recponsibility for these failures in communication
can by no me.ans be imputed to one =ide only, it is nevertheless surprising
how Little coftort is made Ly those groups interested in developing a )
subsidized projegt to secyre broadly-based legitimation of their policy.
When opposition to the introduction of new technologies is airily attri-
buted to the "railway syndrome', a aeneral fear of new technological deve-
Lopments, to justify the rigorous pursuit of a specific policy, this
may - by the =~ame token - all too easily nurture in the minds of critical
citizens the suspicion that a specific decision on technological policy
was rot in Tact metivated exclusively by objective reasons likely to
promote a consensus.

~ In a widely=nted orticle Uleich Lenmor recently pointed out further
reasons for ihe crisis of the institutions concerncd with questions of
promoting re-~arch and anplyina tochnical knowledae 4. Lohmar comptained
that the decizion=-making structures in the ceompetent qgovernment depart-
ments and ot pariiamentary level were insufficiently geared to scientific,
social and economic renuirements and ooportunities. Furthermore, public
adminivtrative boaies and recipionts of subsidies often shared the same
interc-! i carzuing seccific projects , even where thesc had proven
unprofttable or susceptible of replacement by aliernative technoloaies.
On the other hand, the main reason why parliament was unable to perform
its correct o funection was because its members lacked the expert know-
ledge nd tine time to come to grips with a difficult scientific subject.
UBesides, a eorker of parliament who concerned himself intensively with
questicn. of rezerrch planning and promotion was passing up the chance
of a parlianentary career such as, for example, domestic and economic
policy offerad.

Apart from tsis Lack of parliamentary control, Lobmar cow as another
reason for the inadequacy of research and technbloay policy the fact

thit scientiiic nramotion programaes were not developed until considera-
tions of protitability orevented industry from taking action itself.
Houcvoer, thit principle of public subsidizino policy diccouraned reci-
picnts of sihsidics from making major cfforts to sell their research
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products and encouraged them to prove that the subsidized project was
unprofitable, since only then could they expect further public support.

It does not look as though parliament's incbility to function in the
field of research and technology policy, as described by Lohmar, can be
remedied in the foreseeable future®. There is no sign of a change in the
parliamentary carcer structure he mentions, nor is in-depth scientific
advising of parliament and the relevant parliamentary committee to be
expected : only two years ago that committee decided in the course of
discussions on a possible institutionalization of technology assessment
not to set up any advisory institutions to deal with this topic.

- Another reason is that sociallv relevant decision-making processes about
the concrete utilization and application of new techntilogies are being
switched more and more from the legislative, executive and administrative
levels to the judiciary. Although this trend is by no means restricted
to aspects of technology policy, these are particularly affected because,
as soon as the application and further devclopment of scientific and
technical knowledge impinge upon environmental matters, they become a
focal point of public discussion and controversy. Litigation is expected
to settle problems, the solution of which = because of their technical
complexity and their significance for the environment and for society -
requires o high degree of knowledge in the fTields of science, technology
and social science, a requirement which in the long run even judges with
a broad r.nge of knowledge and experience at their disposal can meet only
imperfectly and even then only after devoting a great deal of time to the
matter, as is shown by a wealth of - in part - contradictory decisions
in the past few months. There 1is every indication that there will be an
intensification of this process by which political decision-making bodies
are being bypassed - if not de jure then de Tacto = through increasing
recourse to administrative courts. In the final analysis this trend is
also undermining the part which parliament should play in relation to
fundamental questions of research and technology.

If we see this trend as an esséntial element of the acceptance crisis of
technology policy, 'which has spread from questions of determining goals

to the institutions which make the decisions on rescarch policy, and which
has reached proportions which call for re-thinking and an active search
for alternatives, then we are obliged to ask the following questions

what can be done to improve the existing decision-making structures so

as to achieve a broad consensus in the field of scientific and technological
developments ? And : What other institutional measures must be taken to
stimulate further expert discussion on the advantages and disadvantages,
j.e. in the final analysis the benefit to society as a whole, of these
developments, so Js to increase the likelihood of achieving a consensus ?
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This article is an attempt to help find such a ccnsensus by presenting a
number of concepts on which there has been little discussion so far,
evaluatina their conseauences and, where necessary, mcdifying them. Its
particular aim is te hroaden the discussion on the cptimization of research
policy decisions by the addition of a madel, the Science Court. It also
considers the, question of whether the Science Court idea - contrary to

the intentiuns of its first protagonists - might not be more profitably
ipplied in problem areas which at least for the Federal Republic - are of .
greater vraqzncy tor politics and scierce, than the areas of application

for which the model was drawn up in the United States.

Hewever, before the various pessibilities are discussed in detail, the

fact should once again be recorded that subsequent remarks are based on

the view that, accerdinn to all the avsilable information regarding possible
optiens, a number of basic facts seem to de established already. We refer,
in particular, to parlisment's loss of function and the increasing impor-
tance of court decisions in the assessment of technological developments,

in the Light of their acceptance by various groups and sectors Likely to

be affected.

I5 REVITALIZATION OF EXISTING INSTITUTIONS OR THE SETTING UP OF NEW ONES

THE ANSWER 7

in tha Last few vears a varying degreoe of attention has bheen paid to the
difficultiec which are currently plaquing the politico-scientific advisory
system, rescarch and technoleongy policy and the sectoral spplication of
scientific and terbnircal know-how ; the number of solutions suggested has
been rounhly in pr-rartion to the degree of attention paid. Thus, discussions
about improved imslewentatien of scientific information and analysis sys-
tems in the political sghere already have a certain tradition behind them,
while the tronsfor 2f.decision-making from the political level to the
judiciary 14 onbly nradually penetrating public awareness.Apart from those
propcsals which ain csseatinlly at improved integration of the findings

of the social weicrbiste into political decisions, there are three models
which promise o v «fiocttve (iaison between science policy advising and
the decisiang mag> on roscarch policy with a view to overcoming the diffi-
culties citeld above

~ a more mariked involverant of the propositions of independent experts in
research palicy decisien-making (Royal Commission model) ;

evitalization of parliament’'s decision-making ond control functions
' Parliamort) ;

-ar
{Scientiste

- spocialization ¢f and o change in the function of those sectors of the
Leqal apnaratus 1n which, increasingly, decisions are being made about
the application »r non=cpplication of technological develoepments.
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The follewing section describes and discusses each of these three modeb®
in the light of the abovementioned questions.

2.1.

2.2.

The Royal Commission model : difficult to transfer

The Royal Commission model developed in Britain attempts to improve
traditional forms of consultaticn by setting un independent bodies

of scientists, with commissions appointed by the government providing
expert cpinions on specific questions and problems of sectoral and
research policy. The idea is that the reputation of the scientists
forming these commissions and their political independence will
guarantree the binding character of their opinions for the political

~decision-makers, although there is no legal foundation for this.

Ideal ly, government, cpposition and the general public would use the
expert cpinions provided by these commissions as a joint basis for
discussion. !

Although this model appears to be an attractive solution to the
abovementioned problems, above all because of its organizational
simplicity and practicability, it must be recognized that its effect~
iveness derives essentially from long-established British patterns

of thounht and action. Research policy decisions, no matter how the
Commission is made up, set political signposts for which political
tolerance - whether achieved ideologically or traditionally - can be
expected in very few cases. Furthermore, there is no reason to expect
the sections of population concerned simply to accept and endorse the

. scientific statements of such bodies, as the controversies of the last

few years, particularly in the field of energy policy have shown.
Indeed, it is far more likely that the opinions expressed by such a
body, even werc it made up of the most outstanding representatives of

.2 large number of scientific disciplines, would, in the fimal analysis

be as subject to doubt as expert opinions in general or the multipli-
city of recommcndations by individual groups of scientists for or
against various technical developments and their application. The
Royal Commission model depends for its effectiveness on an informal
authority which has developed organically in Britain. If an attempt
were mad: to arply this concept to German affairs, it would be Llikely
to come to grief not only because of the purely consultative and non-
executive nature of such a body, but also because scientific pronoun-
cements are not accorded the necessary degree of trust by those to
whom thcy are addressed.

The Scicntists' Parliament : expert knowledge and legitimation ?

The second model, which proposes the setting up of a parliament of
scientists who would publicly discuss the implications of present and
future science policy, derives from an idea mooted by the Deutsche
Physikal 'sche Gesellschaft (German Physics Society) and re-floated
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by Lohmar in the article we quoted earlier. Lohmar's prdbosal aims
at improvement in three areas of the research-policies relationship
where there are problems : ’

an intensified control of the administration of research and
tochnolosy policy and of recipients of subsidies by a more informed
carliament ; ‘ ‘
T s 2pped-un public criticism and discussion causing the administra -
ticn and the recinients of subsidies to provide more comprehensive
ad tharcugh explanations and justification for their decisions,

cotter ascociation of economic and efficiency~oriented standards
a2 orrt of the control functions of, for example, the Federal
Aunit Office. : '

A ecritical appreciation of this proposal should first of all take
account of the fact that the author himself has been mainly concerned
21th intensifying the discussion on improved implementation of existing
scientific knowledge in specific policy decisions as 3 means of coping
agre o fficiontly than hitherto with the dreadful state of affairs
zqgarding research policy. There are still no concrete proposals
regarding such matters as the composition of the Scientists' Parlia-
ment, its powers and the extent to which it can be ensured that such
‘an institution will restore the credibility of scientific and
“technical dccisions. Furthermore, from a practical standpoint, it
myst he made clear, on the one hand, which internal structures of
organizations and institutions are to be changed so that the Llatest
trnowlcidge research strateny can be brought to function in administra-
tive and political practice, and, on the other hand, it must be made
clear how such a parliament can modify the substantial shift in
actual decision-making power from the legislature to the judiciary.

2.5. The Science fourt : a better solution ?

The mou2l on which the Science Court is based derives from 3 proposal
by A. Kantrowitz in 1963 6. This focussed in particular on the problem
of scientific consultation. In order to improve the integration of the
present statn of scientific knowledge into policy decision processes,
Kantrouwitz suggested the setting up of a special court for scientific
and technical questions (the Science Court) to examine questions

that are pressing both from a scientific but alse a political point
of view, as regards their scientific principles and dimensions (the
construction of nuclear power stations, pollution of the czone layer,
the tolmrance of the human body to chemical or biochemical noxious
substances). In this connection, Kantrowitz proposes the setting up

of a panel of judges composed of independent and orominent scientists,



-47-~

wno, on the basis of their fundamental abstract knowledge and their
experience should be in a position to look sufficiently objectively
at problems and related factors, including those outside their own
disciplines. The necessary data for an all-embracina total presenta-
tion of the nhenomena to be evaluated would be obtained with the aid
of scientific witnesses and lawyers who, on each individual iscue,
represent the various cscientific positions. In a kind of cross-
examination to which the witnesczes would be subjected an attempt
would then be made to produce the most objective picture possible of
the precent state of knowledge, which would then te made available
in a detailed report to the decision-makers and also - in an abbre-
viated form - to the general public’ as a basis for a decision.

The original concept of the Scicnce Court as represented by Kantrowitz
and later by other authors proceceds from the assumption that scien-
tific description of facts and political cvaluation with a view to

the practical aepplication of the data sunnlied can be separated
enalytically. In this sense, the final "judgment'" of the Court, i.e.,
the report on the results of the procedure, is seen as being a
determinaticn of the factual situation, with no attempt to -recommend
cr reject.

Without wishing to re-cpen the issue of value judgments, which dates
back at least to Max Wcber, it must be recognized that the publication
of the "judgrents' of the Science Court proposed by Kantrowitz will

be regarded .t least partially as a recommendation to take action.
However, the practical usefulness of this model for assessing the
consequences of technology through the use of a Science Court, Llimited,
in the final analysis, to technical questions, stands or falls hy

this factor. Limiting the problems to those of a purely scientific

and technical nature also produces political recommendations which,

as a censequence of their self-imposed restrictions, must be regarded, .

hewever, as inadequate for the resulting formation of consensus and
drcisieon taking by political bodies and the general public, because
shey disrenard many sianificant effects of new technologies on

societv. As bas cmerged from the discussion con enerny, the conseguences
of rescarch ond sectoral policy measures for the labour market, for

the quality of thz environment and the ouality of Life and the economy
are, in acneral, frequently regarded as being just as grave as pro-
blems connectod with technical implementation or technology-induced
risks.

More recent rrreposals concerning the Science Court advocate more and
more that thore asmectn which are part and parcel of more broadly
defined socic! conseausnces of the application of new technologies
sitould no Llonaer be disregarded. Therefore, considering the concept
of a Court for scientific and technical guestions including the
braader range of tasks set, we see that there arc three essentially
different tasks to be performed in relation to science and politics.
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Firstly, it is possible to depict the state of knowledge as regards

the main Lines of development in science and research policy and their
necessity, together with possible alternatives to them (MODEL I) ;
secondly, Science Court procedures could accompany socially significant
research projects, through the taking of rclevant decisions,at intervals
still to be determined, on whether a specific project is still in line
with existing or politically desirablc development trends, or whether
there is a justifiable relationship between expenditure and objective
or whether it would not be possible to use alternative technologies

in a more efficient, cost-saving and environmentally acceptable

manner (MODEL II). In addition to thece areas of application that are
determined primarily by research policy, the following application

of the Science Court would be possible, in a context which has hardly
been touched upon up to now : if,.in fact, it is correct that the
evaluation and expansion of scicntific and technical knowledge is
influenced to an ever-increasing deqrece by decisions of the courts,
which are only imperfectly prepared for the new tasks they have been
assigned in this field, then a branch of case law relating specifically
to these questions could lead to more rapid and well-founded judgments
(MODEL 1II). Below, an attempt will be made to sketch in greater detail
the three fields of application of the Scicnce Court model, on the basis
of what they are and are not capable of schieving. Because of certain
common structural characteristics, MODELS Il and 11l are summarized

in a comparative fashion.

Up to now, only Kantrowitz's Science Court model, of which a brief
description is given cbove, has been discussed in detail ; essentially
the discussion has bcen confined to the United States. The structure
is based on the following two main approaches

- what formal arrangcments are to be taken into account, to be adopted,
still to be clarified, to enable the Science Court model to operate
effectively in practice ? ‘

- what advantages does the concept offer as opposed to conventional
scientific censultation systems ?

Formal criteria which apply when setting up a Court for scientific
and technical questions are, for example, whether it should be a
permanent institution with a permanently unchanged jury, who appoints
the individual judges, who decides what subjects are to be dealt with,
who chooses the lawyers, who bears the costs, etc...However signifi-
cant these details muy be as a whole - with particular emphasis on
the question of who has a right of action - they should nevertheless,
in principle, ke susceptible of solution once it has been gecided

to apply the model experimentally. This also applies to the other

two variants of the Science Court concept still to be dealt with,

and which, in detail, can inyolve a variety of similar problems to
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which the scone of this paper cannot externd. They can be solved only
in actual prastice, in & relatively lorg-term discussion, experimenta-
tion wnd foarninge jrocesc. Initial ormerimencs in tne United States
indicate ot owith the oid ef the Jotanoe Teurt crocedure techriolo-
gical avaluneion eritor oy con be aovaelenod, whien, by virtue of their
tranarency ond ccientificatly tatanced approach are acceptable to
th2 populaticon cecters ~oncerned”. llcwever, at the present time it

s, of course, still ton early to make gencral proncuncements on this
rnattor,

The cocond auestion s (o what ¢an Yo achieved, with the Kantrowitz
model , by com:irisan with existing expert opinion procedures, has
alresdy teoen cone into rriefly above? Apparently in this way, broad
factual discuicion, invelving the general public, of technical and
scientific proarcss can be conducted, which centributes both to the
securing of 2 censonsus and to greater trahsparency of the political
area in aquastion, ond its effects eon the bresd spectrum of overall
sociil obisctives in all aspocts of Life. However, the Kantrowitz
model, as conceived so fur, i3 basically limited by its own possibi-
Litics, since enly rcientific and technical problems are to be
accepted as prrnomrna for examination. It would, of course, amount

to a failure *+n aporeciate the intentiens of Kontrowitz and all those
in fovour of this versien of the Zcience Court, if they were to be
regarded as endeaveuring to enrich traditional consultation systems
simply throual another ocambit. Their deliberations are based much
more on the icea of furnishing political decision-makers and the
general public with only the best possible data. It i1s not just
incidental that in this connection arguments advanced by the psycho-
logizt, Leving, arc mentinned, which, bascd on the recognition theory
concorts of critical raticnalicm, are aimed at cecuring a cleser Link
than hitherto Lotween research recults yielded by expariments and
critical dicwerrion by o bhody of research workers. In this sense,

the Science o wt .0 bo regirdod a6 representina such a body of
research weork o2 oo 2 sl weale ;o dts diccuscieons should reflect
the presenr ot o of Yprsledie with regard to g partizaler problew
arca in thoe boot wov pocaible.

Irroscective ¢f the asse-snment of the epistemolegical assumptions
under lyina Liris aprroach, 1t must be concedad that, for the purposes
of aqcneral i -uncien, o overall representaticon of what s and s not
available by wiy of "confirmed” knowledge for coning with a specific
problem could be very ueeful. It i3 not only in the fields of economics
and seciolaay iut sia0 dn public discussion of acientific and techni-
cal questions tnat the lick of reliable forecasts turns political
discussion int~ a hind of religious strugale in vhich the oppozing
forcon ch.nt to cne wnetser, with o greater or (osscr dearce of
justificaticn, fut without boing shile to produce cvidence based on
scientific faco, citirer faith in progress and the ddeoloay of arowth,
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or economic ignorance and nostalgic glorification of nature. Although
both sides try to support their line of argument by reference to
confirmed facts, it can, nevertheless, not always be assumed that,

as regards reactor constructien, for example, safety is really the
decisive ground in favour, or disposal problems the decisive reason
against. Scientific witnesses who will attest to the logic and scien-
tific foundation of one or the other standpoint are - at least in

the case of such controversial subjects - legion.

The Kantrowitz model is intended to counter this virtually endless
process of scientific and quasi-scientific-discussion. In this connec—
tion, 1t is expected that the jury will succeed in distinguishing
between “reliable" :nd "less credible"” witnesses, i.e., those whose
cententions .are based on established facts and others who may use
spurious scientific arguments to further other interests. That is

why Kantrowitz insists that the panel of judges be composed of
scientists not involved in the controversy, i.e., from other disci-
plines : the acid test of scientitic progress is a plurality of
theories that institutionalizes criticism and counter-criticism.

The reason why socinlogical questions are considered by the prota-
gonists of this orisginal idea of the .Science Court to be outside

the terms of refereqce of the procedure is obviously not because

thetr rescarch results would be outside the general outline conditions
for the validity of a theory - empirical backing for and provisional
corroboration of the findings of the research workers : it is far

more readily assume< that the plurality of theories of the social
sciences will preluic the security of a consensus on the part of research
workers, based, as in the case oi the natural sciences, on a commonly
accepted paradigm. Consequently, there is .no way in which the nume-
rically restricted iury could be representative of such a plurality

of theorijes. This scientific self-restraint - possibly against
Kantrowitz's own intentions - would have the paradoxical consequence
with regard to resc.arch policy in practice, that scientifically sub-
stantiated or unsubstantiated decisions recgarding the non-technical
socinl o~ ffects of tic application or non-applicaticon of technical
xnocw-how would have to be reached elsewhere then within the Science
CTourt. This would dotract consderably from the consensus securing
character of un institution of this kind and call in question its
cverall contributicn to the rationalization and clarification of
research policy decisions. Albeit that historical experience which

is refldécted in sociological theories does not enjoy the status of

the laws of the nomathetic sciences, it cannot be endlessly relati-
vized. Epistemologiral purism, therefore, docs not go as far as

actual practice, with this Science Court model ; in actual practice,
however, preference should be given to a substantiated plan of action
drawn up by an economist, and based on the previous success or failure
of specific economic policy instrumeris with boundary conditions that
have not becn completely clarified, rather than mere value based .
decisionism.
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As a whole, the Kantrowitz Science Court model would appear promising
insofar as its intention, with reference to research policy, is to
procure confirmed data as a basis for better decisions. However, since-
Kantrowitz leaves many questions unansucred, sugh as how the present
state of scientific knowledge. can be morce effective incorparated

in political decision-making processes and how it can, to some

extent, be guaranteed that decisions on the application and further
development of technical knowhow will be based on scientific criteria,
an extension of the range of subject matter with which the Science
Court should concern itself is highly desirable.

MODELS I1 and_IlI : The Science Court_as_an_institution_acting_in

*  parallel_with technology evaluation

There are as yot no detailed concepts = akin teg the Kantrowitz model -
of the other two vsriants of the 5cience Court. The only suggestions
in this respect are to be found in a number of informal papers by
Raymond Bauer, nd these will be qone into in this paper. However,
both proposals provide for a common framework as regards the struc-
ture and decision-making powers of such a court for scientific and
technical queutions :

- the Srience wourt includes sociological implications in its
decision-making criteria in so far as they are relevant to research
policy questions or the application or extension of technology..

- as with the Labcur Court, the independence of the jury is not
defined primarily by that of each individual assessor, but rather .
as a whole, through the equilibrium maintained when selecting the
judges and ~:-i3essors. The judaes themselves are appointed in
accordance with criteria such as also apply in other areas which
are important from . the standpoint of social and legal policy ;
here, analocics may be drawn, for instance, with constitutional
cour v, Llabour courts and other specialist courts.

- gquesticns of rroccdure and evidence are in line with the traditional
practice of *ne courts, that is to say that in addition to the
resprrtive parties' lawyers, the court may also call witnesses or
procure expert opinions on its own motion.

The first of the two variants (MODEL II) is specially geared to the
prevention of 7:ulty plars and their retention in researc¢h and techno-
logy policy ; «n the basis of developments in this area, as described
above, it aim¢ in the national research policy more closely to economic
and other sori.l criteria for the success of a project. To this end,
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research projects of importance from the standpoint of finance and
develeopment policy would be examined reqularly by the Science Court
which would check whether there were a justifizble relationship
between objeoctive .nd expenditure, the cxtent to which the same
objective might e attained by other more economic means and whether
the same significance attached to the objcctive in question as when
it was first made the object of ustate aid.

The problem arises of the legal force of judgments of the Science

Court in the aboverentioned case, in.so far as in this procedure

it is not a question of whether the subjects under investigation are

in accordance with existing laws or rules, although, of course, any
risks attachad to tne implementation of research projects, which
affect the constituticnal rights of individual citizens, will, in
practice, enter into the decisions of the Science Court. In principle,
however, it will be a question of choosing, on the one hand, between
alternative projections of objectives, and on the other band, betwcen
alternative means for the attaimment of those objectives ; projects
#1ll be evaluated 1n accordance with catalogues of socigpolitical
objectives, and scientivic, technical and economic categories. How-
ever, the political nature of the decisions made in this context also
determines their status ; were they to be legally binding, Parliament,
irrespective of any influence i1t may have on the composition of the
Science Court, would be deprived of supervisory powers which it has
always had in respcct of research policy. Such a result would be a
contradiction of the original intention when devising the Science

Court model, i.e., not to deprive Parliament of decision-making

powers but rather to provide the legislature and the executive with

an instrument which renders possible the planning of resecarch and
technology policy in accordance with scientivic, sociopolitical and
eccnomic standpcints, and prevents an administrative vacuum. In this
form, the Science Court would therefore function primarily as an
advisory body on research policy for Parliament ; in addition, however,
it could also serve as a platform for a broad public dialogue conducted
by experts on fundamental technological development trends. Such a
Science Court would correspond essentially with the concept of an
institution for thc cvaluation of technological development in the form
of an independent aidvisory body, as prcposed by one authcr (Meinolf
Dierkes) on the accasicn of a hearing by the Committee for Research

and Technology of the Lower House of the German Parliament 10, Moreover,
the extent to which this Science Court model might be Linked to other
proposals should be investigated ; institutional dove-tailing of a
Scientists' Parliaront and a scientific court would, for example, te
conceivable.

In contrast to this concept, which sees the function of the Science
Court very much as an acvisory body in the field of research policy,
the third variant (i0ODEZL III) consciously takes as its starting point
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the "gradual depolitization” of research policy developments by
ever-increasing utilization of civil and administrative courts in

the face of the increasing scientific and scciological complexity

of cases. Alttough nobody wiches ta deprive the individual citizen

of his right to bring legal proceedings against *he effects of the
broad applicatiocn of new technoleqgiss where they restrict his legally
guaranteed rights, i1t must be conceded, on the other hand, that it
becomes difficult to weiak wup the pros and cons where a firmly
established series of civil laws are confronted hy a broad range of
scientific anc¢ technical informaticn relation to which it is often
only on the basis of a high level of specialist knowledge possible

to determine the extent to which particular rules are influenced

at all by particular effects. In general, the task of the judge is

to examine the extent to which particular rules can be applied to a
particular situation. In determining the facts, as in evaluating

the evidence, (the principle of the freedom to assess the evidence)
criteria that re well established from every day. practice are used
which, althoush not held to have to comply with scientific validation
criteria, ~re nevertheless expected to prove their worth in cases of
controversial ccientific opinions - as, for example, with regard to
the disputed aquestien of accountability. Such rules concerning appor-
tionmant and cvilu:tion become problematic, however, when the judge
can no lonser ruly cn the principles of cvery day experience. This

is cften the ¢-oze whero matters of a scientific and technical nature
are at issue, the different judgments relating to protection against
bursting in nuclexr power stations are a good example of the diffi-
culties encountercd these days by those handing down judgments in
this wrea ; ticre are no rules for evaluating issues, secured through
many years of judicial practice and which guarantee an inviolable
relationship Lictween the issue and experience. The dangers of placing
exces~ive relionce en tr.ditianal case law are clesr @ contreversial
judancnts rodec public confidence in research policy and legal deci-
sicns, apd hoiahten the impression of arbitrariness.

For this rxazon, the Zeicnce Court model III provides for a more
pronsunced deiree of participation on the part of scientifically and
technically tr.ined lay judaes. It is not assumcd that putting
specialists o tne nanel of judges would preoduce more objective
decicions ondd rut®s that are valid for all time ; however, there are
grounds for bulieving that this could lead to decision-making pro-
cecsen that are were officient fros the point of vicw of time, and
scientifically better balanced. tlowever difficult agreement among
scientists ha= Lecn made these days by specialization, we may not
conclude from this that scientific laymen - and this is what judges
in the c¢civil .d administrative courts are in many instances - are

in a better nooition teo understand scientific experts more correctly
than o represc-atative of another discipline. It is precisely tnhe
practice of bivic theoretical methodologies whirh will better promote
a portinent oviluation of scientific data rather thon a scientifically
“tainted" asacssment mocel.
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Many details of this model aiso remain unclear. However deczirable, on
these grounds, estaslishment of such soecialized courts, which may be
more capable of doing justice tn the wmanifold tasks and problems of a
modern industrial csaociety with rogard to science and technolegy than
conventional judici:l institutions, may aprear, the social consequences
of such a conceot cf the Stience (murt muzt eguclly be tiken into
consideration. What status should the Science Court be accorded, for
example, should it e set up as 2 highly departmentalized institution
comparable to the system of labocur courts or might it not be batter
for the Science Court to act cnly at a level ccmparable to that of

an Oberverwaltungscericiht (igher Ydwinistrative Court), with a view
to taking scientific decisicons of areat censequence ; who should take
part as 2 lay judae in the procesdings of the Science Court ; to what
extent should certain scientificolly cricnted changes in the gquali-
fications of lawyer: be encouraged @ who should decide which cases
should be dealt with by the traditicnai courts and which by the
Science Court ; there are no evidently ideal soluticns to all these
problems. The manifold difficulties inherent in political censulta-
tions of a scientific nature, res=irch and technology consultations
and the application and further develeopsont of technical knowledge
make further discustion and search for pessible solutions matters of
urgent necessity. ALL three versions of tiin joience Court model

might well scrve as a contributicn to thid.
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ANALYSIS OF CURRENTS OF INFORMATION WITHIN THE FRAMEWORK
OF THE CYCLE OF SCIENCE-TECHNOLOGY-PRODUCTION

E. Albrecht*, Ch. Otto

Scientists have for long been concerned with the analysis
of innovation periods. Thus GILFILLAN, LYNN, DOBROW, LISICKIN
end MANSFIELD’ "/ have been trying to verify the thesis that in
the 20th century the innovation periods were considerably
shorter than in previous centuries. In more recent times,
however, more and more objections have been raised against
such a thesis. Indeed, the theoretical and methodological
foundations used as a point of departure for such studies were
developed only insufficiently.

The above-mentioned authors, in determining the rate of
the innovation process, have used the period between the dis-
covery of a new principle of effect and its conversion into
large-scale production as a criterion for their studies. In
most cases these are basic innovations, i.e. those innovations
necessitating the establishment of new industries. The short-
ening of periods sufficient for putting these innovations into
practice, as was proven by above authors, will have to be
attributed to various reasons, among others to the purposive
and dedicated control over these processes.

In connection with the motivated formation of theoretical
and methodical principles characterizing our own standpoint it
is contemplated to show the problems involved in the selection
of such an indicator and to point to the falsity of scientific
and economic conclusions obtained as a result of the hypertro-
phic nature of the statement.

Sektion Wissenschaftstheorie und Wissenschaftsorganisation der
Humboldt-Universitdt zu Berlin
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Our concrete argumentation will be based on the analysis
of the development of synthetic fibres carried out by us. In
pursuit of this aim we proceeded from the consideration that
the analysis of currents of information on the basisg of "Science
Citation Index" and patent literature provides the possibility
of checking the conclusions derived from our theoretical model
of the cycle "Science - Technology - Production'".

The metamorphosis in the relationship between science and
production proceeding apparently under the conditions of the
scientific and technological revolution permits to recognize
the following: The more complicated the processes, structures
and regularities used technically and technologically in the
production process are, the more urgent is the theoretical
understanding to be available as the indispensable premise for
controlling these phenomena in practice. This idea points to
the generalizing statement that the transition from the classi-
cal factory system to fully automatic production requires not
only a revolution in the sphere of technology, but even a
revolution in science.

In conformity with this statement, in our view, a complete
cycle of 'Science - Technology - Production' comprises the
formation of new theories, the discovery of new regularities
and phenomena of objective reality and their subsequent step-
wise technical, technological and economic utilization, in short,
the process of revolution in science and by means of science.

Its major phases are: development of theories, technical im-
plementation, economization and industrial expansion./z/

What are the methodicel implications to be derived from
this for determining the innovation periods?

First, it is necessary to classify innovations in terms of
their theoretical premises, i.e. innovations that would require
a scientific revolution should be treated as a specific class of
innovations in comparison with others. Second, the discovery of
a principle, or an effect, would have to be included in the
development of those theories that would permit to explain
these discoveries.
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Nuclear energy, electronics and synthetic materials are
undoubtedly innovations that contribute to characterizing the
nature of the scientific and techmnological revolution. But in
the same way as nuclear energy and electronics present them-
gselves as the technical materialization of findings of quantum
physics, synthetic materials constitute the outcome reached by
the technical application of the findings of macromolecular
chemistry, i.e. of new theories that have evolved only at the
beginning of our century.

However, this fact is not considered in the analyses of
above scientists; they give, e.g. the innovation period for
polyformaldehyde with 99 years, whereas that of nylon with only
3 years./3/ Indeed, polyformaldehyde was prepared for the first
time in 1859. But this year would not be correctly chosen for
the calculation of the innovation period because at that time
the theoretical foundations were still inadequate to be able to
understand the conversion of monomers into polymers. The pur-
posive industrial production of this high polymer has become
feasible only in the middle of the 20-ies after the formulation
of the theory of macromolecules.

Thus, methodologically, it would be incorrect to take the
sheer discovery of a principle of effect, or the synthesis of
a substance, as the starting point of a process of innovation.
A new theory prompting a scientific revolution can be considered
the decisive theoretical premise for a series of innovation
processes.1

This new theory will provide a stable and safe foundation
for decades both for research and for technological development.
Of course, within this process the theory will be subject to

further development, and its dynamics will become obvious in
the wake of interactions of global research programmes.

1)This is not intended to assert that all innovations of our
time will be directly or indirectly initiated by scientific
revolutions.
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This statement has become especially clear as =2 result of
the studies on rates of quotations carried out by usz) for the
Nobel-prize-winners for macromolecular chemistry (H. Staudin-
ger - 1953; K. Ziegler and C. Natta - 1963 and J. P. Flory -
1974) on the basis of the "Science Citation Index". As a result
of this analysis it was possible to recognize that in the pro-
cess of theory evolvement in principle three various types of
research programmes have to be passed through. While the first
programme is concerned with the creation of the theoretical
basis, the acquisition of fundamental abstract-theoretical
findings providing the framework for additional research, the
second programme is characterized by an intensive penetration
into the microprocesses of objective reality, notably by the
revelation of new structural principles, and the third programme
will take account of the objective demand for a systematization
of the theoretical knowledge thus accumulated. The dialectics
of dynamics and stability inherent in the process of cognition
becomes apparent in the succession of these research programes.
In this context there is another problem: In the literature on
science of science it is sometimes maintained that the '"half-
life period"3) of scientific information would presently be 5
to 7 years, for natural sciences only 3 to 4 years/4/.

However, this view cannot be considered to be generally
applicable to any kind of scientific finding, since it is neces-
sary to allow also for qualitative aspects when estimating the
obsolescence of scientific information.

2)‘.-'-’hen assuming that a scientific theory constitutes a system
of information and that its further development will mainly
proceed via certain currents of information between
scientists, conceding that these currents of information
will surface in the form of scientific publications, the
volume of the scientific literature may serve as an
indicator of these currents of information.

3)By the term "half-life period" we understand that period in
which the intensity of the use of information is lowered by
half.
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The study carried out on the basis of "Science Citation
Index" has shown that fundamental scientific ideas prompting
revolutions in science and leading to the formation of a new
paradigm/S/ in the course of decades will leave behind great
effects in the various fields of science. This fact can be
clearly proved, for instance, by the number of quotations of
scientific papers by H. STAUDINGER, the founder of macromolecu-

lar chemistry.

Fig. 1 shows the number of quotations of H. STAUDINGER
contained in the "Citation Index" of "SCI" of the years 1969
till 19754) in dependence upon the year when these publications
were made. The total number of quotations within one year will
thus be obtained from the sum of points recorded per each five-
year period and thus forming a polygon. It is strange, however,
that at present the most frequently quoted papers by H. STAUDIN-
GER are those published in 1916 and 1926. This is the period
when he laid the theoretical foundations of macromolecular
chemistry that provided the scientific prerequisites for the
synthesis of high polymer materials. It is worth noting that
although some 50 years have since passed H. STAUDINGER belongs
still to the world's 500 most quoted scientists. This can be
taken from an analysis by E. GARFIELD who had ascertained for
H. STAUDINGER a quotation frequency of 3,325 for the period from
1961 to 1975./6/ The average quotation frequency over these 15
yeears accounts thus for 221, When comparing this figure with
the average quotation frequency of 201 determined by us for the
years 1969 till 1975 it becomes clear that only a slight decrease
had happened. This would mean that fundamental findings will
retain their scientific generality over decades because of their
paradigmatic character and they have the capacity to encourage
productivity also among the next generation of scholars. Now
let us address ourselves to another problem which plays a pivotal
role in the analyses on innovation periods in a methodological
respect: the determination of the terminal point of innovation
processes.,

4)The study has to be confined to this period since "SCI" has
become available in the GDR only after 1969.



-63~

Here the technical implementation, sometimes also the trans-
fer of the outcome of research into large-scale production is
taken as a criterion. When e.g. for nylon three years are given
as the innovation period, this would cover the period between
the registration of the basis patent (1935) and the beginning
of large-scale production (1938) with Du Pont.

In our view, however, the process of basis innovation is
considered to be relatively terminated only with the transition
to mass production. And large-scale production does not yet mean
mass production.

The term 'mass production' comprises first the definition
of the concrete needs of users and in the second place the ter-
ritorial expansion of the new process, or new products. New
products tend to cause a substitution effect. From the economic
standpoint a substitution would be sensible, if the new product
could be produced at a cheaper rate than the 0ld one. Under the
aspect of performance characteristics it is intended to achieve
new, or comparable physical, mechanical, or chemical properties.

But the development of the different needs of users is
done only step by step. While e.g. nylon was used for the produc-
tion of ladies' stockings already in 1938, the production of
nylon tyre-cord was started only at the beginning of the 60-ies.

A complex study, as conducted from the standpoint of our
cycle model, refers to the necessity to regard the synthetic
mass fibres, including also the polyamid- the polyester- and
polyacryl nitril fibres, as one class of innovation processes.
According to its economic nature this class has to be designat-
ed as a basis innovation.

At present all the prognostic estimates proceed from the
fact that in the next few decades we have to reckon with a stable
assortment in the line of chemical fibres. In recognition of
this statement it is therefore required to improve the technolo-
gY, i.e. to ensure a cheaper production of mass fibres, and to
modify the present-day mass fibre materials with a view to
extending the range of fine-type fibres.
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Here we have taken a specific interest in the life cycle of
basic technologies required for the production of mass fibres.
When analyzing the development of a definite techmology it be-
comes obvious that various basic processes are practicable. But
once a process has been introduced it will be substituted only
when the possibilities have by far been exhausted. Vhen con-
gidered over a longer period, we obtain series of technological
variants T1-- T11 - T12 et e== T2 ——— T21, where the transition
from one link of the series to another one is designated by the
partial supplementation of a definite basic technology.

Thus e.g. for polyester fibre production three different
basic technologies are known which can be schematically described
as follows:

Basic process No. 1

DMT + EG esterificationi DGT + methanol
polycondensation
PETP

Basic process No. 2
TPA + EG direct esterification DGT + H,O

e e et et 2
l polycondensation
PETP
Bagic process No.
TPA + EO ox—etgxlationE DGT
l polycondensation

PETP

This is the meaning of abbreviations used: DMT = dimethyl-
terephthalate; EG = ethylene glycol; DGT = diglycol terephtha-
late; TPA = terephthalic acid; EO = ethylene oxide; PETP = poly-
ethyleneterephthalate (= polyester).

It was of interest to us to analyze the activities of
research done for the development of these techmological basic
processes under informational aspects. A study on the frequency
of patent registration specifically conducted in the U.S., U.K.,
the FRG and the GDR - the major historical carriers of this
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development - allowed to recognize the following: The process of
accumulating the scientific and technical information ranging
from the registration of basis patents up to the maximum techni-
cal and technological utilization of a basic process (T1, T2...)
comprises a period of some 25 years (cf. Fig. 2 and 3).

This process is not of an exponential type, but is rather
noted for periods of differently intensive research activities.
The general course of development is equal to an undulatory
movement. This phenomenon to be found equally in all countries
under study suggests the existence of certain regularities in
the dynamics of the technical development and, in our view,
should be explained as follows: In the first period of develop-
ment of a technological process the research activities are
centered on the collection of a as far as possibly wide range
of modifiable technical solutions. On the basis of the measures
to use these technical solutions industrially the research
activities will be shifted in the direction of raising the
rate of efficiency of the processes introduced. Especially the
latter point mentioned is fast assuming specific importance
under economic aspects.

Here the step-by-step improvement of a process is expressed
especially by the transition from discohtinuous to continuous
processes, by the increase in yield, the introduction of process
control as well as by the increase in the capacity of plants.

Thus e.g. the benefit of continuous processes compared
with discontinuous processes in the production of polyester
fibres is to be found mainly in the quality of products ob-
tainable and in the economy.

The following table shows the results of a comparative
technological and economic analysis with regard to the costs
for the continuous and the discontinuous process on the basis
of DMT (Basic process No. 1).



-66-

Costs Total production chemical part
Investments 93.0 71.0
Enterprise production not
costs 94.0 ascertained
for processing 91.6 64.0
labour involved 92.0 55.0

Table: Costs incurring during the production of LASAN-polyester
fibres according to the continuous process (in % of the
costs incurring during the discontinuous process)%7/

Fig. 2 shows that the research activities designed for the
partial supplementation of this first basic process for the
production of polyester fibres have receded since the middle
of the 60-ies and have been shifted increasingly to the basic
process No. 2 already under preparation. Though this second
process has been known since 1941, any processes based on
terephthalic acid gain increasing importance only when it had
become possible to produce terephthalic acid on a large scale
and in required purity and to overcome the difficulties related
to the insolubility of terephthalic acid in ethylene glycol.

The same applies to the third basic process, the most pro-
ductive process which, however, involved a number of technical
problems. The registration of the basic patents was done in
Great Britain in 1947. But this process has been prepared for
use only since 1960 and was first tested in pilot plants by the
Japanese firmg Teijin Ltd. and Toyoba Co.

Still in 1971 80 % of the world production of polyester
fibres was done according to the basic process No. 1.

This fact shows that although society has at its disposal
a stockpile of technical solutions they can be translated into
practice only after fulfilling certain conditions. These condi-
tions involve the adequate materials and technical prerequisites,
but also the consequences derivable from economic goals. The
specific social conditions determine also the time when a scien-
tific and technical development has to be taken up in the indi-
vidual countries and lead to the formation of peculiarities in
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the dynamics of the scientific-technical progress in these
countries.

The outcome of studies thus obtained permit to recognize
that the scientific and technical progress is characterized
both by factors of dynamics and stability. Obviously basic in-
novations which result in a substantial change in structure of
the economy are feasible only within greater intervals.

Prom the standpoint of scientific and techmical policy
important questions of decision-making arise in e.g. deter-
mining the proportions between the expenditure required for
improving an introduced technology and that for the introduc-
tion of & principally new technology. When proceeding from the
recognition that under present-day conditions a fundamental
progress in the development of the productive forces can be
achieved only as a result of a long-term strategy covering a
time horizon of 30 to 40 years, it would imply that for any pe-
riod of planning the research programmes will have to be for-
mulated with different objectives, e.g. programmes for the in-
vestigation into new principles of effect, for the development
of technical prototypes, for the transfer of technical proto-
types as well as for the technical and technological complemen-
tation of current production.
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MANAGEMENT OF INNOVATION IN INTERDISCIPLINARY FIELDS

Hajime Eto¥

1. TFOUNDATION FOR MANAGEABILITY OF TECHNOLOGICAL INNOVATION

It is often said and might be true that our basic knowledge
has remained foundamentally the same in these thousands years.
This leads to another statement that any breakthrough or innova-
tion is just a combination of existing knowledges or just a
transfer or application of existing knowledge from a field to
another. This statement may be included in a widely accepted
historical recognition that any jump in our history of knowledge
is just an integration of many infinitesimal steps. This yields
a possibility that technological innovation is controllable under
proper management of the infinitesimal steps. .

It is also widely recognized among science historians that
any scientific finding can be explained as a product of efforts
for solving the confronting problem which was theoretically or
socially urgent at that time. This means that, independently from
motivation of individual scientists, a scientific finding is
target-oriented. Hence a proper target orientation is expected to

guide science in an effective manner.

2. ALTERNATIVES FOR GUIDANCE IN SCIENCE AND TECHNOLOGY

This guidance has long been done for both basic and applied
science by each professor or research director. One of its most
successful examples is the guidance by Niels Bohr in physics. As
the number of scientists increases, however, it becomes more dif-
ficult to have a proportional number of professors and directors
vho are eligible for the guidance. Hence a systematic guidance
may be needed even in basic science. There are two alternatives
for this purpose; one is informational and the other is institu-

tional. A science information system is an alternative to assist

* Institute of Socio-Engineering, The University of Tsukuba, Japan
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a scientist to find a promising topic. The other alternative is
to launch a new and appropriate field whereto young scientists are
expectedly attracted. The knowledge accumulated in existing fields
is to be transferred thereto and is to be reorganized therein

through this flow of scientists.

3. TREND OF SCIENCE REORGANIZATION

One of the most remarkable trends in basic science is the
rise of new basic sciences such as earth science and life science
all over the world. Another trend is the rise of mission-oriented
sciences such as environmental science and systems science. Many
institutes for life science were established to promote research
in this field. It goes relatively well since their establishment
because it is purely the matter of science. In contrast some
managerial problem arises with the mission-oriented sciences
because they are involved with policy formation activities beside
purely scientific activities. Hence some governmental assistance
may be needed. As a matter of fact some governmental assistance
or even intervention is seen in many countries; for example, space

science in U.S. and policy science in Japan.

4. ORGANIZATION EFFORTS FOR NEW FIELDS

As computers came to wider use, many universities launched
new departments called computer science, information scienbe or
informatics in late 1960's and early 1970's which train program-
mers and system engineers in computer hard- and software. With
wider spread of computer applications, another type of systems
analyst is demanded who can integrate knowledges in various.fields
for problem solving in a quantitative manner with aid of computer.
This field is now named in various ways. In higher education,
Tokyo Institute of Technology launched a graduate school of systems
science as a new field of integrating scienée and technology in
1974, and the University of Tsukuba and Saitama University launched
graduate schools of policy science in 1976 and 1977 respectively.
In national technology planning the Science and Technology Agency,
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the Prime Ministers Office of Japan generated a new word "soft
science”" in 1971 which is a scientific method to integrate the
knowledge (in particular, hardware technology and social science)
for long-range planning.

Definitions of information science, systems science, policy
science and soft science remain unclear yet despite some organized
efforts. Judging from their activities in these past years,
systems science in Tokyo Institute of Technology is not policy
oriented but an integrating technology, and policy science in the
University of Tsukuba neglects the role and contribution of tech-
nology in and to the further society whereas soft science of
Science and Technology Agency focuses technology planning and

assessment.

5. DEFINITION OF METHODS AND SCOPES OF NEW FIELDS

As universities are administratively autonomous and financially
supported fully by the government, the graduate schools of systems
science and policy science are not forced to define their scopes
and methods. In fact the graduate school of policy science in the
University of Tsukuba which started just in 1976 has made no effort
for its definition yet. In contrast some faculty members of the
graduate school of systems science in Tokyo Institute of Technology
formed a project team with scientists outside which is trying to
define systems science in terms of thesaurus of the key words (key
concepts) and its other faculty members are trying to construct
the general theory of systems as well as theory of general systems
with scientists outside.

The Science and Technology Agency took another step for the
same effort and made a contract with Institute of Future Technology
for definition and promotion of soft science in 1971 - 74. The
Institute sent questionaires to scientists who identify themselves
as soft scientists. The result was that soft science is to solve
the presently critical problems with methodological aid mainly of
systems engineering, management science, computer science, ecology

and life science, and behavioral science.
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In 1976 the Science and Technology Agency made the second
Delphi technology forecasting over five major fields (food and
resources, energy, industrial technology, information and frontier).
Soft science was included in the frontier field as 6ne of its four
subfields (space science, oceanic science, life science and soft
science). The Delphi survey of soft science was composed of two
parts. One was to locate the problems to which soft science can
contribute. The other was to forecast the progress of soft science.
As to the first part, urban redevelopment, environment protection,
hazard protection, resource, energy and food security were denoted
as the major problems to which it is expected to contribute.

Whereas international crisis, domestic conflict and societal
frustration were not expected solvable by soft science. As to the
second part of the survey, soft science is expected to make the
fastest progress in evaluation and assessment of new technology,

the second in forecast of civilian opinions and of socio-psychological
changes.

These prospect and idea of soft science are not implemented yet.
The Science and Technology Agency is just for planning and its
implementation is left to other ministries and agencies (industrial
technology to Ministry of International Trade and Industry, trans-
portation technology to Ministry of Transportation etc.). For that
reason soft science remains just a concept and is left to spontaneous

effort under existing education and research system.

6. PROBLEMS OF TRAINING SYSTEM IN NEW FIELDS

Education and training is not only a matter of school and
university but a matter of job. There are many jobs on which
young engineers are well trained and there are also many jobs
wvhich are for well trained policy scientists, systems scientists
and soft scientists. However young policy scientists, systems
scientists and soft scientists are seldom offered jobs on which
they are well trained. Industry and governmental offices explain
that they do not offer them such jobs because they have no senior
staff to train them at present. Hence, in place of on the job
training in industry and in governmental offices, casestudy-based

instruction method may be needed at schools and universities.
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In fact the graduate school of business at Harvard, Keio and some
other universities take this method. However, few university
professors are experienced with real problems. Hence personnel
exchange between real world and academic world is needed but this
is hardly acceptable to the both worlds.

The graduate school of policy science of the University of
Tsukuba solved this difficulty in a peculiar way. That is a
tentative oneway transfer of governmental officers. In more
detail a few government officers are rotated to the University of
Tsukuba and Saitama University which are national universities and
vhose faculty are accordingly governmental officers in title, and
after a few years duty there they come back to their original
offices. In such a way the first step was initiated by the
government though it is hardly expected to proceed to the extensive
personnel exchange system. The most critical barier for that lies
in the closedness of academic world and on the side of Ministry of
Education which decline to offer permanent jobs to those staff in
industry and government who have no teaching experience. This
problem of personnel exchange will be the key of sueccess in new

fields.

7. CHANNEL FOR INTEGRATION OF SCIENTIFIC INFORMATION

Scientific information needed in a new field comes from
various existing fields. This information channel is not estab-
lished yet. Computerized data bank of scientific information is
a solution for that. One of its critical demerits lies in its
inflexibility for possible future change. Another solution is to
have an ad hoc symposium for a respective topic. It is often
found in a symposium that some information which is quite common
in a field is surprisingly unknown in another field. As a third
solution a new interdisciplinary field is a forum where informa-—
tion is exchanged between various fields. Maldistribution of
information ié therethrough dissolved.

As interesting effort is being made in systems science and
soft science to establish new vehicles for information transfer.
Systems science is trying to construct a general systems theory

which generalizes and systematizes methods of various fields.
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If it should be successful in any sense, then it is expected to
serve as a common language or as an interpreter between different
fields to some extent. On the other hand soft science which
defines itself sometimes as an integrator of intellect (e.g.,
intellectual technology by Daniel Bell, Columbia University)
organizes scientists in an ad hoc manner from various fields whose
extent depends on each problem and therethrough provides a forum
for information exchange.

Graduate School of Policy Science at Saitama University is
aiming at integration of information science, economic science,
political science, sociology and socio-psychology, and policy
analysis in a systematic manner. This is also expected to serve

as an information forum.

8. APPLICATION ORIENTED BASIC SCIENCE

The meaning of "basic" in the word of basic sciemce is quite
unclear. Physics is undoubtedly a basic science but some of its
knowledge bases no other sciences and technologies because of its
triviality. Whereas basic science is never characterized by
triviality though it allows triviality as its unexpeeted byproduct
of laissez faire type research. Basic science is expected to base
other sciences and technologies and is accordingly to be appli-
cable. In this sense the concept of application orxriented basic
science is never contradictory but consistent to the original
meaning of basic science.

Another aspect of existing basic science is its elementality
or element-orientedness. The first step of research procedure in
existing basic science is to decompose the problem imto elements,
and their recomposition thereafter is practically oftem forgotten.
Application oriented basic science is integration oriented in
contrast.

A third aspect of existing basic science is its exactness
seeking property while application oriented basic science does not

sacrifice its integrality for exactness.
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9. TURNING POINT OF SCIENCE AND TECHNOLOGY POLICY
IN POSTINDUSTRIAL SOCIETY

After the prosperity of basic science (in particular, physics
and mathematics) in 1940's and the beginning of 1950's, Japanese
scientific investment focused industrial technology, im particular,
production process technology since the mid 1950's. This was
needed to get more industrized and to catch up with the Western
countries in economic standard. A byproduct of this trend is to
make people free from a traditional idea of respecting of basic
science only.

Now that the Japanese industry catches up with the Western
one, Japanese science and technology policy faces its turning
point and is trying to shift its focus from productiom process
technology to basic science and technology. This seems not to
return the traditional basic science but to proceed towards some
new interdisciplinary sciehces such as information science, life
science, earth science, environment science, systems science,
policy science etc. These new interdisciplinary sciences may be
expected to form new disciplines under which students will be
trained in the future and to occupy the central role in the coming
scientific reorganization or scientific revolution.

Science has originally started from application and proceeded
to theoretically systematized disciplines. If the same pfocess
should be repeated in the coming scientific revolution, the
science policy which preempts these emerging fields may be desir-
able. An important key to successful science policy may lie in
this preemptive effort. ‘

Finally it must be mentioned that development of appropriate
technology for developing countries will affect technology as a
whole at a global level and that its management will accordingly

be a key issue for international community.



STIMULATING THE DEVELOPMENT OF
NEW FIELDS OF EXPERTISE

Bohdan Glowiak*, Tomasz Winnicki*

1. INTRODUCTION

Tho notion of ccientific disciplins may be understood in many
¢ifferent ways. That is why we still have difficulty in precisely
defining the comprehension of the term of new fields of expertise
discipline.

The ever increasing rate of scientiiic and *technclogical develop-
ment - which is, on one hand, due to the expansive progress in basic
research and, on the other hand, to the nigh performance denands
placed by mankind upon the developed new technolegles<has caused that
the development itself is characterized by a certain kipd cf ups and
downse. There exist a number of disciplines which, irrespective of so-
pe stagnation in the field they ere dealing with, =stiract wany investi-
gators and are equipped with modern technoleogical devices, This situa-
tion is not only attributeble to the stereotype in sducating scienti-
fic ataff who fclilow their Laster and Teacher, but elso to the short-
comings in information on the state-~of-the a>t and currcnt'develop-
ment trends of Science in general., At tho zeme tine, ian the large
area of Science ant Technology, therc appear more and more silent

tod

zones, nhich then ccontinne to increasse. The brideing © geps and
flaus discovered i:n the Tield of scientiiic actitviiiea procceds very
3louly, if &t all, Tnis is first of all due to tho shortage in man-
nower, as well &3 to eome major orgenisationzl ¢l mzterial short-
comings. Hehce, a new field of expertiée may be defined as
a domzin of recearcih activity which does noil meot the demand either of
current development or applicationrns.

. There arc ano rules nor regnlations to definltely localize deficit
domains, Ilavertheless, most cf them arc contred on the borderline

]

betwecn convantional digsclplinea; in other words, *hey fall in the
range of interdisciplinary relations f17e

* Institute of Environment Protection Engineering, Wroclaw
Technical Unviersity
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New fields of expertise are characterized by certain short-
comings which may pr-ciicallr tcke */» form of auy of tae factors
affecting the course ci' & sclentific aectivitys It has already besn
mentiovned tzat deficiepecy in specialicsd manpover is mest tronbleso-
me, But there are <20 =zddivional shoz*zomings to bo indicated Here;
such as uncsufficiert conrections vwith related or complementery disci-
plines, lask of m~thocslngy, want of sperialized equipment or specia-
lized periodigals which could serve es a forum for the exchange of
ideas anu ..aformat. vl

On the other hand, new fields of expertise are characterized by
expansiveness, dynacir csvelopment and lack of tradition. It is com-
monly known that tis development of newn scientific disciplines ig of
great significance; bu%t tvomotivations prevail over the remaining
ones. These are th:2 lack of a strictly defined scorn of cognitive
activities and the arrival of current developmest Srends to a criti-~
cal point at whici the so far theoretical kaowiedge, equipmeni and
methodology appear to be unsufficient for stimulating qualitative or
quaatitative progreca,

2, SLLICTION OF AREAS OF INTERESYS

A careful ccnsideration of organisational and perscnal factors
indicaves that the se..cction and idertification of re=lly new and
missing areas in sciertific work raise most serious difficulties.

Thig proov.em stiouid tlherefore be discusged prior tc any other,

' Tan informaticr scis must be analyzed independeniliy and .ext
comparad, to detsrmine vasic trends of the missing r>»ssgarch comaih.
One of these setvg includes information on current a:siiaverents in the
development of Sciarsc: ard Technology &a t:ll as sc¢re Li0rt- and long-
term forzcastse Tho .Thar one contains a system of Zrecal Cnationﬂide,
c=. aal, preferences and reali=zii- 31 backzrounds.
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Tiae tesks resulrting from the first information set are m-re
troublesca:z tharn t..: ~smainxng ones. The flood ¢l svoer*ific larcr ma-
ticn fas czused +hzt v grezt number of important wr.. ctimmlating 131~

eratnre rerorts from toe area of the user?s inter~ef haocame uwievails
Similer constreisnts occur in the leomain of forecaztinge. fredice

tioas me=3 ofsen snLiisw in a’ logissic cxtrapolatica of those develop-

seatal treands wh' o 20l 3udliciently known and precisely defined.
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are, therefors, somziimes onir~ o taeir noa~g:licavivic velug, 1o oe

readlly distriouinsis

The selectioin of 10 ~agearcn problems Ceoes p-% ralce 38rlong
difficultiez, ey nationnide o regioral systen, &3 6ell eas ipdivi-
duel organizatilon bove moxe or less precisely dufiuoel shori~'and icunz~

range goals. T Lajtter Ls the sysiem’s or6a31,ut~1“, %l o028 pro-
clge are ite loags--S:rm geoal-s

It is jvst 5oe most presise formulation of Jong-term ~oals «hi!?
decides noeon e development of nen dieciplinc-s. Tho stomu’ami o ol
the development of new fields of expertise should result from
two initietives womplementary to oro enother - that of en indiviiual
whe dispoees of Lie first set of informationy, anl thot of peolitical
and oconomic organizations disposing of tho sccerd szt of informati:n
end czpahle of mondelling them. .

Thie ideal eituation can be defined as a ¢ 2xruence herv-ee> the
internal goals of the scientific organiszation --' theo extopnzl roals
of the sponsora, '

ilhen develoning new trends ard digciplincs it le ad  isable %o
deal with sponscra who are responsible for the nolu:y &l oY ~izgy
in naticnal economy, because they er2 neither Irerscbad in fo.mvla=
ting short-term goals nor cleim for quick invesiigasion results anpd
appliccations, Thus, the optimum and necesgary c. . iiorg "o T T ope
ing a new scienw’fic discipline arse echieved. -

In this countr, research 1s boing sponsorca ¢y 2 gyeeer of cen-
tral sntertainmeats of varlous priorityv. Thege Telli Intc the ©¢ilo-
tilng: the severol CGoverrmmental Programmes of ity priocivy. <he ceverald
dozens of Nativzwido Il2in Problems of over-miniziortel leowel, 2l the
hundrods of mirnistcerial-level problems, In additior to the precisely
defined goals, any of the Programncs pontloned givas considerable
freedom to devaloy ectin mork and activities. Thiess soverireptal ceiche
tific and tockneln-ical uncdertakings era, at ¢he rome time, aporsans
of research which can (and should) include also new fields of expertise
Eogaver, the decisionn c¢f the gponcars are mogt - rogvently “nlloorocs
both by tie achioveasnte and. by tho manpotier ne*tonvial of "he erzecu-
ter of reseavcit works. And this is the cruclail -.nt deciding on the
initiz 1cni e Jduciplinese
imller srolcoring systems ave encountered outside of Poland,
Thie will be baest :1lustrated on the exarnle c¢f intewdiasciplinary
app*o* h to envircnmental problems practieed by she Scientific Cormid-

(J’

~

tee oh Froblems of tihe invironment SCOPE (2] ttish is a consti-
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tuent of the Internaticipal Councz.. ol Scienti?is Uaions CiCSU).
Briefly, ICSU ig an interdiscir i zry and internaticnal scisntific
organization, speskinz Zor: .

- the 18 adhering unions (for. example the Iniernational Union
of Geography) and the 12 scientific csgociates (Zur example the Inter-
naticnal Society of Soil Science),

- the 66 adher:iagz naticad? :.wlewies of scisnce, royal societies
and regearcn cecuncils, ,

Prim time to time, ICSU establishes scieantific comnittees, and
gives ti . conelderahls freedom to csvelop thelr ome work programs
within designated interdisciplinary areas. ‘

Such was the case in 12069 whon SCOPE was formed, in response to
the same environmeantal concerns as those that led to tac 1972 UN
Stockholm Conference on Human Environment.,

The main activities of SCOPE at the rresent time ars contained
7ithin seven project:

- biogecchemical cycles,

- dynamic changes and evolution of ecosystens,

- environmentel uaspects of humen setilements,

- ecotoxicology,

-.simulation nmodclling of envircmpenial syoteos,

- enviropmental monivoring,
‘ - cormuhication of envirommental information and -ocietal
assessment aad recponce, .

In the lest timo :nientific disciplines have become more and
more gpeciclized. Yet the envircnamentel prcblems faci;s pankind are
been increasing racogniticn £ the need for

w1den1ng, and there hes

UJ

interdisciplira»y arrrneoches to problem solving. Por crormmle, the

atmogpheric CO,~grecrionse rproblem ig being stulied b a wide spec-
trum of speciclists ©ho in some cascd avre working .aheo independsntly

£ eash cther. Sun . thne topies uader study arc-

- inventories o7 foreil~luel em’uziona and oo aoviss of fature
ousnuts Jengivcarg 7o4 acnpﬁwqﬂfs)

- models < e Larid carpon cyc$vs( modelery , weleorolozists,
0Zeenc ers, wrlin? bilologists, limnloglsts, -0 v ilaab phvsiie
logi 2a¢ mis bl "l»c-ots)

21s ol clim-te channe (melelers, meteovologiets, cceeanc-

. P~ . N
drols.ints and glaciologistz
0

vd < y
- mcdolg of $he Impoov of climcte chunza o woanlad (me tcorolo-
3ist2, sccliolegiste. =goromists, enginsera, forcats-z, wnd agranomlgtg\




SCOPE is acting as a focol point for the specialiats, facilita-
ting interdisciplinary dialogue but always complomenting rather then
competing with tie activities of the ICSU unioans and other scientific
committees. .

Such interdisciplinary dialoguas ara often a starting point to
the creation of new disciplines., Environment Engineering as a disci-~
pline has developed within the framcwork of the folloming sciences
and sps . :lizations: biology, sanitary engineering, chemisiry, chemi-
cal engineering, and the like. The scope and tasks of tae new disci~
plins were formulated in 1973, at tha Congress of Polish Scisnce.
According to the cdesfinition accepted, Environmeant Engineering is a
science of methods ¢»d techniques for'pollution control in the parti-
cular environmental inedia with the aim to ensure opiimum living con-
ditions of man and stimulate a reasonable management of natural
resources,

Pollution control is a term of a wide comprer:ension and includes
not only environmental monitorirg but also the conirol of pollution
monitoring systems;. not only urben planning but a8lso an optimization
of investments and envirommental projects. Pollution contrcl develops
suitable models of pollution forecasting, deals with the modelling of -
technological processes and is aimed at reconstituting degraded envi-
ronzental elements (3].

3e STIMUIATTLG IX SVELCPMENT OF SPECIAITIZED WANPOWER .

The high requiremsnts placed upon Environmeant Eng'neering call
for a careful and reasonable itraining of sgpecialists skilled in two
different fields sucu as, for example, meteorology ana atmospheric or
water chemistry; economics and gas purification tochnyiogy or water
treatment; town planning and models of polluticn diffusion. This
training is aimed to bridge a gap wkhich appears in th3 periphery of
Science, or to suinori a developing disciplins which, as a matter of
fact, can also be a new fiela of expertise.

One cf tne r.oczi important factors affeciirz tune development of
a new discipline is the necessary and sufficient nmumber of speciali-
zed manpotier capable of performing diffexrent acvivities as, for exam-
ple, design, teaching, technological and theoretical studies, organi-
zation and mapagement, etc. The number of specialized stafl depends
on the weight and importance of the problems studled. Nevertheless,
the development of spoecialized manpower can be controlled by organi-
zational intervention:
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(1) invitation of experts from developed ecisn*”lc or indusvriai
centres (also foreign experts - UN, UNIDO, UK&sCO, »ED

(2) training own staff in other cenires (?“:Juate and ncatgradu-
ate studies, advanced education, evening school, docioral and o3t~
doctoral fellomships, particigation in Ccnferencas, Uoagress- . end
other scientific meetings),

(3) -pecialized education and training at cwn irstitute.

Si.uation (1) is best ilius*rated on the ezemmle of devel-ping
couatries LAfrlca, uiqj This is, howavor, a parvis. z2luticn only,
since the experts are invited to resolve a given oSrohlam in & Siven
period of time. Hence they are not iaterssted, 3iit.., in cro-iing
a field of activity or treining specialized staff. The staff are not
concerned with the problem of the expert?s intorc.. and conliua
themselves to help him, if he needs any help. Vislitirng fellowe invi-
ted by e university develop teaching activities alo:xs aid have nc
opportunity to perform advanced training of the lccal manporer,

Situation (2) ensures a prober development ¢f scienvific sxills
to selected individuals but has the disadventage t12t 7ood recults
are not achieved until a long period of time. :

Situation (3) appears to be best and is succesafully asplied
under” Polish corditions first of all in nen diéciplines. However, it
is advisable that tie following requirements be mstd; '

(a) precise and accurate definition of the tesks and goals to be
fulfilled by the rescarch team involved in the devclopuent . o new
disclplipe,

(p) careful selection of individuals who @#ill be able to adant
their investigation methods and techniques to the needs of the new
discipline, and

(9) speeding~ur the development <Soth qualitative and quirsiia-
tive) of the staff indispensible 1n the given discipline, in ordsr to
meet social expectailions.

4, ORGANIZATION AND MANAGEMENT QP RESEARCE :C2IVITIES

To prevent con’usion the following definiticn .11 be used 7o
the purpose of thie discussion. Organization anl management of re= -
search activities will be defined as a system of thiose facliities anrd
services of a scientific na‘tur which provide a ccrrect performance
of the research process. The system itsel? depernds3 on the level of
regsearch in the full R+D cycle and, frew the "chronological" point
of view, can be classifisd in the following way:
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A1) Data collecting and selection of scieatific information.

(2) Access to a computer system for the storages and processing
of data and investigation results.

(3) Availability of apparatus.

\4) Competent and efficient planning.

(5) Administrative -service. |

(6) Effective material procurement.

(7, Specialized routine service (bhemical analyces, biological
tests).

(8) Design facilities for various stages of the R+D cycle.
(9) Pacilities for the production of laboratory- @nd pilot-scal:
apparatus.

QO) Forum for the publication of investigation results, ‘

When developing a new discipline, it is difficult to meet all
the requirements lisgted above., Difficulties also arise when conside-
ring any of the elements wuhich compose the system of facilities and
gservices. The shqrtcomings of the system or of 1its componenté consi-
derably influence the effect of scientific activiiy. The most neuralgic
are those constituents of the system which refer to the selection of
scientific informetion, to the decisions on the feasibility of vra
apphratus and insirumental equipment (purchase of new deviceg) and %o
the possibilities of publishing the investigators’ owa results with
the aim to initiate indirect (through publications) or direct dialo-
guqs (at conferences, seminars and expert meetings) with- specialists
in many different fields. _ )

The stimulaticn of the development of a given discipline requires
thet careful consideration be devoted to the critical constituents
of the entire R+D service system. There are also some other factors
which may indirectly affect the effectiveness of scientific activi-
ties such as accomodation, number and professioral skill of the staff,
location of the research unit in the nationwide settlement system,
available non-scientific service (é.g., transport, store-rcons,
social back-up facilities), and the like. Insofar as possible those
factors should also be taken into consideratione.

5e¢ ORGANIZATION AND MANAGEMGENT OF RESEARCH

It is not easy to construct an optimal organization model for
research activities. Hence, we may limit our considerations to the
followning two types of research organizations: industrial R+D centres
and university institutes. We are not authorized to concludé about
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the activities develored av iadustrial R+D centres; no-2riheieas
there is some avidence that they are moré ready to accent and tolera-
te a "stability"™ of the research problems in a certain group of
workers than do university institutes. The research stafl of univer-
sity institutes combine teaching activities with scientific work;
this is the reason for which "stable" structures will beccme a consi-
derable d*azdvantage and shoricoming in the entire system, as they
lead to rcutine both in teaching aad research, and routiha inhitits
any developments and advances. |

The development cf new disciplines reguires that ths organiza-
tion and manegement of research be conducted in a highly elastic
manner. At modern university centres preference is given to the
geparation of teaching end research activities., The Technical Univer-
sity of Viroctam has introduced three independent systems involving
the same scientific staff but organized on different principles.

These are the system -f teaching teams, the system of seminars and
the system of research teams. |

The system of teaching teams represents several speclalizations
and is characterized by lowest turnover. The system of seminars serves
as a forum for exchange of ideas and discussion of results. The gveff
involved in this system also exhibit a marked tendency to "stability"
whiceh results from the stability of their specialization. The system
of research teams employs a certain optimal group of workers with
the aim to perform and complete a precisely defined taske Afterx )
completion of the research task the steff involved may or may not be
turned over. - _

Having these in nind it is apparent that the systems of research
teams and seminars are first of 211 resporsible for the stimulation
and development of new disciplines. The first stimulating impuise te
the generation of & new discipline may come not only from ¢
tific Counsil of the Institute but also from the rescarch te
result of their studizs) or from the seminar (és a resgult of di
sion and exchange of ideas/)° No matter who was the inspirator of
idea, the 1dea itself rust be first accepted by the rerrosentati
of the thrse groups mentiosred, and then by the authorities of %
Universiiye
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CONCLULING REMARLS

(1) Both in the developrment of Science axd in tae applilication of
achievements some spontaneousness znd irregularities are being obser-
ved, which account for seriuus shortcomings of certain disciblines
and developmental trends.

£~ It is crucial to discover those sghoritcomings as soon ac
possible in order to establizh {on %the basis of tha current siatc-ci-
-the-arq) short- and long-term forecastis of the future demand for
scientific activities. _

(3) Stimulating the development of missing disciplines involves
multilateral activities carried out both by the research institutes
and by their sponsors responsible for the policy of the naiional
economy.

(4) The systew of activities associated with the stimlation of
developing disciplines includes many different projects in the social
and organizational domains; em hasis should be placed first of all on
staff training and education which must be carried out prior to any
other activity.

(5) The shortcomings of scienvific activivy manifest themselves
most frequently in those areas which cover interdisciplinary reseerch;
interdisciplinary omzins raise serious organizational and decision
problems because ol the superposition of real troubles and competence
controversy.
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ENERGY EFFICIENCY AS A CRITERION
FOR TECHNOLOGICAL SYSTEM EVALUATION*

G. Dobrov, R. Randolph, E. Nurminski

1. INTRODUCTION

One of the main challenges facing technological policy makers
today is to overcome the widening gap between two growth rates:
that of the cost of new technological systems, and that of their
usefulness. Successive generations of technology in many fields
achieve greater output capability only at the expense of even
greater (and often wasteful) resource use. The challenge then is
to change the patterns of technological change, to begin selecting
technological options which promote intensive utilization of re-
sources through optimal exploitation of the technologies' inherent
properties and possibilities--in short, to begin improving the

efficiency of resource use.

This challenge has become increasingly urgent in recent years
because of shortages and price rises for many key resources. As
we see it, the world faces a "3F" crisis--a shortage of Food for
people, Fertilizer ("food" for land), and Fuel ("food" for ma-
chines). These three shortages are intimately interrelated and
cannot be adequately understood in isolation. Figure 1 vividly
illustrates the econcmic contours of the problem, corresponding
closely with Leonard Silk's generalization:

The crisis stems not from a deficiency of demand

but of supply, the most dramatic manifestations of

which have been shortage of food and socaring food

prices, and shortages of 0il and soaring oil prices.[2]

Although the increasing sophistication and resource demands
of modern technology play an important part in this drama, a mora-
torium on technological advance would not solve the problem. Much

more promising is the idea of developing truly appropriate techno-

logical systems, systems which are carefully organized for maximum
efficiency and which include a comprehensive set of appropriate

components.

* This is a working version. An improved version will be published
at a later stage as an IIASA report.
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Figure 1 CONSUMER PRICE INDEXES, 1965-75

As we shall see in Section 5 below, there is no dearth of
proposals for technological options by which to attack the resource-
efficiency problem. It is not so easy, however, to evaluate such
options adequately. True, a number of sophisticated analytic tech-
niques and algorithms have been developed for performing such
evaluations, taking into account the resource criterion among
others (e.g., [4]). But there can still be problems: how to mea-
sure or predict the resource-use characteristics of a given option,
how best to measure output (in terms of what product characteris-
tics), how best to deal with choice criteria other than resource
efficiency (e.g., stability of output under changing conditions,
technical feasibility, economic feasibility, managerial require-
ments, risk). Also it seldom happens that any one technological
option is sufficient by itself, a proper mix of options being pre-
ferable. Even if a promising option or mix of options can be
identified, the evaluation must deal somehow with the very real
deterrents to adoption of an innovation which arise even when it

is demonstrably superior to existing practices.[4,5] To compound
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matters even further, long-term evolution of technologies is
clearly affected by changes in factor prices, marginal value prod-
ucts of factors, and elasticity of substitution, which in turn may

well be affected by technological change! [6]

In view of all these complexities, we believe that improved
models and methods are needed for the formation and assessment of

optimal mixes of technological options, in the name of long-range

effective technological policy. Static assessments based on cur-
rent circumstances (e.g., energy prices, wage rates, commodity
prices, regulatory policies, etc.) simply may not be valid in the
long term, since even slight changes in such circumstances may
abruptly reverse the relative profitability of options.[7] 1In
short, there is an urgent need for full-scale study of the inter-
play between changes in technology and changes in these circum-
stantial variables. All of these variables are related in complex
ways and it is impossible to foresee or regulate their future
course without examining their dynamic interactions. For purposes
of technological molicy design, the thrust of such research would

be to permit prospective assessment of the appropriateness of

various technological options, based on forecasts of future cir-

cumstances of relevant kinds (socio-economic, scientific, etc.).

Many separate methodological contributions would be needed
to make such complex analyses possible. 1In this paper we shall
consider only one small part of the overall problem, though an im-
portant part: the need for measures by which to evaluate the long-
range effectiveness of technological systems. Recognizing the
gravity of the resource-efficiency crisis mentioned earlier, we
propose that resource input/output efficiency be considered as one
such effectiveness measure. And to facilitate aggregation of data
about resources of various kinds, we propose that all such data be
translated into energy terms. 1In order to investigate the possible
value of these proposals, we shall try applying them to a particu-
lar example of an evolving technological system--that of maize

production.

In short, the purpose of this paper is to explore the useful-
ness of energy input/output efficiency as an integrated measure of
the appropriateness of technological systems, taking as an empir-
ical example the current and future trends in agricultural tech-

nology, with maize production technology as a specific case.
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2. EVIDENCE OF THE PROBLEM

2.1 The World Food-Energy Dilemma

To begin with, we must understand the agricultural energy-
use problem in some detail. As we shall see, there is ample em-
pirical evidence that increases in world food output in recent
decades have been achieved primarily through even more rapid in-
creases in the corresponding inputs of fossil energy. This type
of "progress" is recognized to have a dubious future, and it is
for this reason that new technologies evaluated in new ways are

urgently needed.

The essence of the situation is this: since most of the
world's readily usable fertile land is already under cultivation,
expansion of food output by increasing harvested acreage has been
possible only to a very limited extent. Therefore growth in out-
put has depended primarily on growth in yield. This in turn has
been achieved through technological changes which have involved
increased application of inputs based on fossil energy (chemicals,
machines, fuel, etc.).[8] As M. Slesser has aptly put it,

. « . rising intensities of food production pay

the resource cost of steeply rising intensities of

energy use, and hence of total energy use.[9, p.129]

Data for the United States (Figure 2) clearly demonstrate this
overall trend, which numerous authors consider to be the funda-

mental change under way in world agriculture today.[8,9,10,11]

The fact that the yield-enhancing technological changes have
required ever-greater energy intensity is only part of the problem,
however. Even more serious is the fact that they have failed to

improve energy efficiency and indeed have allowed it to decline.

In other words, agricultural production methods developed in re-
cent decades have required an ever-higher "energy subsidy" (the
amount of fossil energy inputs required to produce a unit of food
energy output). Changes in agricultural technology (including
genetic improvement) have not increased the food output obtained
from a given level of energy inputs; all they have done has been
to accommodate increased "throughput", allowing more energy inputs

to be productively employed per unit land.
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It can be argued of course that a high energy subsidy is not
necessarily such a bad thing. This might be an acceptable situa-
tion if we view agriculture as a mechanism for converting energy
from one form (e.g., o0il) into another (i.e., food).[9;12, p.25]
After all, one cannot eat o0il. But from a global perspective,
this path for agriculture has to be reassessed in the long run.
For developing countries, scarcity and high cost of energy-~based
inputs are already a serious barrier to the use of energy-intensive
technologies (indeed this is seen to be the basic flaw in the ori-
ginal "green revolution"). And even for developed countries, the
growth of energy intensity is an ominous trend because of dimin-
ishing returns and the virtual certainty of future energy cost in-
creases.[11;13, pp.59-62] Thus the problem of maximizing energy

efficiency cannot be ignored.

As a limiting factor on agricultural output, energy is of
course not the only problem today--climatic changes, environmental
constraints, and water supply being equally serious in many cases.
[13,'pp.53ff;1u] But it could be argued that the solutions to
such other problems will require expenditure of energy, so that

even they can be interpreted in energy terms.

2.2 The Example of Maize

About 70% of mankind's food calories originate in grain.([15,
p-11] "Coarse grains" are the most important, constituting roughly
52% of all cereals. And among the coarse grains, maize is by far
the most important, representing over half of total production.[13,
p.31] 1In short, maize figures very prominently in the world food-

energy output situation.

Current forecasts suggest that this general situation will
persist through 1990 at least.[16] Production of grain in general
and maize in particular will continue to grow more rapidly than
world population, thus helping to explain the continuing growth
in daily per-capita food consumption (see Table 1). Thus the long-

term importance of maize seems assured.
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Table 1 MAIZE PRODUCTION IN CONTEXT, 1963/65-1990

ANNUAL GROWTH %

TREND 1963765 |1972/74 | 199
Historical } Projected
PO?;’ﬁT)ION 3227.0 |3820.0 |5201.6 1.9 1.8

FOOD CONSUMPTION :
Cal/capita/day 2455 2535 2730 0.4

Kg/capita/day 1.33 1.41 1.53 0.7 0.5
GRAIN PRODUCTION

(mil. tons)
Total 1011.5 1329.6 2041.3 3.1 2.5

MAIZE 221.6 303.3 458.7 3.6 2.5

Source: Adapted from [16].

Unfortunately, current and projected trends in maize produc-
tion and consumption demonstrate an imbalance among world regions
in their ability to satisfy their own maize consumption needs out
of domestic production (Table 2). The underlying assumption here
is that in many countries maize production will not be able to
increase rapidly enough to match demand, and the reason for this
in turn is that growth of yields will be slower in future than in
the past. And why should this be? 1In developed countries it will
be partly because of "declining returns to yield-enhancing produc-
tion inputs"{16, p.13], but in both developed and developing coun-
tries it will also be because of the resource shortages and price

increases that we have already seen.

In point of fact, maize will probably not suffer from these
input problems as much as some other crops will. Relative to
other food groups, maize has a moderate to good level of energy
efficiency. This is so because, although its level of energy in-
tensity is extremely high when the most developed technology is
used, the energy content of the mature corn plant is also extremely
high.  Thus the energy subsidy for maize is actually lower than

that for many other commodities (0.2-0.5 calories of energy input
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required to produce one calorie of output, depending on intensity).

(11, p.312]

Nevertheless, maize production technology has suffered the
same dilemma of decreasing efficiency that we have discussed above.
As output of maize per hectare has risen over time, energy inputs

have risen even faster. [17]

The extent to which the energy-efficiency problem afflicts
maize technology is clearly illustrated by the fact that
R.C. Liebenow--who is a well known expert and President of the
Corn Refiners Association--considers scarcity of energy-based in-
puts to be one of the two main problems facing maize production
today (the other problem being the risk of catastrophic loss
through drought, disease, pest damage, and microbial contamina-
tion).[10] Essentially the same opinion has been expressed by
Deere & Co., one of the world's leading firms in the area of maize-
related engineering. As they see it, there are three main groups
of factors that will shape the technology of maize production in
the United States in the future, and two of these are closely re-

lated to energy efficiency: (i) "the energy situation, particularly

future cost and availability of portable fuels" and (ii) "continu-

ing efforts to increase overall efficiency of agriculture from the

standpoint of cost, choice of cultural practiées, yields and net
income". (The third set of factors relates to pollution legisla-
tion.) [18]

3. THE "EE" PARAMETER AS A SYSTEM CRITERION

As a modest first step toward the comprehensive assessment of
technological systems in light of the problems described above, we
suggest that technological system options be evaluated in terms of
energy input/output efficiency ("EE"). This parameter, which some

authors refer to as the "energy ratio", is defined thus:

energy output

EE = =
energy 1input

where both output and input are measured in kcal. per year per

hectare.
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There are numerous facts which justify our in-depth interest

in this criterion. For example,

e on the world scale, an estimated 25% of all fossil fuel

use 1s for food-related purposes; (cited in [19])

e 1in developed countries, the food sector ranks third in
general consumption of energy (after steel and petro-

chemicals) . [20]

In other words, the level of energy efficiency in a country's
agricultural sector may be expected to have a non-trivial effect

on that country's overall energy balance.

Our understanding of the EE criterion and of the types of
analysis to which it may lend itself becomes more complete when
we reflect on the complexities of the overall agricultural "system"
within which agricultural technology is developed and utilized.
As we see 1t, agricultural production actually involves the inter-
action of three subsystems, three kinds of potential, three kinds
of inputs (Figure 3): Economic, biological, and technological.
Changes in the EE parameter over time are caused by changes both
within these subsystems and in the relations between them=--in

particular, by changes in:
(1) the specific technological options used,

(2) the attained level of biological knowledge and its

application,
(3) the levels of prices and other economic constraints,

(4) the impact of technology on biological and economic

potential utilization and thus indirectly on output,

(5) changes in the cost of utilizing technological potential,

as related to changes in overall system productivity, and

(6) special demands which the biological characteristics of
of the commodity to be produced and also the prevalent
soclio-economic constraints place upon the productivity,
reliability, adaptability, and energy consumption of the

technological means employed.
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Input of sunlight and other
bioclogically active factors

BPU

EPU | Output (Grain)

|

Economical Inputs
(Capital & Labor)

TPU
-
Energy
Inputs
BPU = Biological Potential Utilization,
TPU = Technological Potential Utilization,
EPU = Economic Potential Utilization
EE = E output _ cal""ha.1 - Benefit
E input Cal'ha—1 Cost
EE = Energy Efficiency
cal* = Edible calories of food
Cal =

Mix of mainly non-edible calories of energy

Figure 3

SUBSYSTEM INTERACTIONS IN THE
AGRICULTURAL PRODUCTION SYSTEM
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Note, by the way, that items (1)-(3) correspond respectively
to the "hard" part of any production system in general, to the
"soft" part (which provides the "methods of doing"), and to the
"org" part related to the institutional and economical regulators
of system performance. Items (4)-(6) represent interactions among

the system's hard, soft, and org aspects.

Although higher EE may be useful as a guide for future policy
concerning all of these system components and interactions, we
must remember that efficiency alone is not a complete success mea-
sure for production systems. There are, after all, some primitive
agricultural systems which have high EE but low overall output and
which therefore do not provide adequately for people's food re-
qguirements. And yet even here, future policy should aim at maxi-
mizing both food production as well as efficiency of using all re-
sources needed for it. In short, regardless of the present devel-
opmental level of the agro-technology system in question, EE is
an important integrated criterion for evaluation of proposed system

changes.

4. STRUCTURE AND DYNAMICS OF EE: THE MAIZE EXAMPLE

It has been computed that to grow an average yield on 4 ha.

of maize plantation by "modern" methods takes as much energy as to

build a six-passenger modern automobile (“'30'106 kcal).[21] The
yield of maize received from those 4 ha. (18-20 mt.) provides about
75'106 kcal of edible energy. Thus EE is about 2.5.

Let us look at the structure and flow of the energy subsidies
and returns in this case. The technologically required flows of
energy input are represented in Figure 4, with quantitative details

shown in Table 3.

In the past 30 years, the following components in the struc-
ture of energy expenditures on maize production have grown espe-

cially rapidly:

e fertilizer--growth more than 10-fold
@ irrigation--growth more than 7-fold
® transport--growth about b-fold
® agricultural machinery--more than 2-fold.
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In U.S. practice, energy inputs into maize production have
grown 3.15 times while the corresponding output has grown only
2.4 times. Thus EE has declined from 3.70 to 2.44--that is, by

more than 50%.

These dynamics and the underlying structure of energy inputs
to maize production are a regular consequence of the agro-
technological policy pursued in all these years and in all of the
"advanced" maize-producing countries--the policy of "grow or go"
(that is, produce of else!). By this approach, the needed growth
of maize production was obtained at the expense of an even greater

growth in energy expenditures. 1In fact, the most rapid growth has

been in precisely those inputs which are most energy-intensive.

Even such a notable achievement as the introduction of hybrid seed
varieties was directly oriented toward biological realiéation of
concentrated use of fertilizer and irrigation--that is, some of
the most energy intensive elements of the production technology

process.

In the second half of the 1970'5, we have recognized not only
the anxiety-provoking connections between this policy and the
general growth of prices, stimulated by a fundamental revision in
world prices for oil and other nonrenewable resources. It is im-
poftant to emphasize also that, in addition, both research and
practical experience have shown that biological possibilities for
realization of concentrated energy inputs have obvious limits (see
Figure 5) and can be sharply increased only on the basis of in-
crease in the efficiency of biological processes of photosynthesis
and a complex of cytological and morphological changes--i.e., all
of that which can form the content of a new stage in the true
"green revolution" as distinct from the "black (oil-based) revolu-

tion on green fields".

In these same years, the search for alternative scientific-
technical options in maize production has been stepped up, relating
not only to new agro-biological options ("software") but also to
engineering options ("hardware") which allow new production pro-
cesses to be carried out, and to innovations in the organizational
(socio-economic) approaches to the use of these scientific-

technical possibilities ("orgware").
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Figure 5 MAIZE YIELD AND ENERGY EFFICIENCY WITH VARYING
AMOUNTS OF NITROGEN

All of this must certainly lead (and is already leading) to
structural changes in the energy balance of maize production tech-
nology, which in turn will be an expression of a new generation
of ideas in organized agro-technology, connected with the prin-
ciple: "change and grow, or go" (i.e., improve resource efficiency
or else!). 1In an expanded form, this principle can be formulated
in the following way:

Provide for growth in the gquantity and quality

of grain production by systematically improving all

components of organized agro-technology and by in-

creasing on this basis its energy efficiency and eco-

nomic effectiveness in relation to both fixed and

variable "subsidies" (inputs) into the technological
system.
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5. EE TREND ANALYSIS: PATHS INTO THE FUTURE

The future is always a continuation of the present, in the

sense that necessary changes will be changes in current tendencies

and future innovations will be new precisely in relation to the
experience and possibilities accumulated up to now. This assertion
is especially justified when we are discussing the future of com-
plex and large-scale systems which contain smoothly evolving ele-
ments related to naturally conditioned subsystems. And the system
we are studying--that of maize production--is a system of this

type.

We think therefore that any attempt to understand the possible
future evolution of the maize production system should begin by
seeing what would happen if the same patterns of change observed
today were to continue in the future. This is the "business as
usual" scenario, not of course in any static sense of preserving
today's technology but rather in the dynamic sense of preserving
today's evolutionary trends. There can be no doubt that change of
some kind will continue in the future; the gquestion is what kind.
And by projecting present trends into the future, we can establish
a "base line" from which to develop hypotheses about alternative

"paths into the future".

5.1 Base-Line Projections

By applying the "linearization" method to the
time-series data discussed in Section 4 (Table 3), we obtain the
"business as usual" projections of our data on the various forms
of energy inputs used in maize production in the U.S.A. (See
Figure 7.) Natdrally the corresponding trends for other countries
would be somewhat different, but we suspect that roughly the same
general patterns would apply in most developed countries, only the

time scale differing significantly.

Figure 7 shows that if present trends were to continue, then
labor use in maize production would drop to about zero before the
end of the next 20 years while the use of all other technological
inputs would continue growing very rapidly. We see at once that
this "scenario" is impossible, which reinforces our belief that

gualitative alterations in the patterns of change are inevitable.
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Not only is the decline in labor use sure to taper off soon, but
also the growth of other inputs cannot continue indefinitely at
the present rates. As we have already discussed in an earlier
section, resource shortages and high costs will surely call forth
appropriate technological innovations--new technological options
which are not only agriculturally effective but also energy

efficient.

Table 4 shows our base-line projection of energy efficiency
in maize production. This steadily declining trend shows quite
clearly the need for alterations in the present patterns of tech-

nological change.

5.2 Technological Possibilities for Deflecting the Trends

What sort of innovations might we hope for that will improve
the above-described situation? Can we visualize ways in which
current trends in the various structural elements of energy effi-

ciency could be altered for the better?

To begin with, we should note that numerous authors have
suggested specific technological changes which might, in one way
or another, help to solve the overall food-energy dilemma. One
class of options, inspired by the idea "small is beautiful" as
an alternative to the approach (popular in most developed coun-
tries) "the bigger the better", seeks to provide inexpensive ways
of reducing agricultural demand for fossil energy supplies--e.g.,
through increased use of windmills and windmotors, water wheels
and small water turbines, steam engines, motors fueled with gener-
ator gas or plant oil, etc.[7;22;23, pp.61-2] Another set of op-

tions is designed to reduce agricultural energy demand altogether

Table 4 BASE-LINE PROJECTION OF ENERGY EFFICIENCY OF MAIZE
PRODUCTION TECHNOLOGY

1945 | 1950 | 1954 | 1959 [ 1964 [ 1970 | 1975 | 1980 | 1985 | 1990

2.8 2.7 2.6
EE 3.7 3.2 2.7 2.9 3.1 2.8 2.4 - - -
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by reducing energy intensity (e.g., by increased use of manure,
crop rotations, and interplanting, instead of mineral fertilizers
and other chemical treatments; "minimum tillage" to reduce fuel
usage or, alternatively, increased tillage to reduce herbicide
use; etc.).[4;7;24;25; and many others]. Options in this class
typically involve factor substitution (e.g., labor instead of fuel)
rather than true increases in efficiency (by which we mean in-
creases in output from a given set of inputs). Finally, there is
a class of. options which are in fact aimed at improving energy
efficiency per se. Such options include steps to optimize the
efficiency of photosynthesis, maximize the use of plant energy
once it has been fixed, minimize the use of wasteful infrastruc-
tures, rationalize the timing and organization of farm-related

activities, etc. (e.g., [24]).

Let us now reconsider our "business as usual" projections

in light of these potential innovations.

In the case of labor consumption, we have already seen that
the rate of decline is sure to become more moderate. Some further
savings in labor input per unit land will probably be obtained,
however, through further improvement in the guality and efficiency
of machinery utilization, elimination of some steps in the produc-
tion process, etc. Labor use may be expected to decline more=-or-
less asymptotically toward a final level determined by the economic
and agro-biological conditions in the given country. No absolute
increase in labor use is likely until and unless the costs of other
inputs rise substantially relative to wage rates; this we suspect
is unlikely in developed countries in the immediate future, since
increases in the costs of other inputs may well either cause or
be caused by wage increases. And even if factor cost changes
favoring increased labor use were to occur, the corresponding

changes in farm practice would not happen overnight.

We should note, by the way, that changes in the guantity of
labor input are not the only expected influence of labor on the
structure of EE. Perhaps even more important are the guality and
organization of work, particularly the timeliness with which
various production steps are performed and technical means applied,

relative to the life cycle of the maize plant.
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The largest and also the most rapidly growing general category
of energy use in maize production is that of fertilizers, which
must therefore be seen as the first-ranking factor affecting EE.
Economic constraints on the further rapid growth of this trend
will stimulate a more and more active search for effective ways
of replacing industrially made fertilizers with biologically made
ones (through crop rotations and eventually perhaps the development

of nitrogen-fixing maize plants).

Another very rapidly growing. family of energy inputs is that
of machinery and the fuels and electricity necessary for operating
it. The "low- or no-tillage" approach can reduce this kind of
energy subsidies, though of course it imposes new demands of its
own (e.g., for increased herbicide use, with corresponding energy
costs and pollution hazards). The demand for protection of soil
against erosion gives additional stimulus for development of this
option. Fuel and electricity demand will remain high, however,
for purposes of irrigation, since the problem of instability in
precipitation is a serious one for some important maize-growing

countries.
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MANAGEMENT INFORMATION SYSTEMS
FOR SCIENTIFIC AND TECHNICAL PROGRESS

D. Bobryshev, D. Chereshkin¥*

At presacnt, the meanasoment of scientific research in the USSR
invelves a much wider implementaiion of a system apprcach both in
theoretical anglysis of prcblems ag a whole;, and a complex decizicn

O

£ appllisd prodiems in particular. The gystem approacnh to management
.

in the field of science and Technology requires to carry out rococareh
in mary iztercomnected dirzctlions and chould be based on commen prin-
s societys In the Scviedt Uriocn the dzvelcep-

civleog typical to socialiss o«
e

ment of manageme:nt techniques and eysbtems is Lightly bound with sclu-~

ticn of gereral management problemes of all peoplels economy ant heing

€ 8
acconrllished within the crnecliglized progrem foxr fMurther improvemsnz
of managcment of resezxrch, davelcpment and implementation of new vach-

nology

cgram involves the system aral;cls

Trhe gereral concept of the
3

o

of management probtlems, the deve opwent and determingtion of aecision-

-

noking process as well as clcge interaction of decisiong teking in the
ol

glven area and those in cther braonches of the people's economy.

Tiie concept is practically realized through the developmeni of
¥

g number of mutuzlly conne

v

1
ectad measures in accerdence with main geealc
of rescarch gt diiferent le i mernagement system hierharchy in

order to lfOJJdP this managen £ {he whole "research - preduciion -

)
1
[0}

L

L
implementation” cycle of scientific and technologicel achievmesuts in
the pecpleis econcny.

One of main measures to improve the management in science ond
technelogy ic fo viiliue o project managemsnt spproach; Ly this we
4

mean a managcmant aeimed to achieve thz project final goais provic

* Institute of Systems Studies, Moscow, USSR
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that local components of the final goal (corcrete tasks) are 1o be
accomplished in the defined time frames. By nature, the project ma-
nagemeznt i3 complex and demands the use of the system approaczh in
considering all managerial aspects, studying the interconrnection of
individual factors and making decisions only on the basis of factors
mutual effect evaluation.

Now in the USSR the methods of the project management are vwidely
used and we become more proficient in managing production units, fer
example the Bratsk-Ilimsk production complex, etc. The management ma-
thodolegy of scientific and technical projects is especially important
at presant, therefore much attention is paid to its developmenti. One
of the most significant methodological problems is that connecicd with
the research and development of management information systems (ifIStcs).
To realizec main principals of the project management, comprehensive in-
formation necessary for making decision at all. managenent levelg
ghould be available. The preparation of such information, its pruces~
ging and presentation in the form convinient fer decision making ar
the main goal of the M1S.

To develeop MIS*'s the system approach should be used which allows
to consider the problem as « whole, define the infterface of the given
cystem with the others, single out primary components arnd egain inte-
grcte a whole system.

First of ell, main information system requirements should he
highlighted in order to determine its paremeters. The requirements
derend upon data processing procedures at every stage of the project
life cycle, as well as the structure of information used. The life
cycle of any project can be subdivided into thz following stages: goal
definitions, planning and realization. The first stage involves fulfili-
ment of poorly defined procedures, for example determination and dcf
nition of main goals, their decomposition, selection and evaluarvion
of alternative d=zcisions concevrning achiecvement of gosls and resources
required, as well as evaluation of individual projects participonts!
capabilities.

The information used to fulfil these procedures is quelitativzly
expressed and conrected with political, social, economic anrd ecoiogzi-

(U

cal aspects of the discussed scientific project, analysis of funda
tal scientific studies and their further evolution, feasibvility of Tun-
damental studies results and different techrolcgies. The utilization



of poorlv defined informabticn and the necessity of fulfillirs soceisl
procedures fox it
the st(;c of goal definition. These requirements includa:

cessity of contirmicug dsta correction, uge of euperis? cgvi-
mates, subjective estirates Input;

- creatiovn orf specially organizcd deta vanlz, conlaining r25) fact

descriptive materials and addresses whilch show where (i.c. dets
banks of cther organizations) the neczssary informetien ig sto-
Yed;
- posgibility of access to the information addresses of vwhizh are
storzsd in the MIS data bank.

To esatisfy the above mentioned requircmernts the sygtew musi
y q

= previde man ~ machine diglogue,
- provide comuuter - to - computer data fransmi
- hove advancea and adaptive soitware to solve simvle buil sonecig=

'
s
b.‘s-l.&/.l.

lized taskc,

-- have advanced Deripherals To allow access to cowputer for a

ron-nrofessional user,

- preovide rapide calculetvion of many varisuts with randcem slangs

o) varaweter valueS.

It is necessery o peint ocut that at presant MIS'o, vhich ocre in
operavion or being develcped do not {ully mecet these reguircne
wever, the snalysie made defines the qualitative peculiarities o lLe
taken into account in the process of further development and improve-

ment of the current systcemse.

The stage of planning for any prcject supposes the fuifilment of
some prccedures connzcted with drawiegz plans, their cex=zelation a=d
correction, as well ag others vell defined and being corrisd out :low.
Information used &v this stage is usually perfectily definzd and wlizese-
dy documented. The HIS's widsly used in the USSR at the prezanit tir
fulfil prectically all data processing procedurzs st the stage of plan
nivge This stage dces not impose any cpecific demendes upon a MiS. ZTher
fore computerized informatiown systems find wide wpplicavion ia the p

cecsg of planning most of scientific projects.

It ic more diffisult for a MIS To fulfil prccedures at

t
realizetiocn- staze., Yost of them arz well known, defined snd carried oun
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by mary ISts.

Tiie fulfilment of data precezcing procadures at the stozus oFf
planning and realization is rather simplz in case of rroject ucnuge~
ment within a singla buranch of the peepl
difficult when appiied tc interbrench sc

Under such cenditions the procedures of interbrancn cooxdiinaticn ond

e's cconomy but beccmes mora

ientific and technicali onrojecis

interaction or, in other words, the procedures of correlativa of indi-
vidual participants' local goals with the project glcbal goal sre of
great importance.

To accomplish thecse procedures it is nececsary to develcp o sat
of models, which make it possible to manage project planning anil rezs-
lizatior by coordinating local goals.

The propoged set of models (¥ig, 1) includes four mutuelily cone-

.
orade -y
‘vl b Ca

e

nected models, each of which is intended to soliwve ¢
nlng data processing and useg one of data basec.

A data bank includes planning ascsignments for =sach porvic?
(local goals), paramevers of main overations carried wit accorains to
the program and their mutual conneciion, directives (global goz
rameters of parviciparts! resourcss and indices of thelr currcent acii-
vity. The graph of projcect gtatus muiuwal conuection iz g muliigraph,
which refliects the project global goal as well as time asnd indices
tiey between every participani's assignments and fthe global gozl. T
time cross-section of the multigraph is a two-dimension mode:
ticipants' interaction at a given moment of time. Thise gSwavh is cluse-
1y bound with a model of dynamic status chenge, whica is intended {o
organize initizl information, select indices charactexizing inter-
branzh ties and form a se® of indices necessary to define managensut
effect. The model status i1s corrected on the basis cof the goszl m\tual
ccninecticn characteristics, received with the help of rult 1gragg oralelcire
section.

A model for management of interbrarnch ties, using the set of indi-
ces, generates control signals for redistribution of resources anonng
participants to correlate their goals with the project final goal:
Feasibility of decisions made is verified by a simulaticn modcl which
refiects the organisational structure and the associated economic m

e
chanism., The received correcting signals are directed to the gropir of
project status mutual connection and the model of managrment vhus al-
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Jowing to make a new vracvical decision.

4t present thisc set of models has been developed into computer
programs. The u=ze of the sel of models for information systems per-
mits to provide effective management at the stages of planning and
realization of scientific ana technical projects in which a great num-
ber of participants subordinated to different organizations take place.

|
”’4 L at a bank
l

1 v

Graph of project Model ¢of dynamic
—— stztus mutual con- status change

nection
ticdel c¢f menage- itodel ol organi-
ment of infter- ! sational structu-
tranch ties —P— e
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LONG-RANGE GOAL-ORIENTED RESEARCH AND DEVELOPMENT PROGRAMS
AS AN OBJECT FOR TECHNOLOGY ASSESSMENT AND SYSTEMS ANALYSIS

Ryszard Wasniowski*

I. WHAT IS A LONG-RANGE GOAL-ORIENTED PROGRAM?

Nowadays programs are of increasing importance. They have
great potential impact on socio-economic development, but the
magnitude of the resources engaged (financial, material and man-
power), the high cost of failure, other possible negative conse-
qguences, together with many other problems concerned with their
realization, require that the formulation, management and evalua-

tion of programs be placed on a scientific basis.

First we must explain what the process of programming is, and
how to define a program. There are many definitions in the litera-
ture, and many papers concerned with this "problematique". In our
opinion a progrmaming process 1s a public process of choosing among
plausible alternative futures and incorporates the following five

procedural steps:

-- conceptualization of alternative plausible futures,

-- presentation of plausible futures to the public,

-- public debate of the alternative futures, pathways to
achieve them, and possible long-range consequences,

-- public selection of a desirable future and of pathways
to achieve 1it,

-~ a monitoring process whereby the movement toward or away
from the desired future can be ascertained through proper
ecosystemic indicators with corrective steps taken in

time to affect the outcome.

The conception and implementation of programming form an inte-
gral and most important part of the process of consciousness,
rational and creative action and future development., This process
may be conceived as unfolding in the interaction among four activi-
ties: (1) futures research, (2) programming, (3) planning, (4)

action. A framework of this process is presented in Figure 1.

* Technical University of Wroclaw, Poland
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Figure 1

A progrzrme io an crd of the procrer—insz procegsge. Feor the pur-
poge of this paper we will use the folleiing dcocripiicne

By the toro "long~-ranco gecl-crionted precren® wo ghall dencto
en integrated ccoplex of uvrderiakings warrcnted by en adegquato cz=-
ganizational capacity erd recoourceo, loedinz to the achieverment, in
a long-ranze pericd, of a definito concreoto goal or a ceaplox of in-
terrelated goals. Cozl=-oricnted prczrau:ing inclrdoo a goal devolep-
eent phaso, yot little corcrcto irforcation io cvailable con thig
subject in tho progroring literature. Incur opinion, geals cen bo
viewed as having at locot two major functiong for progcren realizass
tion: thoy can fecilitate the eyotema evelvation and the cyoten
control.

As goals play such &n importent role, we need some toechniqueo
to formulate them. Expsrience has shewm that there are benefitc of
technology forecasting helping to gencrate and recognize goala., Ve
do not went to talk about TP tochniques nov. It was Jentech, who,
fhrough hig OECD publications gave the touchstone of status to TF
including its application to goal formulatione. Fig. 2 shows the
process of transformation of forecasting information into programs
and levels of management.

We shall distinguish the following scopes of programs:
- international cooperation programs,
- governmental programs,
regional progrems,
- corporation programs.
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Set of all possible
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Set of all real gogls
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Levels of managemenl‘t
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The problems of formulation and realization of long-range gosl=-
~oriented programs from the first group have recently come into fore
in the field of international scientific and technical cooperation
at the global scale and within the framework of such organizations
as CMEA and EEC. Formulation of thege programs is not a new phenom-
enon in international cooperation. In the course of the last few
years many attempts have been made to develop international scien-
tific research. They aimed at full utiligation of scientific and
- technological innovations, the introduction and diffusion of which
exceeded financial resources of a single country.

II. VHA? ARE THE PROBLEMS OF PORMULATION AND REALIZATION OF FROGRANMS?

In order to gather concrote expcrionco on the roalization of
R+D progrens, the author made tho analyois of the follcring progremss
1. realizod at the Technical University of VrocZaw [16], 2. roalized
at tho national level, 3. realized in the framowork of international
cooperation [@ , 11]
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The following problems were analyseds

- mothods of goal forrmulation in progrems,

- methods of decomposition of global goals into subgoals,

- scope and ways of utilization of forecasting information to
goal sotting in programs,

= interrelations between goals, methods and funds allocated for
the goal achievemsent, |

- regearch effectiveness evaluation methods, methods of goal
agsgegssment from the viewpoint of results obtained; range and tech-
niques of gosl updating,

- = formal recommendations and reasl operation of programs,

-~ interrelations between the goals of scientific development,
national, and supranationdl goals,

~ impact of decisions made by management centres and performers

on goal achievement.

Information about results of the analysis of the firat group
was published in [16] . Lét up discuos some problems that occur at
the international lovel, and in particular - wajor difficulties met
by international institutions, and pooolble ways of ourmounting them,

The onalysis of national resoarch programs allows to make tho
following statemants: ‘

- nunbor of inptitutions dealing with roogearch programs, number
of roecearch topics end of the otaff involved in them is comotantly
on the incroase; .

- exchange of information between participants in the realization
of national progrems cannot be considored ac satisfactory sinco it
is beirz done mainly in the form of publications in scilcntific pe-
ridicals, by peroonal contacto at conferoncoo and syopoola, which
réaults in considerable deleys of the diffvcion of information. Thiso
gap io widened in ccoo of cnlergerant of tho scopo of rescarch con=-
ducted. The over incroasing nurbor of ocicntific publicatioro cor-
plicatea the gecrch for information neceded erd ccusop vnneccocery
overlapping of sciontific reoulto. The asttenpts to organizo inter-
pational data bopko bhave not beon gucceoofl go far;

- worltg dealing with slmilar roocecarch problems conducted in va-
ricus countrieg ero difficult t¢ compere oginco thore are no cormon
evaluation criteria of ocientific echicvement,
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Generally, two major typeo of intornational cooporation can be

digtinzuished:

~ organization of common research undertakings /laboratorieo,
experiments, scientific staff, etc/;

- foundation of common research coordination centres /information
exchange, exchange of scientifie gtaff, etc./. -

The latter form, i.e. international coordination centres have
beon developing very rapidly in recent years. They are a wulti-later-
al form of scicentific and technological cooperation enabling multi-
plication of benefits obtained, as comparod with bi-lateral coopora=
tion. On the basis of mutual agreoments dbetwoen the parties intercs-
ted, coordination centros perform a function of coordinatore in the
procegs of development and realization of cooperation programs in -
spedfic disciplines pelected by those partieag.

Let us consider now main problems of formulation and management
of programs: .

1. Goals are indigenous to many programs but thelr function and
etructure is often not explicit,

. 2¢ Any R+D program has uncertain outcomes in terms of the degree
of success in meeting program objectives, time and tost overruns,

3. Usually the program contains some program areas. Each area
containg many subprogram areas. The number of subprograms is likely
to be in the hundreds, .

' 4. Usually it is difficult to evaluate the gocial value of the
R+D and long range impact on the society,

5. Realization of R+D programs is highly complex. In addition
there are at least two groups of people involved in decision-making
researches and managers whoge requirements and etandpoints are dif-
ferent but whose needs must be met if the objective of the program is
to be achieved,

6. A hard look at the llterature ghows that there is no adequate
methodology for comprehensive evaluation including technology assess-
ment for long-range programey

7. Usually program is reslized in cooperation with many institu-
tions, on local, national and international levels, so problems of
coordination and communication occur,

8. Factors making common research difficult are:
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different development levels of resgearch activity,

differences in the social systems,

ineffective information exchange.

I1IT. WHY IS TECHNOLOGY ASSESSMENT NEEDED?

Some years ago, the rapid growth of scientific advanceg and
technological innovations was vicwed by many people g3 the promise
of the good life. Today, while science and itechnology is atill rc-
cognized ag the foundation of societal advance, there ig & rising
and vocal concern about the unanticipated social costs of various
technological achievements. There is increasing public recognition
that societal problems are becoming more complex and that the accel-
lerating rate 05 social change is creating shock in the culture, val-
ues and norms. here is also increased rocognition that some tech-
nologies have pfovidéd important ncw benefit to selected séctors of
the society, but that these benefits have been costly to the others.
Of course problems related to changes in technology are by no means
identical for all countries. Whet isba problem now for some countries
1nay be perceived as a desirable-goal for some other couniriesg. For
example, some countries are suffering from the "euccesg® of their
industrialization and resource dépletion, wvhile other countries are
gtriving for industrialization, having accepted the fact that indust--
riaglization means their countries will be polluted.

Increaged public awareness of the accelerctinzg rate of social
change and role of technological change in generating uvnwanted go-
cietal side effect has provoked widespread demand for improved mech-
anisms to forecast, masnage and control new technological initiatives.
Technology forecasting and technolcgy essgsegsment are mest promising
approaches to respond to this decwmand,

The definition which has achieved the widest acceptance is
that TA is a class of policy studies which gystematically examines
the effects on society that may occur vhen a technology is intro-
duced, extended, or modified with special emphasis on those conse-~
quences that are unintended, indirect, or delayed..

Pechnology assessment is a relatively new concept which offers-
opportunities for improved decision-makinge. It has nowadays many
advocates and also obtstacles for 1ts implementators.

It enables decision-making to consgider cystematically the known
options and to artrive at conscious gocial chaice about future tech-
nologieal developuents - to encourage them, to discourage them,
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to modify them, to prepare the institutional infrastructure for then,
or to block them when appropriate.

Perhaps the principal reason that TA is confused with other
technology studies /e.g. alternative technologios, evaluation of
research, science indicators/ is that TAs are not characterized by
a unique methodologys It is rather a  set:of -analytic tools and tech-
niques /e.g. crosséimpact analysis, dynamic modelling, factor ana-
lysis, relevence tree, scenerioa, Delphi/ derived fron differcnt
fields.

In practice tho spécified method selected for cn coocoscmont is
determined by the characteristic and expocted applications of the
gpecific object to be agsossed. Thus we will receives technology=
oriented, problem-oriented, program-oriented, hardwerc-oriented,
goftware-oriented- orgwvare-oriénted Technology asscoomentse

From the viewpoint of Technology Menagement System /Tms;Dobrovéij/
program can be analyzed ag a egystem consisting of a sot.of technical
wmeans - hardware, methods and procedures to use those means effect-
ively - software, and a gpecial organization = orgware,

‘Society

--p| Technology Assessmen{]"“"'*= Policy

.

ong-range Program

Fig. 3 /Source EZy

In practice, program-hardware-software~orgware-oriented TA can

be realized in following steps: N

-~ definition of the program,

- identification of hardware, software and orgware as parties of
interest,

- examination of impact =md  consequences,-

- analysis of policy options.

To be effective, TA should be included to a different scope of
programg, e€.g. as international agreements for intermational pro-
grams, to state policy as for governmeptal progremg, to regional
policy for regional programs, and to corporate planning for corpor-

ate programse.
If a long-range TA program is done too soon, necessary informg=-

tlon may not be available and results may be taken =a gospel, thus
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evopping program development of the problem ssoosged. If TA is donc
©o0 late, the opportunities for public policy intervention may be

limited. If possible, Project TA should be performed prior to pro-
gratm,

—1 New technology generation
/Scenarios/

[

Chosen new technology

Technology Assespment
of a'new technology
/conputer conferencing/

Publication with benefit
and congequences

Poiicy advisers

Implementation of
a new technology

Fig.éf. A diagram illustrating activities and their sequence rela-
tionship, and contrql loops in the total process of TA

Currently, computer conferencing is being used as a tool for TA
Computer communication 1s a new communications technology which will
affect the efficiency and quality of decision-msking process of TA
within existing groups and institutions. The uvnigueness of this form
of communications end the convenicnce offered esuggest that 1t will
‘ ultimately have significant impacts on A development.

IV. WHY IS SYSTEMS ANALYSIS NEEDED?

Ugually program contains many subprogram areas which complement
and supplement each other and must be coordinated to maximize the |
expected degree of success in achieving the overall progrem objecti-
ves within given time and budget constraintg. lloreover, program mugt
be viewed as but one tier of a larger structure of overall national
system. Thus the program is a subsystem in a larger system, and the
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program jtself contains many gubsystems.

The golution of complex problems connected with the field of
formlation and management of research and development program re-
quires a complex approach. Such an approach can be worked out with
the help )* systems analysis.

The Forecasting Research Centre at the Technical University of
Wroctaw conducts studies based on the systems approach and aiming
at the developmant of methodology of program formulation. Some of
the results obtained can be applied also to cooperation programs.

Since we use the systems approach, we shall start by introducing
some concepts inherent to the syatems theory.

- The systems analysis approach to the study of a problem or a
gituation involves considgratioh of many interrelated features of the
problems simultaneously rather than the study of each facet in isol-
atione. '

This apoiroach embraces in particular: formulation of the global
and local gcals, exact analysises of the gtructures of research ob-
jects, defirition of factors determining the conditions of programn
realization.
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A general procedure of the prokram development including the
gystem techniques is shown in a diagram below.

1. Identification of global /world/ science and tech
nology development objectives '
2. Formulation of alternatives of research goals

GOALS '
3. Construction of goal tree

S POUNRT. S

4, Setting of goal priorities

Se Acceptahce of specific research objectives

1. Creation of an organizational structure for pre-
paration of a project

PROGRAM 2. Development of program alternatives
' 3. Selection of international cooperation programs

1« Coordination of programs and national plans

PLAN 2. Inclusion of program elements in national plans

1. Creation of centres controlling the program

REALIZATION realization
2. Control of program realization

Diagram 4 )
Since the range of information is very wide, construction of

a program information system can be useful here. Each of program
executors should have access to the sygtem, and should systcmatically
transmit information about his results; he should also have access to
information about scientific recsults of all other contributors to
the system. The author ‘8 rights should be warranted in the process
of information diffusion. The information centre should employ itse
own experts on methodology, which should enable the development of
most degirable lines of research. i

Formulation of complex programs requires the possession of
complete information about the mechanism of the system'a control and
about principles of action to be adopted by the top menagement of
the programn. In practice, both these conditions are rarely satisfied.
It is not always possible to build the graph of the program. Never-
theless, one should always try to delimit thoae program blocks where

full information is available. Realization of the program can be
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started by this divieion. It is essential, however, that these sub-
rrograms facilitate the achievement of the superior'gdal of the
whole program. In that case we have to do with evaluation goal-pro-
cram methods of control. They can be called so if the ultimate:goal
ig defined only in heuristic way, and is being successively deter-
mined in the course of prdgram realization,

The main task, therefore, is to define where and to what extent
research should be écveloped in order to ascsure the achievement of
the global goal. The first step would be to determine the depgircd
state of research in a given discipline within specific time inter-
val. PATTERN nethods are helpful in the congtruction of a goal tree.
The second step ig to determine a set of individual actions /see
Diagramzl.' It follows from the diagram that in formulation of a loig

range program3j essential role is played by computation techniques.
r
[ Making a list of topics in

coordination program

Determination of interrelations

1‘1

between topics with help of experts

¢ -

Optimal division of topics L
into groups of problems '

s

Determination of priority issues

¢

Evaluation of groups of problems
by experts /goals, funds, etc./
- )

-+ Asggesggment of costs of program

o

Select on of program alternatives e
by international commisgion’

{  realization

B o o ey

Design of a project of program realization [,

4

Program realization and

realization

publication of results

1

Diagram 2/
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The pre:tical experience and the above discussion prove tnat

almost every practical congideration of R+D progrem formulation, re-

alization arl evaluation can be illuminated by come existing gysten
concepts anc techniques. Some of such techniques have been developed
and improvec in FRG. Ve present main of thcm belowe. /D\‘WS/

lethod
algoritam

Utilization

Application

1 Scenaria

Improverent of the g6a1

At thc stese of

—

the like

generation gsclection process “Iprograp formulation
2 | PATTERN and Evaluation of veriante of |Trec of goals
the program's goals

3 Experto ”
opiniong

Revelation of the cxpertsa
opinions

]

Definition of goals
Forccasto
Sclcetion of projecty
Choice of pcrformorg
Evaluaticn of goal
achioverant

4 Mathematicel
programmning

Detormination of optimal
solutions with meny
variables

Sclection of project?
Choice of performcro

I

5 No tyrork
analysis

Dotermination of minimunm
time ard cost of programs

Programs whopoe durg=-
tion can be esgegocd!

. !

6 Allocation of
recaources

Improvemens of material end Programs with defi-|

manpowor rcgource allocatior

ned realiz, netweric

7 | Planni=g of
experinents

Optimization of experimen-~
tation proccdures

Progrema requiring
experiments

8 | Optimization |

Optiméz-decisioh—daking

Programg that can be
eveluated quantrz%fy

In the author s opinion,

DJQ/ 3.

rom the standpoint of long-range R+D

programming, there is a greater need of devoting our efforts to the

integration of exisiing system techniques than to further investiga-

tion of particular techniques.
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This process can be realized with the help of computer confe-
rencing, among other methods. Computer conferencing differs much
from other available communication forms such as face-tqface conver-
sation, letters, and telephone, that it may ba termed a new commu-
nication media [12].

Computerized conferencing most simply involves a group of
people to comunicating by typing into and reading from computer ter~
minals, rather than by speaking and listening. Such conferences may
be asynchronous, this meaning that the participants are actually on A
the system participating in the discussion of times - of their own
chooging, with the computer supplying each participant with every-
thing new that has occurred each time he or she sings on. Thus such
conferences may stretch ovef days,.weeka or even monthse.

One of the msajor research efforts in the computer conferencing
ig a large scale field experiment. This involves the development of
an operational computer conferencing system for invisible colleges
of scientific who are currently doing research in the pame special
area.

It is a multi-goal system. The most important of these goals
ares goal of scientific development, goal of development of research
programs, and the gbal of development of specific scientific teams

. Since those goals are not necessarily concommittant, a prob-
lem of their harmonization and coordination arises in order to enabk
effective operation of the whole system. Optimal performance of the
gystem can be achieved, therefore, only by means of goal coordina=

tion [}].
& ‘ o] & chye J"e\c«ow;? [53
wwve Were ex a %/OW +u ke @meq
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A general scheme of computer conferencing im prosented in Pigér

Conference Manager /Orgenizery

v

COMPUTIER

R+D Team
or individ

Teletype

R+D Tecam
orAind.

Toletype

Fig. 4

The author views in computer conferencing two possible roles
in group decision-making. The simpler role is that of opinion msna-
- ger in the sense of keeping track of all individual end/or group
decisions and, perhaps, of reminding the participants in these deci-
sions if they make contradictory statements later in the discussion.
On a more gsophisticated level, the computer could serve as a quest
expert which could include asgegsing of data bages, making preditions,
and construction of simulation models. There are also some drawbacks

R+D Team
or ind.

Teletype

in using a computer, but it should not annoy the participants in a
long-range program, gince practically each recommendation of the
computer is controlled by the experts in a given discipline and in
the systems analveise A closecooperation of man-machine type, rea-
lized in the framework of a long-range program development creates
the possibility of feed-back for reinforcement and warrants the
succegsful realization of the program.
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MATCHING TECHNOLOGICAL OPPORTUNITIES AND MARKET NEEDS

Derrick F. Ball*, Denise Miller*, Alan W. Pearson

Introduction The literature both academic and popular contains many papers

all of which have argued, that at various times new technologies were going to
make major penetrations, often on the basis that they had characteristics which
would satisfy important market needs — both on the grounds of providing personal
satisfaction and also by filling gaps which could not be met adequately by
existing technologies. Important examples include synthetic tobacco (1),
accelerated freeze drying for food products (2), poromerics and synthetic
leathers (3), and high fructose syrups (4). 1In all these situations the large
market penetration forecasted has not occurred, yet in many cases people are
still saying that the market or need still exists. The reasons for this difference
between actuality and expectations are not always easy to identify but some
general features do seem to be common. Examples of these are: the new technology
_1s not good enough, the costs are too high, the marketing is inadequate, and

the old technology improves. In most cases large amounts of time, effort and
money have heen spent, big companies have been involved and these companies

have been forced to withdraw from the area through lack of success. This
suggests that some apparently obvious market needs are not easily met by
technological innovation. This is well illustrated by the case study presented
in this paper which clearly shows how changes can occur over time which influence
the success or failure of a particular technological approach. It also indicates
that it is useful to pay particular attention to market segmentation at the

outset of any siguificant new technological venture.

* University of Salford and RED Research'Unit, Manchester Business
School, UK
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In this paper the case >f single cell protein (SCP) is considered and the
extent to which the technology matches the needs is examined. Particular aspects
discussed include the process technology, the energy requirements and certain
social and political aspects relating to acceptance of single cell protein.

The world food shortage has been with us for many years and one of its most
serious components is protein deficiency. Proteins consist of a special com~
bination of amino acids - the building blocks of life. These can be deri?ed in
the diet, either from animals as in more affluent societies or from vegetables
as in poorer countries.

In 1959 a division of the British Petroleum (BP) in France found the means
by which veasts could be grown on oil by-products in a commercial process and
then harvested for their protein. The idea was not entirely new as it had been
tried as an animal feed supplement in Germany in the 1914-18 war and by other
countries including the USSR during the 1939~45 war. However neither the
technology nor the product were satisfactory and it was not until the break-
through by BP that SCP became possible. Since then there has been an ever
increasing interest world-wide.

Process Technology Single cell protein can be harvested from four types

of organisms i.e. algae, bacteria, fungi and yeasts. Specific strains have the
property of being able to utilise unused carbon compounds as food sources
ranging from agricultural waste to sewage, oil etec. Not only can this be used
to give added value to unwanted by-products but the process has the advantage
of a very high mass doubling time under optimum conditions, is independent of
sun, weather, soil and water and the final product differs from normal crops

in that it is of constant quality and the volume of production can he carefully
controlled.

The essential features of process technology are the design of an efficient
reactor, the determination and control of optimum operating temperatures and
pressures, the separation of the products of reaction, the economical use of
energy, the avoidance.of hazard and the appropriate choice of construction
materials. However biochemical reactors differ from traditional chemical reactors
in a number of ways. These include the complexity of the reaction mixture, the
increase in the mass of the micro-organisms,-the ability of the micro-organisms
to synthesise their o:m catalysts, the mild conditions of temperature and pH,
difficulties in maintaining stability, restriction to aqueous phase, and low
concentrations of both substrate and products.

Large scale production of SCP is a relatively new technology. The main

featurcs are showm in Figure 1. In protein fermentation processes the essential
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elements for the growth of micrc~organisms include carbom, hydrogen, oxygen,

nitrogen, phosphorus, magnesium, potassium and sulphur plus certain trace

elements. These are provided in the fermentor where it is essential to supply

sufficient oxvgen for tle organism to grow and frcm which the carbon dioxide

must be expelled.

Air  Ammonia  Feedstock Water Minerals

b

v
[
1

Sterilizers

Fermentor

Separator

Dryer

Storage

Figure 1 SCP production

On a laboratory scale

it is relatively simple to supply the micro-organisms

with the necessary nutrients including the oxygen, and to remove the carbon

dioxide produced. However
encountered. As oxvgen is
of replenishing the oxwgen

an aqueous solution is, 1In

on a large scale considerable difficulties are
only sparingly soluble in an aqueous medium a method
supply must be devised. The solubility of oxygen in

fact, so low that if the oxvgen supply is cut off the

dissolved oxygen rould be exhausted within a few seconds. Accordingly for

aerobic cell growth the fermentor is usually designed to maximise the rate at

which oxvgen is transferred into solution and to try to minimise the power

requirement for achieving this.

The earliest large scale fermentors consisted of large cylindrical tanks

with air introduced at the

base. This design was soon modified by the use of

impellers to increase the rate of mining and to disperse the gas phase. When
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air is sparged (blown) into the base of an aeration tower at low gas velocities
the bubbles rise freely at their terminal rise velocities. The velocity of the
gas phase with respect to the fermentor wall is then simply thé bubble rise
velocity. Upon increasing the air flow rate the velocity of the gas phase
remains the same and the void fraction increases linearly with the air flow rate.
Initially, therefore, the oxygen transfer coefficient is a direct function of
the air flow rate. Once the void fraction reaches about 0.1 the spacing of the
bubbles becomes close enough to bring about an upward flow of the liquid as the
bubbles ascend the column. This 1s because bubbles ascending the column tend

to push the liquid in an upward direction. Since there is no nett flow of the
liquid phase through the column a recirculating liquid flow pattern results with
the maximum upward velocity at the centre of the columm and the maximum downward
velocity near the wall. This tends to concentrate the gas phase moving upwards
at the centre of the column where coalescence of the gas bubbles is induced.
Furthermore the recirculating liquid flow pattern causes the gas phase to ascend
the column more rapidly. The nett result is a tailing off of oxygen transfer
coefficient at void fractions greater than 0.1. At high void fractions
coalescence in the gas phase leads to the formation of large bubbles. The outcome
is that high gas velocities rarely create high interfacial areas for oxygen
transfer.

The above considerations have led to a number of novel fermentor designs
aimed at increasing oxvgen transfer rate and/or decreasing the power requirement
for agitation and aeration.

The airlift fermentor consists of an outer columm with an_inner cylinder
called the draft tube. For normal flow, air is sparged into the base of the
draft tube which leads to a recirculating flow pattern. As the sparged air
flow rate is increased the liquid flow rate in the circulation loop increases
and bubbles entrained above the draft tube are carried down the outside by the
flowing liquid. The result of this is that oxygen transfer takes place
throughout the whole system.

An alternative to increasing the agitation is to increase the oxygen pressure,
although this increased pressure tends to impede the evolution of carbon dioxide.
However this problem is overcome in the ICI pressure cycle fermentor shown
. in Figure 2. This consists of a tall bubble column the height of which allows
significant hydrostatic pressure at the base. As a result the absorption of
oxygen from the air supply is promoted by the high pressure in the lower regions
of the column and the desorption of carbon dioxide is aided by the low pressure

in the upper regicns.
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Figure 2. The ICI pressure cycle fermentor

In fermentation processes it is essential that the system is continuously
cooled otherwise the temperature rises to an unacceptable level. At high
production rates a considerable amount of low grade heat is produced. This
arises from the heat produced in the chemical reaction itself, the mechanical
generation of heat during agitation and the heat generated in compressing the
air fed into the reactor. The amount of heat generated is too high for the use
of jacketed vessels or internal cooling coils and it is therefore normal to use
an external cooling circuit. This can involve plate heat exchangers, or
refrigeration systems with pumps capable of handling an aerated aqueous medium.
An cffective way of developing the technology would be to increase the operating
temperature in the fermentor by say 10°C. This would have a significant effect

on the cocling problem and may avoid the use of refrigerated systems in warmer

climates.
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In addition to the fermentor itself there are other items of equipment.
Both the gaseous and liquid feeds need sterilisation. Gas sterilising filters
are commercially available but because they consist of a multitude of individual
filter elements fitted onto a base plate there is some doubt about their suit-
ability for this application because of the large numbers of joints involved.
Accordingly BP have designed a single unit which utilises glass fibre filtration
and which overcomes the disadvantages of the conventional gas sterilising filter.
Conventional heat sterilisation can be used for the large flows of liquid feed.
By the use of heat exchangers and steam heating, sterilisation is achieved by
holding the feed flow at the required temperature for several minutes.

The final product should be in the form of a dry stable powder. Since the
fermentor broth has a dry cell weight of from 1-57 the removal of up to 99 kg
of water per kg of product is required. In addition any unreacted feedstock
must be removed. This latter can be particularly troublesome when the feedstock
is in a separate phase (e.g. 0il), The single cell protein has a density only
a little greater than the aqueous medium in which it grows. The sedimentation
rate under gravity is therefore slow but separation can be achieved by centri-
fuging. This is preferable to filtration since it is not easy to maintain the
high standards of cleanliness required with filters. Following mechanical
reduction of the water content down to about 207 the remaining moisture is
removed in dryers or evaporators.

The industrial production of SCP requires a lot of energy, and in a world
where energy considerations are of increasing concern the high energy requirement
of SCP may limit its use as food. The energy requirements for SCP production
have been calculated by Lewis (5). He uses the concept of Gross Energy
Requirement (GER) which. is the amount of energy source of sources which are
sequestered by the process of making a good or service (6). This is usually
expressed in mega joules per kilogram (MJ/kg). The GER from SCP production from
six different substrates is shown in Table 1. The high GER's when hydrocarbon
or hydrocarbon derivatives are used as substrates are due to the large GER's
of the substrates themselves. This may limit the use of hydrocarbons and
constitute a reason for concentrating on processes based on carbohydrates or
wastes which are much less energy intensive.

Actual energy breakdowns are discussed by Lainé et al (7). Excepting the
chemical energy of the feedstock the major energy inputs are the power needed
to drive compressors and the fuel for the dryers. Power for fermentor agitatdrs
is a smaller proportion of total energy requirements. It is possible that energy

savings could be made by the use of improved technology. This could involve



-138-

improved reactor design, the usc of chemical biocides instead of steam for
sterilisation, operating at a higher temperature to reduce refrigeration require-
ments and the use of additives to reduce the energy reeded in centrifugal
separation. It is difficult to envisage economies at the drying stage but it is
possible that lower grade energy such as solar radiation could constitute some

of the input.

Lewis (5) also presents data on the land ahdllabour requirement for SCP
production. In terms of land usage the large scale production of SCP from hydro-
carbon or hydrocarbon derivatives is over three degrees of magnitude more
economical than production from carbohydrates:where crops have to be grown as
raw material prior to processing. A similar disbarity occurs in labour usage
where large scale SCP production from petroleum and derivatives uses only one
seventh of the labour per unit weight of product when compared with a smaller
plant using waste materials.

However from an energy point of view the most attractive substrates remain
the carbohydrates. This points to an increased utilisation of genuine wastes
and a greater use of molasses even to the extent of growing more sugar cane.

The GER for beef is 61 MI/kg and therefore for all but one of the processes in
Table l it is enefgetical]y unsound to manufacture protein for feeding to animals
to be consumed by man. These considerations together with a soya meal price of
about £79/tonne bring into question whether for the third world more conventional
agriculture will prove to be a better solution. The major advantage is low

land usage arising from the very fast production rates and also substantial
economy of scale in labour costs.

For production of SCP from paraffins or gas oils the plant size will be
determined by the size of the refinery and feedstock availability. The appropriage
scale index of 0.8 gives significant but modest economies of scale. The
relatively high value presumably reflects the extent to which heat transfer
operations contribute to the capital cost.

In some countries tiie individual items of equipment are close to the maximum
unit size for a relatiQely small plant. The result of this is that for larger
plants replication of units is required with economy of scale limited to savings
on land and structures. For the largest plants, in particular, the effect of
interruptions in electric power supply should be considered.

It is noteworthy that a major sugar company is pushing the concept of village
level SCP systems to handle distributed agricultural wastes. This uses systems '
constructed of plastic emploving cheap local labour and operating at about

3 tonnes/day.
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Problems of nutrition - animals vs humans In the early days of SCP work,

up to the early 705, it wvas a'~ays hoped, and almost assumed, that SCP should
be directed for human use and to help the third world in particular. However
more recent experience has shown that there are far less digestive problems with
animals than man, let alone any sociological, political or acceptance problems.

The first thiég that must be done is to find out if the SCP is toxicologically
safe and nutritionally adequate. So far all the tests on animals have proved

satisfactory. Often these tests included comparisons with other protein supplements

such as soya, fish meal, etc. and again there were no adverse effects. Long-—
term feeding tests on Toprina (SCP from o0il) have shown the absence of any .
carcinogers and this 1s currently being widely used. At present the levels of
SCP 1in an animal's feed are set by government regulations in most countries,
but the experimental eQidence'shows that these‘could be increased without any
111 effects. _

There are three directions that could be taken to increase the use of SCP
in animal feed. First is to just extend the current levels; second is to use
génetic engineering on existing strains of SCP to modify characteristics to make
them even more.suitable to particular livestock; third, breed selected livestock
which respond best to being fed the existing SCP.

Feeding SCP to man has run into a lot more problems, mainly physiological.

The initial constraint is even more stringent tesfs for toxicology etc., especially
if the substrate is biological waste from animals or from crude oil. The most
important obstacle so far has been the range of gastrointestinal complaints in
feeding studies. Some people seem particularly sensitive to SCP and get violent
reactions even when it is removed from their diet and then re-introduced.

The other problem is that blood uric acid can be elevated causiﬁg in some
people gout or stones. This does not happen in animals as their digestive
pathways are different,

The quality of SCP source does vary, Bacteria, at present, seem the least viable
source for humans due to protein quality and digestibility. Yeast, particularly
Torula yeast, gives few pathophysiologic reactions although extensive data on petro-
leum grown species is nat yet available Other fungi may well be a more promising
prospect. When considering feeding SCP to man the other important eonstituents of
food must be considered particularly minerals, vitamins etc. The future,.then,

seems to be directed at SCP for enriching of focd rather than a food on its own. Many
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people are digestivoly scasici~: to a number of common foods, that we already
accept widelwr and would wot think ~f banning because a small percentage of the
population couldn’t eac them.

Some rrave of incorporating SCP into human foods There are already a number

i ‘ney prutcins' being used in human food,.e.g. Texturised Vegetable Protein (TVP),
and it is ielt ti:rat accentance of SCP will depend largely on their acceptance.

The most efficlent way to utilise SC? would be to use it directly in human food,
but people do not eat on the basis of need and nutrient alone, therefore there are
& numper of ways in which SCP can be incorporated into food, either as a major or
minor component. 7Tt has three major nluses: 'First, for nutrients, second for
tlavour or colouring, third for its functional properties such as a surface active
agent; other surface properties, as a structure orientating agent in thermosetting,
extrusion or spinning; to affect structure orientation to use it as a major
ingredient (cosgulation. rheological properties, spinnability); or as a filler.

All these indicate that SCP can be made into attractive food for the human
consuner, extrusion and as a filler being the most economically sound, but it is
acceptance by the consumer that is paramount.

Marketing SCP and its competition There are two main markets at which

human SCP can be aimed. These are in developed countries, and low income countries.
“arketing for anical feedstuff is much more basic and relies on govermment
regulations and price, while for humans presentation is also very important.

Price will be a verv important factor, especially for institutional food such
as in schools and hospitals = possibly as a meat extender like soya. However a
mere attractive name seems necessary.for more sophisticated markets, and even
with goverument approval marketing would be very hard as the source of the protein
sounds so unattractive. Typical examples of the force of the consumer are Japan
and Finland. 1In Japan they have forced the closure of the industry with scare )
talk of carcincgens as, the subsﬁrate was.hydrocarbon. In Finland the reverse
happened, as there was an acute protein shortage for animal feed and the governmment
wanted tomnimise imports.

With low income countries the major problem is adapting technologies to
exlsting tastes and dietary patterns, as well as to a low income. Often the
planner's approach to cure malnutrition ignores the human aspect. Most of these
sroblems have already been documented with the introduction of other 'mew proteins’
To summarise this part, SCP must have an image of safety, government backing and
good mas: media cormunications before 1t can even begin to succeed.

There are a number of other unconventional protein sources. These are:

a). Soybhean protein concentrates
5)  TVP (textured vegacable protein)
o) Rapeseed cake

d) Fish protein concentrate (FPC)



e)
£)
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Cottonseed oil
Whey concentrate, etc.

However, the most important of these are soya, and fish meal. Saya can be

affected by the weather and fish meal was recently scarce due to the non-arrival

of the anchovies off Chile which makes the idea of an independent protein source

attractive. But SCP must be economically competitive, which at present it is not

{(i.e. about twice the price of soya).

All that has been written so far is a very brief survey of the area. More

details on all aspects are available.

a)
b)

c)
d)

e)

£)

Just to bring things right up-to-date:

ICI have their plant running at Billingham

BP are still arguing with the Italian Government over their pilot plant
and their new comﬁercial plant which has still not been turned on ‘

BP are collaborating with the Venezuelian Government to builda plant there
Amoco has got permission in the USA to add SCP to certain human foods

(3% to 107)

USSR is producing 300,000 tons a year and is planning to increase by
another 500,000 tons per year ‘

Rumania is producing 60,000 tons a year.

Some comparisons with other 'novel proteins' There are basically two main

categories of novel proteins. These are:

a) -

b)

Processing conventional food sources
e.g. FPC (fish protein concentrate)
Desalted soya meal and flour
Soya protein concentrate
Soya protein isolate
Residues from other vegetable oils

Making use either of plant material not previously exploited for use in

human food, or growing microbes on substrates which can provide a cheap carbon

source.

Soya is the most widely used and this is the most direct competition for SCP,

although fish meal and the other vegetable oils together are about 407 of the

current market.

Soya is processed into three main forms. The oil which is about 207 is

used in margarine and cooking fat, - the meal, protein isolate and concentrate

can be made into textured forms (TVP) and the isolate can also be spun (like

Courtaulds' KESP).

There are no real figures as to the actual human consumption but there are

a number of products on the market at the moment. The first was Crosse & Blackwell
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with Mince Savour, then Cadburv's Soya Choice, and Danoxa meatless varieties
made with Courtaulds' KESP. Brooke Bond Oxo have also recently launched Soya
Mince.

In the UK British Arkady are the largest manufacturers of TVP, with British
Soya Products, Spillers and Courtaulds also involved. There are also plants in
Holland, France, Germanv and Sweden in Eurcpe, and also in the USA.

So far, soya cannot be grown in Britain and our nearest equivalent is the
field bean used by Courtaulds. By far the largest soya grower is the USA, with
Brazil expanding fast and China static. The price is around £160, compared with
approximately £300 per tonne for SCP.

When it comes to market SCP for human consumption, provided any toxicological
and digestive problems can be overcome, most people believe it will depend on
the fortunes of soya and provided that is a success then SCP should have a chance.

Conclusion This brief presentation of a more detailed analysis of the area
of single cell protein illustrates a number of features which are commonly
encountered in studies of technological innovation. In particular it shows
1) that the identification of general market needs e.g. food shortage or
protein deficiencv, does not necessarily lead to the acceptance of new technology
which has a potential for meeting this need. In this case it is argued that the
need has not been correctly identified because it does not take into account
factors of a social or political nature which have a considerable effect on the
acceptance of change of any sort.

2) long research and development times which in this area are almost inevitable
can result in changes in many factors which affect the degree of utilisation,

and success rate, of new technology. In this case the increase in energy costs
has had a significant effect on the viability of at least one route and may, in
fact, have an important influence on the likely future success of other routes
currently being pursued. In addition as is so often the case improvements in

the present means of mecting the needs are considerable, for example in vields

and varieties of protein from natural sources.

3) that the needs, and the wav they might be met, must be very carefully
identified and assessed in terms of the characteristics of the particular market
and environmental situations. For example the availability and cost of particular
raw material sources, of energv sources and of markets must be carefully considered.
Analysis, in the case considered here, indicates that there are a variety of
starting points and of ways of using the final product.

The conclusion one can draw is that there is not a general market need but
a variety of more specific ones and that there is scope for a variety of

processes, utilising a variety of starting materials and being used in different



ways.
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This offers a lot of opportunities for technological innovation but

success is not likely to be achieved unless careful attention is given to more

specifically identifying the needs and the comparative advantages of different

approaches in different situations.
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ORGANIZATIONAL ASPECTS OF INTEGRATING THE
SCIENCE-TECHNOLOGY-PRODUCTION CYCLE IN ENTERPRISES*

Wladyslaw Jermakowicz*®, Jerzy Ruszkiewicz**

Introduction

The Science-Technology-Production (S-T-P) cycle is concerned with the
process of the introduction of innovation in the microeconomy. The S-T-P cycle
fn factories, industrial associations and other enterprises has three main
stages:

1. Research and creation of new ideas, preparation of technical and

economical conditions of a new product. (Science)

2. Preparation of technical specifications and prototypes. (Technology)

3. Introduction of successful prototype and initiation of mass

production. (Production)

The research team at the Warsaw Technical University conducted an
investigation of the form of the cycle and the factors and recruiting events
influencing the integration of procésses within this cycle. Twenfy new
products which.have been introduced into full scale production in the machinery
industry during 1970 - 1977 in Poland were examined. These 20 products were
selected as being the best or most successfu] during this period. Research
methodology consisted of interviews with four persons responsible for each
product introduction. These persons were: the director of the factory which
introduced the product and three key persons involved in the project, i.e.,

the inventor, the head of the R & D department (or project team, task force, etc.)

* Based on research prepared for the Machinery Ministry in Poland
by a research team comprising W. Jermakowicz, J. Oseka, O. Rzepka,
J. Wipijewski, and headed by J. Ruszkiewicz.

*¥* ITnstitute of Economics and Social Sciences, Warsaw Technical
University
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or the head of the production department directly responsible for the
introduction of the new product.

This study identified the stages and functions in the cycle of new
product introductions. Research was aimed at identifying the factors inhibiting
effective implementation and methods to reduce these barriers.

The stages of the S-T-P cycle of these new products are applicable in
various environments. They have been rea]ized»in different settings and
institutions: in factories, in R & D institutes, in universities, in indus-
trial research centers, and in forefgn institutions. The relationships between
the stages of the S-T-P cycle of the 20 products and the place where they were

conducted is shown in Figure 1.

Figure 1
Stage I Stage 11 Stage I1I
Factories 13 pr.| 13 ; 16 pr.| 16 : 20 pr.

w
4

R & D Institutes
Universities 5 pr.
Industrial Research Centers

///;/;711
3 pr.

Foreigﬁ Institutions 2

NE

The differentiation of the S-T-P cycle and the segmentation of the
organizations responsible for the realization of these different stages causes

many barriers towards achieving the successful introduction of new products.

The factors causing difficulties in implementation of new products.
Research has shown that long introduction times of new products are a

result of difficulties experienced in the integration within all the stages

of the S-T-P cycle.
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In those caseé where the same individual {key person) is responsible
for all stages of the cycle there is a marked reduction in the time
needed to introduce new products. More time is required, on the
other hand, where there are many head people involved.

The difficulties with introduction of new products markedly rise
together with each successive accomplishment and are highest in the
third stage. Therefore, the most unfavorable situation is when the
next stage is conducted by a new person who did not participate in
the previous stage. ‘

The time of implementing a new product also depends on the position
of the person within the organizational structure. The higher their
position, the quicker new products are introduced.

The results of the study show that the informal status of the key
person is usually higher than his formal position and status in the
organization. This is usually due to the fact that the key person
enjoys high authority as far as the decisions about a specific new
product. Higher informal authority in the organization leads to a
shorter time in the fulfillment of a new product.

Management of factories and institutes which introduce new products
chpose and promote those individuals who have a high formal position.
These are usually those who are the ke} persons managing the new
products. Inventors of new ideas are very rarely promoted.

The key persons usually have a limited amount of discretionary
authority in comparison to their responsibility and tasks. This
follows the necessity of coordinating the activities between project

leaders and managers of enterprises which decreases the effectiveness

of management of the new product.
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The competence in organizations depended much more on the formal
position within the organization and less on the function which the
key person had to fulfill in the organization in respect to the ney
product.

The investigation shows that independence of the key person in
decisions over equipment, technology, resources, and monitoring of
products is very limited by the constant interference from superior
levels. These interferences usually have a negative influence on
the quality of new products and/or on the time required for intro-
duction.

The most common organizational structure for the realization of new
products is one where existing structures and teams are retained and
the new tasks for product development are allocated to these teamé.
As a result of this, there is resistance against all new tasks-and
duties. Rarely are task forces established for solving of definite
problems. However, in those situations these special task forces
are very successful.

In those cases where task forces were used the members were chosen
on the basis of prior knowledge and previous preferred experience
with them, not because of their creativity, originality and independence
in thinking. As a result, reliable solutions were achieved with a
low degree of originality and innovativeness.

The most popular planning techniques implemented in the process of
fulfilling innovétive ideas is the GANTT'S graphic schedule. Very
seldom are network techniques (PERT or GERT) used and only in those

cases where the main resistance is against the additional tasks.
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1. In no cases were creative techniques like brain storming, synectic,
etc., implemented.

m. The dominant leadership style is the task oriented style. The,
main functions of team leaders (key persons) are: allocation of
tasks for definite workers, monitoring of work process, and control,
of results. The leaders are not interested in consideration. The
orders are given usually orally and formalistically.

The main suggestions of improvement of 6rganization of S-T-P cycles in

industrial enterprises. Analysis of questionnaries taken by persons

responsible for new product development and introduction yielded the

following results:

[A

1. To interrré¥;a11 the stages of the S-T-P cycle:

a. The main concern with the new product in all stages should be
conducted in the same organizational units. (85% answer)

b. The construction, technological, and R & D units should be united
in one large universal organization. (85%) Maﬁy difficu]tiés
arise due to the fact that testing stations for prqtotype units
are independent subunits within the construction office. Serious
problems develop between on 1line mass prodhction while prototypes
of the new product were very successful.

c. Task forces should be established with a leader (key person) who
would be responsible for all stages of S-T-P cycle. This leader
should have authority competences toward the other department
heads (sales, production, equipment) in respect to the new
products. These competences should be increased, the higher the

priority of a new product.
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d. The process of introducing a new product should be so organized
that feedback would exist between construction tasks and the
testing units.

Some factors necessary for increasing the independence of individuals

participating in the process of designing new products are:

a. To provide a key person (product‘1éader) with a number of main
personnel competencies which are necessary in management of a
new product. The competencies should be as follow:

(a) selection of workers to the task force

(b) rewarding and punishing persons in task force

(c) promotion of subordinates in respect to posifion in the
organization and their salary

(d) having at their disposal the financial means in respect
to that product or project

b. To provide a key person with decision-making competencies
concefning:

(a) beginning and ending tasks
(b) establishing stages for fulfilment of tasks and in the
realization of the product, etc.

According to the respondents there should be increased flexibility

in fulfilling of all stages of cycle. To accomplish this purpose

the following should be implemented:

a. Prepare firm product introduction schedule and, on the other
hand, be flexible enough so as to make some changes during the
new product introduction cycle.

b. Allocate the R & D tasks to different units so that they will be
able to accept the additional tasks, e.g., new project or
product or new researeh necessary for achievement of this new

product.
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4. To eliminate or reduce bureaucratic barriers in fulfillment of

new products the following suggestions were given:

a.

Eliminate fictitious reports about progress in works and ‘the
inflated degrees of participation by different team members.
Most written reports about innovative activity are a fiction due
to the fact that this type of activity is irregular and cabricious,
thé solutions are being found by Teaps and jumps which are
difficult to predict and plan. Increasing the confidence of
key person is the best method of control in this type of
activity. '

Reduce the circulation of technological documentation. Permit
the beginning of the next successive stage of a product's
introduction,dn'the basis of a general sketch and outline, not

with large amounts of paperwork.

5. Increasing the cooperation between the departments partaking in

the creation of new solutions can be achieved by:

a.

Increasing standardization of elements of products made, e.g.,
increasing influence of normalization on design proeess. .
Increasing foreign currency limits for the purpose of fulfillment
of new products. .

Increasing economic pressure, e.g., introducing competitive
economic system which would force the elements of organizafiona]
system to cooperate with other enterprises and other departments
in the system and to increase the guality of products.

Improving the rewards for introduction of new advanced products
which would increase the interest of all enterprises and units }n

participating in the introduction of new products.
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There are many difficulties in the sphere of existing economic

systems. The elimination of these barriers should, according to

the respondents, be achieved by implementing the following:

a.

The elimination of piece-work salary system in departments
introducing the new product. The drawbacks of the piece-work
system are:

(a) Tow quality of introduced products

(b) 1lack of interest and engagement in fulfillment of a

new product.

The centers participating in the introduction of new products

should have their own highly skilled and qualified personnel

paid under a monthly or annual salary system. (40%)

b.

Increasing salaries of technical staff which work in the R & D
sphere in comparison to the staff working in the production
sphere in the enterprise. This woﬁ]d eliminate the high
absenteeism and turnover of this staff and eliminate the lack

of interest in realization of the innovatory projects. (30%)
Establishing a proper ratio between planned regular proddction
and irreqgular innovative activity. The economic system prefers
the production activity due to the fact that this type of
activity is repeated, regular, disciplined; can be planned and
results are easily measured and the risk connected with production
activity is relatively low. (25%)

Assigning a foreign-currency fund for realization of new products.
Such types of funds exist in industry for the purpose of pur-
chasing foreign licenses for advanced products or production

processes. There are a few cases where the management of an
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enterprise has applied for.and received foreign curremcy for a
1icense'and instead of acquiring this they introduced their own
new product. In these few cases the foreign-currency fund was
necessary to purchase imported raw materials or components to
introduce this new product. ~ It is normally easier to feceive
foreign currency for a new license than for a domestically

developed original product (10% cases)

The research on the system of introduction of the new products has per-
mitted identification of some organizational factors influencing the effectiveness
of the S-T-P cycle in industrial enterprises. This study has also gathered some
suggestions on héw to interpret the activities in the framework of this cycle.
This paper can be considered as a short summary of the research and as a
sﬁort introduction to the factors influencing interpretation and efficiency

in the course of S-T-P cycle experienced by industrial enterprises.
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