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Gtrllc·t; u ;.~e f) :LI l teC'3}1101 0f!~1 t raJl s f er

Affa i:cs j' whi ch can be i n t e r p Tet ecl in a numb er of \"lays. I shal l 2.. a sume VIe

ar e d.ea.I :i :,.:.~' ma.. i n l ;y "it11 t echn cl ogy t r ansfer invol vins the pub I ic sect or on

a pincly nat i onal IJ!.u3ts f a l t h ough no r e s pon sible government can b e oblivi ou s

t o thE: Vclf3t tr8..Yl s feT of te chn ol ogy ,..rh i oh toJ.: es plac e l-l i thin t h e p r i va t e sect or

0 1'" iJJ1;c):'nationa l 1Yr an d we may wi sh t o c onsi.d.er' t h ose a spects of t e cr,nol o&;;y

t r an s f er as Fell .

Accordin g t o Harvey Brooks ·x-) " when ever sy s t ema t i c r-a't i on a l. kncul ed g e d ev el op ed

by on e g roup or i n s t itlx t j"on i s embod.i.ed i :n a Hay of do ing t h ings by other inst i -

t ut i on s or group s H G have techn ol ogy t ran s f er . .. 1i

He al' e ·(.herefore c on c erned Hi th j ust some of t h e innovative a ctivitie s on whi ch

our \'leU-b eing so v i t a lly depends .

I n techn ol ogy t ran sfer , a s i n s o many fi eld s of act i v i t y I the mana g ement st ruc ­

t ur e mu st respond to a number of somewhat c on f'Li.c't -ing requi rements and t h e op­

t imum s olution \'lil l a l vay s have b oth a dvantages and d i s advarrtages , The -Gab l e

be101'] sugge s t s som e of t h e advan t age s of centra l ized and decent ral i z ed tec'n.l1ology

t r a,n s f er man ag emen t sy s t ems i nvol vi ne; -the publ i c s ector .

Dec entra li z ed
~"""""_ _ "O>" " >_' ,j.,-~~=

Gr ea t er scope fo r spec i.af ization by

t echn i ca l disc ipl ine , p ateJ:t s r mar -

k e t i ng 2YJ.d legal sk'iI l. s , etc.

Greater anar- enea s of the overa l I na~

ti Ol1Ql p i ctur e

Bet ter l oca l a c c eptab i lity and

c ommun i.ca't i.on e , part i cul a r ly im­

portant \'111 en cleal ing vlith small

and med.i um s i z e fi r ms

Grea·ter flexibility

Gr ea t er s c op e for i nitiat i v e and

b ett er mot i vat i on •

.) ,
Pn , Sc i en ce Po li cy and 'I'cchnol. ogy 'Pr-anaf er-" i n Pr oc e ed i n g s

of a Confer-cu c e on 'I'echnoLogy r.t:r an3fer and Inn ovati on , Nat ional. Science li'onn-

ti ol1QJ p i ctur e Great er fl ex ibil ity

Great er s c op e for i ni t i at ive and

b ett er mot i vat i on .

Pn , Sc i en c e Poli.cy and 'I'cchnol.ogy 'I'r-ansf' er-" i n Pr oc e ed i n g s

of a Confer-eu oe on Tec}mo1oCY r.t:r an3fer ('.Dd Inn ovati on , Na 't Lona.l Science Foun -:

- - - - - - _ ...__.- . ._ .
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I n ~; c ek ii.1g 'i:IJ ", opt i.mun s olution :i -t cd J .l al so b e nec e seary t o c on s i d or-

the deer0;o of n cvelty an d 8o;lJi trl: i.cat i on of' the t echn ol ogi e s b ein g t r 8.l1 s -

f 'cr-r ed

' 1 - . . I'C l e :Lr g cogro.pDJ.ca ava i l ab 5.1 i ty

the G'8og'Y·c;,phic3.1 d i st r-f b u t.Lon of thei r users and of t h e markets fo r them

- t h e op t i.mum '.dze of t h e a ct i vity .

Th ree cxamplc s iv-il l ser -ve t o i llustrate possibl e sol uti on s

I f a giv E)n Lndus 'tr-y i s c on c entr a t ed in a. smal l regi on ari d i s s er v ed mainl y

by a SP E;C1BIJ.zed l ocal r e sea rch i nstit ut c r that insti t nrt e , i f its output

i s l a r g e enough! woul.d prob ab l y gain by having its 0 \.\'11 t eh cn ol og;y t r an s fer

a ct i.vity,

I n t he cam cr: small or medi.um s ize un i v er s it ies and r es earch i n st itut e s

s cat t ered over a wid.e ar-ea , pr-oduc i.ng a div er sity of t eclmologi c s of Lrrt e -.

r (~st t o c:... \Iid e r an g e of mar-ke't s , a. c en tra l i z ed organiza t i on woul d prob ab l y

pr ovide -~he b e s t s ervice .

'I'h e t. ech :nol ogicaJ. up da .t i n g of smal I and medium s i z e i n du stri e s is oft en

b est entrust ed t o r eg i on a l or gan i zations ",hich play t h e r ole of advi s or s

i n t e chn ol ogy and possib l y i n other dis ciplines (managemerrt , fi.nan ce , et c , )

as \Jell ~

I n many i n sto_nces the optimum s olut i on may Hcl l b e a hybri d on e , For examp I e

i n t h e Un it ed Kingd om t b e At omi c Ener gy Authority has its own t echnol ogy trarlS­

f er a.c t i viti e s , but the Na t i onal Resea r ch De v el opment Cor pora tion caters for

mos t un i v ersi t ies and other pub l i c s ources of n ew t e chn ologie s and also fo r

private inventor s~ And, 2.S He h ea r d from Dr , King on 'I'u os day , t h e Re s earch

Assoc aa't i ons ar-e i n clos e c onta c't i'!i t h t h e ir respect ive i ndus tri e s .

I n a:n.y cas e i t is vi t a.l f or t h e ch o s en s t ructur e t o en sur-o good i n t er n ed and

ext er nal c ommunica't i on e an d p erson a l contact s.

At t h e; Lc v c.I of t h e Eur-opean Community '1;he prob lem of t ech~ology t r ans f er is

comp oun d ed by the differ enc e s in Lan guage and. custom wh i.ch ex i s t b et we en t h e

I:Ie,uber s tates .

Tn t he publ i c sector tochnology tnulsfer t nk e s pl a c e at i nt erg overnmen t l ev el

t h r ou gh ma j or techni ca l p r ogramm e:" a n d a l s o t h r ough coll aboration b etwe en b o-

dies SUGh a s HEm C in t lH', u1(, AlTVllTI i n Fr-anc e , Car-ch l.rig I n s t r LUllcn t e an d Kl?A.

,JllJ.i ch in Ped eNiJ. Gerrnan y , 'TEO i n the Net lier-L a n d.o a n d tho Commiss ion's Dircc-·

ext er n 3_l c cmmunica't i one an d p ersonal contact s.

At the; level of t h e Eur-opean Community '1;he prob lem of t ech~ology t r ans f er i s

comp ound ed by t he dif feren c e s in lan g uage and. custom wh i.ch ex i s t b et we en t h e

I:Iernber s tates .

Tn th e publ i c sect or toc h.nolog-y tra.:nsfer t nk e s pl a c e at i nt erg ov ernmen t l ev el

t hrou gh ma jor t echni caJ. p r ogramme:" a n d a l so through col l ab ora t i on b et "loen b o-

d ics such a s HRDC in t h E" u1(, AlTVATI i n Fr-an c e , Car-chi.n g Lns t .r-umen t e an d Kl?A.

,JllJ.i ch in Ped e}';;J . Germany , 'l'EO i n t h e }Tcthc:cl D)1cls an d the Commi s s :i. on ' s Dircc-·
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tor a t e-·Gene r aJ XIII , \'111i c11 promotes t he exp l o i t a't ion of invent ions arising

out of Commun ity f'un d.ed R-!-D.

In order to r eali z e 2.S many as pos s i b lo of the objectiv es wh i ch I showed

in th e tab1 e Di.r-ec tor-at c-Cen er-at XI II ha s a. c ent r a l nuc1 GU.S of l egal and.

pa t eJt i ng sk il ls but it rel ies increasingly heavily' 0 11 a n et wor-k of tech·­

n.i ca'l D..nd ma r k et i ng consult ant s, each H i th good l oca l contact s J whi.ch He

have bui Lf up r-eo errt .Ly ,

OUTside the Communit:'l t.hcce Or[;81l i LJ a h ons have go od relat ions l-)i ih similar

b odi es su ch a s t h e Resear ch Coz-p or-a't i.on ill t h e United States, N"RDC of I ndia

r epr e s ent ed here by Dr . Ratno.m , the Research Development Corpor a t i on of .Ja -­

pan and so on , not ably through a ser ies of con f' er-enccs whi.ch a re h eld eV81'Y

year or t H O . In this whol e ar-ea there is a heal thy and constant comparis on

of the results b eing obtained an d , as we are doing tod.ay , a search f or more

eff ectiv e s t ructures and met ho ds.
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- the changing inte rnat ional d l v l s lon of labour and wea l t h

- the cha nged terms of trade for energy and for i ndus t r i a l raw materi als

- the breakdown of t he interna tional exchange ra te system and the shift

to "manaqe d f loa t l nq "

in dus tr ia l

In a market economy, the development of new technologies and t heir

application in production are being carri ed ou t pri marily by busi ness

enterprises. At the same time performance of research and promotion of

the development of new technologies can be rega rde~ to serve a public

purpose. This under the assumption that an active government pol icy in thi s

respect can be appropriate for mai nt a in i ng or ra ising public wel f a re .

- the increased emphasis on factors such as environmentai protec ti on,

safety, humanization of l aSouj and conservation of resources.

The ch a ~.gi n g economi c s i tua t ion and i t s _iE.:£l.i ca t ions f o r

act ivi t y.

There _ar e many i ndicat ions tha t the current recession ma rk s t he end of

an economic era. Developments t hat more in particular are leading to

this view are:

.. •..
~-:t
. ~

:;.0.-
' :-

An active gove rnment innovation pol icy howeve r wil l only promote the

necessary structural change if it helps to provide new possibi lities

for the factors of production disadvantageously af fected by t he pattern

of structural change. It seems ?bvious t hat such an offensive pol icy is

to be given priority over a strategy oriented at preserving ex isting

st ructure s.

Developments of recent years have led to a red uction, or disappearance

of the comparat i ve advantages which have provided the basJ s for the

rapid ind ustrial expansion of t he presen t indu str i al i zed countri es .

These countries have become less attractive for the location of a

number of industri es, part icularl y t hose based on elemen tary technology.

A process i s we l l unde rway to relocate production capacity in lower wage

countries. This ten dency can be regarded as being in the long term

interest of t he present industrial ized countries both pol iticall y and

economicall y . !n t he med i um t erm howeve r it vii 11 give r i se t o prob l ems

o f a da ptat ion a nd structura l unem ployment.

./.
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A process i s well unde rway to re l oca t e production capacity in lower wage

countries. This t en dency can be regarded as be ing in the long term

interest of t he present industrial ized countries both pol iticall y and

economi ca l l y . !n t he med i um term howeve r it vii 11 give r i se to prob l ems

o f a da p t at i o n and structura l unem ployment.
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At t he same t ime, changes i n mone t a ry parities have l ed t o a dec l i ni ng

att,ac ti venes s of European coun tr ie s a s'ho~ countri es for inwa r d i nves t ment s

fromoth e r highl y in dustri ali zed countri es. This ha s led to a dec li ne i n

thos¢ t echnol ogy t ransfe rs that are the result of such inward inv estmen t s

and that played s uch a'major role in helping Europe to attain a large

degree of technological parity.. ,

. For high -wage i ndustrialized countries the con sequence of these developments

is the extension of the means of production and services with high added

value and often high technology content and adjusted to the comparative

advantages of these countries.

Given the developments that are leading to the new international economic

climate it can be concluded that there is no escape from problems associated

with technological change, even in a "zero-growth" society.

Consequently it is realistic to maintain tha t policies for innovation in

industry including technology transfer will become more impor t ant during

the remaining part of the century.

2) Evolution of the role of government in the promotion of innovation in ind us t ry

Until rather recently, government programmes for the promotion of innovation

in industry have been concentrated on measures of a general nature.

This, in fact, corresponded best to the classic conception of the role

that public authorities ought to play in .t he economy, since such measures

offered equal treatment to all and did not involve any particular advantage

for individual enterprises.

For a long time the financial responsibility of the state was limited to

university research. The majority of the great technological breakthroughs

of the 19th century were financed by private means, and public .

authorities limited themselves to such general incentives as the

patent system.

Recently, all induitrialized countries havabeen producing the beginnings

of more or less clearly formulated policies regarding the promotion of

innovation in industry.These policies are now being raised from the adninistrative

to the political level. A recent OECD survey (1975) of governme nt measures

and pol icies concerned with industria l innovat ion found that OECD membe r

countri es have c rea ted a .wide va r iety of prog rammes for t he st imul ati on

of innovation,with many new ·mea sure s adopted only in the past years.

./.

of more or less clearly formulated policies regarding the promotion of

innovation in industry.These policies are now being raised from the adninistrative

to the political level. A recent OECD survey (1975) of government measures

and pol icies concerned with industrial innovation found that OECD membe r

countri es have crea ted a .wide .va rie ty of programmes fo r the sti mula tion

of innovation,with many new ·measure s adopted only in the past years.
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Although gove rnments in t he weste rn lndus t r l a l Ize .d wo r l d do not have

pr imary responsibi l ity fo r the pe.rfo rmance of indus t ry . t hey 'are conce rned

in it as r ep resen t at Ives of t he ,community as a who le that depend s on the

. performance of indus t ry.

On the one hand some e conom is t s and busines smen are wo r r ied by the

proliferation of government meas ures of all ki nds. "Le l s sez- f a l re" theo rists

have persis t ently argued t ha t gove rnment inte rvention ln in dus try is us ua l ly;

if not always, inefficient and th at the entrepreneurs a re the ones in a

pos.ition to make rational choices about alternative investments in new

equipmen t and new pro ducts.

As against thi~, others argue that the costs and complexities of technical

innovation in many branches of industry a re now becoming so great tha t an

even higher degree of government involvement at all levels will be quite

inevitable. Moreove r , it is argued that government-backed i nt e rna t iona l

competition is also becoming so universal that economic survival dictates .,

state involvement here too. Government involvement in new product development ,

new plant investment, procurement , overseas market ing, and other aspects

of innovation would logically lead to a strategy of total state involvement.

Even in socialist economies the debate on the rol e of the market continues
"

and so too does the debate on centralisation versus regional or enterpri se

autonomy in major areas of policy~making~ A general problem for all economi e 5

therefore seems: What t ypes of government inte rvention and regulation a re

most effective in stimulating and sustaining the desired type of innovati on

in industry? What types of institutional fil t ers or assessment . can bes t

discriminate between desirab le and undesirable t ype s of innova tion?

Both market-economies and socialist-economies face some similar

problems of technlcal and economic choice in re la t ion to such issues as

future of nuc lear power, supersonic aircraft, introduction of "new drugs,

location of chemical plants, the future o~ the private car and so forth.

Both welfare economists and most .managers have long accepted t ha t the

divergence between private and social costs and benefits necessitate s some

adj us t ment t o t he free marke t mechani sm· in many' areas of eco nomic pol icy ,

most o bviou s l y i n rela tion t o envi ronmenta l pul l u t ion and sa fe ty .

.1.

location or cnemlcal p i an t s , t.ne r u cu r e UI \.m; j) l ! Vd\.l;: \,.dl dllY ;:)v IVII,".

Both welfare economists and mos t .manage rs have long accepted that the

divergence between private and social cos t s and benefi ts necessitate s some

adj ustment to t he f ree ma rke t mechanism·in many' a rea s of economic pol i cy ,

most o bvious ly in re la tion to envi ronmenta l pu l l u t ion an d sa fe ty .

.1.
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processes. The la tter becomes impor ta nt when s uch developmen t s wou ld

mainly have be~~~its external to the industria l firm.

by support for background bas ic research and fo r appl ied scientific

research in the scient ific and technological "infrastructure'l. Organ i zat­

ions with in the infrastructure contribute to i nventions, to explora tory

deve lo pment , t o t he i ntroduction of hew t echnolog ie s \~i th in indus try and

t o t he demonstra ti on of t echn i ca l fea s ibi IJ t y o f new p rod u~ t s and

processes. The latte r beco mes important when s uch deve lop men ts wou ld

mainly have b e~~fits external to the industri al firm.

- Governments have a variety of schemes in ope ra tion under wh i ch subs idi es

are granted to i nd i v i dua l firms for produc~ development act iviti es. Studies

performed among others wi t h i n a mul t i - na t ional programme wit h pa rtici­

pation of France, Germany, 1reland, U.K., Canada and t he Ne t he r l ands show

that the effectiveness of government subsid ies' oleaves much to be desired.

Governments a re in a position to influence innovation in industry to a

considerable extent through laws and regulations regarding environmental

quality, safety, energy conservation~ consume~ protection etc. These

measures substantially infl~ence the provision of a s~rvice or the

s upply of a product. Studi es performed at t he Center for Policy Alte rna-

_tives of MIT and at the Wo r cnes t e r Polyt~chnic Insti tute have shown the

importance of this form oa f government action towards innovation.

- Government m~y inf l uence the course of innovat ion to a substantial exten t

by support fo r backgro und basic reiea rch and for appl ied scientific

research in the scientific and technolog ical " infrastructure'l. Organ izat­

ions within the infrastructure contribute to i nve ntions, to exploratory

deve lo pmen t, to t he in troduc ti on of hew t ec hno logies wi th i n indus t ry and

to the demons tra ti on of t echni ca l f eas ibi IJty o f new p rod ~c t s and

- Government- and public markets for goods of relatively high technolo­

gical cont ent are substantial and can be utilized as an important ma rk e t ­

pull instrument. ' New products for use by government agenc ies and t he

corresponding promotion of infant i ndus t r i e s , ma rke t aggregation program­

mes concerning requiremen ts of local governments and the establishment

of governments' long term objectives are the most important elements In

' t his respect.

There are a great many ~peci fic ways In wh ic h gove r nment s may af f ec t

innovation in ind ustry. Among the mos t important forms of government

influence are: demand-pu ll by central and local gove rnment s and by

government agencies; . legislation; development subsidies; the existence

and functionin~oL?f,an in fras tructure includ i ng government fin anced

research and development organizations and the universities.

in conc l usi on i t can be sa id that ove rall gove rnme nt po l i ci e s s hould be

ai med to deri ve t he max imum soci al bene f i t f rom a conti nui ng f l ow of
•

in novat ion whil st s imultaneous l y for es ee ing' and ave r t i ng many , i f not a l l ,

of t he potentially damagi ng soci al and en~ironmental conseq uences.

3) The pri ncip a l fo rms of gove rnme nt infl uence on innova t i on In i ndustrl'

;
.~
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Relative i y 1it tl e in s ight has been generated sofar as t o the effec tive­

ness of t he ~pp l icat ion of these pr i ncip~l forms of gove r nment influence

on innovation in indus t ry. Mo~e st udy shoul d be performed reg a rding

the s~lect ion of bot h in d iv id ua l and combi nat io ns of i nstruments for

specific purpos es.

4) Innovati on and Technol ogy Tr ansfer.

Having establ ished a fram ework for th e requi rement of inn ova tion in

industry and the ma in instruments of government in vo lvement, I s ha ll

now turn , to the powerful and neces sary agent i n the innovation process

namely technology.

Technology transfer, in broad terms, t akes place wheneve r techn ical

knowledge, a technique or a device wh i ch eme rges from, or is developed

by one group is taken up and used or applied by another. The first group

can be referred to as the technology source , the 's econd as the techno logy

receiver. This def inition is i n fact general enough to include the

transmission and reception of scientific iriformation and know-how, as we l l

as the transfer of technology in the narrow sense .. Impediments to techno­

logy transfer can be devided into categories depending upon whether they

ar ise mainly at the source, at the r e ce i ve r or in -the interactive process

1inking source and receiver.

It is easy to identify the conditions in the so urce and the receiver whi ch

will favour successful t~chnology transfer. The basic requirement is t hat

the source possesses technical know ledge and/or a capabil ity which could

be useful t o the receiver. In addition , the sour ce must unde rsta nd t he

needs and I imitations of the receiver.

The conditions that should apply at the rece iver are essent ially comp l eme n­

tary to these. Thus, the receiver should havecomplementary knowledge and

capability; should understa ndthe ci rcumstances' and potential contributions

of the source, should demons trate in te res t and support t his wi th its own

· i ncent i ves . I f t he se conditions ex ist at' t he so urce and t he recei ver, and

if there is mutual confidence, then the way wi l l be open fo r successful

technology transfer. It ~hen becomes a matter of considering in what ways

and t o -wha t extent so urce and rece ive r interact .

.r,

-l ncent Ive s . If these conditions exist a tvt he source and t he recei ve r, and

if there is mutual confidence, then the way wi l l , be open for success ful

technology tra nsfer. It ~hen becomes a matter of considering i n wha t way s

and t o -wha t extent sou rce and re ceiver interact .

./.
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Larger firms usually are in a more advantageous position from a

standpoint of technology transfer than small and medium sized

firms.

Larger firms have staff to communicate wi th universities and with.

government sponsored research organizations. They are also in a

position to interprete and value the information out of computerbased

information systems.

Small and medium sized firms have a more serious problem in obtaining

technology f6rt'he purpose of production and product development.

In addition to procurement of technology a major problem'here fs also

whether the product to be developed with the subject technology would

fit the, most times unwritten, strategy of the firm in question,and

whether 1icensing, joint-ventures and acquisitions should not De

considered as well.

Small and. medium sized firms provide an important part of employment in

·the production and service sector of the economy; in most industrialized

countries 50% of the employmen~ in the production sector is cov~red by

firms of less than 500 employees. It is genera lly accepted by now that

the functioning of medium sized and small firms should be made better

possiple. Government programmes are being bent into that direction in most

industrial ized countries.

Some of the' more recent programmes aimed 'at fostering technology transfer

and innovation in medium sized and small firms are:

the establishment of innovation centres at a number of the universities in
. -------,
the U.S., the establishment of the enterpr!se development programme in

Canada, the liaison offices establ ished at the universities tn Sweden, the

know-how and licensing fairs, the experimental small and medium sized

industries assistance programmes in the Netherlands and in Germany, the

establ ishment of regional centres in France.

It will take time until these and other programmes will be taken to a

point where they can be properly evaluated. The success throughout the

world of the agricultural extension services is well recognized. These

services a re i ntegrated wit h the research act ivities, they are organized

on a decentralized basis and their financial expenditure about equals

that of the research effort.

./ .
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It will take time until these and other programmes will be taken to a

point where they can be properly evaluated. The success throughout the

world of the agricultural extension services is well recognized. These

services are i ntegrated with the research act ivities, they are organized

on a decentralized basis and their financial expenditure about equals

that of the research effort.
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Al t hough t he si t ua tion wi t h i n t he 2; r i cu1tu ra l fiel d is d i f fere nt

from t he ind ustr ia l one, e s peci all y on .the ma rke t s ide , I am conv inced

we can and s houl d lea rn subst ant iall y by analysing t he concept and

the operation set-up for t he agricultural . sector.

Insight into the problems of innovation in small and medium sized

firms, results of the current experimental programmes and a good l oo k

at the successful agricultural extension services will together provi de

a solid bas is fo F impr0vi ng technology trans fer to the we akest part in

industry i"rl"" thl s respect namely .small and med i um sized firms.

5) Issues.

Colombo in a recent paper for the Science Pol icy Foundation hes dra wn ­

an interesting comparison of the attitudes towards innovation in t he

United States of America, Japan and the indus t r i a l i zed European

countries.

Cultural differences between Europe with its great tradition for

scientific research and its. former colon ial markets, the United

States of America with high social mobility and entrepreneurship

and Japan with a societal system that al lows co-ordinated action

of pol it ica 1, financia l, productive, commercial and social forces­

make that the approache~ to be ta ken towards innovation will vary.

Although much can be learned from others, it is the pertaining

cultural setting that will determine 'poss i b1e and effective action.

The transfer of technology can in most cases not serve as a

substitute to industrial R&D. The most advanced technologies cannot

be learned in a f9rma1 way , and can only be absorbed in l abo r a t o r ies,

gathered in a manner ve ry close to R &D activity. -Even bought

technologies require adaptation to local conditions or products, and

this adaptat ion most times requires R&D.

Moreover, the absorption of new technologies requires early preparation .

The absorption of novel and sophisticated technology demands the

establishment of a research-team which woul d develop i ts know-~ow

towards the new f ield. The more nove l technology is importa nt , the more

acti v ities closely rese mb lant of R&D a re nee ded .

./.

Moreover, the absorption of new technologies req uires early preparation.

The absorption of novel and sophisticated technology demands the

establishment of a research-team which would develop its know-~ow

towards the new field. The more novel t echno logy is important , the more

activiti es cl ose l y res embl ant of R&D are nee ded.

./.
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- The acq ui sit ion of t echn o log y shoul d he determined by the overall

strategy of t he industria l firm. Product/marke t stra tegy i ncl udi ng

product l ife ti me a re important fa c t o r s in this respect.

- With respect t o technol ogy transfer the ro le of th~ technological

infras truct ure i s becomi ng mo re and mo re important, both towards

industry and governme nt.

The in fras truct ure face s se rious prob lems of 3dj ust ing itse l f t o

these tas ks. "/he reas it is most times an absolute requirement to

judge the transfer of t echnology to t he i ndus t ri a l firm in t he

light of the firms· overa ll strategy, t echnology transfer to

government depar t ments and governmen t agencies will only be success­

ful when based on an understandi ng of t he overall problem that

government is faced wi th .

Activities to be undertaken by governmen ts towards ' for instance

humanization of labour and the role tha t technology can play in that

respect sho uld be based on a broad unde rstanding of the overall

problem involving physical work ing cond i tions, participation, r i s ks

and wage st ructure.

Policy analysis can be regarde~ as a prerequisite towards successful

action in this respect.

It can be concluded that the requirement of innovation in industry will

become more pressing and that governmen t s will adjust their policies

accordingly.

Technology is a major fa ctor in the i nnova t ion process and so is its

transfer. In order to be effective, technology transfer wi 11 have to

be based on ample insight into the overall . problems of both indust ry

and government.
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TR t\NSF ERAS Si ST

by

TO

The background

The circumstances facing the fast expanding British aircraft indus­
try in the dark days of 1938/39 have a familiar ring about them to­
day. Forty years ago that industry needed ·t o design advanced pro­
ducts the performance of which would be tested against highly
skilled competitors. Though present day competition in industrial
products may not yet be so dramatic, competition is no less severe.
Forty years ago materials were in short supply and increas ingly
expensive both in money terms aDd in the loss of life incur red in
bringing them to Britain's factories. -The same was true of fuels
and energy. Apart, fo rtunately, from the loss of life involved
the free industrialised nations are facing t hese same circumstances
once again - and probably for ever more . In 1938/39 indust ry was
under pressure from society to produce eff ect i ve and r eliable pro­
ducts for the preservation of their freedom; in the late 70s social
pressure is aimed at the preservation of the quality of life and of
our environment.
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Those 'responsible for British .aircraft production in tho se early
years of World War II realised that crucial to the success of de­
sign was the rapid and effective transfer of t echnology which al­
ready existed; this meant the transfer of knowl edg e and data in a
form convenient fo r immediate application by many eng ineers who ,
though of considerable ability, had but little experience in the
design process e s of what was then t he h i gh t echno l ogy of the avia­
tion wor l d . We f a ce t he same pres sur es nmv in t he ne ed to t r an s f er
techno logy i n or der to f ound new i ndu s t r ies , to regene r a te 0 lde r
industr i es or t o a s sis t the n ewl y industr ialis ed nat i on s &~ong ou r
all ies. The s o lu t i on found i n 19 39 . l aid the f ounda tion of t h e pr o­
cedures .I shall describe and which I believe are higply relevant
to pr esen t day needs.

- - _ . _ ._ ._ _..-- _.... .-- _ ... - .__. . - . . .. . 1.
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ready existed; this meant the transfer of knowl edge and da t a in a
form convenient for immediate application by many engineers who,
though of considerable ability, had but litt le experience in t he
design process e s of wha t was then the high t echno l ogy of t h e av ia­
tion wor l d. We f ace t he same pr e s su r es n ow i n t he ne ed to . t r ans f e r
techno l ogy in orde r t o found n ew i ndus tri es, t o regener a t e o lder
i ndu s t r i es or t o a s s i s t t h e n ewl y indu s t r i a l ised na t i on s &~ong ou r
allies. The solution f ound in 1939 . laid the foundation of t h e pr o­
cedures .I shall descr ibe and which I b e lieve are higply relevant
t o pres en t day needs.

1.
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There i s one sign i ficant d i fferenc e i n t h e c ircums t anc e s of 1977 com­
pa r ed with those of some 40 years ag o . I n ~he i ntervening years the
s cale of the re source of knowledge has increased out of all r ecogn i ­
t ion . Eng i n eers have dl2ve loped t h e i r ana l y t i ca l abi l i t i es and sc i enc e
has i.nc r eas i.ng Ly been emp l oy ed t o extend the physical Laws and prin­
ciples whi ch eng ineers may exploit . Scientific i nvestiga tions have
produced enormous quantities of data which, in. effect, provide the
fuel for the application of tho se l aws and princ i pl es. In the s econd
half 'of this century s c ient i f i c activity has been on such a scale that
most of the knowl edge and data, needed by eng i ne ering des i gn ers and
analysts to enable them t o cope wi.t h the problems they wi l l f a c e
well into the 21st Century, mus t already exis t.

Technology transfer and application involve the uti lisation of this
existing resource of knowledge and data. But although these data exi s t
there are several difficulties to be overcome before engineers can use
this resource. Scientific knowledge and data are just like other raw
materials. They are wi de l y scattered, of variable quality and r equire
extensive and often expensive refinement and comb i nation before t h ey
can be exploited efficiently.

So I shall be explaining, from the background of my experience, how
raw data may be refined for engineering use to support technology trans­
fer. I shall be looking f i r s t at the nature of this resource, at the
raw data it comprises and at the refinement necessary. The consequences
of inadequate data use by engineers will be touched upon before turning
to the processes and management techniques used in data refinement.
The circumstances under wh i ch success is achieved will be discus s ed.
Processes which have been found to work, and some wh i ch do not, wil l
be outlined.

Technology transfer hopefully results in technology application. En­
gineers apply technology and my viewpoint is therefore that of an en­
gineer. Others have a contribution to make in the process; some of
these are under pressure to take part by playing an unfamiliar role
and such human factors are of considerable importance. But first, l e t
us examine the resource itself.

Information resources and raw data•

I find myself using the terms "information" and "data" interchangeably
though it is advisable to refer to data in its strict sense, laid
down by the lexicographers, as "factual" i n f orma t i on (as measuremen t s
or statistics) used a s a basis for reasoning, discu s s i on or ~alcul.a-
t i II 7n f l) T'" • d . . ." , .
~ , \1',e . . r.ng i.n e er i.ng a ta are c.har ac t.e r i. s ed oy ne i .ng e s s en -
t i a l l y numerical in fo r m. Further , ·t hey a r e usually ins epa r ab l e f r orn
t he des i gn or ana l ytical procedures in which they are u sed. Ins o f a r
as these procedures often exist as part of the s ame basic resource of
knowledge, and have the same need of refinement a s do disc]:"ete numeri­
cal data sets " the t erm ' data t will be used to embra c e these procedures
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I find myself using the terms "information" and "data" interchangeably
though it is advisable to refer to data in its strict sense, laid
down by the lexicographers, as "factual" information (as measurements
or stat istics) used as a basis for reasoning, di scussion or ca lcula ­
gofil ', (Ref . 1). Eng i neering data a r e charac t erised by be ing e s s en ­
t i a lly numer i cal in fo r m. Furt h er , t hey are u sual l y i n s epa r ab l e f r orn
the des i gn or analyt i ca l procedu r es i n wh ich t hey a re u s ed. Ins of a r
a s these procedure s oft en exi s t as pa r t of the same b as i c resource of
knowledge, and have t he same n eed of ref inement as do di sc..rete numer i­
cal data s e t s " the t erm ' data t will be us ed to embr a ce these procedur es
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also. Engineers need much other information, of course, whi.ch is
1 1 ' .. .. . . d l ' 1- " • l'most y qua rtat.i.ve In nacure an, wni.cn or Lgtnat.es In accumu .. at.ed

practice and experience. But 18.111 largely concerned here wi.t.h nu­
mer i.caI data which both c rys t.a l Li s e and make usable the physical
Laws which the engineer exploits in his pi.oduc t s ,

Data originate from the basic research of the scientist and franl
the more applied research which is undertaken during the development
of products or from the tests made on finished products. Data are
recorded not only in the research and professional literature but
atso in company internal reports and many other unpublished records.
One of the principal characteristics of this resource is that on al­
most any topic the records, exemplified by research literature, are
extensive and widely scattered both in time and space.

Another characteristic of the literature is that it was designed
primarily for communication between research worker and research
worker and, as .a consequence, is often in a form unsuitable for di­
rect application. The research worker is frequently more preoccu­
pied with the scientific method than with the practical significance
of his results and his use of language is not familiar to many en­
gineers, (Refs. 2 and 3).

Further, any particular piece of literature may appear to present a
data set which is at variance with sets of data extracted from other
pieces. This is because, with the passage of time, an increasing
range of relevant parameters affecting the results may have been iden­
tified or the precision of research techniques may have changed. In
other cases, the results presented may have been affected by personal
bias or error. .

These characteristics of what i call "the raw data resource" present
few difficulties to the r-es.ea'rch man. He is well served if one can
ar-range to notify him of the existence of the literature,and retrieve
it for him when he needs it, for he is capable of making the necessary
judgements in the circumstances of his need , The remarkable achieve­
ments of documentalists and information scientists in building up
computerised bibliographic files (the so-called 'bibliographic data
banks'), while of great value to the research man, can do little
directly to assist the application of technolpgy by the engineer.
Indeed, from the engineering_e9jnt ofvi~, I have heard it advanced
that the efforts of the documentalists and information scientists
may even be counter-productive, (Refs. 4' and 5).

\(TO ·summar i se , the resources of raw data are:
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TIHE VAR IABLE

But wi t h i n t.h rs vast , un t i dy · re sou r c e Ls ou r raw ma t er i a l. How do we
extra c t from it , and r efine, data to assist engi neering progre s s and
th~ purposeful app l i ca tion of technology? Clues t o help us addres s
that question wi l l be f ound i f we look at the ne eds of engineer s " and
the envi r onmen t in wh i ch they wor k ; this i s the sha r p edge of tech­
nology .t ransfe r.

The eng ineering requi remen t

Surprisingly few studies of the means by which engineers may be con­
nected to the g l oba l store of knowledge s tart with t h e engineer him­
self!' But I have no experience wh i ch wou l d recommend my starting any­
where else.

Host engineers are employed in industries which survive by serving
identifiable market and social needs. The consumer in this market
defines a specifi.cation, or has one defined for him, which lays down
the. required performance of the product. On this specification the
manufacturer will superimpose cos t targets, the company philosophy
(somewhere in a spectrum which runs from high qual ity/high price tag
to planned obsolescence) and the manufacturing/market time scale.
Upon this specificat ion there are increas ingly bei ng overlaid legis­
lative requirements concerning safety, ,env i r onment a l acceptability
and energy saving.

In the real world, of course, the specification, i n. the broad sense in
which I am using the term, inevitably changes dur ing design and manu­
facture but we shall ignore this in the interests of simplifying ou r
study. From the basic specification there is no uniqu e proces s of de­
sign t o be followed. Ho\vever, there are t wo broad classes of activity
into which, or between which, most design a c t i v ities fall, (Refs. 6
and 7). One of thes.e I call "development des i.gn" and the other "criti­
cal design".

In development design a more or less successful exi s t i ng product i s
scaled up or tailored to new requirements on an almost empirical
basis. This process draws heavily upon the engineer's mechanical
sense and practical experience. The product precedi ng the one t o
be designed is its fath er and mother , laboratory and test house. The ,
phy s i ca l 1m-vs gov er n ing t h e per formance of the DeW product a re mode l l ed
in t h e previous vers ion t o a degree wh i ch i s qu i t e adequa t e i f the
cus t ome r does not ca ll f or non-linearly s ca l ed per fo rmanc e increas es
(leading to ov er-development), if competitors do not start to of f e r
novel features in their produ~ts, if materials costs do not fluctuate

4.
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scaled up or tailored to new r equirements on an almos t empir ical
basis. This process draws heavily upon t h e engineer's mechanical
sense and practical exper ience. The product precedi ng the one to
be designed is its father and mother, laboratory and test house. The ,
physical Laws gover n ing the per f ormance of the ne,,;..; pr oduct a r e model l ed
in t h e prev ious ve r sion t o a degree which is qu i te ade.qua t e if the
cus t omer does not ca ll fo r non-l inearly s cal ed per fo rmance incr eas es
(leading to over-development ), if competitors do not s t a r t to offer
novel feature s in their produ~t s , if ma ter ials cos ts do not fluctu a t e

4 . _ n _ n . ..... __ .. ... .. .



drama t i ca l l y , if the same energy resources r emain continuou s l y avai l ~

able and if the scaling up of any env ironmental damage which the p r o ­
du c t can cau s e remains acceptable to society.

In an attempt to r emove some of the unc e.rtaint ies of des ign by de ­
velopment, engineers have recourse to t he quite d i.f f e r ent; pr ocess of
critical -'design . Drawi ng on the engineer 's mechanica l s en s e and
practical experience it requires intuit ive and c reative f l a i r t o
produce, fi rst of a l l , a more or les s nove l concept in r esponse to
the original spec if i ca t ion . This co ncept will be s et down fi.rst in
schematic form . Then the engineer , or teams of engineers, wi l l uri­
dertake an essentially int el l ectual exer c i se . In this the schema t ic
is ana l ysed quantitat r vely .aga i n s t a s many of the phy s i ca l laws as i t
is kno\VI1 the finis h ed p r odu ct mus t comply with . On r eams of paper
and miles of comput e r tape engin e er s wi l l , i n 'fact, simulat e and
test every aspect of performance which the produ c t is -t o provide,
simulate and test the effect of the product on the environment and
so forth. Having found where the original s~hemat ic is inadequ a t e,
for example in terms of performance, ,ma t er i a l s usage, or cost, the
schematic is refined. Then the pr ocess of analysis is repea t ed un­
til after perhaps many iterations there is suf f i c i en t con fidenc e f or
a prototype to be built and tested under more or less repres entat ive
service conditions.

There are, of course, other processes of des i gn. For example, ab
'i n i t i o design or true SYnthesis goe s a stage beyond critical des i gn
by removing the need for intellectual intervention at all s t age s
beyond the specification (or some part of t he specification). The
computer ,i s now frequently employed to go around the same i t e r at ive
loops in critical design a s those otherwise f ollowed by human hand .
But I do not regard t his a s tnle SYnt he s i s ; such proces s e s are as
yet rare though examples exist such as those pr opounded by Miche l l ,
Cox and Hemp for structural des i gn ( see Ref. 8 ) .

There is considerable scope f or technology transfer to take place
during critical design . The key tools in thi s process are a s ound
knowledge of t he phys ical l aws whi ch t h e product mus t ob ey and t he
numerical data wh i ch enaple tho se laws t o be a pplied . From t hi s
admittedly simp lified look at the basis and nature of- ·the engineer­
ing environmen t and design process we may summar ise the circumstances
in which the modern engineer finds he .i.s working, and the cons equ ent
qualities he must s e ek in the data he uses, as follows: -

Modern design is a t i me consuming process. Time spent in search ing
for, or up-dating, data is time lost from creative effort. So, en­
gineering data must be:

CONCI SE

CONVENIENTLY FOR}~TTED
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Modern design is a time consuming process. Time spent in searching
for, or up-dating, data is time lost from creative effort. So, en­
gineering data mus t be:
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Th e qua li. t y ' of t h e engi n eer ing product ref lects t he qual ity of the
data u s ed in its des i gn. To find the bes t data avai l ab le me a DS look­
ing a t t h e data available f rom all availab le sou rces or as many of
them as can rea s onab l y b e found . So eng i n ee r ing data mus t b e :

COMPREHENSIVE LY BAS ED

BACKED UP BY ACCESSIBLE P~RSO~AL SERVI CE AND UP- DATING

The engineer's company i s at r isk not only from its compe t i tors but
increasingly from the consequences of liability su i t s . Further , many
large customers, governmen t agencies , insuranc e i n t erests and l i cens ­
i ng bodies are demanding evidence of 'third pa r ty obj ectivity' i n t he
data used in design. So, eng i n e er i ng data must be :

AUTHORITATIVE AND INDEPENDENTLY VALIDATED

·Inadequacies In da ta and the consequences

It qf ten comes as a surprise t o find the .variabil i ty in the qual i t y of
the data used. by even the largest and best equi ppe d companf.e s , Some
years ago we ,under t ook an exer c i s e to compar e the data i n u s e by s ix

The industry of the free world has done well enough, one might t h i nk ,
on the basis of the data available and this is not alway s of t he qua l ­
ity specified above. So is there a need to do bet ter? I believ e
that the current concern with technology t ransfer an d technology appl i ­
cation is largely a reflection of the economic, socia l and polit ical
pressures to do better and to do more. What was adequate in times of
cheap materials and energy and in times of lax social concern will not
be adequate very much longer if t he free world is to maintain its
political, economic and military stab~lity. The point is perhaps bes t
made by reference to actual case histories within the experience of
my own organisation.

A public utility company had designed and built several lattice towers
and a long established code had been used to est i mate the wi nd l oading
on' them. After designing and building several towers the engi n eers
cortcerned got 'the gu t feeling' that t h e wi nd l oading estima tes were
wrong; subsequently wi nd tunnel testing indicated tha t their e s timates
were some 30% too high. At about the time this was discovered my
O\VTI organisation had just complete~ preparing a set of evaluated data

. r elating to the est i mation of wi nd loads on lattice structures (Ref .
9). This wa s a more wi de ly based anti high l y r e fined s et of da ta t han
had previously been available. These data confirmed the wi nd t unnel
testing and provided a confident basis for the des i gn of future towers.
But more than t h i s , they enabled . a cost saving on the initial tower
building programme of nearly one million dollars i n materials costs
alone. So mo r e adequately r efined data enab led firs t co sts sav ings
and also enabled s avings in r aw mater i a ls ..!
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had previously been available. These data confirmed the wi nd t unnel
testing and provided a confident basis for the design of future towers.
But more than thi s , they enab l ed . a co st saving on the init i al t ower
building programme of n ear ly one million do l lar s in mater ial s co sts
a l one. So more adequately refined data enab led firs t costs sav ings
and a l so enabled savings in r aw ma t erial s.

It of t en comes as a surprise to find the .variabil i ty in the qual ity of
the data used. by even the l arges t and best e qu i ppe d compani.e s , Some
yea rs ago we under t ook an exerc i s e to compar e the data i n u s e by s i x



different, quite Large , companies relating to just one COHlITlO'Il

sign problem. The data actually being used by the six companies
for estimating the buckling s trength in·s11ea1' of sheet metal com­
ponents containing flanged lightening ho l es wer e applied in turn
to a typical design of specifi.ed dimensions and material. The
strengths estimated by the six 'set.s of company data varied wi.de Ly ;
there was a two to one ratio betwe en the greatest and least strength.
Yet, as far as was known, no premature failures had been recorded
for any actual design based on any of these data; almost certainly
some of the design teams using these data were overdesigning. The
type of component involved is very corr~on in light\veight stDJctures
including those of aeroplanes. To illustrate some of the cost con­
sequences of this variation an estimate was made of the differences 1

due to weight, in the revenue earning potential of two hypothetical
medium sized transport aeroplane designs which were identical except
that one would utilise the heaviest and the other the lightest com­
ponents designed in accordance with the extremes of the data in use.
For a fleet of ten aircraft, the difference in revenue earning capa­
bility was found to be close to $100,000 per year. In this case,
better refined data would have led to considerable operating costs
savings and savings of the energy needed to transport excess weight.

The quality of data available at the design stage can often permit
cheaper production methods to be employed. For example, data relat­
ing fatigue strength to surface finish and geometric stress concen­
tration (Ref. 10) show that minor changes in geometry enable turned
finishes to provide fatigue lives in some compon~nts equal to those
achieved by more expensive ground finishes. Accurate assessments of
such effects depend upon the carefuL collection and evaluation of
fatigue and stress-concentration d~ta. Small inaccuracies could
lead to erroneous conclusions.

Data which are adequate one year may be woefully unacceptable some
years later. Science is constantly making E~re precise evaluations
of all the physical phenomena and industry must be able to take ad­
vantage of this progress; regrettably it does not always do so as
quickly as circumstances demand. Let me illustrate this.

In estimating the load which a tidal current will impose on the sup­
port for a marine structure one might employ a simple physical law
of the type

d 1 2Loa = "2 f V S~D

in which V is the velocity of the current arirl S is the cross-sectional
area of the support normal.to the tide.

The data values required to perform the calculation are p, the den-
sity of the wa t e r , and the draz coefficient Back in U,,,,, r:;M,l F

II __ 'L. -- -_ ~ 1.>- '-CL·J- ...L y

1920s, the only value knowll for CD' at Reynolds Numbers typical of
a large cylindrical body immersed in a tidal stream, was O. 7 based
on tests of smooth cylinders. Researchers such as fage and Warsop
(Ref. 11) then showed that the roughness of the cylinder would affect

LUCiU = '2 f v L)~D

in .which V is the velocity of the current arirl S is the cross-sectional
area of the support normal.to the tide.

The data values required to perform the calculation are p, the den-
sity of the wa t e r , and the draz coefficient Back in U,,,,, r:;M,l F
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1920s, the only value knowll for CD' at Reynolds Numbers typical of
a large cylindrical body immersed in a tidal stream, was O. 7 based
on tests of smooth cylinders. Researchers such as fage and Warsop
(Ref. 11) then showed that the roughness of the cylinder would affect



1 L II ~ value of CD' By 1970 my or gan i s a t i on was ab le t o refine , f r om a
:)0 year a c cumu l.a t i.on of raw da t a on these effects, a re liab le compi­
Ja t i on of CD value s f or d i f f erent su rfa c es and' permi t t ing design er s
t o take a ccoun t of such t hing s as r ou ghn e s s du e t o ma r ine growt h (Ee £.
12) . These 1970 data S hO\~1 that cyl i ndrica l marine s t r u c ture s of large
s cal e should b e de s i gn ed f or a CD 'of about 1. 05 \vher e b a ck in 1920 t he
b e s t estimat e would hav e b een 0.7 . Even as recently a s las t y ear,one
of my colleagues found that some designers of oil rigs for the Nor t h
Sea , noted for the f ecundi t y 0'£ its marine flo ra and f auna, were s t ill
using the pre 1920 value of 0 .7 quite una war e t hat they were under­
estimating their loads by about 50%.

In the previous example, i gnorance of 50 years' progres s in 'data l eads
to a 50% des ign error .:..- One per c en t per annum as t he pos sible dr ift
in the best design data available is n ot unu sual and corresp ond s .
closely to the magnitude of drift wh ich we f i n d over a wi de r ange of
the subjects upon which my organisation works. As a rule of thumb,
I advi se all designers to assume t hat the data t hey a r e using i s 1% in

.er r or for each year since ' they wer e established or last corroborated.
o

In summary, the foregoing case histories illustrate that inadequate
data can:

OBSCURE POTENTIALLY CHEAPER AND SIMPLER PRODUCTION METHODS

UNDERMINE THE PROFESSIONAL INTEGRITY OF THE ENGINEER

THE DATA IN USE FOR A PARTICULAR PURPOSE MAY VARY BY AS MUCH AS
100% BETWEEN EQUALLY COMPETENT COMPANIES

THE BEST DATA MAY EXHIBIT A 1% PER ANNillvI DRIFT

1/ WASTE TIME A~1) MONEY

1/

(l
l il','I, BAZARD SAFETY AND DURABILITY

WASTE MATERIALS AND ENERGY

\J...i\\
1\\

p
We \must also note that:

~

The management of data collect ion and refinement

Improving the data available for indus trial app l ication requires total
commitment to the goal of technology transfer and pos i t ive management
to that end. A f u l l de s c ription of the human and phy s i ca l f a c t ors in
p l ay, and the commun ica t i on f unc t i ons i nv o l v ed , is beyond my present
scope t hough I h av e descr ibed t h em in s ome detail e 1s eHhe re (Eef. 13) .

The management of data collection and refinement

Improving the data available for industrial app l ication r equ ire s total
commitment to the goal of technology transfer and po s i t ive management
to that end. A f u l l description of the human and phy s i ca l f actors in
play, and the c ommurri cat Lon f unctions i nvo l v ed , i s b eyond my present
scope t hough I have described t h em i n s ome detail e l .s ewh e r e (Ref . 13 ) .
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There ' are t wo bas i.c ways of looking a t the g l oba l r esource of r aw
knowledge from which data are to be co l lect ed and r e f i n ed . Th e
first way involves looking a t the total resourc e , identifying s e t s
which compr i s e a co mmon sc.ienti fi c category or d i sc ip l ine ( s ay c.ry s ­
t allography, elect r onic proper ties of materials , thermophys ics of
aqu eous ·so lut i ons ) , co l lecting all t h e published information within
that cat ego ry, and organis i ng it (usually s t ill in the raw form) s o
that each piece may be eff i.cj.ent. Ly retrieved in answer to a speci­
fic request from a pot en t ial us er. Re f i n ement , ot h er than i n terms
of organisation, i s u sually mi n imal . This i s a mana gement system
which recommends itself strong l y to document al ists and i nformation
scientists for obvious reasons. It operates in various fo r ms; t yp i ­
cally the wel l - known abstracting ser v ices, compu ter i s ed bibl i ogr a ph ic
files (bibliographic 'data' bank s) and some i nformation analys i s
centres are based on thi s view of the world. It is popular with re­
searchers and scienti.sts, wh o work generally only within on e d isci­
pline and frequently read scientific treatises. But it has only
fitful success with engineers (who do not). It has the bui lt-in
economic problem that, to be viable, the cost of any enquir y of the
system has to bear a share of the cost of a ll the enquiries \vhi ch
could be made but which never are. For this r ea s on , and for the
reason that refinement of the output is minimal, this way of l ooki ng
at the resource of knowledge and data has but limited poss ibi lit.ie s
as a means of serving the industrial engineer. Put more succinctly
from his point of view, "solutions in search of problems- rarely pay
off"~

A derivative of this philosophy has also led to the idea that s cien­
tists should leave their laboratories and take limited t erm post s in
industry. This is quite an old . idea, recently refurbished under
such catch phrases as 'technology on the hoof'. Quite apart from
the lack of sensitivity wh i ch the promotional catch-phrase shows
towards the personnel actually involved the i dea overlooks a very
common industrial experience. No matter how well qualified a staff
man may be, it takes a great deal of time before h e becomes produc­
tive after en t er i ng industry. My O\vn experience of this idea is ad­
mittedly jaundiced by finding that the productivity of personnel
seconded to me from research establishments b ecame acceptable at j u st
about the time their secondments ended~

., 4. - n ~

by looking first, not at the knowledge avai l able, but at the i ndus­
trial or eng i n ee r i ng need. We s pecify the need , involving the en­
gineer wh o has or who can foresee that need , then define the infor­
mation and data requi red, .confine our search wi t h i.n the g lobal store
to the data actua l l y requ i r ed at the time , eva lu ate t h e r e su l t ing
co l l ec t i on and refine it into -a package careful ly t a i l or ed' to the
need which ..'laS spec.ified . This a pproach has , of cour se, obvious
economic penalties i f the need specified is' not corrmon t o a reason­
ably wioe r ange of u ser s . It r elies upon use r s hav~ng some f or e -

_s i.ght, o,f t heir n eeds for it can never provLde r eady-ma de responses

-

The engineering way of looking at the global resource of kno\vledge
is virtually the inverse of that previously described. We now start
by looking first, not at the knowledge avai lable, but at the indus­
trial or eng ineering need. We specify the need , involving the en­
gineer who ha s or who can fores ee that need , then define t h e infor­
mation and data required, .con f i n e our s ea r ch wi.t h i.n the g l obal store
to t he data actually required at the time, evaluate the r e sult i n g
c o l l ec t i on and re f i ne it into a package ca r efully t a i lored - t o t h e
need wh ich v'laS spec.if i ed . Th is approach has , of course, obvious
economic penalties if the need specified is' not common to a reason­
ably wioe range of users. It relies upon us e r s hav~ng some f or e -

_. s i.ght, o,f their n eeds for it can never provLde ready-made respon s e s
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t o all t h e needs which might a r i s e a l t hou gh i.ts r es ponse clear ly i m­
proves co nt i nuou s ly wi.t h t ime . \.yhen carefully managed to s elect

,needs of wides t r e levance and op er a ted t h r oughout on a basis of co ­
: operation wi t h a l J, the i nteres t s inv9 1ved it ha s prov ed i t s e l f , f or
;near l y , 40 years , t o be a mo s t adequate and f l exi ble ph ilosophic bas is
~ and one wh i ch i s capab l e of cons iderab ~e deve lopment .

What tasks have to be per formed in such a sys tem and who is best
fitted to perfo r m them?

In the task of identi f ying t he n eed t he event ual us er s, or a r ep res en­
tative .group of u s ers of t he r efi ned data product, rnust be c losely i n ­
volved. If they are not t hen the economic v iab i l i t y of t h e system
will be at risk and there will be little assurance that the data com­
pilations produced wi ll actually be used. Similarly, a repr esenta tive
group of r es earch er s and academics rr~st be i nvolved. Without their
advice ' t h er e is a likelihood of embarking upon a sea r ch for knowledge
which does not exist or of the mis int er pre t a t i on of the knowledge
which, is found. In -some a reas a very wide :cange of interests may
need to be involved and my own organisation is developing into fields
where not only engineering and scientific interests are at play but
also those of legislative bodies and of licensing and certification
authorities; the time may not be far distant when consumer and labour
interests may also need to be embraced in some subject areas .

Bu~ all these interested parties have neither the time nor often the
training necessary to undertake the detailed technical work of data
collection, evaluation and refinement.

. :;,!

Some res ear ch adminis trat ors, however , have r ecent l y been t aking a
new line i n the scrarr~ le for patronage wh i ch has f ollowed t he stag­
nation of research funding ov~r recent years. Seeing possibilities

Of the interested parties which might undertake th.e tasks following
the identification of the need, only the engineer/designer and the
researcher/academic have the n ecessqry basic technical qualifications.
But none of t hese has an opt i nmm combination of t he att itudes and
background which have to be brought to bear during the processes of
raw data-collection, evaluation and refinement. Mo s t practising en­
gineers and designers wou l d not c laim that they had a sufficiently
detached outlook for the purpose or even an inter est in such wo r k be­
cause it is rather removed from the actual hardware of industry which
is generally the centre of interest of their lives. Until quite r e­
cently, most scientis ts and r esearchers have also shown little i nter­
est in such work for the ,ver y practical reason t hat 'their status and
preferment were closely dependent upon t he discovery of new knowl edge
and the publ ication of their f indings in a 'form ac cept ab l e t o t heir
peers. I find this attitude is that which most practising researchers
still take, at least in private, and I applaud ' it ; the side effects
of ,diverting their energies towa rds the day-to-day a pp l i ca t ion of t heir
work are likely to be t o t h e · de t r iment of scient i fic objectiv ity and
lead t o a det e r i ora t i on of j ob sa ti s f action.

Some res earch admi nistra t or s, however, have recent ly been t aking a
new line in the s cramb le f or pa tronage wh i ch has f ollowed t he stag­
nation of research funding ov~r recent years. Seei ng possibilities
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peers. I find this attitude is that which most pra c t i s i ng researchers
still take, a t least in private, and I applaud' it ; the side effects
of diverting their energies towards the day-to-day application of their
work are likely to be to the ·detriment of scient ific object i vity and
l ead t o a det e r ioration of j ob sa t i s f act ion .

..-~..
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t o demon s trate ~ re l evancet i n the ey es of fund i ng bodies~ and to
earn funds from indu stry by s e l l i ng ad ho c. exper i men t a t i on, many
of t hem have enter ed t he newl y ·f a sh i onab l e a r ena s of 'techno l ogy
t r aris f er ' and 't echno l ogy appl i cat i on ' . , Insof a r 8 .S t echno l ogy
tran s f e r 'r e l at e s to t he u s e o f basic know.Ledg e the sc i en t i s t has
an impo~tant role to play - but as a sc ient ist and not a s theac­
tive trans f er agent.

We have noted in the requirements of data fo r application ·t h e need
for impartial assessment and i ndependent validation. So the person
best able to t ake t h e l ea ding r o l e in data evalu a t i on is not likely
to be someone who was i ntima t ely invo lved in the preparation of t h e
raw data, a s a r es earch er f or examp le. Too close an a s sociation
with one s e t of raw data can prej udic e the ob j ec t ivi t y of even the
most disciplined worker when attempting to cor r e l a t e his o~m result s
with those of others. It's like parenthood; the peculiarities and
imperfections of one's own child are often di f f i cu l t to see~ But in
any case, many of the characterist ics of t he raw data resource which

. make it unsuitable for direct app l.i.c at i.on are a consequence of the
researcher's attitudes and environment. He i s hardly the man to em­
ploy in order to amend these shortcomings.

So, in the part of the task wh er e the raw data are collected, ana­
lysed, evaluated and distilled do\VTI to the be s t . s e t for application
to a specified need, we find a new sort of professional being. Hav­
ing trained upward of a hundred of these over the last 25 years I can
give you a brief specification. Such a per son needs to have a sound
academic training covering a limited spectrum of the disciplines to
which the data b e i ng handled relat&. After academic training a
period of about three yea r s in industry, i nvolved in the practice
of engineer ing, provides a suitable basis fo r understanding t he c i r ­
cumstances under which 't he re f i n ed data will eventually be applied.
An imaginative, flexible outlook and an 'absenc e of preconception a r e
required characteristics and this will mean that such staff are still
young when they enter this work. Special tra i n i ng beyond that ob­
tained in their a ca demi c careers must be given for severa l pu r poses.
The techniques of manag i ng the various inter ests wh i ch wil l be a t
play during the data refinement process must be i mparted. A total
corrnnitment t-o t he goal of technology trans fer must be induced; thi s
often invo l ves gaini ng an acceptanc e of t he belief that communica­
tion in a form wh i ch has a h i gh signal-to-noise ratio from the point
of view of the engineer is in every way as r e s pec t ab l e as the quite
different form of. communication which is appropriate to the scien­
tific ·community. Finally, the techniques of data refinement must
be learned. 'What are some of these techniques?

Having i den t if i ed t h e ne ed , the r aw data appropr iat e to t his ne'ed
hav e to be loca ted and co l l ected . Libr a ries:; b i bliograph ic r e t r i eva l
services a nd al l o ther ill2an s available t o co l l ec t as much of t he
published r aw data as poss ib l e a r e u sed. Beyond this, on Inost top i c s,
there are a great many raw data which are no t published - some-
ti.mes t.he grea ter pa r t of t he raw data whi ch is availa.ble en a topic

, .,

different f or m of . c ommunication wh i ch is appropriate to the scien­
tific ·community. Finally, the techniques of data refinement must
be learned. 'What are some of these techniques?

Having identified the ne ed , t h e r aw data appropr i a t e to thi s n e'ed
have to be l ocat ed and col lec t ed. Librari es :; bib l i ograph i c ret rieva l
services and al l o t h e-r- rnean s ava ilab le t o col l ec t as much of t h e
published r aw data as possib le a r e u s ed. Bey ond t h is , on Inost top i c s,
there are a great many r aw data which are not pub lished - s ome-
ti.mes t he grea ter par t of t he r aw data which is availa.bl€ en a top i c
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exist s on l y i n t h e fi l es of companies and i ndiv iduals . Su ch r aw
da t a can usua l l y be re l eased by car efu l manag ement t o ob t a in the
ho l der's co- oper a t ion and i nterest and thi ~ can best b e done by
staff based on 'neutra l ground' and of proven i ntegrity.

\~en sufficieht sets of r aw ~ata have been extracted they i nva r i ab l y
present a conflicting and confus i ng pi cture . _Digging i nto the c i r ­
cumstancesunder wh i ch exp erim~ntq. l data wer e derived, making a full
technical as s essment i nvolving available theoret ical treatment s, or
involving the construction of new mathematica l models , a re j u s t some
of the time consuming and expensive pr oc es s es which have t o be under­
taken if the job of data refinement is to b e sound . It isn't j u st a
matter of drawing the best f it t hrough a cloud of conflicting r aw
data points. Even when the sets of raw data appear not to be i n con­
flict the simplest processes of comb i ning them may lead to surpris i ng
results. Sets of raw data which are simply pooled may appear to l ead
to completely different conclusions from those dravlTI from the r esults
of the individual sets. Bizarre effects, such as t hose demons t rat ed
by Simpson's paradox (Ref.14), are never far away!

To summarise briefly at this point, data refinement to assist techno­
logy transfer must:

START WITH SPECIFYING THE NEED FOR DATA AND NOT WITH THE DATA
RESOURCE

INVOLVE ALL INTERESTED PARTIES IN SPECIFYING THE NEED

BE CONDUCTED BY SPECIALLY TRAINED STAFF

BE CONDUCTED IN A 'NEUTRAL ENVIRONMENT' ·

As the refined data package is produced ithrequires validation and
this process I shall consider next.

VaIidation of data

We must bear in mind the potentially high cost of failure in reany of
today t s larger engineering enterprises, _the increasing social pres­
sures in connection with the avoidance of environmental and other a c­
cidents not to mention the increasing extent to which manufacturers
and designers l abour under the spectre of liability suits. Contem­
plation of such issues v ery early in the life .of my own organisation
led to the conclusion that data· distilled from the mass of s ou r ces
must be mon i t o red a s t hey a r e produced and not be app l i ed i n pr~ctice

unt il they have been obj ec tively validated .

Earlier this year, when Dr Frank Pre s s appeared Defore the Senate
Committee on Cornmerce , Science and Transportation , prior to hi s in­
dtict ion as D:i,.rector of t he -Offi ce of Science _an~ - Technology , h is
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mus t be moni t o red a s t hey are pr odu c ed and not be app l i ed i n pr~ctice

unt il they have been objec t i vely validated . -
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r eact ion was sought to the sugges t i.on t ha t " t here i s no such t h i ng
as ob j e c t i ve techn i cal advice" . In h i s .an swer he ob s er ved that the
b e s t an Lndi.v t.dua I could do wou Ld be t o pr e sen t t h e known bia ses
alon g wi.t.h hi s a dv ice. That probably is 't he bes t that an honest
individua l can do; but on the basis of my exper ienc e I know t ha t the
powers of ' judgement pos se s s ed by t he i ndiv i dual can b e magn if i ed many
times when applied a s part of a ca r ef ul l y maD~ged consen sus seeking
group. The app licat ion of such a gr oup i s what has to take place in
the proces s of data validation.

The validation gr oup must address itself to a number of ques tions.
Has all reasonab l e car e b een taken to find r elevant data; have a ll
known sources b een t apped ? Are the co r r elat i on proces s e s which have
been us ed s ound , have any ph i losophica l or mat hemat i ca l t raps been
fallen into? Are the neces sar y limitat ions on r anges of app l icabi l i t y
of the data and other cautions specified? Is the presentation which
has been used clear and convenient rememberir.g that application of
data is made by ,engineers and not by s cientists?

And, each individual in the gr ou p must ask himself if he is prepared
to stake his professional reputation on the be l i e f that the ref i n ed
data package represents the best data on the topic in question, a t
the time of issue and within the limitations spec i f i ed .

I mentioned the amplification in power of individual judgement when
applied as part of a consensus seeking group. By consensus I mean
what was originally meant by consensus, that is, 'an accord of minds
or unanimous, rather than majority, agreement. Thus the process I
am describ ing is only superficially related to the polling techniques
so elegantly investigated by Dodgson (Ref . 15) or the Delphi t ech­
nique succinctly reviewed in re?pect of its imp l i ca t i on s as more than
a techno iogical forecasting method by Bernstein (Ref. 16). Obtaining
consensus is often a long and expensive business - but well worth it
as can be demonstrated from a simple modelling of the process (Ref.
17). The reliability of the judgement s made by a consensus gr ou p i n ­
creases roughly as a power r e l a t ed to the number of members involved
in the group. The time they take also increase s with the number of
individuals involved due to having to rephrase and modify the issu es
addressed until all member s are satisfied. But tile time taken in­
creases far less dramatically than the rate at. which the rel iability
of the consensus judgement increases. At l east, this is true when
the gr ou p is compri s ed of individuals 'of roughly equal and h igh
ability. It is a c ommon experience t hat 't he introduction of but one
dull or unreasonably b i as ed member onto any sor t of committee extends
the 'time taken to reach decisions to an alar~dng degree!

Thes e val i dation gr oup s n eed t o be compo sed' of people external t o t he
per manent s taff who a r e co ncerned with t he t asks of r aw data collec­
t i on and r ef i nemen t . Typ i cal ly, i n my ow~ organ i s a t i on , t hey compr i s e
practising engineers, res earcher s, academics r representatives of go­
vernment bodies, certific!ltion author ities and other interests. Th ey

'-J !,. - - - - - • - --- -- - - - - - .... -:O .-- --,~ "-"'1.--'- ................ - '" ~ ....b 4 .&,

ability. It is a common experience t hat 't he introduction of but one
dull or unreasonably biased member onto any sort of committee extends
the 'time taken to reach decisions to an alarming degree!

Thes e val idation gr oups n e.ed t o be composed ' of peop l e external t o t he
permanent s taf f who are concer n ed wi t h t he t asks of r aw data collec­
t i on and r ef i.nemerit ., Typ i cal ly, in my own organ i s a t i on , t h ey compr i s e
practising engineers, res earcher s, academ ics r representatives of go­
vernment bodies, certification author ities and other interests. Th ev. .



ha ve a hi gh Lev e I of r ecognition w.i t h i.n their 0 1:VD pr of e s s ion s and a r c
nr eoar ed t o devQt e cons i der ab l e r eal t i me to the va l i da t i on proces s.
t •. , ' .

Costs invol ved

Data refinement to the standard necessary for modern industrial appli­
cation does not come cheap - at least in absolut e t erms. The maj or
cost heading is , of course, the labour cost of t he spec i a l l y trai n ed
engineering and scientific staff and of the techni cal support of t hat
staff by mathematical and o~her service gr oups . Gener a l over heads
are not excessive for there is no requirement fo r l a rge cap i tal equ ip­
ment; in-house modern compu t a t i ona l equ i-pmen t; of t he type required t o
cover the majority of needs is remarkably inexpens i ve these -days and
when large computational facilities are required they can now be easily
and cheaply accessed via a good terminal.

. -
1he costs of the validating groups are additional t o all this. But,
with careful management of the work on a properly constituted inter­
national co-operative basis, it is my experience that there are suf­
ficient motivations for the external practising engineer, researcher
or other expert to provide his time voluntarily. And there are suf­
ficient attractions for his company or other employer to provide the
support necessary to get him to meetings or to assure the rapid com­
munication of comment via 'phone, telex, or mail.

The cost in absolute terms may seem high; but if t opics have been
carefully select~d in the first place and if the r esu l t s are made
widely avai lable these costs can be spread over many recipients. Each
will then pay far less for the final refined and validated data pack­
age than would normally be expended in finding . the r aw data alone.

There is considerable economy of scale if these tasks are performed
on an international basis, as in my own organisation. I believe there
are many possible developments of the philo~ophy wh i ch I have presen­
ted, particularly in the international setting. - I will describe one
of these.

A 'possible development

In the NATO alliance we have a range of nations at different stages
of industrial and technological development. Very little has changed
in the disparity between the t echnological abilit ies of most of the s e
nation s since 1949 al t hough the t echnological abi l i t y of a l l of t h em
has i ncreased consid er ably. Th e Al l iance ha s a lway s b~ en aware of
thi s di spari t y and has done much wi t h the aim ot mi n i mi s i ng it. For
example one of the NATO ag encies, AGARD, has run a su ccess fu l consul­
tant and exchange progr~e, (Ref. 18). In practice this is not un­
like 'technol?gy on the hoof' t hough it has far more limited and

In the NATO alliance we have a range of nations at different stages
of industrial and technological development. Very little has changed
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credible expectations. As I have noted earlier, the pot iBl for
technology transfer via an arrangement involving the temporary se­
condment of personnel is debatable. In the international setting,
personnel returning to their ow-u workplaces after a spell in much
better endowed fecilities abroad can become frustrated and may of­
ten gravit~te permanently to a technologically more advanced nation.
The nett benefit to the Alliance of such a consequence is small or
even negative.

, .
At a recent meeting of the AGARD Structures and Materials Panel we
faced, once again, the problem of the less technologically advanced
nations and how the Alliance could best assist them. But this time
we started by asking how these nations could playa more positive
role in the technological well being of NATO - what could they offer?
An informal audit of the assets of one such nation revealed little
in the way of advanced physical facilities, although there were some
of great eminence in highly specialised areas. But the audit did
reveal an intellectual resource of considerable importance coupled
with most of the computational resources which would be needed in
data refinement. Now, as I have noted, the more advanced nations
have generated enormous resources of raw data. It is to the advan­
tage of the larger nations and the Alliance as a'whole to have these
raw data refined. But beyond this, many of these data, when refined,
are applicable to the sort of technolQgical endeavour which some of
the less advanced nations could develop to their own economic and
social benefit.

Accordingly, it would seem possible and mutually beneficial to set
up a management system whereby data topics of mutual interest were
identified, supply the raw data from wherever they existed, carry
out the process of refinement by .st af f within the less advanced na­
tions under the guidance and monitoring of validating groups com­
posed internationally and make the resultant refined packages avail­
able to all. The staff undertaking the technical tasks of refine­
ment would have the advantage of serious working contact with their
opposite numbers abroad while carrying out a task within and to the
eventual benefit of their own nations. The larger nations, and the
Alliance as a whole, would benefit by having some of their resources
of raw data refined and validated independently. Although the pos­
sibilities are only now starting to be investigated it seems a fu~­

ther advantage that such a scheme might be operated without ca~ling

for extensive financial support beyond that needed for limited tra­
vel, overall management and shor~ term training.

In conclusion

I have attempted to give some insight into the way in which the re­
sources of raw data are brought into profitable use by industry and
others. I also hope that I have demonstrated that these views are
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based, not on smne recent conversion to a fashionable idea such as
technology t r ans'f e r , but on actual personal and, orgarri sat Lon ri­
ence in t h e business of 1,1hat I prefer to ca l l. "prof Lt.ab Le research ..

• , '"- t- • It ( -r-, ,.. 1 a ) D' 1 .t . 1eng i.ne e r i.ng r.nt e r ac r i on Ker . ~.J. .nrr i.ng t113,' exper i ence we rave
tried many paths, have made many mistakes and, I hope, learned; from
some of them. .

The present socio-technological climate, which is likely to persist
well into the 21st Century, demands that we make the very best use of
information and data which are already available. Haking the best use
- indeed making any use - demands that we refine and combine the knowu
data based on the philosophies and techniques I have been describing.
In brief, these followth~. now established and proven process of first
identifying the need, the collection of raw data from world-wide re­
sources (both published and unpublished), the careDll selection, cor­
relation and evaluation of those data by specially trained staff,
their refinement and presentation 'in an engineer customed package, '
yalidation by an appropriately qualified world-wide group of experts
and the continued interest of the special staff to ensure back-up ser­
vice and up-dating.

Science, from about the 15th Century onwards, was a new intellectual
pursuit whic~ transformed man's understanding of his world. Engineer­
ing technology enabled illan to transform that world. Just as surely
does data refinement represent a new intellectual thrust which will
enable man's understanding of the world to be applied to its future
transformation in a way that is based on incontrovertible fact and
reason. The last 50 years have been notable for the extent to which
a tangible asset-in knowledge and data has been built up. It is to be
hoped that the next 25 years will be notable for the extent to which
the profits of exploiting that asset will be returned to us.
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There is no attempt in this Report to formulate a general

theory or to assemble a collection of rules or recommenda­

tions to be applied to industrial cooperation, in order to

obtain optimum results from the technology-transfer view-

point.

We have i n s t e a d s et our sights much lower: namely, to illu­

strate some aspects that have emerged from the experience

acquired by OTO Melara in recent years.

Each of the instances has originated from specific s i t u a t i on s

and no single instance can be directly extended to all cases.

The observations can however be incorporated in a statistical

elaboration which, by considering a multiplicity of conclusions

reached separately from individual s pec i f i c situations, could

enable the formulation of general statements and an e val u a t i on

of the probability of their meaningful application to indivi­

dual situations in the future.

During the past fifteen years OTO Melara h as been involved,

both a s recipient and supplier, in transfers of technology

with European, American and Asian firms. These transfers have

taken place in t h e course of . industrial cooperation undertakin g s

relating to specific products.

The experience covers the following t ypical forms of coopera- -

tion:

- production under a licence, acquired by the goverment and

passed on to the armaments industry;

production under licence obtained under the terms o f a gree-

ments between armament-industry firms;

./ .
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- co-production under licenc e , wi t h sub-contractin g of some

components to the firm which developed the product ;

- multinational design and development based on intergovern­

mental a greements, followed b y joint production;

- muLb i .n a t .Lon a L design and development f'o L'Lowed by joint., pro­

duction b ased on joint private ventures .

The first t h r e e types of cooperation fall within t he cat e gory

of lI g r a n t i n g of licence ll , the last t wo in the II mu l t i n a t i on a l

design and development cooperation II category .

In our e xpe rience, the undertakin g s involving the g r ant i ng of

l i c e n c e s have given rise to t he transfer of a l arger volwne of

technology, and of more advanced technology, t han in the case

of design an d devel opment cooperation. In this latter f orm of

cooperation, there i s observed, right from the s ta r t , a subdi­

vision o f t h e sectors of activity and their alloc a tion among

the various participant industrial firms.

In g e n e ral , this r e sults in a r e st r i ct i on on t he s y s t e matic r e ­

ciprocal f l ow of t echnical information, and the ref ore on t echno ­

l o gy transfer, which is therefore l i mi t e d t o the e x t e n t nec es­

s ary for compatibility bet ween t h e int erfaces o f the v ar ious

sectors: and on l y rarely, and then synthetically and r a ther

superficially, is t he r e an exchange of technologic al informa­

t~on r elating to the intrins ic content of the various sec t ors

a s s i gn e d to the individual industrial f i r ms .

Of the types of cooperation involving t h e ,g r a n t i n g of a licence,

the form which enables the largest , fast est and most efficacious

./ .
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technology transfer is co-production under licence directly

agreed between firms, with sUb-contracting of some components

to the firm which developed the product.

The volume and quality of technology transfer are only slightly

less in the case of co-production under licence obtained under

the terms of direct agreements between firms, without subsequent

sub-contracting.

Technology transfer 1S least efficacious where the production

licence is obtained by the government and passed on t o the arma­

ments industry. In this case considerable del ays ar1se from the

emergence of problems, not always rapidly solved, associated

with interpretation of the documentation r eceived. Where inter­

pretative doubts call for resort to the licensor firm, the fact

that the related questions and answers have to be transmitted

through a government (and, in some cases, two governments) is

a source of appreciable delay.

If the problems arise, and the consequent temporary pauses occur,

at a time when the production line has already been activated,

the resultant slackening in the industrial activity constitutes

a not inconsiderable additional cost factor.

In the granting-of-licence type of cooperation, the following

factors and measures have proved t o be essential:

a) Quality of documentation.

At parity of technical level of t h e firms transferring the

know-how, it is observed that government-owned do cumentation

(especially in the case of the USA), dravm up to enable the

invitation of competitive bids for production contracts, is

. j.
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distinctly more valid than that owned by individu31 firms.

The superiority of the former over the latter is ~articular­

ly manifest in two respects:

elimination of the inevitable errors and gaps in the ini­

tial drafting, thanks to revision effectuated by other

parties (government and other firms);

- drafting of documentation with a generally accepted lan­

guage reflecting generally accepted-technical principles

and standards (an indispensable condition if the documen­

tation is to be understood by firms participating in bids),

by contrast to documentation drawn up for use within a

firm, containing terminology reflecting technical theories

and standards that will vary from firm to firm, but which

will be difficult for others to interpret.

b) Establishment of direct contacts between firms immediately

a start is made to definition of the constituent items of

the documentation, so as to eliminate, right from the begin­

ning, the possibility of ambiguities, gaps, misunderstandings.

It is the usual absence of this possibility that detracts

from the efficiency of the method envisaging acquisition by

the goverment of licences to be passed on to the armaments

industry.

c) Direct, rapid and immediate contacts between the two firms

are invaluable at the stages of establishment of the coope­

ration arrangement and start-up of production, as well as

during the production run. In our experience, both as li­

censee and as licensor, this objective can be achieved me­

rely by the continuous presence of a liaison group at the

./ .
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l i c e n s e e ' s plant: or even of a single liaison officer,

provided t h a t he is versat ile.

This continuous pre sence must however b e backed up with

occasional r eciprocal short visits, also upon request, by

highly specialized technicians: the licenso r 's technicians

to provide advice and help to solve problems; the licensee ' s

technicians to a s k for advice and to describe t h e nature of

difficulties that have been encountered.

Obviously, t h e se mutual visits will be all the more routine

and comprehensive when the licensor 1S also a sub-contractor

to the licensee for certain components .

In the light of the experience acquired b y OTO Melara, it

would not seem that the size of the l i a i s on g r ou p , o r the

frequenc y of visits b y technicians, is importantly influen­

ced by the diff erence in technological level of t he t wo part ­

ners, always p rovided, obviously, that t hey are firms opera­

ting in industrialized countrie s .

The liaison arrangement should run from the beginning of

the cooper a tion a greement through t o compl etion of product

qualification .

In the event of product e vo l u t i on at licensor level, h oweve r ,

the l i a i s on arrangement should continue as long as necessary,

even if up to 20 + 15 ye ars .

Comp a r e d with technology transfers under other forms of coope­

ration, the t echnology transfer involved in the under-licence

production or co-production of a specific product displays

certain characteristics, and also certain merits which al so

.1.

Compared with technology transfers under other forms of coope­
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largely revert to the advantage of the transferor of the

technology.

1. Thanks to the concreteness of the matter involved (a

marketable product) the build-up of confidence in the

transferred technology takes much less time: the new

technology can quickly be extended with confidence to its

application to other products of current pre-eminent inte­

rest to the licensee country. This results in a saving of

time in new sectors, also to the advantage of the licensor,

who will obviously be kept informed of the extension of the

technology: if only, he will be requested of suggestions

and of encouragements.

2. Besides this feed-back, there is a more direct and immedia­

te advantage: the correction of errors in, and the supple­

mentation of, the documentary information, after the licensee

has studied the documentation.

3. Almost always the licensee brings occasional improvements

to the product or to the technology, consequent upon the

finding of other, nationally-produced components (as alter­

natives to the original components) which can with advanta­

ge substitute the related original components, also in the

licensor's production.

In some cases the advantage has been one of technical per-

formance, when the substitute component is better than the

original; in other cases the advantage has been financial

and logistical, when availability of the substitute compo­

nent, thanks to removal of a monopoly situation, has enabled

the lowering of the purchase cost and has assured, with the

.1.
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plurality of supply sources, maintenance of supp:iy and

production schedules.

4. Other variants which result in improvement of the initial

designs and technologies, improvement which can also be

extended to the licensor's country, usually derive from

the facl that the licensee studies them with a completely

fresh mind and is not conditioned by factors that arose in

the research and development stage.

The practicability and validity of the variants is guaranteed

by the fact that they have been conceived for incorporation

in a product that must be sold.

Turning now from the granting-of-licence type of cooperation

to the type envisaging multinational design and development,

it has been observed that there is a greater transfer of techno­

logy in cooperation schemes based on inter-governmental agree­

ments than in thos e based on joint private ventures. In these

latter cases, the s ma l l e r availability of finance and t h e vital

need to minimize the technical risk of the venture t end to lead

to the allocation of activity sectors among the various partners

on the basis of the most advanced specialization.

Thus, for each partner the contributions which t h e others could

provide are insignificant, since each partner is the most advanc ed

in the particular sector so assigned. The exchange of information,

and therefore the transfer of technology, is limited to the extent

necessary for interface congruity.

In the case of inter-governmental cooperation schemes, instead,

.1.
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the work is allocated rather more on the basis of p0litical and

e conomic considerations than of technical criteria. Therefore,

besides the interface dialogue, it normally happens that no one

partner is so further advanced in his assigned sector than the

others as not to accept technological information and suggestions

from them which could be useful in the accomplishment of that

partner's tasks . Indeed, exchanges of information are usually

promoted by the partner himself, who .r e qu e s t s the others for con­

firmation of its expectations, in the light of their similar pre­

cedent experience.

Moreover, in inter-governmental programmes there is a further

technology transfer, which we could define as " cross-transfer";

this occurs at the production stage, where the allocation of

work among the partners almost always varies a l i t t l e compared

with the development stage . Thus, each partner transfers to

another the technology developed in the particular sector, to

h i m assigned during the development stage, but not re-assi~~ed

for the production phase: and each partner receives from the

others the technology pertaining to the sector assigned to him

only in the production stage .

I n the context of inter-governmental development programmes it

is also easy for firms to exploit, in a new programme, a techno­

logy developed, or also only acquired during a previous program­

me: many patents are in fact the property of governments, not

of private firms, and, as a consequence, no constraits emerge

when the same governments are engaged ln both progran~es.

Rome , October 10th, 1977
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