
AD—AOU1 590 ADVISORY GROUP FoR AEROSPACE RESEARCH AND DEVELOPMENT——ETC FIG tI3
METHODS OF TECHNOLOGICAL FORECAST !NG .(U)
MAY 17 F HETMAN

UNCLASSIFIED AGARD—R—655 NI.

I tEl P!DI _
___ H

_ D A T E

~~~~~~~



L~ i I ~~~T’

AGARD-R -655

AGARD REPORT No. 655

Methods of Technolo gical
Forecastin g

~~~ii:j:~~~
•

H!11.
I IIIi +

DISTRIBUTION AND AVAILABILITY
ON BACK COVER



~~~~ AGARD-R~~55 ,

NORTH ATLANTIC TREATY ORGANIZA TION

ADVISORY GROUP FOR AEROSPAC E RESEARCH AND DEV ELOPMENT

(ORGANISATION flu TRAITE DE L’ATLANTIQUE NORD)

/ . 
/ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~
METHODS OF TECHNOLOGICAL FORECASTING

by

‘
. 

I / i . ..~ ~~~~ ..-....~ —..- / / / /:~~ •~~~
• I f , ’Fran~ois etman

2Tbis rue de Lubeck 
/75016 Paris 

- /
France • ‘

/ .. ~I

~ )! S~c UN ~

•  

~ !~~ I~~/ M A t ~ P!tI1~
- -

This Report was sponsored by the Military Committee Studies Division of AGARI) .



ThE MISSION OF AGARD

The mission of AGARD is to bring together the leading personalities of the NATO nations in the fields of
science and technology relating to aerospace for the following purposes:

- Exchanging of scientific and technical information;

• Continuously stimulating advances in the aerospace sciences relevant to strengthening the common defence
posture;

Improving the co-operation among member nations in aerospace research and development:

Providing scientific and technical advice and assistance to the North At lantic Military Committee in the
field of aerospace research and development:

— Rendering scientific and technical assistance , as requested , to other NATO bodies and to member nations
in connection with research and development problems in the aerospace field;

Providing assistance to member nations for the purpose of increasing their scientific and technical potential:

Recommending effective ways for the member nations to use their research and development capabilities
for the com mon benefi t of the NATO community.

The highest authority within AGARD is the National Delegates Board consisting of officially appointed senior
representatives from each member nation. The mission of AGARI) is carried out through the Panels which are
composed of experts appointed by the National Delegates , the Consultant and Exchange Program and the Aerospace
A pplications Studies Program. The results of AGARD work are reported to the member nations and the NATO
Authorities through the AGA RD series of publications of which this is one .

Participation in AGAR D activities is by invitation only and is normally limited to citizens of the NATO nations.

Published May 1977

Copyright © AGARD 1977
All Rights Reserved

ISBN 92-835-1 240-5

4
~~~ Set and Printed 1’ l’eehnh ’u I Lditj ,,g and ReprHdtn - th~n F til

ilarford HoUse’, 7 9 (‘/zarlou~’ St . Lundo n . h / I ’  11/i)

II 

• •

~~~~~~~

. _ _ _



____ .“ ~~~~~~ .-—~~~~
--- , --

. - •-.--- - lii
i

PREFACE

In response to a request by the NATO Military (‘omm ittee to undertake a tec h nology
torecasting effort in the t’iekt of aerospace . AGARI) first entered an initial phase d uring
which ii strove to improve i ts  understanding of technology forecasting in order to po’Aihlv
provide a more useful product to the Military Committee. One aspect of I his was to examine
if there were formal technology forecasting methodologies which could he applied
beneficially to an AGARD exercise.~jjjus, during the initial phase. AGAR D commissioned a
well—known expert in the field of te ology forecasting methodology, Mr. Francois
Helman *, to prepare a report on Ihi sub ct for the benefit of those study ing the os i’rall
AGARD task. His report conta ined seven chapters , six of which provided an introduction to
the various met hodologies: in the seventh chapter he offered his thoughts on the particular
exercise which AGAR D had been requested to do by the Military Committee. The first s ix
chapters by themselves proved to be an excellent summary of technology forecast ing
met hodology and thus are reproduced here as a general reference document.

1 lie ~ie~~s e’s; ’res~e l  t’~ lie juit !,i ,, *l(, n i t  ~~‘i i i it t!ie I~.!.IIli/ l II Il lii ~% I j  Iii’ I.el ii~.~
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CHAPTER 1

BASIC MODES OF APPREHENDING THE FUTURE

Man has two basic attitudes in his effort to apprehend the future:

(a) To foresee or to forecast the future course of events or future situations at a given point of time .

(ii) To bend t h e  future to the image or scheme of some desirable state of affairs.

In the first case , t he intention to influence the t’uture course of affairs is not stated exp licitly. Nevertheless , it may
be admitted that forecasts are being made in view of some further decision which will he take n in order to react to the
forecast , either to make it self-fulfilling or self-defeating.

In the second case , the will to make the future different from the past is stressed from the beginning and is
consciously intended to orient future research activity towards some previously defined objectives or specific priorities

Any attempt to study the future implies a process of inference which relates some factual experience or some point
of ascertained or desired attribute or value to the researched factors , relationships or events. In a sense , futures researc h
is a process of inference searching for significant correlations between rap idly changing or changeable phenomena and
elements or segments of societal activity which move more slowly or show some particular kind of inertia.

The reason for this search for a workable hierarchy of change is that human and social behaviour cannot he
mec hanically deduced from archetype fundamentals or purely mathematical models.

Although specific forecasting techniques may be counted in dozens and even in hundreds if proliferating varia nts
are ta ken into account the fundamental methodological approaches may be grouped into five broad categories,
represent ing the basic modes of apprehending the future. The two distinguishing criteria adopted are (a) the logical
approach and (b) underlying or explicit assumptions concerning the basis of inference. (Table I.)

Obviously prediction can hardly be considered as an approach founded on scientifically acceptable premises and
procedure. It is merely an apodictic statement or verbal revelation without indication of either the sources of
information or the utilised tools of analysis. Such a prediction or guesswork must he distinguished from intuitive
judgernents such as opinions of experts which, although not always explicitl y described , are nevertheless based on
previously ascertained knowledge.

Projection or forecast is an attempt to outline a course of future events along a tendency of development which
appears the most probable. Most often it consists of an extrapolation of past trends or statistically observed relationships
between two or more variables. Sometimes it is done without an analys is of underlying assumptions. In other cases , t he
framework of assumptions is exp licit and the results are considered as conditional statements about the future , dependent
on the inertia of the so-called exogenous or parametric factors.

The main feature of project ion or forecasting techniques is to maintain an identifiable relationship between t he
future and the past , assum ing that the structural framework experienced in the past will continue practically unchanged
to the limits of the chosen time horizon.

This is a serious limitation because it implies a fundamental hypothesis of continuity which is . in particular , hardly
justifiable in the field of social phenomena. As a matter of fact , t his assumption of continuit y tends to privilege the past
in attributing to it , tac itly or implicitly, bot h a regulative function and an overrating influence upon the future.

To avoid , or at least to diminish, such a one-sided influence of the past . p r ospi ’ctil’e analisis is an attempt to search
for images of the future by starting from some future time horizon and working hack to the present , in order to find
suitable ways and means for establishing operational ties with the present situation and conditions. 1h is is also called
imaginative exploration or looking at t lie future from the fu t tire - ‘l’h is involves a p1 ii ral ist ic cx plorat ~0fl ot lii litre’ s t i l e s
w ithout other constraints than a set of val ties ti pon wit ich more m iasm a live hut tires ~ is be built

I Iowevcr , t he past cannot be just exorcised : Is weight is shifted from fa c ts to salt iat io t is .  Prospect ise an.il~ sis

freq ‘ien tI y discards the past t .t ct ual cx perie ii cc but ex t rapolates I he present va t t ies in order to ii eel t cc’ t h u h  I he iii the
futuR ~Is in of ui~ sir,ibk f i~ Is or ii lions The probkm Is not IL solve it nor tholishe d onls re ise d 11k 1 Isl e
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uncerta inty e’oiie’e’ntrz ttes on I lie’ ci uest ion oh hut tire at t ie ’s t rons wh ich signifka it t fi liations bet ween liii ligs to cc uiie and
men of t he present t inie are sti~ pose’c l iii tie d e d uced
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Basic Modes tif A pprehending the Future
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relationships

A ll uncertain IV e’aiiihot he eliiii iiiated but it can he co iss pressed liv a ‘‘f iat ’’ of an ai i i h ur i t c l rj af l  j ;Icin,iuo,’ Ihis singles
out a privileged image of I the t’ut nrc w hi~’h is imposc’d by a policy of ci ist net priorities in order to push the present tow, irtls
it. It d elineates the image of a single future and s tr ives then to cte te rnsine w a \ s  antI means ot’ adjust ing ta ils anti : i e t i cu i i s
to th is image. Aut horitar iais planning is an inst rurneiit oh c leliherat e policy to arrive at a giveil soe’io— ec ’onorn ii’ pat te lls t u f
socic I through the shifting of’ emp h asis on to sectors which appear as t h e  most promis iihg b r  t lie ach i ie’ve ilheiht 01 1 lie’
‘‘plan ned fti hire ’’.

I is ~sr ixilegiiig su ch a c’ocrcit is-cl~- detc’rrn ne d image of I lie lii lure , isornsal se e lements lend to t O S  ci u ser t lie seeds c u t

change and favour t lie sectors of I lie greatest inertia, in which rou tithe ’ solutions presai l its t the ’ long ru i i. -\ ii aol h u n t  :uri,uii
choice of one single model of the I’iituire may t hins lead to a rigidifving at t i t ude towards the future and t in al lv to a mere
project ion of the mosl c’usi l\ idc’n t ifiabte t rend s of t he present.

lo iviciuI t h e  danger iii’ an inadverte nt pre -eisip tiis g of lli ~’ b u t  lire , j u te  c i,’r 1,,p h,n i, ii ,’ hI ‘/ /c 1 / c S  is an effort t o  kC ’~ I’ I

future is open is possible’. is a reservoir oh des irable ti i l i ires . I- t i l t i rc ’s are stt i tlie ’el anti formulated ,is an ii r.i~ c u t
jl tc’rn,itives. Ilus call h~e’ le ased oil svs tci its— .iti; ulss is tluis kiiig and m et h ods derived rou t c u pe ’ ral ieun ,c l s , . t  l~ ,iiiel che ~~lsl c t i
liii

ilie main c hara c teristic of tIl ls i pp i u ci cli is to ~ ,uiis uiIe ’ t  El se h i i t cuc a’ ./ sI ’Cctr luii c u t  ‘ Ut i L . I I I I I C ’s ~s Inc h e.ui te e t’ -e I l l s
ippre he is c le ’d hw .i i? ioruuug t i .ii i ,cl~ sis c u t e I c ’., i r . i he lC l i l t / i R s  coi l  iii .is’~ s s i h i e t c t c ’ t  I cus ’ , ih ’hc  L h lu res e t ’ O ’ i ’ . ie ’ t i t  su t h u  .1 sCi c u t

eu ’, ‘ii e ’ht~’ c. t IS C’s

I lie ’ s \ 5 t e I h 1 s ,ihI, i l~ s is t hi lih k iii 1u is h e e l  csc l us i sc  c c l  oIlier n i ck - s c c l  . i i - t ’ i c i k ’ c o $ c i .’ t u e future. It cull Ic  .c ’ i s ! c i c i e u l
r a t h e r  ,u. . u ~e’ itc ’ra I me’iliocluuleug ie -al t i , ’ i t i e - o e - i k  ~‘, l i / i r /  ‘‘i t i c  Ii th e uh i tle ’re ’h i t u f l f l s  Old t eehi ih i i l i ie ’s I~ i . c-l i ne’ a le ’ i* ’ . e u i

side’ h’~ ~id~’, ele ’pe’n ehii ig on their sit i t.i I ’ i lct\ l, ’i i c c  khiit : _’ i’ .i rtic u i,i t ;u i c ul ’ k ’i m t s int l ue;ie’r .i ti ii g us efu l  uhiol ii~,t t hu ~ it . 
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CHAPTER Il

FUTURES RESEARCH AND TECHNOLOGICAL FORECASTINC

Leaving asid e preci ictions , fuit urc’s researc h miv be c’ons iderc’ci as a sV sten sa t ic ef fo r t  ic e  ana h~ se t re ’iids a net
components of societal change , the term ‘‘societal ” coverin g all fundamental functions of society. Its first i ,csk is i i’
exam ine the d irection and scope’ of change. In the second place ’, it is expecte d to shed light oui t t ie opportuiscne’s’. and
des irability of tendencies perceived. It is supposed also to formulate criteria for choice of the’ incest suitah i le or preuun isiuig
alternatives and to point out possible action options .

This links futures research closely to planning, in oIlier words , to policy measures most likely to cc u i it r i h t i ic ’ to the
achievement of ’ the selected objectives.

Since futures research cannot be a science of facts , it is an endeavour which adopts scientific method and rigour to
study significant interactions between the various social phenonsena , assum ing that nien are able to act on the future and
that the future is thus to a large extent dependent on the wisdom and relevance of their choice and Political decisions.

All methods of futures research are founded on basic heuristic notions derived from the fundamental categories of
human mind and experience , such as structure . causa lity, cont inuity of time and space , constra ints to growths and
change. These notions make it possible to attempt a classification of the different techniques.

These notions may be used to examine the theoretical legitimacy of techniques used in futures research. However .
such a preoccupation can be rejected as a futile exercise ’ by those who look for practical utility. Now t h is cats also meams
many things to different people. “There is no correlation between ‘t he value ’ of any method am id the amount of paper we
use to describe it.”*

Despite this statement , a frequent tendency (often implicit) among students of techniques used in futures researc h is
to attr ibute more credit to method s which include an increasing degree of sophistication . bot h in number of variables and
in their mathematical or graphical manipulation. Unwarranted as it may be , t his attitude seems to reflect the growing
concern for more consprehensive analyses and more formalised forecasts ,

Few techniques are specific to the field of technology. Most of them have been developed and adapted from standard
sc ientific methods. usua lly in response to t h e  need to tackle a particular problem. h owever , t hey have known intens ive
applications and interesting extensions in technology. This development has been stinsulated its particular 1w anticipato r~
activities in the militars field , often conshiis ing forecasting and decisional research.

In comparison with soc ial phenomena the technology area may appear as relatively more tangible. misore easi ly
identifiable and quantifiable. However . t h e r e  is still much confusion about the spectrum covered by teehnolog~ . Among
many de finitions, we’ may prefer t hat accord ing to which technology is defined as knowledge of physical relationsh ips
systemat icall y app lied to the useful art s

ihe first difficulty of technological forecasting is t h at this knowled ge varies with time. l’ec hnological change Is is
become one of the major socIetal concerns . perhilips t he nsost important one.

Anot lser difficulty is that techisology is ipphiedt to a large variet y of ths ims gs . ranging f rom basic breakthsroughs to
individual devices , fTah hc II.)

Ihere are’ still other ci it ’f’ic-u lt es If tec h nology is understood as a generic term for a group of part ucular I e’c’hiniq ties .
t h e n  a given technology generally imsc ludes a variet y of competing device’s , eac h wi t h cli st itsct ive balance oh performance
-inc h economic characterist ics At the same time ’, t hese various ct ev ices may also fulfil quite diffe rent need s and perform
dill erens I fune’t ions

Not surprisingly, definitions of technological force - l is t ibbg ret lee’t I hscsc d iff ’ie’ult ic’s. as La ii be sc’e’is h’roni I lie following
cx imp fe s .

t ee’hinological tet rec , ist i isg is

ihe forecasting of ’ te ’c-hnohigie’a I c i ’ :u isg c ’ . w h ic h divides 1110 thre e’ st age ’. iisve’ti l iois . imtms c ’ v ,ut iuimi amid c l iff t is ic e is

9 urope Pin’, 1 t i i r t ’, Repuurm . Pan I, p. I ,~ , hl iui sschs . I (Y’~ - 

_ _  
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S~ st ems of logical analys is I h a t  lead to con I n iots 
~1 i/ .d ll  t u t u  t IS- c’ conch usions (or a hinsited range of possibilitiesi

ahout tec hnological alt ribu I c’s ,u nch para nie ’t e m s  as s~ e lI as tec h nical—economi c ’ a f t  ribti Ic’.
Prediction or determination of I tic I e’ isi hile cu r d esirab le characterist ics of performance parameter s in future
tec h nologies.
l’he process of generating a qtu ant i f ie t t  predicti o n of a te ch nological capability and its timing.
The prediction of the invention. c h aracteristics , d imensions or performance of ’ a machine serviusg sonic useful
t~eiritose for society.
The judgement of future changes in tec h nology on a probabilistic basis,
A fornialised process for t h e  stud y and predict ion of ’ the likely future state of techusology . t he interaction of
tec hnology with social and econonsic developments and the coussequeist e ffects on industrial ac’t ivil\ -

TABLE 11*

Levels of Causality to which a Forecast may be Addressed

One reason why so much confusion exists about technology is
t hat anticipations about scientifi c findings. engineer ing
developments, technological diffusion, econons ic results and social
impacts are’ loosely and thoughtlessly intermingled.

Therefore, the analysts should first clarify those levels of
causa lity to which their forecasting activity is to be addressed:

Level 1 - - That a certain k,iowledge of nature or level of scientific
understanding will be acquired.

Level 2 - That it will be possible to demonstrate a necu ’
technological c’apahil(I t (on a lahora tory basis).

Level 3 - That the new technical capability will be applied to a
full-scale pr ototl ’pe (field trial).

Level 4 -- That the new technology will he put to first operational
use (commercial introduction).

Level 5 - - That the new technology will he wid e/u -  adopted (as
measure d by such things as number of units in use,
output , sa les, etc.).

Level 6 — - That certain social (and economic) consequences will
follow the use of the new technology.

Level 7 - - - That future economic , political, social and technical
conditions will require th e’ creat ion of certain new
technical capability.

These examples of definition do not make the subject of technological forecasting any easier. They sh ow the need
to define adequately the terms on the one hand and the area to he studied on the other.

This applies as well to forecasting tec hniques. During the last two decades many new techniques have been put
forward. However , this proliferation is also at least partly due to differing terminologies. It happens often that a new
problem or the same problem studied by anot her  research team requires sonic mod ification of ’ ( he technique, which is
then give’n a new name.

The field of technological forecasting has been compared with a “forecast iisg jungle”. To pene’trate ’ it . diffe rent
groupings of tec h niques have been suggested . Since t h e  exte ussive review of the .irt by h~. Jantsch , many ‘,uc li classificatio ts
schemes have been outlined. (Table Ill.)

Most of these schemes are based on (lie mot ivat iomss and mental oriental iom ss of those undertaking forecast ing
activities . The basic el ichsoto tssv correspond ing to the two funelaniemital at tituele s towards t h e  future cul l  be I r iced in misa msv
of t h ese groupings .

This gives primary d istinctiots s sud s us subje’et iv c —o hb j c ’c- t lee’ . q u/il it it ive~1 uam t t i l/ i t  is_ c’ or cx plora torv ’nornsat is e ’ - More

* -~ uI ipIe’uI fnceni Tu - c - / i euuu luugicul F”iu r ec ’asting J~cr IuicIu .s tri couch Guui’i’ruunient , eeh iicch l’s J u ice s R. ilucilO . h’ient ice lt,uli . t iug ic wc eee c t  (‘t i l t s . t e e S

_________________________________ —~~ — - - — ~~~~~~~~~— — - ‘
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sophisticated groupings aic made by logic/il generation of f’orecasts , fields of application , degree of nssodeh ling, conceptua l
or procedura l nsanipu lat imsg.

TABLE Ill

Classifications of Technological Forecasting Methods

(‘ las.s i ! ie -ati ec , i of tec hniques .-tu t lior aiR! .suurcc ’

Ixploratory. norniat ive Jantsc hs , OECD (19671

Prophecy, protedt ic)hi or extrapolation s , programme , pre’upagamsda , J.R.Bnighst , Prentice Il/ ill
parrotry, d ynam ic mod elling, need h imsteraction ( 1968 )

Retrospection, d iagnosis , prognos is wills sub-unit forecasts Lisichkin , ‘lechmsologica l
subject to var ious checks Forecasting and Social Change

t 1969 )

Synthesis-analysis , collection-diffusion . application Vogel. Technological
Forecasting and Social Change
(1970)

Three states of mind: subjective , object ive , syste mic. Two E.Jantsch , Technological
directions: exploratory, normat ive. Forecasting and Social Change

(1970)

Four classe’s of methods based on trend analysis, intuitive J.Wautrequin , Industrie (1970)
analysis , systems analys is and analysis of objectives

Intuitive, trend extrapolation , ideal state , dynamic models Eldredge . Technological
Forecasting and Social Change
(1970)

Qualitative-exp loratory, qualitative-normative , quantitative’ Johnston, Technological
exp loratory, quantitative-normative Forecasting and Social Change

(1970)

Exploratory, speculative , explicative correlative Pyke, Futures (1970)

Genius forecasting, trend extrapolation , consensus, simulation. Gordon, Inst. fo” the Future
cross- impact , scenar ios, decision trees , input-output analysis ( 1971)

Qualitative methods, t ime-series analysis. project ion, causa l Chambers et al.. Harvard
met hods Business Review t 197 1)

Techniques for acquiring information/data , techniques for EIRMA . (1972 )
manipulating information/data . techniques for evaluating
information/data

Visionary (integrative and strategic) analytical (multi- R.Amara , Futures (1974)
disciplinary and methodological) participatory (problem and
implementation-oriented)

ConsprehensiveTechnological forecasting: Four basic elements: H.Jones , R & D Management
qualitative , quant itative . t ime , probability ( 1975)

Whatever the set of criteria adopted there is no absolutely clear-cut classification scheme and many of thie general
techniques can he included in one or several categories.

Thse primary schemes do not seem very helpful. To facilitate the choice of an appropriate methodology it is
suggested (h/it the various forecasting techniques can be usefully eategoniseel in terms of the purposes they sens e’.

Technological forecast ing is not ami end in itself. To he fully meaningful it must be considered within t h e  framework
of the d ecision-making process . Two examples are given: one illustrates t h e  basic f’unct ions of lhte feut iire’s researc h
(Figu re 1) / I nc h the othcr shows the roles for tec h nological h’oree ’ast ing iii t h e  str ;’t’C ’~. plaisnim sg process (I- igure ~ I .

_ _ _ _  _ _  
_ _
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IMPLEMEN4TAT ION( METH ODS

~~~~~~~~~~~~~~~~~~~~~~~

COUPLING APPLtCAT IONS

There lire f’ive h/isle f’umsdt ions iii t h e  ft it tires t’icleh : *

I. Goals formulat ion: ‘Ibis ca ts us i ez i n issue or probleusi det ’iusition . future -iussage creaticn or
alternative f’utures generat ioms . It is directly related to t h e  visionary component of thse futures
f ield and is thus least exp licit , nsost ims t u it ive and high ly persoms /ul.

. . -Iiu t/ ic~~/ c  c/c ’i ’elop ment: This includes t h e  ehevehopnient of/ i  boely of explicit , organised kusowledge
about event Lun d trend forecasting, process nsochehhing and data integration. ‘logethier withs tise
app lication—oriented function (see 3) , the methodological O ri eus tat i oms stems frons the analytical or
researc h cons ponent of (lie futures field.

3. ..tpp/ieathu,m.s’: One of t h e  practical objectives of t h e  futures fielet is to provide inputs to planusimsg
and decision—nsaking processes by helping to exp amseh t h e  ramige of useful alter isatives . to eva luate
future consedluences of such alternatives and to structure programmes of inte rvemst ion or action.

4 . (‘oup li tug : Ass insitation of the results of’ futures rese/ure hs h~ intended users. This involves socio—
psyc h ological amid organisational aspects ItS much /1’, it d oes iusfor mssation transfer , since t h e
object ive is to imstluence its ehivic lual perceptions , behaviour /111db attitudhe s .

S. !mplt ’ine,itation: Images , nset hods au dI plans must be adapted to practice. Implementation
adIeu/l Ily embodies the end of one role and t h e  start of anot h er. It includ es the interventio uss a mseh
act ions actually t~ken to realise t h e  objectives of a plan: at thse same time it provides the
inforns/it ion feedback t is/it fl1/ i~ ’ lead to generations of d ifferent sets of goals . t he elevelopnsent of
new met h odologies or t h e  insiti/ition of mod ified programnses of actions.

Fig. I Basic functions or role’s of tlse fu tures  field

Comb ining purpose and h/usic categories of logical investigation , it is possible to d evise a dl/u s sj f ’ic/uti on schiets ie its four
parts:

projeetive researc h
prospective research
decisiona l research
planning

These f’our parts are comp lementary  since each covers a d ist i msct part of t h e  ‘ ‘futures field ”:

Ill Pro jective research c/ISIS forward past / und h preseis I k miowlechge about t i c  t s a se t e’ c e ’n Is.

Aeh/ipiedt fromis Ruu ~ A m - Jr/u “lIce I- e ui i ur es I c i i i  I- cue i ~ li ii’.. I ‘e ms c u d  (‘ n it  i~ c i Issues ’’ . / - u ! ec r e c , \ i ie ’ i i s i  ‘i ‘4 
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t ii) Prospective researc h looks for dhesirah le alternatives and futures w h ich could ttst luenc -e t h e  present

( iii) 1)ec isiotsal research c lar i f ies possih)le futures in formulating action options.
(is I Platsusing consistS ins eteterm in iusg t h e’ ss~u ~. /uisel me’ans of attaining the gui/its /itid uil’~e’c t is c’ s c h~~uset e I roms i the ,u rr,i

e)f a lternatives.

There is boIls a logical aiscl seque usti lul link .insotsg t h ese tour area s . /u lt hioughs d u d -hi ~at s sc’rs d’ Is Li st /t nt ing poltit

depetid ing oti the problem to be dealt wills or t lie responsibility /uts eh c th iect usc’s cd t h e  s pc u l isc e r i  h g  instil on ion.

- 
_

A chengcog
- worid
- New

f(D t ~
‘ Program :~ 

Ues,,r’cj chaecges en

TF OPicOfl s - —.n R and 0 aced F u) ,c,grarns

-~ Descred Opicoe~s for N //
changes cn (~rr © changes “ A and 0 and C Programsst ralegy slraiegy

Sira megec oppo~~u~~tc es
poi cc ces and
obieci sec

Marke mi ee g, pubtcc reia ucon s , and
omher corporate programs

I lii’. nsoeIel defines fise explicit roles for technological forecasting:

Iclen tItui i ig 1t0!ic - l options . Forecasts of a ch/unginig world alert decision—makers to potential
threats to atsd opportuus ities in thseir activities or policies. Policy optiotss are to act or defer action
relative to suds th reats ause l opportuusities.

. .4 iding in strau’egi- furunu lation. Aehc hitiousa l mslore detailed and specific forecasts of sou se of the
-

~ re levant forces in a ch iamsgimsg wd)rld may he required its establish ing strategic priorities.

3. ldent i fu ’ing programmu ’ c e / h e c t i c  Forecasts are iseeded to ietentif y alternative path s for Lutt a ims iusg
strateg ic objectives of h igh priority.

4 Selecting pr ogramme’s tor j hnuling. More eletai leui forecasts provide a basis for selecting fromss
among t he many / ilternatives.

5. Selecti,ig s i C U ’ f l i c  fur dei’c’/uupirient Detailed technological fored/usts integrated in cost/benefi t
project ions provide II basis for final decisions.

Fig.2 (‘onceptua l tssodel of t h e  strzut egic plannimsg process *

From t h e  analyst ’s point of view otsly t h e  first two categories include fored/ustim ig techis iques in t h e  strictest sense.
However , niore Lu n ch more ot’tets , decisional research is called upon both to structure and to orgaisise imifornsat ious ohtaiuied
through projective or/and prospective research atud to evaluate a ltentsative courses of actiots.

Planning is. by d efinition, t he prerogative and the responsibility of dec isiois’nsakers . l’hseret ’ore. platiniisg tec h niques
are considered as heiisg outside the scope of techisological forecasting per vu ’.

Hereafter i i e  main techniques of use in techsuso logical forecasting Lire grouped Liccording to th e  cla.ss if icat iomi just
given. Several techsniques are more or less universal Line! can serve more than otse purpose.

ptc ~l f ruetut ‘uW 1111/ins 1. Swager ‘‘Si tam eg,~’ h’l,u ott uieg ‘1 tie Role of Tec’ht ue ue le eg (c ’al Ec irecast log’’ - 1 h e y  ‘h ‘cii ’ ed I ‘rc co  ic’ i~ d u d  ,~ ‘
(‘hang-c’. N c’4  1072.
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CHAPTER III

PROJECTIVE RESEARCH

Projective research consists principa l ly of d’arr~ ing forward, into some future horizon, eleme ’tu ts of ktsowledge
obta ined from past and present experience. In a sense’ it is conditional, since ii implies a set ui b assumptmmss winch
deternsine its scope and extet s t.  In some cases these assumptions are only implicit. ~seve rt heless , most atsa l~ sls noce use
them to state the basic conditions within which the f orecast  is considered as valid.

Methods of projective research are mostly “inductive ” its nature: they proccceh froni some known factors or dat/u and
extrapo late or explore , on th is basis , t he future path of a givets phenomenon. ‘Ihey ratsge from a simple cx tc uss uo n c cl a
single var iable curve to complex mathematical models with many variables ,

Trend Extrapo lation

On the basis of time-series analysis of historical data , a part icular variable is extrapolated into t h e  future. I his is
generally done with the aid of statistical techniques of ”curs’e fitting” using linear. exponential . logistic and other
mathematical functions to obtain the best “fit” to the historical data. l’he underlying assuniption is t h at factors
influencing the past development of a technique will continue, with only slight or negligible ch anges in th eir tsat u re and
influence.

The validity of this assumption beyond a certain time horizon is highly controversial. Th is is w h y  th is tec h nique is
sometimes qualified as a “naive” one. However , it remains the most popular and the most used method of forecasting.

One of the essential problems is to identify the parameters which characterise best the progress of a give us technology.

Another one is to limit the extrapolation to a point which is reasonably reconcilable wills the historical series and t he
most suitable mathematical furm.tion.

Finaily, the analyst should “get behind the trend” and identify the major factors which interacted to produce t h e
trend. Any sign of a change in one or several of these factors should he taken into account or should accompany the
extrapolation as a warning signal.

Progress Curve

Instead of plotting a technical parameter against time another meth od consists in plotting technical parameters
against cumulative production quantities.

1’his relationship lakes the form T1 = a(i)” , where T1 is the value of the paraniseter at the i~’ unit , i is a

cumulative production quantity and a and h are constants.

This dependence of a technical value upon production quantities gives a technological progress curve. l’he form of
this curve is similar (0 that of the industrial learn ing curie relating the cost (‘ of the ith unit to the cumulative
production.

The rationale of this method is that technological progress is analogous to the learning curs e ats et thus equates
improvement in the learning process with improvement in technology tlsrough repetitive productiots .

Although learning curves are useel in many fields , it m/uy not always be ohviotts t h at the e’orrelalious betw eet s
production quantities and behaviour of tech nical parameters its the past is a suiI/ihle miset hiod of forecastin g future
developments of this parameter.

Analogy

Analogy can be consid ered / is an imp lici t  e’orre hL uti oms hetwe’e’us two deve lopis ients se hose behiLis uour us t hiucughit to lie’
analogous and is also expected to s tLiy /unalogusus in t h e  future.

The examp les given in the Ii (erLi I tire Lure’ tsua its lv lii stork/ut /1 miLil ogic’s Ii nu.h grc ess lb let tr iotu egi c -al its th u ugues - I l c e m  cix ‘ cmi i  pIe’



- ‘ ‘—  ~~~~~~~~~ -= -~~ - ——-

9

analogy to biological growth or Pearl’s law , analogy to economic growth or Gompertz law , ce llular analogy , reproduct ion
or imitation analogy.)

Some of these analogies , and particularly the biological ones, seem to be far-fetched. They nuay be useful in
reminding the analysts of t h e  fact that there are natural stages of development wh ich must he takens into uccounst.
However, the biological analogy carries with it (lie erroneous implication that each technology hias a l i fe of i ts  own.
governed by some internal dynamic law expressing itself in relatively regular growths stages.

Trend extrapolation

logo
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Elensents of exponential trend forecasting of technological progress.

Progress curve

5.0
z 4.0 SrC I,. is, .5 f,. i
2 Mc is.,.e
— .,.u p•, Pb .5 thw.,l

(a 0,
Op. Vt . un Pb. .5 en,, t,

p., lb .5 th,. .~
‘945

1950

~~

~~~

0~l ~ 9 hO II 12 IS II 5 16 Il 18 19 ~
THOUSANDS O~ (NC IP&S

Correlation of turbojet engine performance with cumulative production quantities.

Figure 3

Trend Correlation

There are cases whsere one technology appears to he a precursor to another. ‘l’his h appens wh ets (lie’ /ud r/ uis ces of omw
tec hnology can he app lied to t h e  next one. Thu s it seems possible IC) forecast t ise successor ons the basis of t h e
ac hievements of the precursor and the observed time lag. This method is also cLIlle’d forecL isfing by / ) Tu ’ u tIr’, t t u ’ u i u ’flIs (5~ I~s
precursii’e’ indicators.

If the tit ise hag between t h e’ two technologies is sufficiently long. usef u l long—rL unsge’ lut re ’c/ Isls rn/us h e  pu e ss ule t e ’  I bit’
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data yielded by the development of the first technology tip to its present state can be used to forecast the development of
the second one, up to the term corresponding to the time elapsed between the development of the two techsnologies.
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The m ajor ehit ’t’iculty in using t h is niethiod is to ielets t ify the time lag. Devices of the preciirscir and follower
technologies rarely exhibit the same level of functional capability. This makes it difficult ho deternui,uc t h e  lag u s  sears
between ac hievement of the same level, it is thus necessary to iisterpo late hietwee n the values of eit h er precursor or
follower and th is is nsot without risk.

Multip le-trend correlation
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A specific type of trend correlation is the multiple trend ,frcrt ’ i-ast , based h o t  on technological transference hut on
direct algebraic relations between variables , The fund amental notion is that if Z YX thsen one can forecast Z by
forecasting X Lind Y separately.

Substitution Analysis or Substitution Growth Curves

Substitution analys is can be considered as a concept relevant to trend extrapolatio us. Ihe seibstitution ph enomenon
or effect is premised on the observation or belief that a technology that exhibits a relative increase in performance oce r the
older or established or conventional technology will eveustually substitute for the technology of lesser perfortuiance.

This method implies that the substitution of one technology for anoth er tends to follow the fani ihi/ur S-s hsapeet curv e
of the life cycle. Substitution increases slowly at first , faster as / icceptance grows , and more slowly /ugait s /15 saturation is
reac hed,

To use substitution analysis realistically, t he substitution must have actually heguus , t h e  hegitining of the upturn in its
S-ceiive must be visible , cont inued substitution for the existing technology must appear technically feasible ausd the
eventua l degree of potent ial substitution must he calculable.

From the analysis of past substitution patterns , mat hematical functions can be derived to forecast t h e  form of the
S-shaped curve for a new technology. This may be less applicable to military devices , since the ra(c’ of change is ve’ry
rapid in this field and can be further accelerated by external threats.

Envelope Curve

This technique can be considered as a branching-out of the concept of trend extrapolation. It consists of plotting
against time a set of curves of the form of the life cycle , eac h representing successive technical systems which fulfil a
certa in function. The individual curves are joined to give a family of overlapping curves from which the envelope curve
tangential to and connecting the set of curves — is drawn,

The envelope curves are based on the assumptions that the rate of development of a technology develops a kind of
intertia through the various stages of its growth, The technological change is a cotitinuous substitution process. The
latest and most efficient system takes over even before the former system has eased all its possibilities.

The main advantage of this method is that it avoids the saturation eff ect of more straightf orward forecasts restricted
to a single technology only, It is used to forecast possible future substitution by other emerging or unknown tec h nologies.

A specific application of it is the ,ti~nct ional capability c i t r i c  which presents the maximum capability of any sub-
system that can perform the desired function. The capability is independent of any particular technique. The functional
capability curve is the envelope of the maximum development levels taken from all specifi c techniques which caus perform
the function,

In many examples given the envelope curve plots as a straight line (exponential growth) on a sensilog graph. In the
long term, however , one expects the envelope to tend to become , in its tu rn , a logistic curve,

The extrapolation of envelope curves is considered by most authors as one of the tools particularly suitable for
tec hnological forecasting, Some consider it even as having potential for discerning techtsological t reakthiroughs. In thse
available literature, however, t he same examples have been mentioned for a decade , so t hat t here c~in he sonic d oubt as to
the progress made in this direction.

Advances in the State of the Art

This extrapolative technique uses the concept of the state of the art , which is defined LiS (he h i gh est degree of
tec hnical accomplishment that could be achieved at a given time. The state of t h e  art is represente d iii te ’rss is of selecte d
physical and per formance characteristics and advances are measured in relation to identified st/ ute -of - t hc’-Lirt “slur f/ic’cs .

This representation reflects the best implemented technology during the time period in questious. Th is t iffers from
tec hnological cLipahil ity. Implemented techusology implies not only tech usical feasibility hut LihSO ecdeulot ilie’ or tisLi rket
feasibility. ihus advance ’s in the s(Li e of the art may be stimulated by improvement in technology or bs chiLaisges iii t h e
mLir ke( or both.

Ihe d ifficu lts of ete’f ining itssp henseus (eeh tec h nology, on ( lie one Is/intl . L ine1 of iehent it sung uiiiphic- ,utious s of t hue’
interehe’penaheuse’e between the tec h nology ant i the market, on (lie ot her , t h rows sonic doubts ous any e’s (e uss ic e
pr/ic t ie/u h i t i ty of thi s tncthioel .

Technological slapping

lists c~iit ~e eut t istc hc’rc’c t as Li coi t sleuuu ~utu o ui of ’ rsionitor iusg ;u t s d l g/uus l iusg: it’. ulsaii s uubj e ’c t t v e ’ is to e’v .u h i i L t t e ’ ( h u e e u I uu l I e e ’ t u t o r s
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or adv ers Li ry ’s stret ig ( h. I hit s e’ali be etoti c wi lls (lie Ltid of t ietwork (ee ’hinidlt ies visuLihisiisg all signif ’ic’at i( approa ch ics tuu a
desired et iet res t ilt.

Envelope curve
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Figure 6 Part I

Publications. patetits Land all available intelligence sources are used to lay out (lie techstsologie’Lt l cap/ability of tIle’
adversary. ihie various techtiiques of rating or numerical graphs can (lien indicate lIst’ d egree’ to w hich each paths us
invaded. dominated or avoided by (he other party. The resulting map serves as a b/is is for estinsL itit ig (lie fubire
performance capabilities, ehirections of R & D efforts Linel ns~iiti approach es.

TechslsologicLsl monitoring is probably an iusdispensLible part of data collectiots and is wid ely prLie(isedl its niost
coutstries. TechinologicLil mappitig is somew h at more Linibitious. It is. .-in attet s ipt to elesigis atid pLirlhy qti~itst if ’y kiuown
facts and projec(ive itssights ’a designeel scenario rath er thLln a wr i t te tu otse.

In this c/use (echitsological forecasting is consielereet as /1 kind of itsfort ssatio iu syste isi ots sc’ ietsce Lindl tee ’hsiso logy whui e - hs
shows , through continuing LinLil ysis, (h e tieedh (or e’liLi tiges, respouusec to ( hureals , ne’w deve’lopnsenfs Lilid t u iut i / it iv e ’s

Coiuex(ual Mapping

It t  is 5 Li gra phi ic et usph / u v ot’ t he rela t ioisshi ps ansotig Liisd bet wee is I lie eleve lopnsets Is,’ itsve’ ti (Ions processes . ci uiriiig a
peritx t of t itise’ . I li/it h ave , or d o , or w i l l  ~oist r ib u te’ t u e  (lie ,u cli is’s c’ liii ’ it of I lie th esired ~e’ rIormLi uild’ of (lie p/ir/its ue’te’i tu tit he’ I
Invest igLat iots.

SI/If r ix

I his us LI nscltu oc t of str u ct u r ing the probleni t ut iuher s tuck . iu siulg Li t L i t c u l t L i r  e c u u t i e u i t . i ( i u e u t  e e l  s\ s t e ’u t i  j e . i i .u ts t e ’ters I c e

explore pu essi Ic Ic ’ i tt terLi i’tiot i%. 

--~~~~-- -- -~~~----- ~~~~~ ~~~~~~~~~ -
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I~hic’re’ ~i~e tii/ iti V v/ ir i at io i us , ehe’peiief ilsg oil (lie hior i/otit Lul / uuid f 5-e rt ic / ut p/ ur L it ut c ’ t e ’rs use’ef - Il ls ’ t ic  ‘“I c e u u i u i i e ’ u u l ~ iise ’eh
types ~uc’ itc ’c’ehs re sour ces tLibles Luii dh pros hu ct c, u s tc cu t l c ’u (or it i .iu kc ’t I t . c t ~Ies
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Figure ii Part 2

Input-Output Analysis

‘l’hse its put—oci t put me (hod is bLised on (he nco—c ’lLissic’Li I concc’pt of e( t i/l i lt (Lu ( iv e’ iii (e rcle pe’ uief c’ti c c ’ bet We c’ui iii ( c’ rrc’l/u I ed
e leiuieiits of a giveis ss -s (em . ftc form of represcus h/ i t  iou is Li u / It rix c’onusec’( iusg (tie y/j fl~ffl5 prod uc’ing Lunch c’onss int iutg
sectors. 1 lie its terehepe uidencc bc’tweeus ( lie iuiet iv is h tiLil se ct c c rs uI I lie gic -e ls 55 s tc ’ui t is ch escri hec ’eh by L u s e t  of hiise/ ur eq tuL i t i ceuus ~
i ts s p e c i h i s - s(rue’(tur/ i h c’ h/ i rac heri s hic ’s Lire tt uus ref le c te d iii hh s e usu une ric ’/ u l t usLugis i t t i s he of th is ’ c c e e l l i c i s ’ti Is of ( I is ’ss ’ d’t l L i / i t i c c t l s
I t iesc ’ eoeft ic ic ’ts (s Lire c le hertisi useel empirically.

1 he’ niethuod is niosf l a st / th e otse but several Li (tets)p (s li ;iV c ’ bee’ui ill/til e to hra u sst o r u st  it j us tue  Li d h vuiLuis t i5 one, hi s
e’uue’ t t t e ’ie’ i i ts c/ i  ii be’ tul/ idhe’ t iuiic’— h c ’lee’uide ’uit. w h ic h Lilbows t& ’e’hiuuologic ’/ i l c’hl/ iuigd’ li i be’ h Li kd ’ul iul t t e / i c ’c’Oiu uit -

lnput—o t i tpt i t  t / ibhc ’s ,urc ’ w ide’lv iiscel iii c’c’ou soti sic ’s , biet li is Liii / i c c ’it i uuili itg t r;uiu t e ’w ce r k /i u t t h ,i de’’, ic e ’ b r  c’vL i h i i / i t i u e ut  c c l
c-fu .u tiges us final eleti saisd or in supply ut c ’ec t s . I vet s w i t h  th ie /uth of eo is uput c ’rs . uu l/iusi p ulLu t to n cu t uu t pu t . c e t iu pu i l  la l c hes is l i t
fron t 1,15% (‘ /il c - i i l L i t i uut i  ue f Ice ’h uiuic ’/u l c’Oe ( f i e ’iet i t s , fl ~~~~~~~~ se’e t us s to Ice’ p c e s s i l c t e cun hy for ye/ ir s re’h / i t i c c ’ ls Ic ’ t t f l e t e’ it t  t h e ’
p s I  A pphic’a( iuut i id ’ It te ’ tui e’thiod to te c ’hti iok egic - /u l t ’orec ’Lucl iiig is t t i e rc ’l’uc re hiuut i ecl .

Sla(he’,na(icah Slode ls

M.ith t e ’ nt . i t i c , it niodhels Lul n i L i t  re ’I’re’sc’uit i ut 1~ it li t  l ’s t i . u~ I turin ( l ie’ d t c ’ Ie’ r n t i u iL ut t t  5 / I t  t i l t s ’s c c l  ,~ se , s t e ’ui ;uii ct lieu
t i t t c’i ic l i c e s t s  On ( t i c ’ Ie .is us c c l c e l c s c ’ r sc ’cl c l i i i , .i se’( i d  ~, i u t , t t c t es is se’le’~ t e ’ct tt b i t c h  is s up l ec e s s ’ dI t u e  lee ’ t t t e  h e s ’st . i pp r e e \ t uu i .u fuue t s
t u e  t h e  rc’ i t — w c e r t s h  s s s ( s ’u ut I lie ’ re h , i t i ueuus h t i l e s  Ic t ’I~~ t’c ’ t i  t hi s ’ c i r i , u t c h c .s us’ e’’~pre ’sse ’el usu ,u lhs is c d c t t t i s ’s ieul hin d /il s’ulu/i t i c c t l \

It Lu usi,i t hic ’ t t t . i l i c  i t ius u ech e ’h ‘c tu e Ice’ uiss ’fi it in I~~T c ’ c ,is I ill . ( tie . i s i , i t s  s( hi ts tu e  Ice’ ‘cu te  ( h ut  ( I i s ’ i c ’ is .u re. usc ,u t .t t c le’



proha Ic di I (fl /ut I hue rd / i t uc uussl ii ps cdiii iice’t ills (t ie ’ ,i r i / i t c hes will hiol ch ch tiring (lie ice n oel of ’ forecast or lie’ tis uist laSs ’ sit ii ic

c lue’S us t ie (Its’ rate ’ Lu t ie t dir e ’s- t iu un u c l  p c c s s i l c t e ’ ch u/ utuge.

Simulation Models

Su it u I/i i cuts  moc he’ls LIre usti/ul ly c’ou istr tuctee l for e’xp lora teu rv purposes wf ucr e (lie I huc ’ c c i i c ’s are rat hter weak cur (h ue’
ca lculat i0ti5 Lure’ ‘c ud h ighly coils pies (li/it situip le Lilge’l)r/ Iie’ sol lit iOils c’LI tiiiO t lie Olct/ iineeh

Nloche’Is c/ i ts  be’ cte’terns iti ist ic . Litidl ceci l (ai ls opt itsi isiusg or othu e r coil t rol she’v lc ’es . or I lucy c/Ill Ice s(oe’hlL usI ic. Re’ l/ut ioui’cItips
bet we’c’ is variahc les are spec ’ b e s t  its this - tel li/il lv, cit tier Lllgeb rLu uc ’ally or cli rec ’t ly IU bud Li corn Pu ter S l it S lit/ut iouu Ia IiguLi5e’. Li nd (h u e’
e’OulSe’e( Lie’iic’e’s t ub t h eir iuiterac ’t iouis . whic h niLi y have’ ti th e’ ILugs , are’ ( hen lcr(uJec ’ (e ’sh -

Su ucs - b ia s t is met hiodls include’ (lie’ tic uti le ( ~ir/u u t cc / i , t iq ucc w h ich pen n its siuliulLU ion c ut proe ’c’sss ’s in whiicl u prohc/ibihi( v
cannot be’ expressed by statie f arch sh istribu( iu ) us tw i s t  ions. It is used iii probabilist ic t’orecast ing atiel cc  unsist s its runu i iu ig
repe’/u t e’chlv Li seq uue ’ulc ’e’ of c’vc ’ul Is ~ it hi rau seto uss c’ois ihcui iat de lls ccl ’ probLuhili ty  Lit t ic’s , t int it s t i t t i c ’ieuit sb / i t  is( icLil t usateri / i l  is
Lic’e’tufiit i l L lt e ’dh (ci ele’te’nuiiuie’ t Ile’ prcubLubi t i ty it is ribu lion of I lie outcome’. ‘l’hiis I e’~’liniq lie eL lis be Lipphie’ch St t i ers ’s s r rL iuuchouui
tac ’tors Lure iusvo lveel t h at wou ld Ui/ike u s/il lien s/ut ic/it I rc’,it tuie’nI et iff ic ’cul t

I)yasamie’ Modelliisg

Di L l f l u i c’ rnoche’lhing is Icasee l oii (he e’ou se ’c’p( of iiietust n a t  ehynais iie’s or syste ut i  ely nat uh ic ’s . e’ labora tech Icy J av Forrc’ster.
f t  cons ists Ot si set of elusiui t i(at ive relat iouishiips whi ie’hu toge’t h er  repre’sen ( L i  uiio de’l of a ‘ . 5 1  es t i  , en/ib litsg I lie ~b ui~u u uiic
reactious of t he Svs t c ’ usu to t he v/in iLut ions of paratsieters to be stuehied utseher ( hue cou is( rLliuit s csf t h e ’  ss s te in .

System chyusaui iics is based on serv ouui ec hs Lu uu is uss t h eory /u iieh oIlier tcc hs i i ie it ies of sv s leuti s ~iuiLi ly ‘ci’. /Iuiei is pre’ehic/i te e l Oil
t he ability of h igh —speed d igital computers be) solve’ large tiuts ibers d)f equations in sh ort period s of ’ t ime. l’hie c’eluatioiss are
mat hematical clese’nipt ioiis of the operLttioui ol’ (he s st et is beiiig sitisulateet . Llpp hiedt for le’ ,s’ls d)f VL i nid)t is types wh ic h chiLiuige
at rates contro lled 1w ele’cisiotl func(ionss. ‘Flue level e’quLit ions repre’se’In Liccunsti lahions wit hius (lie’ system cut Suc h u-ariahcles
as futids, person ise’h. t~tcihi ties , c tc’. . a rich thu.’ rLI (C eq uta (idulis govern (he’ e li/i tige’ oh’ I lie levels with hnsc’.

MathiematicLll simulatiou ’u of t h e  system c/I tS only represent a re/il sys(euii to (lie ext eist  t h at (lie’ set of ed luatio uss
de’scribes ’,islequately t h e ’  operLlt ioul of the real—system coulspo neus (s . l’huis is an iisiportatl( diff iculty , s ince (tie choice c it
variab les is based tisainl y ous j e u dgenieuit anel assumptions reg/irching (lie controlling conspouients of Use sss hem .
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CHAPTER IV

PROSPE c1’IVE RESEARCH

The nset h ie cls of projec’t ive researc h . reviewed iii (lie last chLupte r. imply, if th ey are to be used iii a meausiuigft ul tV /u S

c’cct iSt at it on prol cahc ihistic’ relationsh ips be(wee’ui Lutidl among (lie relevatit van /lIlIes. I lowe ’v e ’ r, t h is cotishitioti h ard ly  app lies
its studies of t h e ’  long—rat ige future’ or whieus elect) ch anges Lire expecte sh or punsueel as a coussequence ’ of usew social a t t i t u d e’s
or usew policies,

To stud y future s (‘or w hich there are uio clear (eruiss of c’ontiusuity or comparison in (lie pList or in (lie pneseut( . it is
/tppropriate to resort to Prospective researc h . Method s in t h is cLltegory help to imagine atich ex p lore elesirahcle , possihile on
alternLut ive futures. Prospective ’ reseLurc hs is thus t h e  eh otTuLu it i of creative or irnaginLutive LiusLi lysis w h ere itsiaginatious ,
j ti chgenieuit , insight Lutist scientific couicepttiahisat ion play LI ehs’c isive role.

The niethods of prospective reseLurc hs eLm be ehivicteel into two groups:

( i) Insagin/utive tee’i itsiqtues : expert opiulion, bn/uun-s(orm ing, synec ’t ics . pLiras higuiss , sce usar ios . e’veuit geuiera(ion ,
Delph i.

( ii) ConihiusLutony tecliiiiques: iusterae’(ious neeels/possibihities , ns~Ipping tec hsnologic’al Lul (e rusa tive ’ s , cross—inipae’t
an/ ulys us , d iscovery nlLi(rix . m orph ological aisalysis . cecu itinge uscy and perspective tree.

Expert Opinion or Genius Forecasting

‘thus is Lan utistructuree l (echs ii iqcue of el iei( iusg (lie curre ust state of (he Lint Lutist its likely eheve lopt isents . Relian ce on
(lie intuitive judgemeuil of ex perts us isot j us t  a teuiiporLlry exped ient but Li uiece’ss/ury iu’ugreelient of futures research .

T he simplest techuiique is on e—mat s or geuiius torec ast iusg. M first glLitice if we waist to kuiow Libout t h e  futu re of
aerospace tec hnology it seems reLisousLlble tic ask /Iii expert in this f’iehel. I-however , suc h a t’orecast may prove qu ite
unilaterLal and t’requen thy eve us h igh ly controversial.

To overcome the eliff ue’uul( ies iishsere ust iii LI siusgle est ius u/u le , a 1)011 of t h e  j uc hgemet its eif ss’s’ e’nal ind ivid uals /IC ti t e iii t h e
fis’leI may he tried . The 1101cc is to cLiuscel out (lie indlividluLil erreirs.

,“stsot her counmous pnLictucc is to hcriuig tog eth ue ’ r it ldt iV id hliLtl e’xperts ~fl LI patie’l, to provid e a slesirahile itste r/uc ( io us / Iliuciflg

t h eir opiniotls. [however , if usot IsL uridle eh proper ly. ( lie’ p/inch ~ 1Li st uft ’e’r froni leather e’f ’fect s w h ich nsay geuse’r/I (e’ Li

bLindwLugon nsaj on iv opu s ion.

Brainstorming or Insage Creation

‘I Isis is LI WL 1\ ’  ect 01)1/i h u n g  u u e’w iussighs Is ins (di a protclc ’ nss t hinoughi iii tensive (LII ki usg. P/in ictpLi uits Lire’ ~sk s’ sh t u e c uc i l I ri l c u le’
idt eLis , evets if t h e y  clii nes t seetss to be’ shirec (ly rel e ’v/ uui t : (lucre is souuie eviche usce t hu / I t  nsone “good ” id le/Is / Ire prod uced hc~
th is tile/ills thaus if only ‘‘good’’ idle/Is Lire’ sough I. No LIt Iets sp( is tiiLidle to d’ri t ie’iss’. el isc’tiss or exp lore ( hue ’ i (leLls wh ic h conic’
tip in (lie brainstornsi uug ss’Ssio ul , sii t c ’e I b u s  mis ighs I iush ihi I it , I hit us uiegLlt itig (lie pt irpose . If d esired , oneher e ats be itt rot hu uc ’ecl
later.

Synecrics

L uke hc rLu i isst or uusmn g, s~’ i5s ’c’I ic’s is hLisie’Li llV ais aidt to c rc/I t  i s - i t s .  ‘l’huis usa  gru c iup int ’l hioel c c l  f ’ind itig t sess - ‘ c cc l i i  ( i u cui s (0 / 1

prohcle’tui . ‘l’hie hL is~c’ idl e/ I IS to ill/ike I hue ’ st nLI tige f/ urn ihi L l n a uieh I he’ f/u n il iar st r.u usgs ’ -

I lie nset Isoel I’, Icr/ id ’ I isesh iii ~t group of to c ur t ic sis pe’ rsu cuu s . 
~

h ii’. .1 ti l tidier/ il icr LI net plums L II5 e~ icent - I he nt~t iii sIc ’ 
~ ‘c its a

sv tuectt e ’s sessiots Lire : dhef ’ini(muin ccl ’ t he’ prohileuss , g euu e ’ r/utuuug ichc ’ /us t im sui lt ul Ion . ge’use ral ing L In/ I lo g is ’s . rc ’( uunu s to t h e ’ pnuch lc’iui
to geuserLute new iclesas ,

It is ut l.iflt t/ituit’)’ It) uvud idl / i t l% e’n itt s ’ is iut / uii ul ( uc Ire ’ s ’ t h e ’ i s u i u uuhs of p/Irlie ’ u P .u u t s I r ucit u t h e ’ ui s ul / i l s c eu ts l r , u tuu ts  w ith (lie mu c h c c l
in/m t ucgi es

-  ~~~ - - 
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Paradigni

A pLirashigni is LI Es C’ S pt is ’i I lv ‘.1 num s’t ure’el sc’( of s lt uest ions , Liss uuls ipt iou is . lv pologie’s. e’onc’s’p(s Li mid 1 ocu t h l lse ’s t~ Ii cli
Lit Ieuit p(s tic prs us ide Li generLil (i/mt termi 1cm c’onsic le’niu’ug Li gis c l i  ussul e -

(‘cm ui c e’ pt uLIhlv . it c/In be’ sit ti/ i tech bet WCe ’ui Li me’ I/i phuor Li usel Li t h u d  el - More nigdm rot ms , mitre’ ec u iii p Ic’s Li us d 1 us c ure ’ reIc’ ‘,Li il
(hlLl uu LI tiiet ap hior . it slice ’’. iuo( /1 t tempt tel bce / 15 e’(ifli p1 e ’t e’ Li uicl rigoret Its Li’. Liii Li li/il Vt  u s/Il isuc csb e’l -

Scenario

Seen/tr i te writing tt s ’sen ihes . in w crcls . pccs’ .ilcle ’ ftu I tine’ even Is Lutist the ’ h’orc’e’s giv imsg risc’ b su t hien u . It is in bro/idh usc ’ . bot It

Li’. a tool for ge’nerat ins LIl te ’ r us/mt is-c b ’uu (cures ~usisl t’or sheus iuuis(rLmt iuug (he’ po ssibit it of a c’e’ rt/I i us stLi he’ of Lit I LI mr s Icy c’ouist m c I  uuig
a reasonab le eli/tin ccl ’ /111/firs w luichi nsighut he’LIeh to it.

It muiav also c’onu(c ine t h e ’  two LipproLuchi eS , t h at is Ii) a stescnipti scuu 01’ (lie’ fsut nrc at Li gis’em i ( mm ui e ’ ss it hi~i ven t ca tmo mi ccl ’

its intern/I l consistetucy . (ii) an ex plonato rv elescnipt ioui elf (lie’ events tvlui e’hi link t h e ’  pre’se’uit to the ’ fumt iure tLu k u u ug uuu l c c
Licco d mt u( t h e  trend s LIn dt (lie et t ec ts  of policy ehe ’cis uouu s.

See ’ uu/ mrio writimug e’LIEI resort to str euetu mr Lil LuiuLil~ sis tsm provishe Li s t t mLihi t L i t lv e ’  muiosh e ’ l . ;~ cii t h e ’ ne ’hene ’u sc c’ Ico it it in t h e
future, it flutist th en he decid ed w h ich , Luuiiong t h e  sv ste ’nu’s str uc te un Lil p /u rL lu ls e tens .~ mne ’ th ose ’ whime ’hs nel/ute tec t h us ne’Iene uic ’e’
point. BLmsecl on t h e  pre’seui t co tue hi tions . Li set of imic hic/Itons is cb e ’ fmt iu.’eh Lu ussh LIII indhic ’Lulors lurdihi le’ c’ons lnu uc ’(e’sh w hic’hi
charactenises t h e  svste ’ni tinder stu dy.  ‘(‘ lie’ conup/ urison of iiushic / ibo rs -,It t i th e’ t Lunch Lit t u l le ’  t 4- 1 sh ows w hse ’ thie ’ r t h e
ituit i/t I internal cons iSteus s’y is rnauutLu Iuue’ct or if el isc ’repLluucie’s hiL uvc ’ Luppe ’Line ’dh - In t h e’ l/mtte ’ n c/uSC .L I  i tichge uiieui I oil c’S / i luuL i I c c i i  ‘c

mLiel e’. ore t hi e h/ isis Cit w h ich policy LICt iou c/I ii Ice’ e hecus le ’el

Delphi Method

T he Delphi nse’thuoel , slc’ve’lopesh initially by ( hue RLmneh (‘onpon/it iouu , hi/is h eeuu viewe d Icy iii~iu i y / i ui Li l% sts  as a s’ cm ui p le’(e
fcmrecast ing methecel iti itself ’. ‘t his is ett ,me to its versati l i ty zmn t ci t le’x ihcih itv of use’

Delphi is a techimu ique ’ I’or ObtLu ifluuug Irons Li group of iuuehivis lcia ls I nuost often experts in a givu .’uu t’ie’hct I LI cccnce ’nstis u cuu
sonic top ic or event,  disu/ihly a fonec/ust w h en an e’ve’uit will occ c mr on w h ets Li scieuuti t ’ic breLm kthunoughl will Ice’ re’Lulisa lcle ’ .

J’hc’ nm/Ill) js’atm JrL ’ tcf the ’ m et h od is t h at the persouu—to—perso n inuteracti c itu hce (we’e ’t u experts is /uvouetesh. ‘l’lse’ basic tool us

a quest ionnu /li re semit by t h e  nuoderator to responsletuts. This qt mestto iinaine is ci resulLited to experts , askiuig 1cm e’s t um L ite ’s cc l

whuen. for example , a given techunoleigical eleve lopm uieuu( will occun. The replies- ’~Ire LiuuLi lysc. ’sh (lie’ experts Lure’ uu sf eu rm s ie ’eh cif
t h e  “spread” of ’ est imLlteet di Lute ’s ause l elf (lie Llrgumnuents Nut t’onwLIrd h bs t he ’  oIlier pL ir (mcip/ mn (s and (hey Lire t u ivulet h ( cm re’s use
their e’st irnLl(es. T he process is repeLlted sever/il times.

Delphi i h/is beetu c’s te’ uus ive ’ ly use’ci (cc forecast (ccliii ic/ il c hange ’. T he ash y/ t nt Luge’s cl/i imusee l Line t hi/it p/ tnt ic’i Ic/ l us ts ca uu
freeR express their s mpiu uic cus. (hi/it (he’ exercise is muot tinue—couus uuu uu i uug t’on t h e  expenls L u u m eh (li/it (hue results tire’ prc’se ’uu te ’sl iii Li

way e’/ ls ily undherst/ iussh/aI’ul e by etecisi(mn—n iLikers.

cD L~ the ot her  h~t ussh , Delphii li/Is /u hso Icee’n w iele l en itic isesh. It is poiui (e’ch out II1LIt t h e  ch oice’ smf e\ps’rt ’. Lmnel ( t ie’ w~is-
the qtmestronn/Iire is ch rat’ted arc’ important /111(1 C/in infliuc’ns’s’ IJie ru.’smul(s. Sonue’ e’ritie ’s sc ’s’ u icm ev iche uuce thu/it group ex pent
opiusion IS LI isv hce( ten thu/u it t he less pres(ig iouus . Icut iii f icr isuesh . grotu p op inm ious and su ggest ( Is/mt l)eh phu i s lucmule h be u’.c’st ouu lv
for the forec’Lis t uug ic f  ( hue e’leuuiems (s uuf q uLumut i t S ’  ansI ( imsse ’ whu e ’t se ’ven ‘ .vste’uui L i t ic Isue ’ / muus ton I lie’ asss’ssni s’ui I of 1 hic ’ss’ I ,c c ’tons us
absent .

Event Generation

Event gener.u (ion ~5 .1 I e’s hu u s is~ tie’ w h ic h li/i’. sc uuu ie s imiui l i t tm ef e ’ lo I )etp hs i . It cuc lisust s ccl’ fouun Phi/ sc’’. - s’s e’ui I geuse ’u / i (ion
u.’c’en I c-ru us ’c~ hu nk i ii5. e’d Lit i i i  I mu c ut , iui d ’ u eniec er /it ioui iii Iii I lie rs’se’Lu ne’hu pncmgr Lluiuns 5’ -

ihi c p,inl ie - ipaluls e’u’ nu e ’ l ru iuu u t hs re ’e’ cf ill’e’re ’ ust groups. 1 lie’ ‘‘i uste nuu al ’’ te’c’huuscilumg ~ exper ts Lire ’ s uch is us l i m/uls ss h i c c s e ’

pru ‘f i s i e  nc’’, is i ti the field c c l  (hue ’ 0 nga ii s i  ti c iii s / iC ( i’.’ If  v - ‘Flue’ ‘‘c’s fern/il c’s pc’rts /II’e tho se ’ c~’ltc css ’ Lu re Li s u el (Cell nu u elu y’~ lie ’
Ott (sidle (hse ’ uc rg ,115 us/I lit ill s ucpd’r/i t iOtis Ic ti t LI me mdc ’ .u it to (he ose’ r/ ul I he’c’ liii cclogi c/ I I cu t-m o ii t s ueu st - 1 lie’ ‘h ii ‘ c ut s  c’s’.’’ c \  pe’i( 5
are th iicsc ’ who tle’,ih m ainl y iii uh i/ l r ket ius g , c’e uc uuucus u  us ’’., gu es’ en nm ui e ’ust ne’ha t cc ii ’.. ct  5’.

Tlue’,s’ cs  pc’ r( 5 Ic c rc ’c, Lis t u,’, e’ui I’, t’, It u~’lu , if t hs c’S die ’s’ tin , will ne’pre’se ii ( Lu ‘c igi i I h e ’Ll tub el i Liii ~ce’ iii c’uc msh I-c t ti ‘ c u e s  to (hue’ cut nrc’ ut
s i (t i / t ( iu ur i ,  I- .i~ hi e’s~ce’r( us ( bue ’ uu ,uske ’c l ( c c  d- u’ ussmu k’n hits ucw’n I’uc re’c’ ,isi iii re’I~t tiucn t ic (hue’ s’v eu s (s t’c r c ’c ,ist I-c s- te l l ic ’r e’xpe ’I’ts . mis
uc nuher tu e j c t e ’ t i l m t s  pues ’ . i lml e’ I u t i k i g e ’s ss ! i ue ’ls e uc t i l u l  pn u uclu me ’e’ LI v iable’ c ls/I i iu cc l ’ s’ ’ ,cu i ( ’ .  hi L uv ut sg sont td ’ I tkc ’ It l i c cu e sh ccl t u l tu l e ’
oe- cu u m re ’ u uc’e’. I- ilu/ills , e’sa ltu / ml i u iu u ts  pc’ rfu e rnce ’d icis Luil its uhis’idltu L ih li/i sis by ex per ts  se’Ie’c t e ’ s h lu e n t l ue ’ur uucl g e ’ ius e ’us l iii (c ’s ’h t t i uc . i h  uc u

c i us t t i e ’ss ,ure’LI.

-~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

lit

Se’eiianiu is nit imig

* 
[structure 

‘{I~ u~u~~ j_
s;
~

c
~
u;
~

oCtiort ate I OCiu±5 On
the trends the trends

Del unu tion
of

Indicators

,naS cot c’s if ’di’COtOc’$
p,”OfilC 01 It ) p,of’/e ot (,‘ + T )

I~~~~~~mp~son 1
I Voluntary Notii, ’o/

Su’ob,/ i ,i ’ot,’on Su’obi/i rot/on

[
~
] 1o~~~~eS 

1 ::~~~~~~ue:~~~ ~-~1÷ 
L~~~~~~~~~

_

_.~~~~~~~~~~1

System (s) I m 
I Judgernent ors L,~,,. r ef e~ePc ce of

I ~~~~EvO tu t cOn f’
~
” ?fl~

I Voluntary
I 

Eva/u t,on

1 Iort-4——’lo r) t

Event generation

~~~~ j °~’~’ .1 ~~~ L_~~ l J : ~’~~j
“INTERNAL”

TECHNOLOGY 
~~
“
~~
‘
~
“] [~ ;~j J. :::~’~c 1 I H L L . ’~/ ’~1 ,1_,,~:i~:JEVENTS I

1 i  L ~1/ A_~ •1 _ _ _ _  _ _ _ _

__________ , I I

E _______ 
—

— I

~ 
[ “~

‘
~~ ~~~~~~~~~~~~~~U N _____ _____ _____

A ~~~~~~~~~~~~~~~~
r~~ I / L ~1 t~~i ~~~J \ L ~~ !

“EXTERNAL” I
TECHNOLOGY L~ -i’ F”~-~1 I 1 I t

EVENTS 
- _______ _______ _______ _______

I ~~~~~~~
- I I ‘

~~~~~~ I L~- 1 L~~ I L~ J
l ’vs ’iii c t u ’.s - t i uik i i i g

Figu re’ X

Interaction between Needs Litsul Possibilities

\: i nu u luu ’ .  / up pr dc Lm e ’Iues t ue ,u ‘‘d hs’ nLu nuu ie ’ SisuLmhis ius g . r~i Ihse ’n (It/itt cls u /l u lls ’ ut i u c b s ’Ih i t i t ’ , c c l  u u t ( s ’ r/ i c ’ ( I u c i l ’ .  I’e’t we’eui need s m u d
l c u essu l c u lu luc ’. I/i ll iii IIu u’ . , c t s ’~i c c r s  I luus spe’e’u.u l l e e r u tu  cml ’ se ’e’ui un uu e s l u/ us Iees’n c c l s r i  s’ t i i j c l c c s c c l  I’ ,  ( hue ’ u i s i l i t i r v  I c c  cl e’ts ’nuiu i uie ’
Ihi r e ’ .u t s , rs ’ s 1 c c c r i s s s , puesc ilcl c s , i 1 c .i l c i h i b u c s , Ihus ’ir e’ ieu u s l nLmi usls as ic1 i n p ut ’ . /u t ut t ( h i t s  ( c c  uub c ’u s t u f s in cu s

A - _ _ _  _ _ _  _____________
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Delphi forecasts

Shown, in eachi case , are (hie med ians of the respondents ’ es inuates of the time by whic h (lie evems ( was
jdidged to hiave a I0”~. 5Oc’~, and 90~’~ probability of occurrence. (The slot indicates (lie 5O’~ va lue , Lun d
(hue emuds of the bar indicate the lO’~ and 90% values.)

1970 1980 1990 2000 2010 Later Never

N I

I I I 
—

2 ____

~I
I I

5 ‘ J 
~~~~

6 M M I

I , ‘~ 

I 
____________7 I ______

I Production of comnsercial em ue’rgv t h rough contnollesh thierm s uou iumc lean fusion .

Development of mass-administrable fertility-red ucing Lugents , econonuical etuouglu for slsc Icy (lie
less-developed countries , t hrotmghs sttch s tce’hiniqtmes as seeeling ths c wL mten stmp lchi es .

3 Manipulability of hst mm uu ms genetic stn t ue ’ t u une ’ , perm itting eorree(icm n of hiereditary che ’fe ’cts .

4 Conquest of sonic nuLuj tcr ehise/Ises , le/Iehiuug Its 5O” increase in life expect/I cy at births for chsi lctre uu iii
poorer countr ies .

5 lmmtmni,ation umgains( nsost bLucte nial antI vir/Il disease ’s ,

6 Devehtmpnuent oh’ comuspu (er progn/imsis whic’lu s itu uu l/u t e cccii i i d e ’ S S(id’i L II ‘.~ ste isis LIde’q LI/Itchy euso umg hs (di

pemns it pred iction of the implicLutions of LulternL uti vc polic ies.

7 I’ e ’ Lm s u h u h i ( y of using clrtmgs I / i’ .  opposeth to us um (nit j ucu iL u l su tpp le ’ussetst s 1 to n/misc (lie level uc f iuu(elli ge’muc’e’
riot ums I tern porLtr i ly r~u ise I hue ’ level c c l  LI p pc’ mdc p ( iuc ui I -

I gl u e ’ ~

.. -- ~~~~~~ -- ‘ -~~~~~~~~~~-~~ 



It’ (he iden(i(’ic/ I( id muu is folltcwesh Icy /lction . lb lead s to a j crc cgm Linu nse I c c  /ms ’hiies’ e (hose’ iue’e’ch’ . I hetie ,e~ (lie’ sd’ e’ l i , Inu uc
heconses a form s-ct torec/ust ot teCtumueLu l ne~c1s or capabilities , Lulthottglt scot necessLflul~ ccl pee’s use teehuuiie, tl etc ’s i c e ’ S  01

c’din higura I iciuss cml’ (ee ls uime l c ue ’s -

h- ’ nc c i uu se’ve ’ral see’ui,u rite ’ . (hue nehat ic’ uncefultic’’.s ccf various ts’ch iuiic Lll s’L it mabj li (is’s /111t h ehe’v l e d ’s Ion t h e ’  mi su e re hik e’lS I cut cure ’
cec uid titiotis can he est imLlte’el - ‘l’li is e’s I i it t/I te c/Its se nse ’ us a pnetuuuin/ Iny bLI’ .js for ui I Iiuui mug R & I) pntmgr ,i tuni c’’..

~Iaii of the l’echsnolog ical Future

‘l’his I e’e’huiiq tie’ is a st ncu e ’t uunit ug dev ice ’ w h ic h uut il se’s .iv/ mIl/ i h m le ’ I’dmrec ’LIst iuug tec hs uu Idi lie’s (cc geuuer Lm(e ’ Li ti/ill cu f ti m e
te’elst iologic/ul t’t ut t ure ’ , The usc/ u p is ehesiguiect to p~~s~de t h e  plLituuuen st i t t i  Li tecol sirnilLtr t d) (hi/it LusailLu lck to the’ In/is ehle’ r . It
dhis plLt~ s tee - li nobc cg i s -/ i l  Lt lt enuiLu I is-es / mmsd h (h eir emss’ ino usul ue ’uut Lu l c’c musseq u ue ne’c ’s in s u c h LI St’ / iy Li’. to  c’ uia lmle ’ the’ cuuip l sug c c l  t ie / t m —
ter usu tcc hunumc/ih .ie’ t iv i t ies  to lousg—n/uuge fsmr e’cLi s ’., ‘t h e ’  /uu u/m lc ’ gv cxi euuds tc s t h e  s ta y its whi ic -hi bot h Iv Ices ccl  ni~ups Line ’
prepLmre’el. ( hue mau i stL iges hce ’ iusg (tie fo lkmwiut g :

( ii SeIe ’ctiot u ccl the are~u (dl he’ tui/’uppesb /m uld t he eslLubtislmm euut of :uui Lippropri/ule e’odlncbiu iLite ’ ‘.\ ‘.Ic’ni.

‘ii) Detailed nee ’ots lu/ uis s/ uu ic e of (hue Lurea.
(iii) ‘I’manst ’e’r of reec muinL i iss/ iuued’ slat/i to Ihie cc mc ir c hius Lmt e syste usu .

( iv) Topdigr/uphuy to provide de(Ltils ccl (lie “tennL i in” /t ndh the ne ’ l Lm t io m sshu ips hcc twee uu fe /ut e mnes of the map.

One LiXiS cmf the cemor sh imiate ’ ss’stern is time L mums h (lie ottis ’r is (lie cLite ’gsmrv umu u& her ims s-e ’stigatiom i , suc h as euuvin ouuuus eus ( ,
tec hinologv ausd applieLitioums, Fronts (lie fcirecLustitug poit ut of view the’ cen tmLu l part of th e coordiusate s’ s(em consists of
establishing “tniangtm l/ I(ion poimits ” wh ich ~ire Lut itic ipations ches’eloped demni uug (lie ph ase’ ccl ne’coul nLlissa lsce’ auud related to
(he vLuriotus categories on fields of the nuap,

As (he end restmht , t h e  nuLmp is expected to consist of Li eouuuputen-hased dLuta bLutik fronu which t h e  dtecis iomu-tsm ake ’n cauu
dr/lw LIn array of alte rnative options, t he sequence of scieuut if ic discoveries atud technological deve lop meumts prerequisite (cm
cac ti alte nmua( ive , the emuvino usmemutal precursors whic h rn~iy inhluetuce (lie ch oice a ms sot ug alternative ’s atud (lie conseqeueuic ’es ccl
each choice in terms of its inupac on (lie rest of the emcvj monme t it.

Cros s ’ Impact Matrix

The cross-impact technique is amu Luid to forecasting frequently used as a complementary tool (ci (tie Delphi approach.
Th is I/u tter has been criticised hecacise it yields a set of linearly indepenelemut estimates of the future , w ith t h e  probability
or elate sif each i(etii estimated independently of (lie oth ers.

T he r/tt ionale of the cross-impact matrix is to find the conditiotual probabilities of forecastesi item ius in full
couusiderat ion of the potential interactions anuouug them. A miutrix is const numcted with forecasted developnuetsts imu rows -

n

and the associa ed probabilities iuu coltmmns , Thue question is then how (lie probability of the indhividemLd items will sL Iny

with the occurrence or non-occurrence of other items,

There are Lit least three modes of connection between events: umurela ted , etihamicing amid inhuibititug. l nh/Itucirig
linkages are those in which the probability of t h e  second event is improved by the occurrence of (lie first. T he neve ’rse is
true for inhibiting linkages,

T he technique h/is been aelapted to enable mathienuatj ca ! calculatiotis to he carried ocit on a compuu(en, w it h LI view to
showing or testing possible future developments of the variLhhlddS selected. The effects of governnietit or orgLtmuisat iolu
policies c/u i be inclcmded at the outset or dtmring the coniputer run.

Discovery Matrix

The discovery matrix is an aid to creat ivity very sirusiluu r in principle to thue morphological Lm msL lly s i s; it is oriemitesi
towards exploration of possible combinations which have not previously been though t  of,

l’he nsethod is based on (he cccnstruc(ion of /I matrix whic h represents t h e  areLu t inder itsvestigL lt ious. Twcc lists c cl
parameters or characteristics ~sne esta blished. The rows correspond to items of one list Liiud the coltlrnns to items omu the
other one. The’ lists must satisf y the following criteria:

(i) It must be internally consistent , ic .  t he parameters in it mtmst he of the SLIme type ;

( ii) each list must he exha sistive ;
( iii) the point of view adopted for thse two IkIs nucist he independent and (lie cumnilc imu/ution of time two tsiusl be

mean ingful for (lie are/u emneler iuuvest iga(ion.

New ideas c/In he discoveresh by conuhining title itenu from (lie firs t list withi one ite ’ mss frot us (lie see -ou ch , -\lI hcces s i l d le
e’omhinations of ilenus in rows atue) colu mns can (bums he examined systema lic/ ills’ ,

-~~~~~ -~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Morphological Analysis

Thus (ec binmq ue’ ts L Iti LImel (di crc/mt IvIty w h ich tetu ets to appreluetuct LI wh ole rausge ccf p~ ssi hcle such u m I cmii ’. to /1 gus cii
problem by me/ins id a systematic ex p lorLl(ion cml sill siguu it iczm ui( hiLlnLltsuetens Luuieh bLusic princip les.

Thie sue ’ ps j us t -u eli u’c h in (lie msiethiott ~tne ( hue ’ I’oh lumwi usg

Ii) I e, ue ’I I’emm n stm l L ut Ic ci s uc l ’ (hue prcublen i (c c be st u ich j ee l .
l u l l  Prublens ‘.1 r u ue - ( tu r t us g ( l u rc utug ls ishe ’us ( it ’ ie ’ / u ( iu cis c cl iui u puen (Lln ( pLir/mruse ’( e’rs. I /u e’ b i p/ In/ Iuslc ’Ie’r pcc s sc ’’.se’s LI uiuimu i b ’e ’r c e t

iuiclepc ’uude ’ uut :rreduuc ’ihm le’ s u t uu c ’s w h ic h hi~uts ’ Iii Ic e’ uic ’Ie’ misu i use ’ih mu l ch l iuuk e ’c h us a c ’ouuip lc ’ ( s ’ iui.utn i\ c c i  ii it tutu Ii us
c’L uIld ’el a ‘‘miuorp hitc logie’al Icc c c ’’,

t u t u  1 I uumuuuu c ’r~u ( uui,u uc l’ hull Ie uc ss u l e I e ~ s c c u t i l c i u i , u l i c c n s  c c l  thus ’ c l u t l s ’ us ’uil t i tus ’s c l tIn ’ s ,u m uc c us  d i t , i t i c ’Ii’i’, It us u u e u u s c ’ u t uc ’ uu l  i n n
misc ’ Li e’uitii pImt c ’r , ‘d u d s’ Ilte ’ titur usl e er of Lut ( e ’ nui. u ( usc ’ e - u cusi l d uu i ,u ( iu c t i s  us t e n s  u uuu t e u e ru L uu t  I c c t i u  c pus c c c  u . uus th u c nu sc’lc’ e- i m o i s
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can he (15cc 1 Ic c se lect solti (uuiis whuuc hi are closest eit h er to knowui solutt ions or to (Ite ulu cust  s ( r/ iuige lIlies
I It I 1 S,,, ’ t uu i , i t j uc i i  cc l tkte~ tmsel ’ui lnc’ss 01’ solutions .

Mu urp hudc hogi c - ,,l ,m t uLi ly sus us pnincipatly used tse d iscover as t iuatiy opt b u S  Lis iii ~~ e Sust and tue lmrce s isle’ Li ( n / h u e ’  work c u t
t lioeughst. Its niaiti adlvamitL lge is Ic) setggest tuew dir utusctspecteel ec’lutso logic ’a h l mossi lcuhl t ue s I-however . ( lie’ ansoutit oh’ ,c c c r k
need ed tc c c u u t s t s bei (he s an uou us couuihinLl(iomus ausd tc u exploit (hue usew idle/is us cd)nsietenLuhile.

Ci.c~c~_Siiu.m. Nucu.~ Sscat .~ Q.m.c~ Synu.cn~ u.~ cc”vo u Si~’t ,n
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(ii) Technology is the domain of technical changes available, (If poten tially available , o t he organisation or
company, or its conipetitors, for acconuphishsimig tec h nical advances in (lie technology under study.

liii) Between the two domains of environment stnd technology is a doma in of utilities and functions . 1 is e’sse ’umh ial
to define these utilities and fumuctions exp licitly in ordler to discover potential avenues of technology t ma u ust c r .  A
function is an attribute of a ph ysical system stibject to chuange or improvement through one or more
tec hnologies, A utility is an attribute of a system deemed of value by (he user of the system.

A set of perceived changes in the environment linked with Li set of possible changes in (hue technology thrciugbm one or
more of the functions and/or utilities depicts a tree, Each tree represem ’tts a set of related chamuges the impact of whiichi
could threaten present products or cotmld provide a foundation for building a new area of iuu(erest. In either words , each
tree represents a partially defined threat or opportunity to he considered further.

ii
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Discovery matrix

Rotor Permcnienl Eiect ro— Eiecfro’- Eiectro - Electro-
magnet moçtdet mognet megnel magnet

Stotoc Passive 2-pole dc. t-pou e dc , 2hN)-poie cc , u-pole ~ , 2(4/h-pole

Passive X x x x x

x ~ 
Plomopolor X X (with co~uvyJtouor)

Elecho- Homopolar Hornopolar
magnet X corujugote X cofluUgaie X X

dc. 1-pote (PM) (EM)

~ 
Homopolor 

~ 
dc series/shunt

I ’ dc, 2(N)-pole (EM) (.wth commutator)

o~cpie 
x ~

Eteciro— Inducteve Inductive Inductive
magnet (squirrel synctiro x 9~~~l

0 
~~~~~~~ 

x
oc, 2(6’)—poue cage) 1PM ) (sI p 

~~~~

Morphologic/ut summary of electrical torque’producing devices.

Perspective tree
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CHAPTER V

DECISIONAL R E SEARCH

I )s ’n.’ u’ .u c l i  .il rese ’Ltrc ,’ lu e’LI tu Ice’ etc lit ie’dh Li ’ . Li Se’/ irc lu (‘or I hue’ bce ’s ( cu t’ pu ess ihdl e hi muc ’s cit Lic’Imu) li. h i  c’c mni p/ tri sc uul is- ut Ii l~ i ~ts ’ c (ii 5’

re ’sc ’ Lu rs hi 1usd pntcspe’c’t it ’ d’ i’e’se’Li re - hi it is ‘‘ I ele’cdlog ic/tl ‘‘ in us/mt tire’ or gt m/t l—orie ’uu tech , I.e. ’ it us co u ch ti e’ ( ed Vu’ mIt t  Li S is’ it ( di

,iii,iI ~ sit ie ’  .uhen iu.uI ii e’ pat his w hich eL lIs le/lel ( t e  Li gut di i  ec hmj ec ’t ive.

c c ’  I ofl e’ us she e’ isisiii/i I reseLure’hi is ii ed Lu ’ . Li t i  c’s/I Ill/il ~Ot5 t cml. 1,1,’ h se ’u u Li pp I led (ci I ee’hluiohogme’/m I I (ci e d / I ’ .  t 111g. II is cx pee’ t c cl
to sucmc’ tc mre ( hue ’ c’s cults to be’ t ’c ct ’c’c’ast is it lii ii ,i ehe e’is iouuLil / I ppr cs/m c hi , s .c LiS Icc o m ith imi e /m e t kits opt icitis ’,tuicl I ;ie’tl i( cb ~ e’hiu m te ’e’ nil

pOlt~’te” ..

‘I lucre ’ cc 1st’ . /1 u/re’,it t ,i rie ’t c cl t iie ’ (hucceh s w h ich v~urs w iehe’ lv , h m o t h u iiu ( hse ’ c cr et Ic/il hi/ is is Lt t u ch Lipp llc ’/i ( Iou’., I hie’~ r. e I1~~C

I’rc cu ss prote’e’t e’uit ut ric h t bd’t n.e s  (ci u.cp( ifli isLt(bOii tee ’hituisi lies Lit ich e’cmn up le’x its te gtLt ttm ig niesshe’ ls wh ich at (c uts 1i( (ci I i  sc uuu l us
is 5 c  c l i i i  I (t ie ’  it- lucite ’ d u d e d ’ .i t e ’ u iLm t  loll cml p/traui ie’ter s, sLirt/Ib les L mu i e h thei r rd /ut uouushu ps.

l’hue ’ gruicup ccf project cccmstr cml te’e’h ui iiqt me’s iu sclc ueh es tsiLliti ly pr/mp h thi esmnv Lm uush uie(work Li l t / I l  y’ .us, ‘I hue ’ gu up of
cc pt in i is/ t t ic cn ie’d’ h iuuic (d me ’ s c c cse rs tsue (hs t me ls Imaseel ous ehec isioti thue’o r Liiidl che ’ nivc’sl l’roiui t hie’ e’\ perue ’u ice ’ cc l  t mper : u ( u ud mus resc ’Lunc hu
Liiidl e- cc ’ . t - hm e’u ie li ( L ilt/ i  hv s i s , ‘h’hue te’e’hun idl cues its (lie ths i rel grouup Lire’ e’hi/m r/I c (e’ riseeh Ii~’ LI hit)1i5( us ’ dir sc, ‘c ue ’ ui’. /i pprc c/ue ’h u LI uich
inie ’h uielc’ tree’s Lit itl s~ s i dt t i  rd’prd’se’ti h/it it i llS .

(~rLiphs Theory

(;r/t ldbm ( lie’ t c r c c is che’c igtiee h to inulpnuii’e’ u mu ic henst/ hnsh ing of (lie’ s t r tu ch tune’ atich nicchaiiisnsc ccl c’tiuiipIe’~ s’c s t e ’ it ’ . It us
primui/tn i ly LI struc (ct n itug s he ’’ .’j c’e’, It cotusists cml ’ Li dhiLlgrLtnu iuudicLut imsg iti (eractiotis h etw eeu s pLt rts oI’ Li s s(euis . ‘I lie’ c’cdiuuieu.’t I ig
himses tii LIV tie LI rrecweel (ti iiicl teL l Ce (lie sh ire’c’ ti(uIi of iflterLIc’t /(111 4d irec’hed grL)ph.s ). ‘h i s ’ pr/mp h) m~m v be represe’uu t e’ct I c~ ,u mit/u Iris
w h ich cami neve’Lml ce rtLu itu feat em res of (lie s~’st eiii , e.g., (he’ mucinihen of hiuukLuge s , na(cm re c c l  imsterre lLm ticitsshu ips , et c .

‘l’hie chainuec l LislvL lmu t Ltge’ of a graph is similar to t h a t of Li e’cinupt uter model , i c,, h etiahhes ii’. to ilhciuisum i/ tIe ’ Li ctc uiipl~’s
chiLlins o(~ ituter L lcticc ius w h ich e’L mmsl uo( Ice grLlspesl itut ui l ivel y, it ’ no sle(LIi let1 qulLtnt ihie’/t lbon is req cit re’ch

Network Anal ysis

Gr/ip hu (hse ccry hi/us heel to vanicicls use ’(wc mrk I e~’hiu uic j u ies whic h ~ire utsed Lu’. t is/ Iti/iget iseti I tou ch’ . t’ccn ( hue ’ dc ci i  truth cit c ’uitt i Id e ’S
pr(ijects. Fccn Li given project . ccr rese/I rc ls Lt t i dh dt e ’ve ’ lccp isie ’u i ( s trLttegv , LI ( ietwork ucf pcc ’.st hile SI/uges ,utuc l s teps ts  uisLuppc’ dh , Ic c
d c  termui iuue (he opt itisal I rLij ee’(ory - I Iii’. is (hue primuci phe cit u - r i f E ,  -a! ,ea tlu i ’ u’ uthtcitt c in vu’hi je ll i i i ’ .  cilt es (he’ c’ci t iS( rdmei lots cit ‘‘h ost
charts ’’ imucticL ititu g eccmhii sLttio iss ccf f Lm e’to rs req uu ine’tl Ion I lie’ rc/m his/ u( icun of a pnucj ee’t ans I (lie’ i5c’e’ e’ss;il’~ titu s u 1g. hu m I It is Si a

possible hott le ’tsecks ~mre ’ pinpoiuute d Lil id h I’aclu c r’ . Lire c le (enuu utne ’eh whuene ’ musajor elI cirl’ . wull lie tie’edec l.

A tulore’ sophiist ic’L t ( e ’ dh vLmr ia us I is P1- k 1’ I PncigrLttsuT iue FvL ihum Luticii u / t uid h Res - ie ’w I e’e’h iu imc t t ie’ I is hi ie’ hs allows Iucr s tu e c ’lu/ ist is’
itl f iti(S Litudl is used to cotuipcu(e pnu mbLi hm ih it ies 1cm (lie’ t iuuie’ Litust cos t  iuivcml vc ’ch iii (his ’ nea l ms/il ucdu u ccf LI protec t - II tv/ is cle ’s- e hcc pc’cl
first for (hue Polaris missile s’u s t c ’ u u s  - F xpe rieisc’c’ ccf hi - S - Luge ’u ue ’u es suggests ( hi/u I (lii’. iiuethsoc l d i d  uucdt e’ iihiatuc’c’ Ic’e’h u uild ’/ i t
ps’nhcmriiiLlui d’s’ bitt reel im c ’e’d t lie pnudhi Lt hm ihi t c c l ’ LI e- Ics ( on It ru se ’ cii’ennui us ,

Optiui’uisa(ion Techsniques

Thuese nuuc ’thiocls le’/m ii on some ;usps’e’l uil th es’isiucui I hie’icry - I hie ’~ li/ use uu iucs l lv been cle i-e’lccpi’sl I’cii ue pc ’rLi I u u c i i s  u e’se ’ Ltu c- hi
/111(1 s’S tended (ci w id er use’s ill rese~i re’hu tilL) uu/uge h i d ’ lit / I mid iiscl List f~ - ‘1 htc ’se’ muse ’ ( hic c ch 5 LIne e’uis plccy e’ch in LIn e’h loft I 0 the ’ I e’t’t ii t h e ’
(lie bc c ’st W’IV cut teLtc ’hiiiig Liii e’~ j e lus ’ u t I ~ c he’l’it ie’ul gu c ,u I,

Their d’onimucn e- btL u r Lie - te r us tmd -’. L ure ’ ~t s  t~ulhui w’.:

III Fornit llLttiudu i cc l  Lull iut ; iI~ ( is - / i l I’rL it sse ’w uink icr  cd h ’cj e’e’t it’ e t t in e ’t iu iuu , prc’ t e ’ r / u ld l\ mis uu u L t thu euuu , u ( i d ’L m h te ’un us .

I u I  u i u mlh i ui e ’ ii Li h i ,ir r/ u ’, cc l  , i lt e ’ r t t , u ( u s e ’s c’t u us l / tm t i l l i g  ( hue ’ d esired Iu u lmm rc ’ uc ruc ’ u u t L i ( u u e u u s .

l i m i t  dhe’ Ic rtss iu i Lit iu iui u t’ c u l ce ’ r al i ( duu L u l l.ir~
_’c’ ls ,

l i t )  ss ’he ’ c IiuuIi i ub ’ L’ cc / t I uLiI,uc u i s’ r i ts ’n u.u Ou c h c b s  u l , i l i ncn  c c l  ,is ’( i uilt n c b ’ b t c c u t s .

I t I  d- uc t isp/ur i ’ c udi s c e t  ( hue ’ tsue ’rj ls c c l  L I I I5 ’ i ’ t t / t l u s e ’ c u c c u d ’s bs  

---~~~~~~~~~ - --- - - .‘- --.- _  ---- - ~~— ‘.--- -
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l’hese methods inclu de linear programming, non-linear progrLtnirning. quadratic’ progransmimig, optm uisa l coustrol amid
many oth ers.

In complex programmes , where criteria of cost atid ef l’e’ciii ’e’tiess are neither known nor olmvious , ( lie uiiosl ucfte mi used
met hods are cost/effec’t iveness and cost/benefi t analysis , To determim ie the desirabihily of a proposed project Li (inue
horizon is specified and all consequences (h at can he foreseets are listed. (‘ccsts and bene fits are auuchied (ci each
consequence, usually in monetary terms, etiscoum utimig (he presetut va lues, and tota l eucs ( s and benefits are compared to
obtain a “net value” of (lie project.

Optimisatious choice of decisions

INTUITIVE
,DYNAM IC <TACTICAL

OCCASIONAL

,
PRAGMATIC ( J REGU LATORY (ADMIN ISTRATIVE

DECISION PRESCRIPTIV E ORG ANISATIONAL
CONCEPTUAL 1DEDUCTIVE <OPERATIONAL

CALCULA TING (
‘PROSPECTIVE ,STRATEG IC

‘PLANNING

Diagram cc l the siptiniisalion of decisicin’making as a function cef the
institut icinal and lechunical characteristic ’s cdl cacti seiciah’pohiuic’al system.

PERT ( Progress Evaluation and Review Technique ) 

_
~J OR Q

~~ EE~ 1~~i~~~~~~~~
VlTT Ev1

(b)

c~~K --rJ~~~~~~~%~çj
(c)

Figure 13

Gaming Models

Game theory is concerned wills decision’making where alternatives are explicitl y influenced by t h e  aetiomis c f  others ,
A set of possible strategies for the “players” is devised LiusdI under (hese c’ondi(ions the optimum s(rLi(egy for one player us
ca lculated.

Gaming models are usually computer simulations based on sonic causal relationship, Fact u al ititonu isahiomi is separated
from behavioural factors so (hat “policy decisions” by (he players can he directly inserted to iuufluence t h e  ohiserved
evolution of (he model, Gaming has been used mainly its sit umations where objective and subjective components of a
system can be dissociated ,

Systems Analysis Approach

Systems analysis implies a deliberate effort to concept uua hise LI giveus problem Lit a whscc le Lum udt 10 cleliusc (lie
relationships between its compo nets(s Sid Lit to permit Li systensatic exp lorations oh’ its funcliouiing. It aims / mt iche ms t ut ’ying

A _  ~ ,, , ‘ , ., . , , .. ~~~~~~~ . _ _ _
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(lie best choice among possible alternatives . givemu t h e  bLisic cd cmi.s rain(s of (lie systeniu.

Itu technological (‘orecastitsg (lie systems approLlch c’auu take clil’I’e’reuu( l’oruiss , clepeusdlihs g on (lie scope of the an alys is

A most strLiiglitt’orward method is to dc’tect weakmuesses /Imud gaps in present opera(ing systems atsd o def imie
progn/Inumes for bnidginig t hem ,

Another variant starts with hiypotlueses or expecte d l’utture problems aiid auenispts (ci defi n e (lie’ characteristic ’s ol’
the technologies needed to solve’ (ltem, Thus , for e’x/mnuiple, the various conceivable’ tiir ezi (s or attack patterns Lire’ identified
and t h e ’  amualysts (lien try to clef imue the performamice chLtracterist ics neeshed Cci hu/umuell e specil’ic’ coust imigencies . (iii (he basis
of proba bilmt ~ Lutus l cost cLilculations , necessary R & D programmes can be proposed.

Impacts study , which is still another variant of the syslerns approach, helps (di de(ernsiuie (lie e’l’I’ec’Is which new
tec h nological solutions would have on existing or amutici pate d operating systems , Cos( amud pro hmabi h ity calculatiomis at eac h
performance level ~tre isiade andl Lti~ accouiupauuiec l by parameter analyses , to serve as a basis for pr cjec ( itsg (lie probable
future State of (he LInt amid for determining the necessary support,

Decision and Relevance Trees

A tree is a s(ructuring method in which several levels of objectives are linked witluin a hierarchical model so that
sequent ial relationships can be explored, To apply a tree structur ing niethod requires first a clear defitsit iomu of (lie number
of levels of (he tree , Th is implies (li/It a hreakdlown into linearly related levels should be feasit le. ‘!‘Iie nitnuher of levels is
not given a priori hut reflects the decision-making structure of the organisation for which it is desigmsed.

An ohjec it ’ c’s tree is thus essentially a hierarchy of objectives , In its basic conceptuLu h t’orm it consists of a eliagram um of
dots or circles (vertices ) joined by Iiuue segnients, Each vertex is an objective or a sub-objective amid eac’h line’ segment
represents the relationships between them, The only topological requirensent is that there he only one paths between each
pair of vertices,

The same principle is app lied in a contingem’t’ tree, in which (he different levels or strata represent prerequisites Linel
alternatives, The intent behind the structuring of a con(ingency tree is the same as that of an objectives tree . i c,. (em
st imulate creative identification of al(er isatives in a hierarchical way and to represent (he relationships ansong alternatives
at succeeding levels,

An extended form of tree struct u re is a relc ’t ’anee tree , which iniphies that quantitative nueasures or qualitative notes
are attached to the evaluation of a sy~ euii represented In a tree form,

The working procedure consists basic/lily of three steps:

(i) definition of data , elements of the tree and criteria lo be used at each level of the tree:
(ii) forecasts of data pertaining to the various elememits of the tree:
(iii) computation of figures of merit or significance,

A quan(i(ative value can he worked out for each alternative, l’huis is done by means of a matrix in w h Ich the
alternatives are matched against criteria. The criteria are given sets of weighitings and Chic alternatives are given siguu itic/ Inc ’e
or relevance numbers , The criteria weightings relate to the hong-ternu gcial and LiIC vertical wills regard (0 (lie tree . w hiere.is
t he significance numbers evaluate the contribu tion of the alternatives (ci each criterion and are honiiucnutal to t h e  tree sitict’
they refer only to one particular level.

If~ill the relevance numbers are mul(iphiecl and c’onihineul the nc’sm mtt is an overall “re levance’ iiuuii hm e’r ’’, A s  sm it h LI
unique value m a y  he misleading, it may he left to 11w elce ’ isiccni ’maker to consid er (lie propucce’dI weight( iuug l’mgutre s / It &‘S’Ct)
importan( step on (lie wLty through (lie tre’e st ru cture. 
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CHAPTER VI

SELECTION . PR OC EDURE AND QUALITY CRITERIA

Strictly speaking, futures research is neither a scientific discipline per Se . as v iewed by some aut hors , mior LI sire’
scientific activity, as seen by others. It is a pleuri-disciphinary approach which combines atid applies with sLte ’ ui ( if ic rigour
different pieces of knowledge and insight so as to exp lore an area of uncerta imuty .

The scientific method combines th ree elements:

(i) construction of a theory ;
(ii) collection of empirical data :
(iii) controlled experimentation to test coh erence and vah ishity of th eoretical assump(iotis.

In futures research only ad / toe models can he built . becatise decisions must he taken. Imu hue absenice cif huanel el/ita
about the future. j c m dgements and probabilistic analyses are used as scibst i t s ute ’s for observation data. Fimia llv. s if le e’
exper imentation is hardly feasible, analysts resort to simumlation to test (he implications cif LII (e rn/u ( is-e ’ dee’is iotss its t h e ’
model. This model can be improved if more inpu(s are available and more experience is acc itnu lm l/ Itesh.

M/m ny students of technological forecasting are of the op inion that (lie aim of techulological forecastimug is neil ( c m
predict the precise form a techuuology will take in a given application at sonue fut um re date html to evaluate (lie prohahilim~
and significance of various possible fututre developments. The key word is relei ’an - i ’ :  Ltna lytical treatme n t of (lie
forecasting model must he relevant to the l)OuicY issu e amid the results of (hue stud y meust he relevam it to (lie’ clecision- ussaken ,

Several factors make futures research in the area of tech nology diffic cmlt:

( i Inadequate d ata:
lii) discovery of totally new phenomena (scientifi c and technological hreakthmrouiglis) :
( iii) unpredictable interaction between technologies:
l iv) unprecedented demands which are caused by positive l’eedhack :
Iv) a distant time horizon.

There is an interactive linkage between and among these factors. By definit iois the f s mt um ne is Liii LIreLt of t m u ucert Li iusty .
so that inadequacies will Lilways exist in the data. The more reniow is Chic inie h orizon, (hue uisore titiforesceahile will he time
demands. The more (lie technologies of the present will have interacted over (‘culture years, ( he more’ likely it is that
completely new and important scientific’ and technohogic’aI phsencinieuua will he chisc tms creel.

f rom this brief ccuUine of basic difficulties several procedural co~ chilionss cats lie d erived :

II) Search for key variables: sYstematic examination and u i—d ept h /It ual~- s ms of l’,m e - tors w h ich Lure’ of fcmtidlLlnuen(a l
importance and whic h are particularly sensitive Lund prone’ to change.

l i t )  Identification of inadequacies within the model so /1’. (ci insprove (he’ ut uisler s (Llusdl iuig of (he iui(enncl/ It iciuishii ps
between and among the variables,

( iii) Verif ication (li/i t (he techuso logical forecasting rensLu ins at /ItiV nsutcnseni ( d.Ic)se ccdup lesl wi t h time p l am uuu i u sg prod 5,55 ,

so t hat successive procedural Steps and results cat i be confronted with (lie oisgciing e\p enieuue’e :tiseh s itLi l
object ives of the organisation.

I tv ) (‘ont inumous activ ils - id eal ly . h’u(uures researc is sh ould he a co is( i uu tm otms L i ct is tv . LIlloWitig the rev isious Lu sh ci pdt/tt m u g
of force/ isIs Li’. time hrungs technic/il , economic and succ iLi l horizons s’ ltcser atud ~ts tisore iusl c i n u i sLm ( icc us us le d hi/ Ic -k
and incorporated mis the model,

The process of foree’a stt ng w ill he s(ructs ired so is to keep close to (lie purpose Ion w h ich it is t i t identak ets. Its
relc’sLI nude Li net ust’fuil ne’s’. wull he js mdged l u n  its nu ll put , u e’ . foruisulali cuu u t  fc irec’/I st s . To s’s - /m Itt/l Ie (lie qual il v ol’ forec asts , a
nuunhc’r id inc h ie , t  (tins ,ire propuisc’c h w hiels eLi ii h elp both ,tt iL ll\ -sI s and u sers ol’ lu red- Lus t s Ice ele’ hiiue:u te ge’u s e ’ra l st/ Itu eha nds I’or
~‘omnuon h, t nug uL igd ’ Lindl levels id con t’ids ’t i c_ c’, h hu c ’se intl ic/I It irs are (lie f uc hhu cwu usg

Ill Stce’tt f ie ilv c irce - itt should lie stated iii lentils w hu ic ’li Lire s ;mc ’e’If ie’ eusocu g hu t(i perusu it u t i L I u u u ( e i g m m t e u m s
tld’t c’rni us ,i flu iii id Itt It ml nsen t e d  tson —I ’u I Ii I uuseus I. These’ he russ ’. ca ii lie dl tiLl mit it~tt se’ icr us cl As  Li rum he’. Iii e’ I’ccrc ’ c’,t ‘.1
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‘.luo uldl Ice’ Li’. slmc’c i ( ’te’ Li’. t Ime rL m t mg e cit t’ce rc ’e- ;istc ’cl v :ihutes se - hi ic(u is e’ S Pc’e’t eth dir iisa liLtgeL ltiid’ t’rci uis t Ime ctc’e’isIuiii’
usiaker ’s point c t  v iew.

( i i  I Umicerlain ts : A I’d) ree’Lts ( ts citi l~ tine cit LI ms u muis b er  cit ~iccss ihc le t t i ( tire’s . It sh ould (huereh ’di rc’ Ic e ‘.1 Li i s’sl iii (cm i’. iii
pro(m/ i hcu l m l s- cc l ’ oc’cdlrreuice dir Li’. a ci ist r i h mc i ( iou cit LI v/il Sic’ icr a rLluige’ cc i  poss ihmle cIa (c ’s Lit w h i c h  LI prdihd Ll h e It (v uit
occimrrel ice’ Is e’\ Ice ’clcdt tc reach ,i gmvc’tl level.

lii i I -t j isic’ re’l:uleclu ie’ss A t um rc ’ e’ ,us( cx pre’ sse ’ s (lie’ fut tire sI /m I d ’ cit LI gis’eui ii h ie tsc mt i s eu uc im s svhie ’h us c leter tu s u sed I
e’cdui c ’urneui t e’s-e’n Is I lm,u I I/I ke’ pl:t~’e d u r i n g LI peniccd l t e t  t m is’ . lii (hue d’L ms e dii a tec ’hui ic mlc e gv it rellec ’t s cI ifl ’e’retit s m Lige’s
ccl ’ grids ’s (Ii, c he’s’ e’lci puiieuit Llt icl ch itt d us uci t i  s’s Ii ichi it us iu i u pd c r u Lmul I (ci clehine’:ule’ Li’. e’Icisc’ly /15 I c te s s uhml e ’  wit h re’g,urd Ic e
presets I c’di i id l I l i u m ii’.

I m ’ s I Ius trL t—t ie lcl re’ I/il ee i  less : -‘ fc iree’ ,ist cit :ius eve n t s h uotu he l rellee’( k uuccw le ’s hge of e’ o t t s  pet it lye’ amid c- t et ui p le’ msue ts (an v
dhe’’ s’L’hci fduiie ’ui Is it s I hue ’ s~inie’ h’ue ’lcI .us t hu e’ es-eli I. It us imsu po r (LI st  Ic c s ( )e ’e’ j  IV its (lie tem rccas l t htci ti iLtt iule’r its w lt ie’hu

hsc’se’ devc’lciptiie’ mit t wi ll LIlt e’c’ I (lie l’cc re’cLts (e ’dl even I
I v I Iii Icr-I ie’lcl re’ I/i I c~I le ss - “s I ucrcc ’,ist shut cule l rehlc’c’l k tsdcwledlge ’ oh’ el es’ehcc pti ic ’t s ts its tit h er l’ie lc ls thu/it u i/ mV inli L ie ’ t i d’ c ’

( hue ’ Ic e ie ’e’ .istc ’dl c’s c ’ mu ( -

1 5 1  I Recc igum II Ic ii u cit c c  es Is iii ct hce ’ u ic’ lit’.: ,‘~~t cm rc ’e’.t ‘.1 sliccii Id iuue ’tm r l icirLm IC k uiucw leclge :mhi he j uclge mis e’uu Is LI hic ii i I e’cot iditii ic
Ltuudl soc al cc es ( s .1 itch Ic e’ T ic ’ Ii Is , s iuu es ’ ,i T i ’s c le ’se ’ h ccpnue’ us I us I uk ely (cc m ms c ’l umil e’ bid hi pcc (e ill ,u I hietse i ts  aiid
dl is Lt dl S LI III .ige ’s

I hue’se’ itidl icu (curs s muggest uu cc t c m tih v I hue ’ lu / lull e’/m l c ’gcc rie’s cit it it ritisie’ ~‘ titiet it iditis but /ilsI.i (lie e’ ‘.1 Cii i cit I hue’ iu ifdi rtuiL l( icitiL ll
l rLtt us e’Vc ce rk Liuiel lc’:ic h (liii’. tcc ge’usc ’r,i I c’r it c ’r lLt hc ~ ‘s’s Ii khu ,m fc)ne’e’ ,ust c/ mis be s’s ilti/ Iledt ,us (c c it’ . l’ccr i is :m l cccus ’ .I r t m c - ( i cct s -

re’prcic h u e’ib ilt I s- : Li t f l e ’ L ls ui re’ cit I hue’ c ’ .  Ie’ il to w hi tc ’ hu (hue ’ 5/i nue st / t ie cit I ti  I tc r usi~u I iccn tin k uuc cw le’dlgc’ le:tc l’ . I ci I lie’ SL i tile ’

l’c c re ’e- ,es i

s’Ll lidhI (v : .u usleL isune’ u t  (lie e ’ .  cui Icc wh cli Li tc cr c’c’LIsI s it ilise’s Lu s’ LuilLIhl e’ itutc m nu is / It ic c us dir k ruccw le’s lgc’ c’t ’l’ecti ’s’e lv It)
reliec’ t (lie re/ Il world Limie l u I’ . percept iccus cit (lie ’ tim (t Ire’
value es PlIe’iI Iie’Ss - LI tsie ’/Istire cit (lie e xte’ t i  I to st ’hui c ’hi /1 t o ne’s’Lus t us c lepetu cleti I upccuu LI t tdt’ e’e L tSIe ’l’ 5 5’ /l ltic’ s\ s (eti i .

‘I Iue’se’ criteria are’ f/ins hi/In tim ‘.e’tc ’ui I itie re’seLurc’h u, I-however , t h em umsc l’tm n e’ s L I l tm Lt t  icmn ot’ fc m r e ’e’Lmsu itig LIe ’I s - u ( mc ’s Is u i/idle
chil ’f ictt ll (m ’s (lie fac’l Ill/It Iore’e’ast muug iii hiI d’s , by clet ’iui itiot s . liv pcc lhi c’( ic’~iI sta lemetils tin I lie b/isis cct hue(enoge usec mus piece’s
cit utito rmii/ it lotu or sin ruitlated ct/Il LI. Nc’s e’ri hue ’le’ss I hue ’s hiLl’s-c to lie pursued LI’. LI cd iii I Imi c uccus se/inc h 1c m suc h ~ro xiu i iate
c’le nsemsts whuu e’h u i/Ike’ I’ciree’,tsi itig lcisZIe’Lt l lv iustegr/ i (eel Litis l re’cotsci lLth ile w it  Ii Lmtta iiu/ t hi le sd’ielst if id ’ n igod ur.

I. uic ’e’rtai mu ty i us fc ine’d’LI s( iu sg Lun use’s cc ii (h ue idus e hum net fronu umsc ’er( /t~ lily Iti ct/I (a LIt i d (Ii ecmr v ’,lndh cmli I hue cit lien li/I t ich tnccu si
the usi :iuss shul ’t’me ’ sm lt ne’s cc l’ uui~t u u u puul/ It iusg hue ’ uus . W h ere etL tl Li ~mne few :t t ict theory is weak . iso Ltuui ou utu ( of’ sop huis i eL i  ti o mu eLlis
con spemss ,ite’,

As CLI ui hc e’’s pe’ctect , h ecti c cit (lie y L ln t ucu ms (echituis iues reviewed here’ li/Is pro ved ccct iiple(el~’ salis t’/ie ’te mrv den ge’uie’rLIIIV
/m pp llc’/ ibhe . It 15 cit (eu i sLt idI I hi Lt t (lie best le ’e’lius ictti es to use its tiny e’irc u mt u ss( L utu c ’e’s will ele ’pe’usc l upoui (lie purpcmse’ ( ‘t im w h ich
(hue lonc’cL mst is mu LIdIc’ Lltid h (lie in I’ortuiLt (iciui Liva il~t ble. I-however , I hsis soti mid s ~u ‘‘ Isetu —L u nel’egg’’ /t rgt mti ie’ t i  I, S ims dC t lie t e c h  n iq cue
cLiti he l p dI l ute ‘ .(ruiusgls- (0 c- I/ un i t y  Ihse pumrpc cse , wh ich is rarely e’le/i n’ct u( dir per le’c(ly e’xp licil.

I hue’ (‘cc re’c Lms t uusg (c/ins sh ould develop ways cit workimig toge hier svhie’ii 151/Id e thse best misc cit / ly/t i lable ’ ILIIe’tut :ti cet
intc irnua(icc ts (di nseet (lie useee ls c t  dec’isic in—makers. It se’e’isss Lld lvisLlhmle (cc use s e ’ ss’ rL ul muset luoc ls its couuihiin:t I iou its circler t u e

stimulate’ mns Ligmus / il i% ’ e’ / lliLlhysis , (cc ius (rodutce Lidhsledl object I’s- il y Lm msd (cc  ius :tke stire I hu:iI all reles’an I /lsp e’e’t’. cit ( lie prccb le ’miu ~tr e’
coiusm derecl .

Th is niL~v cc ften Ice’ ins coustradic -t ion with umrge uicy . M:uusv imuipci rt Lluu( prccbletii’ . red~t mi re ’ rLupidt c tec ’ u s icc us s . w h ich li/is-c (cc
he (Llkeus w i( hsc~ mt / lwL litiusg LI ccitiiimrehcnsive LIti /t lVsis . h vc’ti (hue ’ musc ist st ii (Lth i le c’dinu hii t iLil idcui cit uise ’ ( huccch ’ . d’/t u d j e r c ms  c’ u s e l e s s  it

it takes (no Icing (cc d evise or (0 apply. This explLiiius ‘svhi (lie nuost slr Li ighuttdi rwardt miiclhccc ls co m s t iu i u me ’ Iii prevail. its spite
of their Luck tsowleel geel insLts leci tuacies.

In regard Icc I he se lee’ Ii on of LI suitLibhe (ccliii iq tie ami e X LI tii pie c’:t is be giveus ccl ’ /115 / I t t  c’tii 1d( Iii c’hi,i i,Ie ’l c’ r ls e’ .1 uicl Icc

compare sousse ol ’ I he ni/mini tech iuiid(t les its tennis cit I itise iussc l v e ’cl . el/It/I reel t I m e d  , neproct uc’i hc i Ii t~ , ui hjd ’d’t iS it , c’cdii t ic l c ’ isc ’e’ i i i

accurac’s , Lissii uuipti c iuss Lmmu d l general rend/irks , I laNe’s I V LitidI \ -

‘l’ls is cS/ti l l  ~cle suggests I hut I t’cc r LI d ht t id ’k , utuc ’ x pe’ius is e’, ti sc cdl er/ IIely rel i/ u hdl e , shud i n l—te ’nuis I ucrec - a s m it tit us h’c’ .Ippnuipr i,iI u’
to gdl the opi ii iccts cit Li us expert iii (lie (ccii ncclogic’al field1 . I dir lie (ten c-reel ihc i lit LI ide1 Li lu iuige’ u (liii C s~c ,i ii i c ’ s ‘t i i t i t  111Cc’ ii I
experts on LI Delphi stu n’.-ev may be en) ploveit - I t  ne’.dcu re- c’s ,t re’ c’s-eu) nsc ine’ stu hcs l LI u i  ml I i t dh I tin 1 king— n/i nge’ Ii lice ’ - s I’ ,l ii , .1
Delphi i s um ms-cs- CLI n he c’ tus plc iyech LI’. Li Ic~ ii s a tucl Ic/ Id lii LI cliii ‘.5’ lisi IS li/i tie’ I lcd pros- ide  skI ml iuin ~iI ii sugh i is . ( )ui I luc ’ ccl lien lu/I uiit
in c:ise s whsere cl/it/I iS .1’s/ ti I/iNc e’Lms jh 5 iii 511 ii LINe fcirnis Li uud I hue ’ I i  t i l e ’ hun ,‘c d uu dccc ’’, is u’ ( c’s c’Cc ’ul h i I s e’,I T 5 - I lie’ Iltc’ sit I rc’ usc l
.1 t5~IIY 5I5 ni~iy be em~cIu is-ecl Liii prci’s’ ic liuug greatc’r obtc’c t  is ut ’ s , reproil 111.11’ Ihi a uict e~uiui I ic ld ’uic d’

,‘mcmio( hier e’’c~im~ule. h c isc ’ ut ~)n e\pc’ric ’ Iuu c’ in I hut ’ mui L lt u .Ige ’uu ie ’ uu l u t  rd’sc ’ ,s u c li c u d  dhd ’’sc’lcc puu ueu li ‘c, lc’.icl uuig uiu,uiui i l,i c I u t  l u g

h’irm’u. luLls beers gis’ens Icy I- lR~s i .~ ( I isr c u t c e’.Iui I t lul t IsIr u/I l  Rs’sc ’,iri,’hi ~e I.i ui/Ig e’uuue ’uit - “s s s u e e l , i l iu i ui l , s’sh i u hi luui k ’, I s e i c ’ t , u s l u u i i ’
lechsusuqu es lid (lie’ nic he’s oh’ (ec ’ huuiohdig ie -/ i l hu’I d ’c .1st l u g  Iii pI.iu s ui iusg R .¼ I) Lic ’ t I ’ s’ t I  u t ’s 1 huis e l i ’ s ’ .  Iu i sk uu ug u I  ni ck’s h i d  td ’ dh I ISu i l t I d ’s

_ _  — -
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can he summed tip as l’ohlccws:

(i) Def ’im i it it cm u of the areas cif imiteresl to time’ ddrgLtnu lsatidin
For fundamental Lun d applied researc h hmmoj ects one need s to idetilify (hue d isciplines Lttuct tec huuso logmes whiie-li Lire ’
of imiterest 10 the orgamsatious. This c/un he clone iti etesigtiiusg LI proeluct-tec hiuiddldigy-dmsclpline mLI(ni\.

For development projects (lie stress is ots the proelclc’t on operatiotia l systenu. T he / ipphicuble nuletl lod us a
reles’:ince tree , star ( iusg frd)ni t h e  needs on fuuictiouus wluich Li re satietiech by ( lie pnesetut rausge of devices Limud h
exp loring altermiative teclunologies which c/In satisfy (hue ’ sLitule functiouss.

(ii) Generation of’ miew R & 9 propcisals
T he following techniques caus he help fum h. First is (lie tnoiiitsinitig oh’ R & I) by sc iemit it ic co t um nut mt ii ( ms ’s atie l
wuuud-table imi(erdiscipliuuary d iscussions on nsajor tnct sc hs and possible transfer of (echmio logie’s betweets e hit ’tereti(
fields.
Possible’ developtuiet its cami he mLlppedl teill by E)elphsi amua lysis utnsl prdihahihi’.(lc assessmc’ nit of occurmeu ice .
signiticanucc :mncl dit’t’uts icen, V LtniLtuit.’. of flow c’hLurts or PERT ne(works . uuee deel to hitik the pre’seuit si(uuticnu to
Use toree’Lust evelst . niay supply isleas citu research to he st/t nted 1)0W.

A revenseel approach consists of starting 1 m m  t h e  objectives or missions of (lie organisation ausd possilc le
alter isLut ive ways of ach ieving thenu, which leLidh to idenutify ing new research LIreLIi and to defining new research
programmes . The suitable techiniqutes are niorphiologicLil amia l ysis and re levance trees.

(iii) Evalumation amid selection cit R & D projects
Here also (he relevance tree ceirrehatimug obj ectives_uiuiss ioiss~systems-pnoducts’technologles appears as LI suitable
tec hnique which helps to estimate (he relative importaulce of the v:uniouus levels of fL ictoms. Trench extrapolation
can he a tisetull subsid iary to t h e  relevance tre e, giving an itidications of the probabilmly of neachinug imidus’mc hual
targets,
Cost/benefi t analysis is an important tool for clevelopiuient projects related o usew prosleicts.

(iv) Operational planning of selected R & 9 projects
Trend extrapolation can he hielpfuml for quLiustifying detailed targels ot’ t he project and so can the uue(wccnk
techniques.

These examples may give useful hints . Lt lthough it can he arguted that each forecasting problem has souuie umts ique ’
features and must therefore he handled wit lu a specific set of tools.

The choice of an appropriate methodology will depend primarily on (he purpose of the forecast , amuc l ten Its cisc’ by

the decision-makers in pursuit of their objectives. It will then depend on the ability of the forecasters , their
complementary talents and the coordination of their efforts. Next in importance conies the data base, from (he ‘s ue’w pounit
of reliability, comp leteness and quantitative precision. Another inuporlant fa t’lor is the time horizon of Clue forecast.
Finally, the scope of the forecasting activity must be considered in an iterative way, its (he light of available resources anel
time. 
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