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lNTR(>DUClNG nr'f!-£ARCU L.CONO.MICS 

"Takt 1ntcl.'Ht. t ln•plore yo;1, ill tltoA(! aac;~;-ed dWeiUn whtt.'h arc 

dc&1gnatot.. by the Xl)t' al\'e tllnll; ltll:loratorl#:J! . Ocm.at'td tbat tbey 

be trultipl too. that the be adOJ."QC(i. -ne.oe ate the t.emplos or the 

futu r · - totltplee ct well-ootua and l;:at~lno•s. Tlwro tt ti that bt -

rntuity grow& ~atat·. stron r, ,~ette~·.u 

Lwt. teu:r. 

1.1 O~l!fJ3A.!::.. ~I~'100Cl'l !N. 
~No:Jl'co• de~ot.e- 1 to a~leneo. or ro.tker to "new •chrr.ce" or t·eeoareb u<.l ~elop­

lw.em and rotated ~cb:.lteAl twtJv;U a ba.vo unde ... aoe.o a l'en:arkabltt rat of lncu:·oa~ o~ r: 

the past two decadi!S throu~t most of th world. l1lilf pheuomenon ba$ ~ en aympb.l• 

ms.tic .. rot only ot the de: '-flO:Pmoat of the major It~ of tiona ir. the , .• at•rn world" oot 

alao ol the E .. o-,tlot bloo, and furtbermot'e. an the iDdicati~ are tbat thl• upnnaioa o· 

ae'-ntiHc acti~itles will c<lnUnue throughoa.t tb& pr.aent d.-de. As a whole, attempta 

at measuren:c:m.t of these a.cthil~a baHt proved unatiafaotory in. :DlJUly Nepeets . Those 

t.httt ha\e ac~ie,ed • rouoca }le degree of o.oeuracy (for example, mea r&~Atlln terme 

of upendltut on, aDd ma.npow~r d*"oted tu, ntlatlf'Ob and dev lopm .lA) pre .. nt t.bc 00-

tcrver wUb emxrrote facta aa to tbia :rate of increase. 

'i'he 1' Uonal £c~ F<XlDCbtioo of Am•rloa fot' C.lWljple hu eattmatod that rch 

and development t'xpebdit»-rea 1n the Ur.Itcd Etatea haowf.\ i~~ernaed from ts. 4 bilUo. in l li53 

to an eatlmatod tto tlllicn ln 1~7, and to ro.1gllly '$ ~0 bi!Uot. in 196 •1) Mol'e rooont 

aUci:'pU at meBe.u.ron~ettt a:re .tll~;~atrallve that tbe utt.c.};l) promieee even g,-.ater advance&. 

For exa.t=..pl~. il) Tallla 1
2

) •ro &1howntbe tnet~eaHt Ul o. s-nditut de-voted tt> ea.ea..rct 

and de elopmfl'it m eight n~.aJor countr-ies of tbe wot·ld.. 1'1-.ese inoreasu are c~idera ... 

blc, parUcularb fn the United tee and Soviet 'Ruaaiu.. 'Tat>le J ha.a ,Jeen inclw.ko.cl t0 

1. Natiooal Eclc:\1100 Focmdatlon. Peocet.ldi12C* ot a C{lijf•ranCD 011 r reb !!MJ OcVC1l9Jt' 
mst and 1ta ~~£! ou !h!.. c<mom! • United Staiea Gcvenl.Dlent P'rlr.tina l..n flet.. • 
? Mbi~gton, 1~5S. p . l 

2 . Sea ·rahlo 1 ~ pap 10 of UU. aeeuo • 



achieve some meuure of comparability of esttmatee and shows absolute totals 

i'or estimated expenditure on research and development ~· the United ~tea. the 

United IU.ngdom and Weate.m Europe in 1962. 1) Tho United State t with an ozpendtture 

of ,. 9S. 1 per capita en re~~earch and development. far outmatehca the others in the 

extent of its l."eetmrch aDd dev lopment effort. 

In makint comparlJJ<ms of increases 1n expcnditu-rca O\er o.ny period it la always 

useful to ,:elate such lncreaeos to othe1 .. econoruio i.ndloea. For this reason Table 1 

IIJld Table 3 Z) both include data OD reeeareh and developmem eXJ>('ndituree related 

to gross national product, a primary Index of m.eaaurem•nt in &nf oountry. Fl"'it' 

these two tables it can bo seen that even when naU<mal research expenditures are re­

lated to other indices of me-asurement. the size of the research effort and ita increase 

18 remaritahle. Two teclmlcally advanced ""estern oountdes. Britain and the United 

states are at present devoting more than two per cent of their groas national product 

to .c1entiflc research and techl\ical development~ and the evidenoo of publl8hed Soviet 

data on national tnoomo and reaesrch e~nd1turcs indicates that the Soviet Union is 

also committed to approximately the same extent. 

1. 2 BACKGROUND OF STUDY 

On the evidence available then, S) there would appear to be some just.ifloatton for 

a eloaer atud'r' of the research and de"Vclopment effort. ll1 particular, governments of t11c 

world are becoming inoreuingly o"noorned about their national cf!ortBin scientific re­

search and development. la.rgoly because many covernme~ a1·e paylng increasingly 

large aums to support research and do,·elopmcnt. The proportion of nationallJudget . 

expenditures devoted to research and doveloprocnt ts bigb, as the state is the principal 

aourco of finance for reaearoh activities in moat countriea. The NatiODal Science 

FmmdatJ.on, for example has estlmatod that durin! too United State's financial year 

1961 ... 62, 11 per cent of the Federal Budget expenditure was devoted to tlle financing 

of research and doveloprnent. 4-) This point ts &ll'plified in Table 4, where r~eearcb 
and development expenditure in the t.T. S. A. , Western Europe and Britain da.u.•in' 1962 

ia classified according to performing sectors and the sourC6 of reeoaroh funds. S) 

1. See {.age ll of this eectton. 
2 . See page J2 of tbia soctton. 
3. J. preliminary esUmate or tho South African rc .. rch effort iDcticates that during 

1964/65, the Ropubllc devoted approximately 0. 5~"~ of the gross Nntionall'roduct 
(market prices) to research and development activities. 

4 . Op. cit. p. 1'23 
5 . See p. 13 of this aootion. 
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From the latter. the oyerwhebniftg proportion of reaeareh iunds oril[tnatinl 

fro:c: the &OftrDmCDt can readU1 he aeen: 4or example 63 por ceut of oea 

expenditure on rosotrch &Pd developt'l'tent in the u .a.A . ia uvemm•nt ffna11ecd. 

with Western Europe and the United KJr-r,dom ahowiog 81m1lar high percentagea 

for govel1n':!ent-11Mnoed research efforts. 

One important reautt of the above conoem Oft tbe part of go en:nnente ta 

that the concept of science poltoy has made ita appearance. :replacing an older 

Sdea that eelence is a ~X~rel· , cultural acUv ty which ahoold be au.pporte<l aa 

nch hut wbtob should uot be expected to !field much itl th way of definable ro• 

further:- source of haiahtencd inter .t on the part ot pemmenta 

with research aDd tbr'llolopment a.cttvltfea ia the existence or a ccnoral, and, 

until rcccnUy. a !:'ather \-ague feol1ng that an adequate natlOl\al effort 1n re­

aearoh and dql'elopment ia now ca.nt1a.1 to the wcll-:..~eq ol' an indastrialill.ed. 

aooiety. 

Th~ concern baal~ i~U'Ir t~Ua to tbe Cl.'eatlon in man .• countrlca of gO\'OI'Il ... 

ment bodtea coaccrned wtth tbo .national .aetenco and aeielltillc research and d&-­

velopmcnt et'f~rt. BelJ!um now haa • Nat101llll C.our..eil for Sci<;tnoo Polley, 

Frallee a ~neral Deleptfon tor ;c.lentiflc and t chnical Uaeoaroh, the United 

Kingdom an office or the !Jtnt.ter ot ScJ.enco, and the United St4t.ea a P1·etrldellt •e 

offl~ for &Jienca and Tcotnoloty. .,... ,ithtn thu 1)3at few yare.. tho Itallu. Swe­

dieh. Weal Corman. and !outlt Af dcat: Oovernmenta ha•c been a few or the ooun­

Criea wbo have all utAbUahcd apeo1al depar1.mente 01~ cotmcUs to deal wtth que•­

Uona or aeience policy. 

flawev r, the recent !Dtet'('st arouaod 1n natioual tJ.xpenditurea on roaearcb. 

a!ld dev«tl~ baa not bMft confined to maUot8 of actanoe polit..") alooo. If 

aoclety de\!otaS a constderable a .ount of ita rfl.outco• to nny particular activity. 

aconornista w1ll want to loo!c iDt.o th11 allocatiotl and pt an lda o. the mapltude 

of the activityr ita rnajt>r oreakdown, aDd its relation to otbeJ• activt.Ucs. T-he 

central theme !11 economic science has tntditiona.lly !:leen eoncorned with the al­

location of aoaree re•ot.u•cea among oompet.tng enu, and reacarch and dG•elop­

ment activity p~ no Olltoeptlon. neaa.rch and development acttvity, on 

tllo ecale it baa become in recent y•t·s. ia a major (.lompetf.tor Cor •carce re­

souroeat vying with industry ud otbG-r eeetora o1 the eoo:M~) lor the reaou:rcoa 

of land. capital ar.d lnbo'..tr. parttaul•rly ft.llled and ecientific mupower. 

'nuts. following upon ~be rapid illcreue in tho acale of re acarch aDd develop­

ment acUvity, but t.iJing ~wbnt behh1d, baa come a aignhicant shift in the 



empbaets or ecooomle tbought. Attandant on the increaaed attention to the problems 

of conomic arowth .. hu been a rtamg interest .In the ecooomtc eonaoquoncee o! rc­

a~rch, development and inn&vaUOA&l change. Th1• clw1ge in emphaat ta probablv 

lona overduo. Ind~ u Profeaeor JewU. 
1

) potnta out: ... 

''Future hlatoriaJ)I or economic tbouaht will douhtlou find U remark• 

able tbat 8() Uttlo aya&emaUo attmltton wu li YGtl in the first haU of tbla 

ceatnry to the cau.e• and c®Mqu.eucea of innovation. Material prOI'J."esa, 

It bad long been taken for granted, waa bouzJd up With teolmicallldftnce. !II 

tum wlth clttuip, variety and novelty; wt whence tbia 'llovelty, how cloae­

ly lt waa rolated to dalng atandarda of living. whether and bow lt .ruight bo 

ttinn.ilated or aunod ~ all thia ground ~.i.llalned Iat:gely Ulltrodden by the 

economic histo-rJ.an or tho ooo:nomto theodst. Th~ comparative diareprd 

of one, If not the malnitprlng of G!XmOmic progroasla not altogether mvete­

rbJUa. 'l'he eubject 1$ not one to which iteOIIOmic aml~si& i.s easily applied; 

it may Y'f!t prove bnpGiatble to apply lt ao. And the deacripttvc ecortOnliat 

finds h18 way blocked by the complexity of tbo subject; the p-owbtg apeeta­

lb:atloJl in scl•ae& 8l'.ld toobnology preeents to the outalde obeerver a b3rrier 

even to tbe •lmpleat UDderetandlng of what is occurrlnc there. 

A more impo-rtant reason ie aimply that economiats have been oocupted 

in other ways where it aeomed eaaier to reach rcaults or where tbe Jmme­

diate or practical value (){ their idea• aeemed to bo areater a •• all tb18 aeema 

to have changed or to be In the procen oi ohangmg aDd, wltb the lnt:dguhlJ 

oa(l8CUy which groups of scholar• and acientleta -.em to posae.a. of lponta­

MtY<lsly wbeeliD& and pursutq a new Object of greater tatrlnaic interest. the 

atudr of GCOOOllllc A{l'owtb. and with it that of obaDge and innovation. ha8 be­

come a majCJr preocoupaticn. " 

The D'lost obdoua roason for Wa •appar-ent nelleet' bu be "the dearth of reliab14l 

etaUstica. No matter how eager the theorlat. and there bavo been many through the yean 

i.Dt~reat.ed In the subject of cbanr:e ae. a major eeonomtc varla.hle. bet wae confiDed r y the 

lack of factual <bta to rother limited and .W.traot pneraUzaticms atx:l eva to complete 

1. Jcwkea, Bayers and Stlllerman, The Sources of ln!!ntion, MacmUlan &. ~. Ltd., 
London, 1960, p. a. 
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cHamisal of tbo trubject. m&tietios on reaoat'ch am developmeDt aad related ac­

tlvttlea are sUll far from perfect, but at least a ccmcerted offort to over-eomo thoae 

hladequacte• ia under •-ay. for example through the effort• of such ~odiea aa the 

OzopuiaUon for Ccwnomic Co-operation and Delrelopmeut in Paris, ~ NaUonal 

Sclenoe roundatioD in Amel"lca. and DOW th~ Council for Scier.t!fle aDd I:oduatrial Re­

search in Boutb -.trtca. 

~• molitioncd. the primary faetOT (from the econoMic viewpomt at leut) 

rcspOflaible for the awakened intero:at In rcs.rch and development and the ~l\t 

collectiOn of statiatiatl data. baa o.rtacm. fror1 tho queet.ton or what we can expect to 

"eet out ~ the -reeea.rch effort u w.euured m term• ol oatiODal expeDdlturea on rc­

ae:u."Ch and developttwnt activitJes. To tho e.'e of the obeener. thoro 1• 110 douht 

tbst the apPlication of eoto~tt to agriculture, ir.duatry, mediclne and war baa trans­

for-::ned our eYel'Vday life. and u one wrltot bas ltlid, l'l"'.&y even tmd it. This extt-a­

ord.tnary pawor d. applted aclence to tl'&Dsforr..t ext•tJng matboda of ()roduotton and to 

create enttrely now commodities, bu led n good !:':my people to argue that thta ia t!1e 

key factol' in econo~, and that by simply iOOTeuing expenditure on reaearh 

aDd doveloptnent we can expect a proportloaate inc~ ln oCODOmlc growth. However. 

the SDtluence or reaearda on eooaomic progreu is by no mdl)a aa aelf-evidtmt aa is 

aon1ettme• ~- ~direct re.W.t of r-aaearch itt. in the ffrat placo, knowledp 

and whether or DOt thla bowledg9 J• purw6d to lead to fa.~roacbtna coneluaiona 

dependa. on 3. oo.mber of elrcu 1atancee. Not every cxpellditure on T'e&earc:h should bo 

expected to prod~.:.~ an itr.tr- ediatc uv:n·caae of tb natiooa.l product. or . 1n fact. t<> have 

any eff.et on wtput at all. tJ:deed. if we bave a look at tbe expenditure on rHearch 

o.nd development in varioua countries. and relate that expenciltu.re to the level of output 

pel' head. we flnd that thel'e is no signlftcabt poatth'e rolatiouhfp betwGeD the :reaearob 

aDd devetopxneut rate and tbe powth of output rate. Indeed. Britafn and tho United 

state.. whteh are elear leaders in reaeareh and develapmeat expenditure. are almoet 

at the bottom of the crowth rate leasue ln tbe ioduatrial world~ wberea• C'OUJltrte• l~e 

GeTma~ and rraaea .. whtcb have not. since the war. had a high place in the re8ellrch 

league, have very hip pla'*J in th rrowtb rate. For oxample, dtscuaalDg tbe raptd 

lncntaee of researab e¥peDdJturc 1n Br«:ain over the past decade. an atract from Bu--
!.~8f!J..~- points out~-

"('»& diaqu.i.A!ting feature remabts: a lot r-.01"& trtoney speat on THearoh 

doea not eeem to have trigcred off anything like a prOpOrtionate 'lncreue tn 

Gron tlational Product or productivity. Pcrbapa tho crttictaru that S.ndustry 
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is reluctant often to apply tnown teohnology may bo true. Lot's preu for a 

little moro Upton the relatlooabip between re.carch and devolopment expen­

diture and produettvlty fncreatea ." 

The Eoonomia! ot Augut 26th. 196ft haa eomethiag to say m the ~tame vein~ ... 

r. . • • . gowmmenta are only st&rtinJ to explore ooe of the blgeat economic 

rlddlea of the decade - the effect of actence co iDduetry . • . Bot doe.'l it work? 

Js 1t virtuous to spend a ht&h proportion of groa ut1ooal product on reaearcb, 

aDd we apend rotl&hlv tho same- proportioa now ae the Americana; why do the 

unvlrtuoua Germau and JapaneH flourish with the absolute mllllruum· of apon­

dlng in •oience f \'Vhat are the eooaonto• of iimovatlon? Tho fact tbat :Britain 

baa upped the proportiOil of. G l'T P that goeo 011 re~ea-rch with co visible reaulta 

doc• rot nocdarlly prove ecienco la !'unk bt"..t tt may me:ltl that tho effort 18 

1)8ing !X'.ade in the wrong placos. Selentiat• have pletdcd for yeal'a for an invea­

t1p.Uoo into the impact of acienee oo the eoonomy. •r 

It i• clear then that rash at&temects aa to the effect ·rA scient.ific reaearoh aDd 

development oa 4Jtplf.lcant ecOl'lOmie var1Vles. m parUC\llar that~ occmomtc crowth. 

ahoold be avoldcd afnce,.. !n tlwt Ug;ht of the ava.tlabro evtdonee; "The idea that we can 

treat research and d&velopmeat u the cbarfot oi economic progreae !s n-islcad1ng. The 

Idea that the volocity of thia cbariot Will be a direct rcault of the eurrent expenditure on 

re~«trcll and development 1e P'\t'tlcularly rnlale&dlng. f,l) 

1tfi&takea or !alae in preasione like the abo\>e were he.-cdly surpri&fng 1D light of 

tbe abaence of aubatantlal theory and quantitative data 1D the field. However1 m order 

for the economy to derive Ute i'l'Mtcat bCIU!fit from ruearch aDd development effort•. 

we ~fully u:oderataP.d the prooeu by which aft aohleYemm tn aclanee finally retu!Us 

in an aehieV&ment in economtc• or m tnc:r~ income it it does ao at all. A• vet~ 

thorc l8 no apooifio body of pneral theory t~ au'-t th~ economiat in th!JJ field. An 

overall eor.:.1prebtmalon of tbe Interrelationship between CCODornle a.ud ~icnUf'ic develop­

menta cu. at present. be of a eeneral charaoter fmly 8.Dd lml<!h hlgbly coM{'lex reaeareh 

a l"equtred on tho economic value of aew aolcmttfic and technological knowledge before 

a bua uan be eeta"'It•hGd upoa which to build a general theory. Science and teohnoll)gy 

-----"·---... ----------------- ------------
1. Prcfeuor tt·uuama B. R., Faculty of Economic and Soo:tal Studiel. Unl11eratty of 

lfanche8ter. note of an addren KiVen to tho Parljfm_f!!lt.'!I ~ SoielU!flc C2?Jlmittee. 
C~ueral Cnmm~. London. 21 Julv. l~JM. p.2. 



:rept"esenl llekts in whJoh the eco.oomtat t'roqutntly teDde to feel uncomfortable. 

but a1-e ·taetorc eucntial to tbe acienoe of eeonomlcs both oo a nattoaal or OJ! 

a MOre mlcro-eeooomte ~e. 

Altboop. thea. the prcNDt state of the general eeonomtc theory on. 

actontifie reNareh ~· rather • dtamal picture. one oncouratcm~ faot emcr­

aea~ •tn~ Schusnp.eter•e theory of bmovatloml change l)f the tmportanoe of 

technologiCal flmovatlol\ to econOJ:tio growth hu been lncrftabagly atruaod~ and 

a mueh ~ed empbast. fa now being placed on the lntr-odttcttcm of acienee ud 

technolotr:r into the economy. Too little attention. however~ baa till rceeatly 

beea paid to the preotse meamnp of theee oon06iU or to tbe pouible waye tbey 

may act to brfng •"out ooOilOmio growth. The only acmnd knOWledge of the pro­

oeas baa ooa~isted of vague theorettcal post\tlatea and hypotheaea whioh bave 

not been aubJe.oted to smpirlcal testa. Certain areas of agreement and cormr.on 

tbe:mca havo emerpd amq both ~sta ucl bu•lneaamen. They kDow re­

latively little that 1a apecific and coocrete about the direct eeoaomic effect of 

cbaugos in produeus or t"l'OOO..,_ as a reault of research and develop:mont acl.i­

vttie•; the, know that not much specific aod \alidated data bu t>Hn coll•etcd on 

the aubjeot and that the mctbodoloror for doing .o is still groping and fall!' le4 

Since tho turn of too •aixttea. how~ver. a nuwaivc 0\ eraU attack bas teen 

lau.ncll.S not sc :r-Juoh on the ".tpol"Ucc" of the ~tate of the economic theory Jn 

the :wid of scientific ntoen.l·!"h ... eeonomio growth rolat tm.8hips, but (ttl the » etho­

dology of t~UdinJ; up that theo1·v. The pri!!' Q:t'Y result of the ol .. u:ninoue ~low c>f 

literature b-.s been nD idcnt~tica.tif>.n of the vari4blos int ol'Md .rnathemtt!oal at· 

te~.pt• to ieolate Htern. and aua;.utiooa 8.$ to the nJothodF.>loay of fuz:ther study, at 

both the n1toro ... a.nd macro.--cecmomie level. 

'For exa~pie. the authora of a recent repOrt o! the ()rgani .at ton for Lcono--
2) 

mic Co-opentton ud Dttvclopi'~Uimt have !Otmfi that ''in~fUefent ir.kt.rest baa 

been showll ln tht> ~by c.moooc~iete in the tresidual.aetor•• which eontrtbute 

towards eoouoJ~Ptc ·l;iT(IW'th." 'l"hese factors l$ttoh tts education, re•earoh ani de ... 

volnpmont. arul orpn11t:atiW1 are regarded as .. ~gehoU~Su ton. OBt of the a- odels 

1. f!ebum~te · J.A. •• Tho Theorv ~ P:eonomie Develomarurt . Iurvtln! J.;cono-­
n .. ic Stu&ett No. XLVl, Cttn'tbl'idge. Massacbttset.ta. 19.)4. 

2. ~itlnce Eeor'O·'"'i£ Growth and GO".,~~·~nne:nt Poli~f.:._ tcor.oruic C<r-Operation 
nud Ot'~,relopu\e!lt Parle. 1964 p.3. · 



- s .. 

e\iolved by ceet.omiata to ualyae. atld explain eoouomlc toobaviour. Ycl thue 

'excgonoa6' fnt:tlors n-~ight explatn a largo part of ceol<Om!c ~. "Mle llltOOrs 

so on to aa~: ~There 1•. then a J:H"ted to lDH!sUpte the mec.banl sms of teclmolo­

gical nnd noeial processes in order to atti:-ve a.t a c.oro COL.1pletc dxpbmat!on o 

ccooom}c crowlh. The nature of the prohl~..l"'l& wh.ch r.· uat oo ~ttflokcd ia ~cb 

that orte h<->Vld not expect a tr!.,.t. g leap orward. :Motbads of ceonomlo :mal~­

sl• li' 'lat he eor,-:hln8d w~tb those or p }eholog,v. b, amcusa o1gan.iaation. ned poU­

tleat aejence. The p:ri.:"'ary need at pr SGnt ia for empi!'1~..: l fact flrtd.lna. '' 

To ~!ve :tnothcr example. Robert Sol">Wl) writoa 1n his cooolusion that 'ca• 

pfinl formation i• net the only •ourco of r.orth m pr«lccUvtty. Invest.r.lcnt 16 

at heat a neceanr\ ®ndlt!OD for growth, aurel:· not a aufflotent e:.mditlou. Re­

c~mt ct...ady has :ooicated the iu:potta.Doe of such a.ctfvlt1o 111 ruee.. ~b. cd~caUOD. 

at;d pl$\lic hcmlth. nut w1:1Uc oeonomista ft.re no o.~.' need of tho signlflcanoo <>f 

theso iador$ 1n the prooea., of economic «rowtb. we are stUl a 1oug way h·om 

bav·ng ar qatantitatlve estir111.t of tho pa.:r-o.l to avchJtV of rGa~rcu de\ otE:.d to 

research. cd~··catton tmd ixr~pto•·cr·.ant• in ftlloc:tth·e C!ffic1cocy. Sluce a·,ch eatt-

t tatea n.uat :orr tbe fet•ndation .or a MtJOft!ll aUocatior or reOOLtrces tn tho lnto­

roft of economtc growth1 thotr prov'etou by hook or t.J cl."'Ok. preeenta a re.-earch 

pt·oblon. ot gTCAt tbcorottcaland practical iJrtereiA.. t• 

1 . .l O~J~gTS ~ ~!l_§.COPE . .Qt£I.'Q}Y 

So it cmt t;.e $(leU, t;ivcn the 1n.pol'tance science a!ld t.eehr.:Ol~· play .iu to· 

day's ~omy that the- above kt-entif!CGtu.ms c.urta':-~lit.h 1lJ3d the empba&1a placed on 

ec.orlO'rnie gpowth :tnd f\tllctr omplo .ent of the laboor force, an dmnc0n.ent in o..&r 

rw~1·atanclint ot the releUon6btp between science. tedmology nnd cconor:.lc Jrowtb 
promf ee su:-,~U.>il d~vJden<.U!. 

'\tterr·vta tom~ this Jleed ha\te gi~n rreo too. omr n ld of eeonot"ie study~ 

that or reaearoh eeonoMjca which ls -.mde l·g<>,zsg extenaive tnvestiptioo in Ney 

cm~ntrl('& of the world. 'fn Sooth Af1: ~ca. tb ... Ind etrisl .. cono:nlca 1liv!sion flf tbo 

Co mcil for Scicmttfic tkDd tnduAt~lal 'P.&aea.rcb aaa mt•d off ictal re•ponsi:~llit.y ·or 

IIUOb a fltudv in 1964. Thf1 dl. Gel'tt\.tiun ia in tlle nntu~ of a ty ... prodoct of the! 

..........,_..._ -· · - · ..............__. _ __. ... ># .. -·-~---·-~· ---.... -- .. _ ._. .... · -'"'9·~--.. ·~--·--

1. Solow 'R, •1TeQbl);t"111_9~"~ tho-'~~l;!te Productli!l.r.' 10ction, •· iJ!:' 
~~~f.]'!.~C't~ .. ~~ ~~l!.ft£!. Volume a9. Aufr..lst. 195'1. p.Jl2- 320. 



Qbo"c stud:r. nruf ng !!'Otn a de$ire to "o:rru a. cloaer &cq~tctance wttb eQJ:'I$ 

rl the ctr!'tecpte eueow:atcrod m the field o£ rott!trch eco®rnic$. 

''" aucll ~ !'Ullowfng ohaptere re.,reaeltt an atte~, pt to ttrrive at n bdtct­

•lmlo.rttAad.D,i of the a¥ >Ovo relaticu~lp. conecmtrRt.n« l:lO!'O spechloally Oil the 

~toN .... OCMlom~ 11a ~ to tbe ttAtioaal le"'CJl ot surdy. Ta oover tbt.! tmtire 

f'~ld o!' ~etc~ .. ~10. f'P owth J-elat.icnahLps wot~ld cleal·ly be impoa•iblo 

in o.e t'cray of' tbia nutttrc so 1t ·• 1~ to couoont~t& on two .uuu» linM of 

dfldy. ~tratly , .Of.uo attn\lon will )If" paid to the moanmga f"'' the '\t'&rloua con .. 

cept1 UGa . .mtem it~ ihc fietd c! renar.cb ~etm~ ~es. ard t~ the poeaibl~ ware. 
fiB parhcul T. thnt of tochalca.l innOuaUcm} iu wh~ch tbe-· ~a.v o.ct to btin£ about 

cc~ c ~-owth; Md ~Y. to tld4cate lXtBifible r .&tbods or atudr by wbieh 

t..~ -rnl4homthlp )jet;wcen fJOi~ntffio roacarch and Utclmlal lodoulticn r:nay be firm-

1· emblished. Ill tbo proco•a. a brJ.ttf -~of~ blsb>ry cmd fineloptmmt of 

the !'eH1lrcb effort m Sooth \fnc. ... orientated wwarrle ~ pl"obable couet}Uencu 

ui South \fl'ican .~ ~ w;n be given. 

The, ootlOlusl~ to oo dmwc ff'Otn a eW<t,r of tbt. l1ltlker lhuit«Juatu.rc will 

b:lv~ ftO sig111ttcant imptWt Ql'J goneral ecooomic thoorv; tb3t ie r.o& the ictecUon 

of this the.sls. ll.ath "", it i• hoped. that tnLW 'r!Jll ~iV~ !JOr...O ground& fo.r the rocontly 

Jtl"'dcd iprorellt on tblt pJ.rl d t\CQilOr.de ltterat:J.ro in r•~rcb and dovelopmem 

ft.etiVtly; and, in par.Uo Jar, to SOlllC" jvatiticat.lon Of that. tntereat., and ptJU!bly to 

. aot tUJ a guide to thtl Ltt.ure at ft.t.rtbbr ~ ilar mve&tigath.m&. My ~Rmewhat lt(ty 

~xcuae for thtt taa!t c-o:..ld poulbly be A4t follow•~ 

'Tb& et:Wy of those w~ilhf.v and ettmplo" a.ll'airs !e. thereiom, at t!ID 

eoon~Dtat<J !!~ In wbJcb no "'- n-e«l bo aehcmed of t.&kiUg a mlata,ce 

or belna !Gl'eed to 10 baok alcm1 tll4 tmekt!: lhe cmly •a~autable ~'rTOr 

te tbat or ro&hhlg to {)nt ~re !bed oonclwatou and bDJmr onttt them 

too ptJSMU.h·el);. hat ia ocedcd t• Hrllt £. !r.tt .. ·~~.al kn~~~-~.J.. 
t) 

!t.cl!n~~.~~i~-~~ . 



FEDERAL 
REPUBLIC 

YEAR OF 
GERMANY. 

D.M. j 

ABSOLUTE FIGURES 1957 2.077 0.5192 
(National currency 1958 2. 443 0. 6107 
pnd dollars, in 1959 2.935 0. 7337 
thousand-mi II ions) 1960 3.536 0. 8840 

1961 3. 867 0.9667 
1962 - -
1963 - -

AS A PERCENTAGE OF 1957 1. 25 
NA T1 ONAL INCOME 1958 1. 38 

1959 1. 53 
1960 1. 61 
1961 1. 61 

AS A PERCENTAGE OF 1957 1. 13 
GROSS NATIONAL PRO- 1958 1. 24 
DUCT. (at factor cost) 1959 1. 38 

1960 1.45 
1961 1.44 

AS A PERCENTAGE OF 1957 0.97 
GROSS NATIONAL PRO- 1958 1. 07 
DUCT (at market prices) 1959 1. 21 

1960 1. 25 
1961 1. 25 

PER CAPITA EXPENDITURE 
IN 1961 (in nationa l cur- 68. 7ft . .'17. 1"'9 
rency units and dollars) 

TABLE 1. 

TOTAL EXPENDITURE ON SCIENTIFIC AND TECHNICAL 
RESEARCH 

UNITED 
STATES · 

BELGIUM OF FRANCE JAPAN NETHERLANDS 
AMERI-
CA. 

B. fr. j j F. fr . j YEN j Fl. j 

- - 8. 610 - - 60.19 0. 1680 - -
- - 10. 03 - - 79.03 0. 2206 - -

2.635 0. 05468 11 . 07 2. 230 0.4549 148. 9 0. 4157 0. 5357 0. 1488 
3. 168 0. 06574 12. 62 2.852 0. 581E 184. 4 0. 5149 - -
3.920 0. 08134 14.04 3. 436 0. 7009 - - - -
4. 435 0. 09203 15.00 - - - - - -
4.875 0. 1 011 - - - - - -

- 2.36 - 0.73 -
-- 2.75 - 0.94 -

0.52 2.78 1. 14 1. 54 1, 71 
0. 71 3. 06 1. 32 1. 61 -
0.83 3. 31 1. 47 - -
- 2. 12 - - -
- 2. 45 - - -

0.50 2. 49 1. 02 - 1. 52 
0.57 2.74 1. 18 - -
- 2.95 1. 32 - -
- 1. 94 - 0.59 -
- 2.25 - 0.79 -

0. 46 2.29 0.86 1.24 1. 39 
0. 52 2.50 1. 00 1. 32 -
- 2.70 1. 11 - -

! 
42~ .. 9 . 13. 83~ 76. 41 74. 76 15. 26. . .1978 5. 5~ .. .47. 21 '1 3. 1"1 . 

UNITED 
KINGDOM U.S. S.R. 

£ j R j 

- - 1. 630 1. 467 
0.4778 1. 339 1. 820 1. 638 

- - 2.730 2. 457 
- - 3. 200 2. 880 

0.634( 0.1777 3.800 3. 420 
- - - -
- - - -

- 1.45 
2. 58 1.44 
- 2. 01 
- 2. 18 

2. 93 2.42 
- -

2. 35 -
- -
- -

2. 65 -
- -

2. 08 -
- -
- -

2.37 -

. 12. 0L. 33. 66 l 7. 43 5.69 

SOURCE: U NESCO/NS/ROV /24 Paris 22 February 1965. Comparative Bibliographi ca I study on Nationa I Expenditure for Scientific and Technical Research. -p-1~ 
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TABLE 2. 

ESTIMATED GROSS EXPENDITURE ON RESEARCH AND 
DEVELOPMENT, 1962. 

Rand D 
/> us Expenditure 

Currency 
National (millions) Population Per Capita 
Currency Official (mi I lions) /> us 

Exchange Official Ex-
Rate change Rate 

UNITED STATES /> Million 17 531 17 531 187 93. 7 

WESTERN EUROPE - - 4 360 176 24. 8 
* 

BELGIUM Mi II ion 
Francs 6 625 133 9 14. 8 

.FRANCE Million 
Francs 5 430 1 108 47 23 . 6 

GERMANY Million 
DM 4 419 1 l 05 55 20. 1 

NETHERLANDS Million 
Florins 860 239 12 20.3 

UNITED KINGDOM £ Million 634 1 775 53 33. 5 

* Belgium, France, Germany, Netherlands, United Kingdom. 

SOURCE: FREEMAN C. AND YOUNG A. The Research and Deve lopment Effort 
in Western Europe, North America, 
and the Soviet Union, 
Organization for Economic Co-operatio 

and Development, Paris 1965, p. 71. 
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TABLE 3. 

ESTIMATED GROSS EXPENDITURE ON RESEARCH AND DEVELOPMENT1) 

AND GROSS NATIONAL PRODUCT, 1962. 

GNP 2) GERD as% 

Currency GERD 
at of GNP 
Market Price 3) at 

Market Price 3) 
% 

UNITED STATES j Million 17 531 557 590 3. 1 

BELGIUM Million 
Francs 6 625 646 200 LO 

.·FRANC.E Million 
Francs 5 430 356 300 1.5 

GERMANY Million D M 4 419 354 500 1.3 

NETHERLANDS Million 
Florins 860 48 090 1.8 

UNITED KINGDOM £Million 634 28 566 2. 2 

1. G ERD 
2. Gross National Product . 
3. If GNP is taken at factor cost instead of Market Price the ratios are: 

United States .. 3. 5% 

Belgium 1. 2% 

France 1 ' 8% 

G ermany 1. 5% 

Netherlands 1.7% 

United Kingdom 2. 5% 

SOURCE: FREEMAN, C and YOUNG A. : The Research and Development Effort in 
Western Europe, North America and the 
Soviet Union, op. cit. p. 71 . 
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TABLE 4. 

ESTIMATED GROSS EXPENDITURE ON RESEARCH AND DEVELOPMENT BY SECTORS 

OF THE ECONOMY I 1962. 

PERFORMANCE SOURCE OF FUNDS 
' 

Business Higher 
Governmen 

Business Higher 
Government 

and and 
Enterprise Education 

Non-Profit Enterprise Education 
Non-Profit 

Sector Sector Sectors Sector Sector 
Sectors 

UNITED STATES 71 1 o1 ) 193) 35 2) 63 

WESTERN EUROPE 59 12 29 43 (X) 57 
* 

BELGIUM 65 13 22 63 (X) 37 

FRANCE 48 li) 38 30 
4) 

70 

GERMANY 61 20 19 60 (X) 40 

NETHERLANDS 60 14 26 65 (X) 35 

UNITED Kl NGDOM 63 5 32 36 (X) 64 

* 
(X) 

1. 

2. 

3. 

4. 

Belgium, France, Germany, Netherlands, United Kingdom, at official exchange rates . 

Negligible 

I ncl udi ng federa I contract centres (3%) 

Including C N R S (5%) 

Non-profit 3%, Government 16%. 

Included in 11government and non-profit sectors 11
• 

SOURCE: FREEMAN, C. and YOUNG, A. The Research and Development Effort in 
Western Europe , North America and the Soviet 
Union, Op. cit. p. 72. 
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vartatton fn tbe ntto of labour Coree to total populattoo ia reprda<l u being fairly 

Umlted. It I• aenerally agreed them, tbat. J.l a Ovul1ll") djoy• &1l tnareued per eapt~ 

ta mcooe. or pro&.iu• a greater po1· capita prodttet or outpUt. tha' country !a 9-

pertenctq economle 1rowth. HaVfilC det•rruined whAt ts rncaat by eoonomlc arowth~ 

the ne:t queltion !.o be coneider® 1a: wbat eau~ea that gro'*1b? 

2.2 A.Gi:NTb 0 · ORO~ . TH 

~iDeo we are cont~klcring tho prog.ren of a eot..ntry which Ia o .. a~ the tbreahold 

of development, JUKI is uperieuclng tnodero eoonooic growth. we are concerned only 

With the a.gcnta. ·:>l' ~rmlnanta of srowth. lt le U.t.llll~ that the ncontbtiODa" for 

crowth bave ;)861} mm and are prosant. EXAmple• of tmeh coodltione are a .tabla poll­

tical •ituaUon. with minimum atudarda 1n public order. law entoraoment., {JUblic ad­

mln!st.tatlon, eto; a etablo mcana of: exchange of JOOds and services; an adequato le­

vel of demand for those goood8 and se~ioea, and a system enaurll).& rewarda for produc­

tive eftott and offioteooy. The.o fa.ctor• act oalell!ially on the supply of f*ctors of 

production 4lJd entreprenourehip and their preeence oon.atltutea the corner atooaa from 

whieh 'the economic growth of a ctWttry begina. '11lelt preaence 1• a.sau.ru.ed in a mo­

dern lr.du.trialleed society, whereas many or the above nrc notably sent in tho poorer 

cooutMM. 

Auuming the p~nce of these cundUlona then. an ec.."'l\omy C1\D grow, 1n a per 

caplta eeue, either by an increase tn a~-1" reaourooa per bud. ur by an improve­

ment in t..lutlr quality and uttU.auon. lD othor words, the fil)W of wealth ln a country 

(or its output of fOOda and HI'Vlcel) ia created by the applicaUtm of human effort.. Hill 

and fngenutty to the resource• provided by naturo and to the trtoclc of capital goods pro­

vided in put t!mea. Within tho framework of a p&rtlculat- method Of Ol'PftiiUig pro• 

duotion and exchange. It follows that eeonomlc growth requfrea one or utoro of the fol­

lowlflg: more human effort; more lktll and mpmulty (lneludtng here tbc uae of mote 

adva:aced technoloBJJ; the diaeovery ol more natural reaQllreea; nOTe capital sooda 

(of an appropriate nature); more appropriat-e OTgaalY..ation. Tbie "forn1ula'' tor grOW\b 

1a aOl'MUmea stated thus~ 

0 o t(K. N. L . T) 
where o la ot.ltput 

K ia capital 
N i* natut'81 reaourcca 
L i•Iabeu:r 
T 11 th• eoatrlbut1on o! skill :m:l inpnu1ty •Dd O'$'pnlu.tlon 
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2.,3 CBANGING PATTERNS OF ANAl,YS!§ 
1f hid l&iit l'iidd fHliiUbtl1ii tnf DllyiU OfT5u81nese aetivlty and ~oonomic gt'OWth 

($. g. 1 
·•• Ro-'ow) to emphaaiu the importance o! laad. labour. aDd capital •• major 

determJna!lta of eeotiomlo growth. For a long time, certainly tmUl 1914. ad perhaps 

oven unt.il 1929. natural resources held the centre ot Ute tltage when tho oba:n.ces of a 

country*& eoonomio growth wore con~dered. Later OD., eapttal, a man- made and 

quantifiable entity, came to be oonatdered the prmoltml apnt or growth~ aDd tt one 

thinks of the pruceas of economic growtll aa tt bas bcetJ e«platned over the year• the 

ineacapa.ble conclusion 1• t.bat !t baa bevn thought of b:f eeonomi8ta eeaenUally as soxne 

fu:netion of caplW.. namely iuct-oaai~ ca._tJ1tal stocks and tl\t!11eby getting rtc.\or. Jn 

the cue of a poor country Uko India, it ia zt1ll an h\tereBUng. and ot'tr-.n appropriate~ 

way of reg&rdin& tlw ~'"'Nth proce••· In a m:tturC) eCODOmy Uk.~ Brltain, wbere prac­

tically everyhody Ia fully employed in an !l'lduatrial society t ibia belief 1n the strategic 

hnporiaMe of caplt.a.t baa been inereuiftgly Mt\llengM .. AmQ'J\g the (mttimate oa.ueea 

fJf economic growth todly, tb~ nuppJy of entrepr-oneural and mana.prial abilitioa now 

ocouples~ m economic them.7, n poetUon of pre-emlnctlce at leatlt aqual to that .of <-.a­

pital. The <:ontributio"" to be derh•ed from ·"non eot'lvartloual JnputsH wch ae mveatment 

'in people aa productive a.genta ar.d the iatroduetion or hnp .. oved toohn!que• not embodied 

in phyaioal capital goods 1& eOf\Uuually hclng ett"eSacd. In :'lArtlC!ular. sfnce tbe Second 

"1 ortd V ur. mcreaaln& nttcntion hu beet given to tb~ tmy"Vf'k,ction of tcehnologleal 

tmw'lt'&tlona into the cconoxny - the principal act!v.tt~r of thea entl'f'Prft'neU.r-and behind this 

appli®tlon of tooh.oieal and r..tt;arutational t.nowlodp to induBtdttl ptt.t'1iUJt•• the COJltrt .. 

but1011 of ~looce and technology. 

Today, the thr4Je determlnu.ts of oeonomtc progreu. ell oM d1scU£Sed and atre•aed 

amoq ~eortet&, government. and buelneH teaeban and planners at't.'lla!JuUl:. capital, 

and. with ever incrcuiq empbanta, lmowledge. both teohnologl<ntl, Includilli the ~sulta 

ot seitmt1fic roscareb and &welopnwnt,and orpnisatioul. The following q~otattona are 

eoncluatvo evidence t.lf this potnt.; 

nwbatevet period wo ftnmmo, it Is clear that e.aononuc &rowtb, oou-url."i.l\g withtn 

the general fnstitutlonal BnttinJ of a de-mocratic, largoly free enterpriae aociety, has 

stemmed, aDd wtll atem, mainly from an increued labour foJ·ae. more educatiOll, r.t'l.ote 

capital. and the advance of knowledp. wJth ceouomlea of .calc cureisinl an impor­

tant, hut essentially pam.ve. t"e-'lnforcmg influence. n l) 

----~~-~·------------------------~-------••-r•-u•-•-••--·----------r~----·~---~~ 

1) l>ert...tson, £. r. Tbc Sattr~.~ Growth 1n ~....J1.!!!t.ed ~tea and the .~ativy 
Beftn' Us ~ Committee for E<..>enomic Development. New York.l962 p. 131 
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tt B ts uo longer a queltkm o't having capital. ·raw tUterlala, a. .uong labwr 

force. it ia DOW becomtng &ll aceeraed fact that the basic elemente of & eoamtey are 

ita le•el or edu~Uon amd tb le~ 1 and capacity of ita rt.-acarch." l) 

"Vlb.at now are the l'*U bald of lODg term growth? Thel.l.lB\'Yer. I believe,. 

S. !lot capital aocum~latton, thouab this play• a ueceaea:ry albeit reatrioted role. 

The anawer I augeat ia ratiler soteotiflc .research and inveDUca. lf these can be 

made to grow at a more rapid rate than ta the past. then we ahallln the ueual oaeo 

be able to open t!p deeper aDd brOiader outlets for investment•, and thereby ceele­

rato tbo long torm growth.,. 2) 

"Today it ia un&hmkabla thtlt ~·one should &tter.'ttlt to construct a theory of em .. 

ploytneat or a theory of erowtJl without taking account of tecbilical research. Wlthln 

the 1ut tbirty yare tecluatcal reaeareh bu t>ot::ozne a larp operation that lsrtrodueea 

fuDdamental ehangM tntc the operation of tho eCOOtJmy . '' :J} 

"It t• thrau.gb tccbnoloaY, t.M humtrle daugbtet· of acfenoe, tbat knowledgQ has 

enjoyed a revoluUonart advaraoe, eap clally duriog ~laSt. quarter eentur.y, and that 

it bas invaded all ~ora and aapecta of human lue. 'the iwo world wars. whlle cau.Jng 

tnealculablo ruin. at the e time launched upon the world the moat pectacular po ... 

r iod i.)f technological clevelopmclrt. of aU time. Today, we as u the p1-omise o! social 

a1Jd ~onomlc proc-resa affo~ by the ayatemattc <ieve~.uvw ... 'bl and applieatlc:m t~f lo.Jolow­

ledgo. Erat.wbUe a luxury or prlnccs, aeionco baa IJecor1e we or tho uost po erful in­

._trumeata o! human progress." 4> 

" In th94 daya it t• hardly ~ry to emphasi~w that acicnce i • the buD of mo­

del. "I! teahnologj'. and that modern tecbJSOlory 18 in tul.•n the~ o! z:~...Jern economic 

g.rowth. "-'ltbout the eruer~nett anJ c:t.~eloplnel'lt ot modern soicmCi.. W".d ac1enco baaed 

techn¢l;.;Jgjt, 'L"'i.tl 1' CCNnomtc Pl"'<!Uctio.n, ~r pcj)\!latlon cwld r.avc gNW'l'l at the hl&h 

rates indicated for the last. centm·y to oontc r:y atul a bali 1n the dcvel!lpOO countdoa. 

Ccntinuoua ~!mieal. proar&a, and underlyJn it, a lt.!rloa o! sciODU!ic dl.aoove­

ries. are tho neooa~:t.ry conditiou tor the lUgh rate ot modem growth in p.e.r capita lft­

comea. combined witb a sub8tAJitlal rato of (p"'Wth in popul:.\Uon." !5) 

-----·-- ~-····------------------------·--------------------·----------
l. Sourco unkl'own 
I. Ifanaen A. R. Prooeodiap or a Confer ~~ ~ f!!trcb gsl Dew~.l~~t 11\d itp 

~ton. th9 ?ZCOJaqtny, Nattonal Sotcnce «md~Uon. 'aabtngton. May 10, 1968 p.5 
~. mfcht$:t, S.H • .f.r.oep-ading of 1 Conf ~ gn Research and. Oev~t aD4 ite 

!ffii?&Ct 9n.tbo !;qgno:n;r, National..,mcmce Foundation, Waahington, May 20, 1958. 
? · 2 " Teclwologloal Rueardl &I rolattld to the Growth and Stability of the Economy" 

' · ncfev1·e. Theo, Prime 1'.finater of Belpu.m: in llnister• tal about §;4;;1mgf, Orp­
Jllration lor .Economic Co-operation a~Jd Dtmtlopmcnt, ram, 19G5 p.15. 

G. i<Ui''!U, s. '!1oltwat_'CQ9UO~lp Crowth : F9ttr ~r.e. Hant.rd Univendty Preaa 
cambridge, .Maawa4'aoh\l.letts. 1864. p. 43 
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u Perbap11 our preaenee here ia a reflection of tbe conviction tbat the forwa.rd 

thrust of our dynamic eonomy .mu•t always get tta initial and lnd!spel'l8&ble impatua 

from the won or our labo-ratorloa •••• anyone who underatalldiJ the fundan ~ntals of 

modern Industry knowa tbat eclenttflc research ia tbe diffeHnco between profit and 

ION.'' l) 

tt A wlquc, efu:OnolOJ.ical proc~N tuvol\l!l'lg eci8.GCO, t«''molGi)". oconomiea, 

ontroproneunbi.p. and n•ua;:emont 1• the cedium ~t tranalatea aciontU,ic knowledg4 

into the phy•ical ~lUies that are chaqing soeiety. Thi8 prQCe&8 of teohnolo leal 

lmlovatfon 1a L~ heart Qf the baalo unde.catandin& which t~ C;)mpctent maMcer. the 

effectho technologhst, the sound govenunent official and the educated ccnJ.bor o! eo-­

otety should b&v4J in the world of tomorrow. ~~ 2) 

'l'he above quotations illuatme the r markablo interest and emphaelt~s attached 

t() sctentlfio rcaoareh .and teclmoloay u dynamic factora influencing eeollomic t>rowth. 

In ehort, whetheu: 'Viewed from the leYel of tbe total economy or from tbe P')lnt of \'lOW 

of the indtvtd\.1111 firm. or .tndu.Stl':t, the definite and idMUtiablo aequonco of act1Y1ties 

leadiDc to grOW'Ul ia generally agreed to be :that reaearch and dovolo.pD'tellt activities 

are concerned wtth the tntroduatiou and application of •atentific and technical kaowledge 

1nto new and improved products and proce•ae•; thia aethit;~ in turn roaulta tn technolo• 

~!cal chan~ o.r. inno~-a.t1011y profits for BUcceaaful companies, cwd 1ncrcued naUODAI 

productivity and growth. 

Of course. toclmologioal chan&'! is nothing new. It cortamlv reshaped the world 

throughout the hlt.lnatl"ial ll.evolution, and tt baa conttnuod u a maJor for<le in ~Auslnq• 

and society ever sineu. However. it ta only recently ibat cooatructivo effort bave been 

made to Wlderstand and explain the proeoee. 1- o.Dttane Evans points oot: 

n •rechnology la unmistakably a central figure In. m~rn economic lifo, but each 

eeonomtat writes his own dra.ma. and u we look at th~ir various ntagca. wo observe 

that, with notab!e exoeptlou, teclmoloay eeeme on many of then1 to ha1-e been loft lD the 

wtnga. • 4)11 mto this oontu.ry, !or cxa1nplc,one mt&ht not find technological ~hanpf uy 

name ~r b;; 8ynonym, listed in tha indexes on pt"Oducuon ecooox..1ics. '' S) 

Until t•ocelltly then, ooonomlc theory laraely ignored the mechantt.m.a of the teoh­

nolo&ical and social framwork Within which ~oonomtc ehan;o took place. 'fhe role of 

-----------------------~--------------------------------------------
1. An Amo.doan Nc.~eletter to Tho New Soienti!!, January 1964 
2. Bright. J .T •• • nescareh, Develoemm !!9d Teohno~o!Qoal Inn()vation. R. D. Irwin. 

lo.c •• Iillnola, 1004.. p.l 
3. Duane 'Evana, uThe ProducUoo !'.ccmomlca of' Growth, "' American Econt)mte r~e­

vtew, Proceroinga. Volc.me X LVI. May, 1956. 
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technology in shaping eoocomto growth waa vtnually ignor~ by the ntnteeoth centary 

cconomlats; the c1aaeloal and neoclaoieal economists seemod to thiDk more m terms 

of rationaltmUoa tban In terma d the more fuadameuta.l nature and eoaNquencea of 

teclmleal chango. CJtanaos tn th& economic and soc:lal framework were reprded aa 

exopnous, and tbeir iDtlt.wnce was ellmiu.ted from ~xvltcit coutdorauon by the &ra .. 

dlttooal auumptlon, familiar to students of eoonol!lle theory: ''ceteri• parihua." 

\'-'hen, ou oooasioa, such chaugGs were aa&~Umod to bave taken place~ they were most-

ly left uaexplailled and ttnrelatud to tbe varlabl- of economic modc18. ft baa recently 

been reoogalaed, bowever. 'that theae cbanae•· whleh weru automattcaUy aaaumed 

away, could poatbly ~mnt tor a larp, if not the largest. portioe of eoonG:mic lt'()Wth. 

A. fuller rccoguitlon ot the eontrlbutiort of sclomtftc t"C~earch and technolog.toal change 

m »eptmg atapat.ion and m oounteracUn&T diru1n.lablnc demand is now being graat.ed. 

Cla.ui~ and m.uch aubaequnt economic theol"y. wtth Jta gloomy a.ceeptanco· of atagna­

tlOD, l'aUed to appreciate thlB, and baa now tn important a~. become obaolete. fn ... 

dee<!, as Enko aaya: "Or.to of tho patado.xu of economic biatory ad thought ie that eariy 

· C19 wrttera fean!d ovelttnal -etapaUon when all around them were ever moro examples 
1) c:4 the amavJng ablUty of fJCionce and technology w mult.tply output.'' 

:But ba.pplly the pteture hils ohanged, and ocOMmlsta have incl'ftSinlly felt the 

Deed to ()ellOtrata the faeadf! of. ••ceterla parlliua•', and w tnvoattgate the mee hantame of 

technological and ~lal proaease• 11\ order to arrlvo at a more complete oxplanatlOil ot 

economic arowth. 

2..4 ·nn~ smrr m F·ocus 

v- bat b&ve bHn the cauae• of tbt• ratber sudden shift of cmpbu!a in ~c<momto 

theory~ from• virtually comploto dtand•u.l of the atlbject of rceearch and developt:lent 

and teebnologjcal chanp, to an alrnoat ovel'Whelminl pre .. oocupatlon with the Sllbjcet? 

A a poln'tOO out earUcu·, teolmologt.cal ohanp aDd 1mwvatioa i8 notb!ug new~ it baa 

been goina ou for centudea. Yet It ta only in t.-.cen& yara that it i8 recetvtng due atten­

tion. J . L. Brtpt 2) l{ve• at least five reuona why tcohMIQJtcal·llmovation or change 

deeenee more attcmuon today• :-

·-------• --•-•c-·~-·-------•••--- ~---·-·--~-----------
1. Enke, s .. £conom.tos for DevelAAtne!!, Dobaon, t..oadul-1964, p. 91 

t . Brtght, J . L. ~e!S§rch, Il2~lopm~.~d '!:!tchnolpg!cal Innovati9!'• R.D. Irwin. 
Jnc. ~ nunots. l&Mt p.l- 2 
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(J) lmiDY t.chnoloeieal advanoea are ordor .. of-magrsttudc fncrcuea. Thua 
their effoeta and/or thelr Jnpuq are msnificantly greater thaD in the palt 
atnpJy beC'IllUIO of tb& •cal• of &be incrca.N in perfom!Qce. 

(ii) far &realer man ... houra. Pawf!T. facfittiea~ and funds muat be applled to 
br1na about JUany of tboee toollllOloatcal advatteel. 

(iii) for the 1ndbidual f1r.lWI, profit. e:DJploymcnt. and eva contlaued exf.ate:Dce 
wUl dol)eftd. In nany oaaea .. upoo. ~ ability of manapment to re.portd .s .. 
fectJ.vely to tecbnologkal opporttmtty and throat. 

Of coune tecbntoal chance pea on til the tbl!e tb.rougb routine product refine­

ment. production enafJt,eertn;. and othor t.ohnlcal mod1floatl0115 of ...-vtee-, producta, 

and toolJJ. But euch adftncea p11erally repreamt fraotiODal bnprovemeata ~r pr...m 

pmcttoea; thelr impact ia mtnGr, and the .octal alld economic ~· are thor -

foro rebtively ea&y to idGtlfy, if not. to maltcr. lt 11 the larger and mote fundamental 

technolOif.cal advancea tbat are t«<ay reoe1v1q lncreaeed attention. 

Atomlc onerey. mod.orn drop, plaattce, electl'ODiC eomptlte1'8, ayntbt)tlc ftbrea .. 

theM produota which bave l'Oatlted dtrectly from twenueth century .cteDco • ahould 

tuake ua aware ot the great role that snvunttor1 ud 1Jmovatl• b.at~e played In modom eco­

nomic p~n. ...ctentific roaearch entera tbe plcture by cre&Ung the lmowtedp wblch 

permits ua to develop these new and lmprcwGd f)roduota ud pt'ttcesaea. lD fht the mate .... 

l"ial record of the west.m. world during the ~- eemury 1a eaaentJally one ol how aovel 

and vallly .improved waya of sattsfytng man'• wanta were dlsoovered and adopted. The 

u1e of aoJence :lD agriculture. irlctqtt"7 and medfe.tne made poulble norm~ mcrea•• 
In populaUOil, material atattdarda of Uvlag, health. 4100 the expect&Uon of Uf•. Any per­

~ obaeJ."''iilg 1he8e eff4tcta oamwt ran to becoi:2e lnterut.d In tho propoeu of acicnce lD 

relati<m to economfc and JtOCial cbup. Phyatcally. »atutal reaources are aa limited 

•• they alwnya were. But they ltave eome to have new tttea; explorat101l for reaourcoa 

baa become more effecUve aad dtatanl mtnet:al. aoU. and oltmaUc aueta have become 

economltally useful through better tdnapOrt. In the Urat place theN chanae• are auri ... 

bu.ted to tcclmololf.cal change. e.a. iD the ft..lda of tl'Gaport, agrteultural tt1c!m1quea. 

powor and water. or u one writ--er baa 1M lt~ 
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"rm con'ilneed tbat research and devolopmtmt atand squarely between our 

dtmlntahtng natural r.esool'Ce$ and a htgh -.ndard of living. How elae will 

wo aolve problem.- of .-er and food 8Upply, control of e<mtammatiott. of 

streams and of air? Every hwnan aftd, food. 8belter, elotblng, hoalth, 

reoreaUon, involvM critical demJU\ds for research. " l) 

'fbo eeoaom.ic ob~htea of • nation do oot re~ tbe ame throa&h ttme, SDd 

tm. .,a}!al cbange in ecoaomto ob)eoUvea in this century lma tended furtllor to COilceA• 

trato the attcmtton of ~-· aJld othora on the subject. ot acieJ'ltifle reNal"Cl Ud 

Udulologloal chaage. Oft a 'Aati<mallOY&l, 6COIWmic objectives tn the fleld.a ol theoey 

Pd of policy, have tunaed from prewu <Co~rn with :monetary and ecoftOl:lic stability 

&JJd full employmet, to ecoaomic growth. Today~ In moat ind\l.strJaliaed countriea a 

ra.xtmum blcreaa in national income a recopiaed ... the prinCipal obJeotlve to be 

paraued; and the focus of o.ttent!oc ie on th~ XMane avai1At>l6 to bdDiabo~rt. this nut.X ... 

!mum increase. In addition. within tho ecooomle structure o.f a country t economists 

and ~-are coming to look at the oompetitlve proceaam a dlffereat way. To .. 

day tbe fccua ta more on competition through MW proclucta, ra.Uwr that!. on dlreot price 

competition, ud nc>nuat1vo ecmdiUona are sll1ftmg tafiam. eodtlona of loag tet'm 

growth tat.bor than fi:ltib&' on uort term Pareto Optima ... l.cadinl to what may be term­

ed A "rena1aetmcc o£ Bohumpeter'' - and one at' the factors ntcClVLDg' WCreAaod alteh• 

tfon today aa a factor beartn& on long term growth ts the uae of eciace and technology 

to creete now aid batter producta a1\d proct'$-.. Thil ta fast boeommg one of ~ most 

important ecot10ro.le objecttvea of oy coantry. A• cortaWnet'a, people have u Jntexfat 
in higher material atandartt. of UvJag; aa produeora earn.tDg their livinllft a hipty com .... 

pettth-o .tll.tGroattoul ayat.m, tbey hava an intete~t-in illDOVati<ms wbicll•reDJtllen the 

cGUDtry's tradiDaf poaWOtl, aa well u their own ~lt!Ul wtfhm tho et>UDtry.. On tho 

whole, evel:'f nw;ufaetu:rer•s pal ~ Pft(U. and proflta d4pend la:rply Oft -.lee volume, 

whiob fiNally d~ on the aatfefactton of the wants of the nom~Umer. m erder to 1Ur­

vh'e1 then, the m~mJfa.eturol' ~ ooMbwally ~ new waya of ~n1 these waats 

which tend to increase in range *Xi volume u powth ill experJeJlOOO and tncom.u liec. 

"'H or tllese new wa,Ytt :reeatvlns inoreuusg attention t• the use d. ~ and teclmolo--

1. Bounty. R.H. ttAutomatfon ln the D!f!!rch ~. '* 
Volume 1. No. 5, 5eptember 19M, p. 2.8 .. 
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Of mtcrut too 1n thle conaeot.ton il tbe concern with the future developrMDt of the 

ecotlomy • Althoup thia concern datea back to tho World Depreaalcm of the 1930'•• it 

aaaumad apeoial importance after the 1958 recesai~ m the United statea economy, 

which gave rlsJe to the frequently di~~CU•eed q~stton of wllether there <WI be a steady 

cmUnuaU.on of eecmomic growth Jn tbi! mature indttatrial Ianda. The '*staption tbesia", 

•• propounded by the cluetoal eoonam._,. ataf:od tbat the available roiiOUreee of nature, 

labour, and oapttallrnpoeed a rigid oeilln.l to economic growth7 aDd onee that ceiling 

waa reaohecl by a "mature•· country. that eom1trywa• doomed to atagnatlon. 11te ~­

tlnuad 1rowth of tho ecor.omlea of moat \-'estom ~ whi:Cb hu beoo observed in UU. 

ceatury hu refuted the major part of theee thootfe&. Of cOt.Lro, it was alwaya naeo&­

Db'.ed that output must koep hlcroaalfll tf only becaueo ctl "lmproYcmcmt ta the al'ts .. •• 

nut t.bia wu not espccted t.o be mou-p to pre\tent population p~~ from eveutually 

bringlq ecooomic progtC~Ja to a halt. However, from the a'iallabl& tJ:dtccs of pl'Odu.e­

tlOil ud growth. 1t ta obvi-OUS that eomctbtng ~ aDd import.&Dt bad occurred 

In the mtertn1 to rolute thia eapeetatioo; and that somotbiDc baa been regarded by many 

U 0 UJlpreeec:ter.at.d rate of aeleutlflc and tnclmiaal advance. Duriq thia period thero 

waa at lalll a threefold tnoreue tn the populatlOJl of ad'VUCOCilanda. Tbotr por capita 

:Jneomoe have alao i®Nhld HVeralfolc:t. 

"l''m fact of tble eoa.Unue4 ooonomto progrea fa obvioua; the reuoDa for lt are 

DOt at. au clear. and to obt atn an anawo.r to th1a queetton it ta neoe&ary to eouider all 

tile poqlbUWea of economic "lrowth. In o dolnJ, w~ eneoontor - juat u earlier growth 

research did - aome not fW11 taDsfulo iDCerrelatlona whlch have ~l the wbject 

of much of the reocmt eaonomtc Uterature. l' atudy of ovatsln the "t 'catom \,.·orkl du.rirlg 

the ~»oat century haYo led many wrltera to au at that 1omethtng which mlpt bo tonned 

"teclmolO&Y" may well boa fourth fact.ol', 1n addlti011 to labour .. oaturall'e80Urcu and 

capital. maldnl tor eeollOllltc poowth. 

Growth htstoriau ob u Roatow have been quite emphatic about tllo tmporta:Ace 

of tecl'.noln~ • For o.mm('le,. 1n hla '*0!!9• af Gr~. » Rottow l) assigna uver~kitng 
lmporW&ce to the ado~ on and dilfualon ~ modem teclm9logy intO the economy, u a 

prime movor in ~ll01llio dovelopmcmt. 
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Of greater iatGreat a1•e the tlndJDp or eeooor:llate in tbe fJ.old c1. -.hat. we may call 

,.lzaput eoonom!ca.,. Broadly epeaklus. ecooomiat8 ooncernod with economic growth ooa­

ceive of tba total otaput of the economy u beq ~ reaultant of variwa illf)UU of pro­

ductive aemcae inti) the production yl"OCCN. and aeck to CX'Illain ~ measured lt'owth 

of output by refol."'CCO to dbangc• m the qua.ntltSaa of input~~ O'fe:r time. 

MOlt of tbeM ·types of study bavo b:ld u their coamon purpoee llil a.tter.-3~ to C41-

<Nlate the m.sgnU.ade of tbe residual. which ia ropmseatod by the vaT able T tn the rouow ... 
tng equation: o • f {K. N. L. T.) 'l'hia growJna body of ~rch f1D.1hlp ahowa tbat 

ODly a an n tracUOil of tho total mcrenu Ill o:.'t{JUt per wor!• ~r wbieh h:ld cccurred m the 

A~rl:c3ft ecoraomy Binoo tbe Jato nlneteeath Ct"T1ul'J' could be explained by tncrenea tn 

oonverstioc:al inpt.U per workel". It l& found .. With.out •ubstantfal enllgbt.ening cplua ... 

tlon - tbat ln the put the real1t14'!ome baa rlscm restor than the combined blpl.at8 or la­

bour~ bDd and «~Pltal. The Uon'• ebare of t1Wt une.xptatned lncr e itt output per wol'ket 

bad to be aUrUrotcd to eo~ethlng el ,ptmrally rc Tded as betDg increased productlvfty 

or effioieuoy. ~ term increased productivity eovor1 a Wide nutnLer of dtfferet ele­

ll'leSlta, and tho 0p rauons by whtch lncreauod productivity 1a defined and mBUUrod obscure 

a nrtety of tWOOOttdc ?h~. Better :tllocatiOil cf factor supplies (tho proce• of 

~lo adJuatment} and capital formation ln human beil\p (for e:aBmple. in t.he form of 

eduoaUon and h ltb) re twc Important factora, &Dd techo.olo;poal ohaqc M8 also boen 

eonttdored u an oxtrcmely lmportaut third lugredicDt. 

flolMV. l) Cor examplo. lD hia atwJ,y of the United state• •conomy conclv.ded tbat ot 
tho totallnoreaao 1n the UnJtod ~~ out~t per man-hour h>om 1909- 19-fv, only 12. 5 . 

waa d"• to c:m blcroa in capital equipmeDt. whtle 87. 5% aa due to t4almol0Sfeal pro­

Jlte88. Be estimate• the duticiUu of output with ~ to labour and capital at • 05 ad 

• 3S ~vely &Dd the grc:w th effect of a gradual impro~ in techniQue 4S 1 . G • 

Keudrtck baaS) Mttmated that ovet· '11% of tbe moreaoe 1rl outrrut per man ~r 
•tnee 1900 in the U.S.A. wu due to technical progrea•. Fabricant ud tda._l have 

found. m l'Dde~ IINdles. that 90'-ro d the ri.lo 1n output per rdan hour ia attributable 
:3) 

to tecbmoal cblup. A recent study of Maaael augsoata that betwecu so - <lO% of the past 

fuoreue m outpct per W()rkeT wu aCCOWltod for by eapital deopcninJ aod improved re­

GOUrc& allocation.. He o011eludea that COJl8Giq11ently at least OO'J · muat be explained by tecll­

nical ~ and tmprovecl work t'oroo qwillty. 

--- -----·-------------------------1) Solow. R: "Tedmtoal Chaxage aud \he Agrep.te Productiorl FunctiODt ,. thO Jtert~ 
of Ee!QS!nb08 aJ¥1 fta?,t!§t!ca, Volume :W. ,1\upat 1057, p. ~12- 320. 

2) ttendtiok, J: .. Pl'oducttvtiy Tl'eoda~ ~ltal and Iabovr~ n The Buvif!! ~.~conoJP!ea 
and ~l!ll9J, VGIU!:te 18. uJU&t 19S6. r. 2.S- 257 

3) Mlleael. B . Y.' C&pital Formation acd T~nolopoal Cba~ in U.lted statee :atanu­
facWrJna. Tbo 'Review of Eoonomice and 5tatteti~·) Vol"' e XJ.U. day 19GO.p.182-
p. 188. 



OM J\ukrult baa est.tmatod from htstot'lcal records ot output, labow: and capital 

for four CO'l!lltrioa. tbat on avnrapt a one ~ cent iJlorease iD capital has been fouDd 

to tncreaae output by some 0. :;%,. a nbletoen percent mreu. ol. the labour force 

baa inoreaaod output by 80IM o. r:;", and tcdmologtcal ad\rance hu eontribu.ted be-­

tween one and two pel'CeQt points to the annual growth of total output. Since the 

atowtb ftte ha•~ on a1reratM, boon about 31-,. thia meana tint half of total growth baa 

been caused bf • toebl.tical improvenlCD&. t•
1

) 

Au'hrust's analysis of N! ... rwcpm tr<mth from 1ttGO to 195$ hcuJ also led him to 

ccmelad.e that tbe rata clpawth which cara .be attaJnod in a Modern industrial :society 

ts not atroqly influenced by tile rate af Snveatmt'nt: that in tM 1948- 1955 period, a 

powth rat~ of 3.41: & yearwu. made up cl. A6\,,. from burre.Ded ctnplOytttem, 1 . 12,.6 

fl-om incrcoacd capitali Md 1 . 81!: froJXt the ''human !Reder. 

From t ao G\ndfea tbore Is sufflcJ~t o'rldtmco to conclude tbat there are fm­

po.rtut faetora of growth. bcDides labour aDd eapltll ... hidtng behind tbo reafdwal T -

wbteh an;, loosely referred to u ,.technical Proat"e"· u Horpnizatlon" aud the '1mman 

fll<ltOr. •· 'l'be broad CQDOlaaiOD to the efte« that tho eaormous increase Jn per capita 

prott..aet .. which cbal1lctedaea n~~m coor.OJ1\te growth. ts largely a. rise in u.motency. t: 

that ~ ou.tp;lt per unit of lftput. when tbc latter are aimply maD 'hours and materfal c&• 

p1tal
1
haa become fa.trlll.Jar, and bas been cOITOboratod br several studiea. 

2
) J4ost 

cf t~ ati:et"1pt• to aH08S tho mtlucnce of ~· ift the principal facWra of produc­

tion m coon.om1~ growth in :mature hxtwltrtal co.untrica show tb2t the rift In capital/ 

labour ratios accounts fcrr ODly a .man part of the 1oDg torm lncrouea in output, while 

the tntdittO»a.lly osoaen~ variables. ueually grouped topthor \lDder the hcadmg of 

1'technlcal p~'' aceccmt for 1tp to appro.ain.•.atoly Sv ~ of lncrea&e$ ln real product 

per person ru--:~ployed. 

The most compt"OhenaJve atudy d this kind le tho ono by Donison !J) wlUC!b at ... 

tempts tn partieul:lr to utlmate the effeeta of changes iD the quality of labour 1npute 

af80Ctated with tn~Rd education ancl otbor ~. aDd to apport!O!l tho rt}$1dual 

inCTCQsc .it: output per unit or input amoog various oontdbuUag factors. Deaison's 

ftguree aaoribe approxtn.\&tely 20"~ of thG growtb tJ1. X'ealatlousl iJ1COIM fror:1 1909 -

1939. and a~ely .ft' · of the growth from lf>ZC ... 195f. to the lnercue in output 

per t"llit of iDp\tt. For tho latter porlod. somewhat ovet" balf of t:ho lnore.ue m output 

per Ullit of i.Dput is a.aeribod to DeAiSOD'e residual categOry labelled tt&dvance of mowlodge. H 

1. 

I. 

3. 

Auk l'WJI. r>. t'Factora G! Ecou()mie Oeve!opnl.Gillt : A lloview d. R~t Roaearob ~ 
PrS!l'g~hfit;r !!efH!:Ymellt Royicy.'. February lVGS.p. e- 2'!. 

11 e.g. Sehmooklert J. ''The Cban;IDI Etftcleooy of tbe Amorieaa EOG:lO!ny, ).869•1838, 
.1'!! !'teviQ!' of Econo;r.tg !W(\ ;t!tiatieJI. Volume 34, Aucust 195!. p.21•- 231 
.AmbnuLovltr., M. •'R<'..ourco and Output 'freDU tn. the u.s. 81Dee 1evo-; ~;ro.e£12f!1 
;..e~ic Rt.Wi~'!' Proceedlngs:Volume X.LVI. May 1050. p. :; - 23 
Dent.eon. r; . r. The Source. of E~ic Orowth tn tbe United Btataa ar.d the Altor­
nattvc& Before Us . Comm~ far Eeonomic Dcvelop:mcDt, Mew Yorl· .1tJU. 
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The growth of knowlettgn in question i8 the lf'OWth of all knowladgo 1".11evtmt to 

eff'fcieut production, r.uauprial am orgllltiv.atianal a• weU as teclmologtcal and 8Cien· 

tific. DonisOP further eati&mltea that about one-fifth of the contribution. of t•advaJtoe of 

~ledge'' to growth in tho period 1»20 ... 1057 can be attributed to orpniUd reaear® 

aDd development; and he ~late. that the aocial l'lUe ot mum on orpu1~ ~ 

•earcll and dovelopmcu:i tallboUt tbe amo u that on inveatment ln. ao:a-roaldual capital. 

So~.1e eiforta bave alao been made r~y to quaatify ~ rolatlve eontrlbution 

of more th:m a doY.t."'l •~u·oe;e of 1!'\l'Wth, bu.t n \lloWd be over -11m.bitioua to suppo.o tbat 

ettber statistical ~ or- techntqttea of analyeie have yet roach•sd the dogrce of ref1a:te ... 

ment ~t'Y to weigh aeeuratoly tbc mdlvidual contrlbutlOIUl ill the t»mi)l&x of factors 

mvol~ed. More011er,. tho vnrloofll ra.ct.ors aro interdependent. tho b0havlt)Ur of Ul.Cb 

bel~ both a oaua4 and a consequence of ec~omlc growth. ror ed~1ple,. thure is aon1a 

ev1dtmoo ~r a statistical <~orrelatton &mona' the rotJearch intensity or an industry. ua 

rate cl productivity cbanae. aid ita rate of growth. P....:tt there is no ev!deaoo or n one­

way relation. lkmco any eoncta.1ons tOO..Jt the oontrlbutkm. ot tbc "residwr.l factor•" 

lUu.at be trentf.ld with the greateftt care .. calcula.tiooa of the e<mklbutfO!l$ of reeearoh 

and de'?elQfmlellt. and other QOmpQJ2eDte of the re•14ual, can at the .mmP..ent be oowwideted 

aa Uttl<l n1oto tbaa Redt.Jcatod ~6 ., For e:mmple. tl'le. oalculated rate of retum Oll 

rcsoaroh aDd dovolopmGDt could be muoh higher if research .00 development yielded 

its contribution Witb a aubatantiallag. tmd furtbermore, there iS good caUJJe for beUevtnc 

that ~u·c~ are nat allocated t~ rooeam rmd development aa efficteatly u they could 

be. 

How~r. the ~rpoee here la not to o.titioiae theft realearches into ocoOOintc 

~. It ia puorally Admitted tbat thore ia as yet no practloal way or acm.ratoly 

measuring tl10 contrfbu.tton to improvoo well belq c.r toobnologioal. advauoo. The impo.r­

tanco at tlleo:o atudiee to the preeent tm:Uyata lies tn the foCWI8ing of attention on tacll• 

noloaioal advanee u a prh:no rnover in economic growth. and m idcntifylq the posaUJt. 

eomponcnt.a of that mover. 

There ar~ D!Jo a few carefulllltudtu which have attompto<t to mcawre the pro­

ductivity adv~ea wbleb have rewlUJd fTom spooiffe too!mological ad\ln.noost and the 

result8 or thQ&e atndles arc quito tmpr~tvo. For oxa:nl{)le. I;noa
1
} study of tll6 offeeta 

of vario·w toclmologionl developments in eabt~rtic eracldlll Waw.:'st productivity increa­

ses r.t ~·eral h:mdroo por ctri. Grtltehn' study S) of tho e!tect~Jaf tM introduction of 

hybrid corn alS() ~howe veey arc:».t mcreaees iu pl'()duoUvtty. Soveral case hUittortea 

of teclmolot;y whlob have been wrltten pt-ovide ttro.ng Ql!!!l~tatJ.y• cvidenco of the tromen­

W.. tmpa.ot upon producUvity ot vartou. tccbaological developments. 

1. Enos, J. L. t•tnvention and llmovaUor:t m htroleum Refbling. u J~.l!ate ~ lllmst· 
u_og,or Jlyentt~•, 1\S(ttvitx. Nailonal'Bm'eau of Eeosomtc .Reaeat'Ob, PrlncotfJfl thttv. 
PreSa. Pnneetoll. 1962. p. 299-322. 

z. <lJ:iliohoa, Z,. '1lesearch Costa and Social neturua:Hybrid C.o.m and .Related fuaova ... 
Uons. n J2!!I!I! ~· N1t!9!!.~cpnom;y. Volume L'XXI,AUJUat 1li6&.p. m ... MG 
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Eut aa poblted out eat'li.er. while these on 'lplM ~n provldo a qualttattvc feel 

!OT tho overall oorttrlbuUon or techDologtoa.t ebange, it is not poeelblo to ;enarallze 

ft"'m tbeD' qga'Ot!Jat!vely. Givell the preaant Gtato of aur ecORom.lc undorstandlq,it 

11Mply t• in~po.uible to dotermlnc tho ayena,U contribution to economic growth whi~ 

teolmologlcal change hu played; indeed it !8 biibly quaatlODable to COMi.dol' the C021-

trfbm1011 of adwncoa iJl tectmoloatcat k.uO\'flodao to the i~r. provod ability of the econo­

mic s~m to meet tho material wt'Wt& or sooioty !!l~!!'!l!~~ .. ot ~.~le .ot~l!!.r 

~~re. 

Tbe bnportmtt rolo uelgDed to tecb1l<ll~ prOf(l."eSS aDd seient!fic I"Uearob 

a!Xl dwelQl nu~nt In eeonumic gTowth by the ahov research studies. bas defiDiteJy 

been a najor ca.ueo of th roetmt p~eupatt wltb those subjects. Furthettlare, 

mt•eh -valuable new wori on itnreatmcnt in eduaa.tion eel Jn training on t~ joo ha• 

dono, particularly by SObub , Bockor ®d Mineer. 

lt· JL'lA nlao ~~rn abown that w!thin ::m indi!Stry there toads w he A oon-elattcm 

between thf:l amount of reBetlrch and dev•lopmmt ·vd~rtaken In eomranv r lative to 

ita af"'e .. tmd oti.llv nttonal algna or oom.~nv h$lth anch u ~ ot nut aaects. pto­

du.etivtty, pl"o!ita nl'd W(\.11. Thla correlation Is not always strong whlcb ia not surpri­

sing wb n QM cons1~r• the mewy faetora l:ln'f:!lntcd to research and davelopmont which 

can lnfluencc ~.omp!Uly growth. }.• m nU 1, tbet"O ta lao ®ul-4 48 to the dtreotlou of 

cauality and eonseqt1@ce. However. tbaae vartoua atudlas do 5bcw that both the level 

of reacarch and devolopmo~t expctldituNS and the vartoos meuures cA. company urowth 

ar. reaclt8 of something c:alled good rna.napment. T1wa it ia IJhown that those iudu ... 

trW. thnt ate !hk to mJ~temlftc l:'.nowledf2 are grow~ rapidly. and that an adf) ... 

quato CXt'lCOOit.ur~ oo rca.caroh a.nd development at tho COMpaDy lovol is a neoeasary 2 

thongb ot ufficient ccmdltton for growth. 

A hrtef etltdy ut the intra-tncluatry growth pg.ttcrn ot tho United Kmgdom at.o 

provides subirt:urtial c:t\lse !or regarding r~ch aDd developmect and technol Jlcal 

cbang<t u importal ~ elem~JIM Sn growth. In th preaut ee.ntury-. ainco 1900, there ha8 

bwn relatlvo stagnat.1on in terms of gromll in mJning. · shlpb;;Uldtng. toxtilea, leather, 

cloth.tnl. china ned csrthenware, ~ d,.irll·. ruodorate expansion tn ·meobMical e»J.lneertng. 

ferrous metal manufacture. building r.awrtala, end U~r; aJW! grettt ospanalou in 

elect:t1r.:al eopoouriua. leotrical atwly-, vchtelos. chemiealfl, mm-forroua m .. tat man-
1) u.taot.ut-e, glaes. p:!lper and ,rtr.ttng. food 1lnd totaeco. 

1. Lonmx Tt.S. ''Gl"OWth as:d Proc:t.JctivJty U.1be United rttngdom" J 'l'oclu~'Y'!tt Meunre-
~11\ fl!;Vitni .._ No. 38 , August 19G.f. p . S - U. . ' 



lt atn be IMJl that tho ~~Ill trade• aro the •otc.tor• induelr~ which had onjoyod ra­
pid growth and prosp:crtty in tho tech and l&tll conturl... Molt ol the rapidly expend~ 

lndultr1ea aro tM •nowor' trade of \be 80th coastury owU1a their ona~NUon to 1arp pari 

to th6 teobnSoal chanp and bmovation oectu"nng ln tbo twenty or tb1rty ~ arOUDd tho 

turn ~ tho ocmwry. 

FurihonnOl'o. tn the paat ~ lt has be n t:bo 801Qr;.Ce ... bru;:ed industr.lea Whteh ~vo ex­

panded most mptdly. \<l~reu procSucUrity m Ulllted satu JnllllUfaoturiDC !ndu try a 

whole 1nc1"00JJttd by leas tbAn 51l/o o.>etween 190o-GO, pl"'dtlcti 1n cho:tnloalr; , elfao.trk:al 

en&lneortng aDd iroraft and vchic!.Ga bu nearly doubled. 1>~ ~) Tb cffoot of th1 tmud 

ltJ to be er.en alJo tn the ttrueture ot forete;n trade.: for mp)AJ. ~ with a hip tooh-

nologfoal coatent play an inc aln;Iy important role lD ~. 

ment. For example. lt ia often pointed out that at the belinu.IAJ of the dntuey. tho ave· 

raga labour p!"'duettvity of the U . · .A. was t'oupty th aame •• that of Brit in. · Yet. to­
day it ta at UmGS aa mu.ch afld rlsiDJ far more mpidlr. Obsor:vor• of tbia fact •~l*'st 

that it Ia bardly a co-.Lnofcblce thnt re reb Dditure in &be U. S. A • 1a at a much higher 

level. AlthO'..!Sh 8UOh mttmenu ve ~thor a dubt~e "falldtty, ott coount ot th multtpl1· 

city aDd interdependence of the 'fariou• factor• l olt'Od, thoy ba•e lforved to ~ 

at.tuntlon on these 'new' growth ta.otora. In thts. COJ:JDection too, w• may mention the auc:ldon 

oocupatioa on tM pnrt of ooonomt.ta w!Ul cxpon41turoa oo ueaticn and rosoaroh iJl an 

attenpt to aoeocnt for ta .. -eh\tiv 1~ rapld • ltrucUDn of a number of ocoaomles which 

had lar- ly been rutnod by the war, for ex~unple (Jot'Jn41)y and J~. 

R.n. }iiclaoa a} alao polnl. QUt that " oond eourco of th$ heigbttmed b:Jteroat h\ Snventi've 

aetivltv ba bo n t.M cold war aDd tho srow!Jll&wal' · o s that our a.tlonal MCUrtty t,.) 

depend on tbe ~tput of our miUta.ry re~earcb ud developmc&lt effort - or nifled inYen'ttve 

effort for tbc purpo10 <If oreaunamoro etfcetive e. Cloeely relcted tG the tntere&t 

tn military Red D ( research and dtt'f•lopmoet) ia U. growln.r oonoom with the t.c:chnolo­

atcal ntoo to bich the Soviets have eballenpd ~ • ., 

NelSC\&'l m•ntloaa also that tho eEtabltchmut ol. the Nttuo:..at t Jlenoe FOU!ldnti.on (Nf' ·)in tho 

U.S. . . hu been iQ&rum tal in focuaaiq" the attention l1f ~mt t• on reaearuh JUld do ... 

\l'elopmcnt. ud. that the ltatl.tlcal aar· the NSF baa coll6cted and pabllahod havt: g:Sven 

aocialact•iatll much valUAbto background mato~.· Tho Orpnl · tlon for ~oonomic Co-­

opel'Ation o.nd Developm nt tn ria a al8o con~rlbuttnJ :much valunble now inform tiou to 

tho•l4..-.eas ot'thie type of pNblc.m •• 
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''Tbu• when all du.o allowauoe for the con<'al«l tncroase tn resource 

expanalon has been t.'lade. there wUl, however. ran.nhl a hugo area to bo 

cxplnJned as an i110tt11M In prcxluctivity. Our opitalstock of knowledge 

concemlns the orpnbatlon and tccb.Dique of productl~ hu g,.·own at a 

phcnot.nenal pace. portion or th1a Jncr.... presumably an iD.ereutq 

portion 
1 
ie due to an l:nve~ of rceouree• in research .. educn.tlon. and 

the Uke. 'lhia part we ruay poaaibly be able to attdbuto accurately to the 

input of thoH ~aurae• insofar u we learn to traco the connection between 

ch tnvcsttUent in bowledp aDd itB marglna.l aocial contribution. u dls­

tlnc.wt fro thon small parts or ita valu_e whlcb can pd\'ately be approprated. 

:Ooyond this, however. lie• the pad.wU growth o! applied knowledge whteh 

Ia. no doubt. the roeult of human actll'ity. but not of that kmd or actiYtty In­

volving costly cbot~ which wo think of aa 4tCOllomlc 1Dput. To idcntlfy the 

ent11ea W'hleh apla.Jn aot only the rate at which our opt,;tartunit.ie8 to 11liM 

offleleney Increase but alao the ~ at wbtch we takb advau~ of tbOH 

opportunitlea WiU. au doubt. ren-..ain the central problem in both the histo­

ry and theory of our economic growth. Tb oldef exeuae for attem.pta t.o 

aeparato the meaeurable coatributton of ret10ttrCM fro.o"l thcee of prodt.!¢U ... 

vlty ta to poae thi• problem aa clearly a• pouible. ttl) 

'rhat ha• been the purpose of thla cllaoter - to pose the problem of eecmomtc 

growth. and to ldcuti!y tbe pouible cauaea of that ~- The probl u encoantered Ia 

growth studloa Is that the Jl"owtb io output co.uot be fully explained by the eonvoatlonal 

inputs of land. 1 bmtr and capital, and in economic literature there h:1a been a <:hugo 

of emphaate leading away from tht*l ractora. !Mtead. a fourth factor of production, 

under the genoralname of "technical progreoa~· haa been identifiod, and c-redited with 

contrlbutJn1{ up to throe·quartera of the growth proceu. Tbe probable CO'CpODenta of 

tbis 1'reatduat•• have alao been fdontitfed, ad ft ia oortain that bchJrJd all theM factor• 

CHXttrfhtJtlnr; towur.da teebnical progren. or productivity~ we :>ball find 000 thirl&: fm­

provod bU.tm.ti COll.lpctfmOe, and aiUOO hullWl competonce Ut the 1'Cati1t of educatioaf 

training. and research. the preaurnption 1e atrcog that tbeae re ~ !actors em which 

prOit'eU nlUI"ately hingea: 

--------------------------- ----------------------------------
1. AmbJ'IllnuwU•, ld: ··!Ra.earch and Owtput Trer-~ in tho UP1ted Etatea since 1870:' 

Tht Ame-riCAn EaonoJnic .leviow Proceodinp. Volnme XLVJ,i*Y 1956, p. 23 
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'lNo ou queattona tMJ abillty of man mcreaatngly to control hie envi1'011meflt 

aDd pl'Odueo more offictently. SoJentllto diacovery ud eeocomto llmovation 

seem to be p.roooodiJll' at an accelomtiag pace that aometime• weaT!ea tho 

mJDd allholl&b eaatug the ·body. To muy people, m both advaneed ad back­

ward ~. tbe ilm<mltlon ot theae WObdere 8eOlXliJ to be the euHCe of 

dovelopclfmt. Many oomomtata are -of the same optnton." l) 

Theae .Wdtee havo had ooe impo11Ut reault: they shaw that it ta uo lonpr auf­

f&ctent to ay tt.at 8COJ!lOm1c prosreN de~ on tnorell80d capital, or increa8ed labour. 

or both. The easeDae cf eCODomto growth today appeare to depend W.ti~ately ()G the rate 

at wblch the labour force !a ti1Ulaferr.ed from wotidllg with old nachfnery and tec)hniquu 

to new rna.oh1nery a.t tecblalquca. aDd to producing now and improved product•, and. tn 

lbe long nm it '- the ability ot man to devise new teclulolog!eal pouJblltiee, man •a g_ra­
dually inereaalDg 1Da1Jbt ud oloveraese altme. wbleh mflvenee the apeed of teclmlcal 

progren ud ecoaomJc JP'O'Wth. 

Of course, we ma.tSt remfinber tl't..at tbeae statistical reaulta Deed to be qualltled by 

tbe -exJateDce of b!terad1ol1a am~ the fou-r set. of factoB;. ··e. g . chaDpfJ tu technoloaY 

frequ«Uly !lCOd to bo 1Deorpo:rated Jn new capital IOQd8 before becoming eft'ecttve. Thua 

it would be ert'ODGOUtt to uso the Importance of technical cbu~ as an argwneat. for aban­

doaq mveatment acttvtty. 

Neverthelen, tho reaulta ot theN atatiatioal proee.dures a.ro illuatratiVG of the 

major role whlcll teclmfcal change hu played; aud, moreover, these results aro .up­

ported by other, more direct mdelloo of the tmportauce ~ acieDtlftc research. 

Toohnologk:al change~ tt J• gcmeraUy agreed. sta.rts wJth inveotloo. ud. there 

appears to be COilviDciDI evidence tll&t science ie playblg aa mcreufnlly iutru.melJtal 

role ill inventive activity~ Patent fltatiDtloa. reJearch and development expediture data, 

aCCOUQ&s ol ' 'Ur portat mveJJti.ou'' * have all ~tly beoD uiN!d m attempta to meaaure 

the rato of fuvent10D and tbe level of Javontiv& activity m vart<rua~ tndaatrtes aDd .eetors 

of the economy. Tho data revoal a aocular ehUt in inventive activity away from indu­

tdoa baaed on craft and aJmplo mt~ebamcal engineering. and tonrda 1Ddvatr1es based 

OA modern ehemfatry aiUl physics .. 1n other worda. towarct. thoae lndwstries where 

acteDCe is bnpodat. The ~ al~ aua:gest the growing importance of tho lndulltrfal 

reaearch &lid developnumt laboratory ... "Tbe modem .tutitotlon hanleaatng scteace to 

tectmlcDl prouresa." There appea111 to. be a lt!gnJficlmt conelaUoo between tho amoUJJt 

1. Enko. 8; Economte~~ for Development. no.~. Londoa. 1064. p. 93. 
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or roaoarch and dovelopment work a fintt does and the number of trlgntfieant inven­

tiOns accrodtted to it; and the firma wblch do a lot of iD"' nt.ing te.Dd to grow taster, 

nnd earn creator profits. 

Adc11tior.a11ndtroct Gvtrlc.ece of Ule contrJhutJon of rcsesrch and developm~ut Is 

provh:k.'rl t.y etudies of the returu ~rued uy inveatJ:-t:ent in r.eseat·<:b and development 

a.divity. Tho studies whleb ha.\fe bean done ( p. ~5 ) re adtttittedly of ,,.suecoae 

storto•,' but the figtlre$ they suggest are remarkahly h!gh. for emmple. tho rese.t"ch 

which led to hybrid eom baa yielded roturua or 70£ii, p.a. j and caleulaticma made oy 

aome of the u.s. tiJduatrbllaaer labora.tortea &lao suggest rates of return to :resoaroh 

well abovt profits earned from. lnvelltment in plant artd equipme»t. There are also & 

few studies ahowinc that firma m aa induatry doing the moat ·re.-rch and development 

tetKt to have tho moat raptd rate of technoloeiw cbanae; and the induett'iee where pro­

ductlviw ia arowtng the fal\oet havo typloally heen the research ... tntcnsivc illdnatrioa • .. 

C(lftaoquetttl~ • front the- point of view of economic analyai , rose:trcb 18 co.ncetved 

of as one fonr: of tnve.tment of nacuroes.. the 1b.veatment in•.rol'Vtnc the uee of human 

and materiAl reaourcea t~ acquire kuowledge and tbe retum ro~ting from the applica­

tioo of that knowledge to lncrcue hur,an welJ'Bre in one way or another. Tbe tnveatment 

approach to the uae of soiont1ftc and human resources wlll undoubtedly eo:ntribute to 

the value of effort• towarda hicbett produetfytty, ~'Stematic economic development of 

backward reaiol)8. alld eeonomle Pla:l.u:rin& ;e•rally. wlultever may be tho polittcal 

framework. a, the other ba'T\d. conaideraUO:Ps of ectence and edu.catton a.s ecuee and 

CJq>e.l18ivc natto.MI reaouroee wUl inevitably su"est pl'Oblo of allocation~ eo-ordina-

tion and of priorities. Thankfully. the lAtter duos not directly concern us in this atudy. 

The former~ doe..s however. 'The relevant variables have boon singled out aud 1t 

now rewalu to identify them further. al'ld, iD particular to recos;ntse. llld tf possible, 

e<plain, thCJ proceea by which researeh and developr..tent aettvtUes ean eventuate ln 

e~ado growth. 
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Table 5. 

ESTIMATED INDUSTRIAL Dl STRI BUTI ON OF R & D EXPENDITURE, 

1962. 

(Percentages) 

UNITED STATES Belgium Germany United CANADA 

Product 1961 France 1963 Norway Kingdom Product 
1 Field 1 1 1 Group 

~ i rcraft 36.3 35 . 32 )) 
0.8 

27. 7) 
19 . 25 )~ 

35. 4 15. 7) 
v'ehi cles 7 . 4 5 . 1 ) 2. 6)- 2. 2 3 . 0 1. 5) 
V\achinery 8.2 7 . 6 8. 0 6 . 4) 5.2 7. 3 5 . 5 
:lectrical Machinery 21.6 24. 1 19. 4 25. 7)_ 

33 . 8 
26. 8 21.7 22 . 3 

nstruments 3.9 2 . 1 .. . . ) . . 2.3 1.0 
:::hemica ls3) 12. 6 10. 4 39 . 6 16. 8 32. 9 24. 4 11.6 24. 4 
)tee l and Metal 
'roducts 2. 0) 

2.4 13 . 3 3. 2 6. 6 26. 2 
2 . 9) 

14. 2 '\Jon -ferrous Meta Is 0.6) l. 2) 
)tone, Glay and 
31ass 1.0 0 . 5) 

8. ) 
1.2 0. 8 3 . 2 1. 3) 

8. (ubber 1.1 0. 7) 
) 

l. 07 0. 5 1. 2) 
'a per 0. 6) 

) 
8. 0.6 4 . 2 0. 9 5 . 4 

=cod and Drink 0. 9) 5.4 2 . 6) 0. 6 2 . 7 l. 9) 
:Jther Manufacturing 2. 0) 13 . 0· l . 9 6) 3 . 3 3. 4) 10. 0 
rransport & Energy .. 5.4 3 . 3 9.0 o. 6 . . . 4. 4) 
:Jther non-manu-
:acturing 1.9 .. . . 2 . 4 2 . 0 1.3 1.6 

TOTAL 100 100 100 100 100 100 100 100 

1. Analysis by Industry Group. Companies ore classified according to the industry of their 
principal activity. Industrial classifications vary between countries, so this tabl e can 
indicate the broad outline only. 

2 . Including or~ance . 
3. Including petrol refining and products . 
4 . Including all research associations. 
5 . Including some steel . 
6. Energy only. 
7. lncludingwood . 
8. I nc l udi ng other categories. 

SOURCE: FREEMAN C. and YOUNG A. The Research and Developme nt Effort in 
Western Europe, North America and the: : . . :.... 
Soviet Union; 0 E CD, Paris, 1965. p. 73. 

1 

17.5 

4 . 3 
19. 3 
. . 

22.3 

8. 5 

1.2 
1.2 
6.2 
2. 4 
5. 7 
2.7 

' 
8.84 

100 
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CHAPTt":R S 

ReSEARCH AND O:~V'ELOPMCNT 

AND 

THE PROCESS OF TECHNOLOGICAL INNOVATION 

nn.ptte the Vli®~proad a.ttentlonslven to problema aaeociated 
wltb technological ohanp. aurprlaJngly ltttle ta knOWD about tha me-
thod by which now prOducts and prooo&MI ue Invented. a.voloped, 
commerciallaed and accepted." . l ) 

&dwtn Mautleld 

J, 1 IMTBOOUCINQ T E(!HNOf..uGIC.A L CHANGE 

It fa pmerally agreed that if a ooontry cmjoya aa tnerealed per capita *ome, or 

produce• a sreater per oaptta. product or output, Ulat eount.ry ta expertenotnc economic 

growth. This growth ifJ achieved either by u increa&MJ in tho amount of the amiable 

reeourca5 per head. or by an tr1provcm1ent in tbetr qcn.Uty or utillzaUon. 

l··rom tho previous chapter we bave scwm that the lat~r baa come to be known •• 

ntccbnfcal progro••·'' ''techllotopcal chanp" or "ihereaeea ln produottvityt', and 

ta reprded by many aa th• moat bnporta:At co~t of economic arowtb in recent 

Yelll'l. 

Sueh fbtdinge have forced a re-orlentatton of erowth theory, and it II uow aoncrally 

accepted that growth modele which assume uooutant technique•" muat of neceealty bo 

unrealistic since they abatract from what 11 perhar- tbe erux r1 the crowth prooo1e. 

tnltead, •cholar• have turned their tntorelt t» the proco.at of teobnolopoal ebana;e. 

The front of economic powth reeearcb at pruen.t i1 t3000ellttatecl on two ia.uea: 

(l) to olarlfy the quantitative role ot teohnologtcal advance ,or t.chnlcal progreae. 

u a promo&er of growt11, .00 

{11) to find oot what factort: ulttmaU,ly d tcrmiDe the rato of thls advance. 

Tho anewer to two queattorut ta tbel"eforo be1ngaoug;ht: 

(1) What !actor or factor• mak up this important ro1idual growth factor. tech ... 

nical PtoeroU? 

(U) How dQea this factor, or thaae factora. aetlng via Uae proce•• of tecbuoloaical 

cb3nge. tntluence economic &rowtb? 

1. Manafield, ... , nRe!!!roh and TectJmolgsical 9\!1?&!•" Ipdust rl&l Reaearch._J'eb­
ruaey 1964. p. u. 
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At preaent the anewer to the ffnt qu.e•tton Ia not too clear beoauec of the largo num­

beT of variable• Involved, and it ta a eoemmpy trnpoaatble task to dotermlu the ro­

lative importance ot tho many factor-a which act to dotermme the advance of toclmo­

logy. Tbe IJadlcattou are, howevor. tbat th growth to produoUvity am be attrlbu• 

ted to twu broad eet. of !actore: 

(1) the Improvement• in efficiency due to the tnimiJJatJOD of varioua dlaoqutlf.­

brla, !lamely move~ toward tUld alo~ known prodUotton boundaries. (that 

1a, the uae of eltabllahed tccbnJquea of production. and aitting produet8). 

(ii) the expatJaton or the boundarloa themselves due to the aeeretloD of new know .. 

ledge. 

The first sot of factors lncludoa the uae ud dU!ualon of al~y lcJJ.own new or in~­

provod techalquoa and the el1mlnatloa of variou. inefftclcmetea, including tald.ng advan­

tage ot existing economies of oale. Tho aeccmd tnetwm adqncee 1n knowledp 1n 

general. particularly selatifto lmowladp, mventtooa aDd diaoovortes. tmd the de~elop­

ment of practical voratOlliJ acd applleatlona ot moro aeneral mvontlou aDd now aolen­

ttfie prtnclplee. Thi• effect tbue postulatee a ohanp tn the etato ol the ana or sciences. 

umely an 1mp:rovement of the. anUable technolO&Y. aad u .ueh .treaaea the fmportanee 

of two broadly related faotora on tbe proceaa of growth, namely to rese&rdl, and 1Ddeed 

to eduoatloo. bo.tJ.\; regarded as 1l1Attora of national iDve.tment rather Ulan aa mere .. r .. 

vice and conaru.ptioa tte:rna. 

3, a. Rt;S:f;ARQB AND EDUCATI~ 

There are three prmoipal tacton in a titm'a toonomy that compete tot ita human 

re1ou.rcea: 

1. the produeUon ot conaumer aooda (includfaa the naenioet~'' lndu.try), 

2. tho pJ'oduetton of capital good•, a\\.~ 
3. tbe produeUon of ktlwwledp, which in tun 1• divided into: 

(a) baatc 1'eaearcb (tho aeqtdelttoa of t&eW fundarnetttal knowledge) 

(b) education (the dlasemJ-.tlOD of extetJng kaowJodce) 

(o) tadutrlal reec!Ueh and development (the acqu.teltton of now applted knowJedp). 

Broadly apoakloa, tbe advance of knowledge can contribute toward• Snoreased NatlOMJ 

Product or Income 1n two waya: 

(t) it te pontble to aequatllt n larpr proportion of the population with an !noreea­

lll part of the kDowltldp aoqutred by man to date. thereby ..Oltng them to bo 

ena:a1od in oceupattona that ak a ,reatet" dema!ld on theil' lnt-oll<!Ctualf&oUltlea; 

that bt odueatl011 ta a primary requls1to for ccunomto pi'Ogl"e~a. 



(U) at the •me time. the absolute level of cum' • knowlodgc l&Uat be rataed, 

t . e . rescarcb 11 rep.rded a• another prereq\111ite for .conomtc prop-ese. 

The tranlf•r of lmowl.tp tbrougb oducatton I• cloNly related to the creatto.n or 
llOW knowlodp by re .. reh. Both eontrlbute to teolm1oal proll"'aa Sn the MUS that 

they increate tbe ptodu.otivtty ci bu1c factor• of prodv.ctlOD. Inv .. tment 1n capital 

equlpmeftt, for example, may bo reprded u one immedJata e&U80 of lnorcaaed pro· 

ducttdty. B:.lt 8UCb mcreuo l&rpl.)• depoada oa.., tecblloloay \hat ia butlt ID.to tho 

aapttal equipment. a teobnology that frequenUy reeulua from reaearch, invention aDd 

d YOlGpQCJlt. The .. Jn turn 1prblg larply from 4Mfuoation. Fllrthermore. lt ia edu­

cation 1n tho b1-oadest HDJe that oroatea in manapcent and labour. and in •oclett at 

larp, the paycbologteal climate ii'Jdiapenable to ilulfM.ttoc aad its clftotent ocono­

m.to ueo. 

For praottoal purpoac Ulan, reaeareh &Del edue~tion ean bo coneldored lofntly as 

actlvltfoa eontributin; to t1te advance. •prectd, •nd a.ppllcatton of knowledge. Both 

involve tbe use of ab:lllar per80111101; and :roearch la often performod Ill the aame 

instituUme or hi{iCher education whleh p~ quallfted manpower for reaearoh and 

development :1eUvities. Education ta pnenal may be roprded •• a semt--autonol'ruJUS 

factor promotln& fmprovemente 1n the quality of lat>otlr; but It may also i>e regarded as 

a ~ o.f adapt.tDa the labour force to the MW requirements of teelmoloaY. 

The lmportueo attached to educatt~ u a factor in JrOW'th fs well lttuetratod by 

tho ton~ quotatt~: 

•• To many people 1Who have bee!! cocc.mo£1 for yurJ P3at about tho contr1buUon 
which act no. ud aclentittc education have to make to the prosperity of Brita~. 
tho UMrt10D that 'economic Jl*O\Yth ia de~ Upcll a hJ.uh and advanclD& level 
ot eduoattOD' J• comm~laco ..•. from the vieWpOint of economtc srowth. Go· 
vernmoat expenditure on educatlon r:nay be ecoaldored u an lnveatment, aomG ... 
what ualogoue to ~ndtturo on phyatcal UMta, wbioh wlll yield a r turn iA 
tenr .. ct incNQed efll<:!CDO)' tnd eoonom.te growth. ".) 

" To dovelop the&lfte eel &kill latent m ehUdrcD te not D.l4roly a chadtabl• W'lderta­
"1ng ... ut rowardlng lnveltM t whteb emeuroe tbo tuture of a nt.rtloo.,. %) 

A lul'th&- cxampl ia provided in tho act eatabltahttc the Natt<=ll 8cte11oe FOWlda­

tloa iD Amtarlca, wher esplJolt reoc-piU~n 18 made of tho lueporabillty of aoicnc aDd 

edue4t1oa:• Tho !JwJh Bflpol'f. quotea James Conant thu.a~ 

1. €xtract tro~ I'b! N~ ~~~ntlf! of April 1UG3 

2. O. E.C. D. MJnlatera T~ ~bout gqlonoe, Partal&IG. p •. 27 
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" . • . • Ia every 88ctlOD of tbe entire area where the word eclenQe may properly 
be appUed, iM llmitm1 factor ia tho human a:Le. v...e eball have rapid or alow 
advance ttl thJa dlrecttoa or that &.peactiDI OlD the number of ftrlll olua men 
who are enpp4 hi the WON 1n ~stion. So 1n the Ja*' enalyat• the future or 
actence lD Wa <KJUJ:Iteyr Will be dcte.rmixlod by our bulc educatlocal pol1oy. " 

In oth$r wordat cducatton ou be regarded a& a two-aidod aword when oo aidered 

tn relation to l'Uearch • In tbe ftret matanoo. reM~~rch that mcreaaoa our knowlodge 

make& 6ducatlm more efleettv•; and NC'Ol\dly Gdnc;aUon. lf properly deaJped, ilwl·ea­

aea the eapaolty for reaeat'Ch •• wCJJ.l u lacllltatq the abeorptt(SQ of th res\.\lte of ro .. 

... rch bstO pl'Oductlon. 

Thua. no ote~t of aotcnoo poltcy le oro vital tban educaUon. not only boci.uae 

it c~ a P4l"Cb.o10{tf.cat t?-llma.te fa.oorable to =ovation but aleo becauM tt prOYiMI 

the buman reaoo.rcu without which tecbnical procre• te unthtnkable. On the lower 

l'WlP of the education ladder. tb4» need for oocttnued obuge and adJuatn .em til the num .. 

ber• and lkllll d the t.bour force calla for emphaaie on geJIOral eduCAtion tn the trat• 

nbJi of all wor'\ct11, for voo:aUOOAl tratnmg of a general character. and for facil1Ue1 for 

tr&Ultnc 1n new tcohntquos. In bl~r education, the lraiDiq of future reaearcb workor• 

and maM ru CQUfi for teobnical train!~ ot the hi&best quality. With the laoroaetq 

complexity of acUmth~e and techDOiogical op.erattou1n both mduatry &DIJ government. 

more Ud more applied ectenu.ta and ~ engiDMrs o! the htgbeet O&libre will bo 

required ln ~nt alld deotllon-makJng poetuou. :For om'\catioo ln applicd eciena. 

and engincorlng to attract talented voutb, tutitutloe8 of hllher technical educaUCD mu-. bo 

of a caliber to rtval the bolt uat•ereftlea. 

In ordor to get a bot.ter paap of tbe eocaomic eftccta of cdtr!Ati«J. ud ~esaxol1. a 

~.ertpUrm 11 needed of the proceN by which reaearch enter. iBto ''teobnoloaical chance'' 
a.Dd thooee intO the growUi prooee•. The Urllt •tep bent t. to oouJder tho dHfercmt 

waye 1n which ecionttflo re reb can influence growth. 

Tbent are at leaat two good rcuou for layb) part1eula~ 11tn1s on re~eUch aDd 

dovelopmont ingrowth theory. FirMly, the etook of knowledp available ~ a limit on 

growth. parUculal"ly m oountrlM already uelni the most advancod teelwkplea. ln leN 

developed la.ada, tbero Je rovlouely eoope fo-r economlo arowth wtthta the framework of 

leas advaneed tedmk:fu••· althoup otfiotcnt applicat!on at theM to dU!os'Cnt ccmd:lUou 

often itaelf roqutrcs JWJW reeearch and d volopmMt. Seocladly, moe c11d knowledge in a 

form ready fOI' eateulve 1\ppllcatim la ltmS&ed, a conttnuoua and large r21K' in product 

per C&t)ita ._made PQhibl-c only by jor additioa.• of ntJVt teclmologtoalll'ld related know· 

ledge. 



.... .. 
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1. !!9ft1!1ct !:tmreh 

That is; tlte ooncorn with oorlia!Js areaa ot actenco derived from prob1emat of ~ 

effi~ly the)H •ctora of Ute polltlc:al economy tbl.t have boen eatabllsbed publlo. 

aa oontruted wuh prlvate,dcoitdOti~l:naldna orpnlzationa. wcamplea of thla typo of 

intereet are ctetcmoe ruoarob. to~earch to impro'VO {Molblio hwalth. WMther forooaut­

tng.Qd pn~ &Urveye. 1"beH all ho.vo m common tho fact that tho aooda and 

asrvtoea Involved arc publlo ~ u oontl'U'tcd with private aoode. 

2. n mro). to ptotn?te the ~ wolfa-re 

f'.undamotrtaJ aoient!fto knowlecJao itself can be conaidered a pubUo ~-ooc.t. fos.· th ·bene­

flU whioh acorue fX'Om a ~l •ctentlfto advance oltczt exceed thoae whlcb can 

be tl'aded em ta. freo market. f·or eample, the U. o;J . Government hu t.cted t.o B{.tOD­

.or ntaeatch tn oenatn key areae suoh u poaccUnw atomic 1\0rru' and apace teohno­

togy on tho ;round• tbat the .w.noea which mtgbt result would be suftlcl«atly Widespread 

in their Impact to be t.rea&.ecl u publlo gocxt•. 

S. Rogar~.t~ !!m ~ pubiJo :lntere§f. 

There are a nwnber of wto-.do& aad J&ecton !a which. although non-research deci­

•lona arc la.rg<tly made by pdvate orau12at1ona, it la folt that publto interost in wJvan ... 

ctng teobru>lO&Y aurpbaaa the inter te or capabllitt~a cf tho private or~tnl~UoruJ in ... 

vulved. Atrloultl.u:-o. olvil av.iatton. aftd th w~rk of tba l~oual Duroau of f!tar.da.rda 

in tho U.s.A. are examplea of thla alter~. a~ ar: tho ;wt.tvlUoa of me.n3 govormnellt 

dcpcu'tnlellte in L.Q(.&tb Mrtca. 

The above research needs •vo led to ,ov nsment eldabll~ent and aclmlfttat-ratioc 

ot l"t'sell"ch lahoratorics; spec!al ~blio apnciea which cCl~tract for pri,..t& re­

etll"Ch; tho proviaion of relatively W\Ucd toec:uch funcla; and various la a tnd in­

oUtutlon •hloll oan lnfluence 41)d a1d private 1natlt~t1()l'~S.1n undertaldnJ reeearoh. 

!J. t Tll£ APPLtC.-TIQli OF . .fi.Q_tt!"'lt'IC KNOWLEOOC .Ig_flCONOMIC 08f.Wt'!!! 

The t.erm '"rccbntoal Pto~oa", we baVo aa:t<l, is o&n te.ldt.l1ll•' to e:xphttn all 

inorcued output whiCh ~ot be tra~ d to qu.antttntivc tnc~• in input• of labour 
1) . 

and oopttal • • 1-a Dom.ar poJnta out • tht• ''tentmological prOSfO'.S tn the gr~e senee11 

conatttte of txutny tclluoneea on gt"owtb: 

(i) Toohn1cal progre88 ill tbe .._rrow sense (lnnovution) 

(U) toonomiea of aoale 

-------------~---------------------1. Domar, £.D. ·· ·Jn thcs Mcasuremoot of T oh.nolopcal Cbaup," §..~<!-~ 
1 

Volume LXXI, Number 2~. llcoombcr, 1001, p. '1011. 



(11!) External economies 

(lv) Bottcr management 

(v) Improved product miX 

.. 38 ... 

(vi) labour Improvement& (he41th, eduoatfon, skilla). 

Domar adopta thla concept andgivoeit the name !'realdw:du, i . e . f)Veryth.ing re ... 

ma!Dfna after chanpa !n quantity inpUta of oa.pltal and labour are aceountod for . A a 

auoh, its contribution to economic grtJWth to reanrded u constdorable. 

Those are all factors which acoo~ to Domar might cause shUts in the produotion 

function for the t~eonomy as a whole, or for· an industry or firm. In g011eral, and from the 

available atudics~ it is postulated tho.t tho appllcatioo of tho ;.-eaults of rc. reh and deve­

lopment activities lends to t~olog1cal change. Clearly,. th~ "contribution'' of reeoarch 

to production function shifta ie more rclewnt to oorta..ln of these !notora than to others. 

Tecbnical progress n1n the uarrow arenso'' has been defined to include the improvement 

of production proceoes (for eumplo, by upJr&.diag inputs; bnp.rovcments of techniques 

of proch.otlon or i:c1provemcnta of product quality) and the devolopment of DOW production 

rx-sib!litiea. Tho appUeation of :-esc:r.rch roault3 to pl"'ducUon wlll effect production 

function &bifta mainly through this t1rat factor. 

The difficulty ot bra.klDg down further the varloua faetora of technical prop-ell 

in the gross sense has in aome fnstances cauaed a shift iD attention to the micro-acono­

mtc level . Il tcohnif!al progro&l in th narrow e nse is rop.rded as the sum of indiridual 

lnnovatioos. these may be analyacd more easily. Thue Htecbnologlcal p.rogroee11 fo-r the 

remainder of this papar will be taken to mean technologtoal progress in the narrow sense 

aa defined above. because it ia mainly througl1 this factor that tho aPl>licatlon of reeearoh 

and development .,.esult8 may be directly causal to economic growth. 

Teohnoloctoal c~ng~ as do!inod above has bc()n credited u bein; tho principal 

foroe behind tho 

aDd n Jmlf'. 

t ebanJea in tho economic spboro over the lut century to century 

"1.\be domtn4nt oconomic dl.co\tery or the twentltth century may bo stated thu•: 
through improved teehnology, i.e. tho applioatlon of more koowledgo to a doaired 
obJoctlvc. w& ean gcmorally, and not Juet 1D isolated inatanoos. tnorearw output 
ln rolation to all fnctora of input. Technology ts the exprceafon of how man ob­
tain:J what he wanta from nature. By oontinued improvemenw sprtngmg primarily 
fl"om 1ncreaaed aotenttfto knowledge of hls envil.·onment , he hae inOrea od hi• ro­
turt' manyfold. " 1) 

1. Ev:maf D: nProduct1<m :=conomtcs of Growth," 1'h/J Amerlcan ~conomlo fleview'• 
Proce41dinp, Volume XLVI. May 1956. 
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Teohnolog;y has been defiMd aa Hthe scientific study of th~ p1-actical or Industrial 

arts" and as "tl"u th arrived at by obMrvatton. oxpel'ilneDt. induction. " l) Aa such, 

tho stnttl of tcehnt>logtca.l kzwwladge limits what can be done with tabool'. '-'tlpital and 

resourci's; what ean be produced. and how it can be produeed. Tho advance of tech ... 

ntcnl k-nowledga, by opeamg new waytr to meet wattts and by mcreaafrlg the produott-­

vlty of the Dation•• human and ma.tot•ial rosouroes, baa boen ouc of the most im.por:tamt 

factora contributing to economic growth. At the mme time it has also been a mojor 

eourco of ooonomtc diOX"I1t,)tioa, often destr~ring the valtu) of old r.killn ami aasete na 

tt creates demauds for new one8. 

The advance of teehnologtcal knowlodp bas incroasod tha potential of tho economte 

systoru to moot man•s wants in several diffcrf.lnt wnys. For mcample) teohnological 

knowle-dge !-Jt.ttJ en..'\hled a greater qUl1utity ot t>atput to bl\ produced from .given lnpute; 

thua the invcl1tfon ud adoption of the proooss of oatalyttc cracking greatly inct'eased 

the amcunt t>.C gasoline a given amount of labour and capital could produce from a barrel 

o! exude oil. Sometimes teelmtcal advances havo eNlblod the production of produete 

better nu1tod to ctu:tain wants; for- exnmplo. :twlon fibre• meet a wide variety of needs 

better than ~Y 13t.tural fibre; and oomotlmes tmpl•ovcd teobnological knowledge htt& 

enabled wnms to be met which oould not he n1ct at all befo:-o. 

Perhaps the xnost dramat.ie WlPflCt of toclmologioal change has bei~n in tho ereatlon 

of new and potentially superior ways to cater for man•s necde,for example the revolu­

timmry improv~:ments tn hGllth MX't' through tho advance ot medlool knowledge and 

techntquo. The mvoluUon in the ability ro transport men and goOOs. and to eotnmunicato 

would Ukewise have been impoaeible :ln tho absence of th$ inveuti<.m and development t)f 

the automobUe, tho aeroplane, Md racH.o. In ttddlt1on to expanding tho ra.nge ot. powthle 

goods and sorvtcea~ technological chal'lgo bas playt..-d an Important :.rolo in tnoreumg 

tho pr<:tduotlvtty of capltnl and labour in the production or all typus of goods. 

From tlta abov~ it is poeftiblo to ldenttfy sevetal major teebDologlcal treads. Theeo 

have ooen .m the fields of: 

1. Transportation 

2 . 'Zoorgy 

3. Organic and tnor gru:dc Ute 

•• Cha.m.cterlst1cs of metals 

5. Sensory ca_pabilitios 

6. Meohanisatton .. phyetcal 

'1. Moohanisation - 1ntellootua1 

1. Oxford Engllsh Dlot1onal'Y 
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It Ia an obHrved fact that condtttflDI under t11e poeral htwJb1g of theee itoma bave 

ta'dar&OGG a maJor trauformatlon tn 1•cnt year•; w acittb.Oa ~aDd tccllnology bavn 

oontrtbut~ .uwcb to pl*C4uolng thHO and tnnumerablc other cbanps, ~ that ~ tn 

general w been obaractot1aed try a t:tU:Jforma&ion at tho productt.o eystcm t 

tt 'The aluw ~ oonttnuou& tnor M to tlme <». tho l\3tioaal aupply of productive 
md.Ula and of sav1np i• olwitA!aly M important factor !n explaining the courH 
ot ~to history tbrouah the ~ios, but it is compbuly ov•nlbadowttd 
by tho fact thAt development oo iSh prhrJuilJ jn employmc ~atlng l'CII(JUr­

cca j, a differ~ way. Jn dome new thtn~ wlth tbe"' lrtef1P4~lve at wbethar 
those rcaourooa inorca.so o:: not. :• 1) 

Eeonomlattz have alwaya boen &war of. the Jner-.alng importance of now tcohnolcc.v. 

but the ftret oooaomhtt to expll::lltly inCO"'tK'rate lrJoo\'tilon alld ohal~gs within conou11c 

~1'71 and to m:U<c tho:m the mtl1n explannt!Ol'l of aowth and pt•of1ts wall JOS\lpb. trobu~rf~> 

In ctrotaailll me role of innovation brought about by ('.'C.t~pronourial Aetivtty iL1 the pro­

<»•• l){ coono:mlc rrowtlt, Sohumfl(lter mates that such aclfvlty produoen .. apontal\O'OUI amd 

dJ.oont!ru:oua chan • In tho channel C!f tho (llreuha.r flow • " wb.tch brt. g about u • • •• • • 

different omploym t ct mati!lg 8M'\1e a or labour 'lnd tandtt which. accot'dJn to bitn ta 

''the CNMC& of avclopmotlt . n 

Ac¢el'\Uog to ~ter, the l.lupacl. 1.'4. 1nno•ationtl on m1 oocnomy OM beat be undor­

atood by eona1cler1ng tht~ equilib-rium that would r08Ult if them were no new prodncte. no 

rA\V w.,.. of doh\1 thmpt no new t.Mrk.e~•. tw new raw matoril\la, and :ao o w orpnl a• 

tion tor productiw. The ~Y will oom to rest at au equlUbrium level. Tb4l eoouo­

'ln)t an grow fJhytdcally without devolopiftl cconomtcally. A alow t~otcue 1n population, 

unl.a Q.ooomputod by some qualltatlvo abanp m tho ~'MY. CJWmpll!lea lt'owth but 

dooa not Con$tftuto Fowtb. ChanicS in tho etrcular now attributal>lo to ~!tternal cau ... 

ses .. •uch as favoorablc weAt.hGr ~0Ddtt1ona .. may occasion :$bod nm adjustments and 

a temporcnoy iner=R m wolfaro. But oconomte growth •~ from wltbln tho fyatoll) 

and d ~cde on Innovation (ttl'ldogonoua factora). 

Thue acoord.itli to f'.dtumpotor. bmovaUona preve»t the a.t.tainmcmt. of atabillty• he 

us rte tbat new arecitta are 1n1l'Oduced into the ay-..m &O that mnovatma onttepreooura 

QU breP. mto tho circular flow and divert ro~rcos to uw employmcmta. Scbumpeter 

conceived of rt•• kinde of lcnovatlon: 

1 . Th 1Dtroc!uot1011 of a now good 

2. Tbe tnttoductt<m <If a new method of prod1.1ctton 

1,z... Sebu~p...otol". J . A.: Tbe Theory of. Ecouomic Devtl?f!Pl!nt~ 

. Ht\rvard Eoonomlo Qudlet,Number Xt.Vl. Cambrldp, ftfullohu.Mtt•. 1934. p. 68 
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3. The opan1ng of a now .waricot 

4. Thu conquest of a now tourco ot supply 

Thua the cODCe!it of lnnovaUo.n la a broad OM, fl\cJuc:Ung cbangee that ilflprOYo 

output ... to-11\pUt ratio•. increuo eff.etive domnnd. roduco input pri"or and tM ~­

Ueatton of latent eoonomtoa of eeale. 

~.~.J THE FAC'l'Ons A:FPllCTIJ!O IHNQYATION 

lt Je en 1mpo .. tble taak .ven to tdentlfy, lot alon• dl8CU88. all the n.rJoua factor• 

affecting iJJDOvation. Tho literature (11Wnly iD tho form of caeo Btudtea) wgellte JUany 

lactors, both coutdbutory &Dd obatructtve, and Uae u-.ost lmportant (Jf Uwse are aruuped 

below: 

1. Re rch and d&v.alopmout activity 

2 • Purobaso aDd flow o! know lodge 

3 . Tcltmt 

"· .Econon:t1c cDvlro%Utlcnt aud market structure 

5. Inve&truont .. 

lt is quite apparellt that aoue of tboeo opetato• In i~latton. and their ~rdepen­

donco providoe an &J:'IWncnt for lt!.ldyina aevotal factor• rather than Ct,;ncmurattng on 

any oao or two. Ho \ler, 1111C tnoet of tbe attonUon recomly paid to problem.a ot 

teclmtcal proarcas and ~conomic srowth hu bean concenw4 wtth the ooutrlbutioa. l'!"'..ade 

by seto~ and technology. the rolo of l'e$Ctl'ch and development activity Jn innovattcmal 

cbanco will conaUtuto tho focal point or thte diee~.esion. 

M:~2 RI:FE!..f!Ql! ANll D~ ·~LOPMENT AQTlVJTY AND Jli}\OVATION 

Studies on the ettceta ~ ~reb. have been handlca.pped by tho lack of any euita• 

ble meuut& ot autmrta of na.wearoh. aad empbaate haa bei'tD on the more easily m sur· 

llbl• inp!!ta. Thia preaeuta reel problems, alnce inputs do not lead directly to outpute 

m the form of innovation or lnvcmtton; for ox:ample~ much rCM~oa.roh conatltuu.a "unpro­

ductive etturt" m that It ahowa no oono~ .rctaUlW. l'ut1he1-mo-re. any form of mea­

sureiDmlt of output of r.aearch aDd developmont must ISUHor (.L-on> the. fact that there 

lea defimte lag iovolvod betwen tnput ud output. A •YDOI>'l8 of tho literature reveals 

that. broadly l;*lktaa. there have been four related types ol study into tho o!t'ecta of 

rc:tlellrch on growth whlch have clatr:1ed at.tenttontn rePent year&. 
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1. "TbJrd factot" atudtu at a hip level of agrepttoa. 

a. studlu 1ee!daa to eatabUih rolauouhtps betweou ~ meaiUro of technlcal 

advanoe th:rouah the uae of econometric methode. 

3. Studle• lleeklq to eatablt.h nlattonabipe between eomo m aure of rb..arcll 

output .. UIU&lly patcllt at.at1st1ca - and moasurca of teohnioal advaace. 

f. Cue atudtea of tncUvklllal roeearch diaooverto aDd mvemlons. 

fA addition, there ball ~a futh aroup of atudloa wb!ch utempt to bridge the 

gap betWeen z aDd 3 .oove aDd \Yhlch seek toput-ou.tput rolatloaA!pe tor rcMaroh 

acttvtt1M, rep:rdl••• of tbetr eoonomtc impact. For eamplo, atudt• of relatloo ... 

ahlp8 between value• of ~ to research. and patent statiatto•. Th • ltUdlo1 

eaaent.fally prucot a tMareh for a ••reaearch prodacUoo functloD. •• 

The 'ttblrd factor .tOOt~·· stem from the applicatiOil at Cobb-Douclu aDd derl­

vatlft fuuetloaa to the cbaraoteriatfca ot COCDOmlo crowth in NYeftl aClvaaced Countrtel, 

ata4 alat'&e aumber of ecoaomtata bave boon~ fn th1a field ln tho recet1t l)Ut.
1

) 

The main ~rt.l coacluion to bo dtaWD from then atudtet 11 that a aul'prlemgly stt)8.}1 

Pt~ of tho &liiU.&al· average ci"Oifth of cro-• Datlocal produot lD the ad~ •co-­

aomtu can be explatnod ltMUUcaUy by tnere&AI to homogeneou capltal UKllabour 

!DpoU~ A 1'thlrd faotorH or "reakluar~ o.- "'teclmtaat ehup factor" le k1cmiifted. which 

liJ asaumed to 1100ount for the effect oa growth ot output of avch factor• aa Jmprovemellt 

11llabcur •Jdllt. beeltb ud eduoattca, improvome1Q In the orpe«zatlaa of l,)l'Oduo­

tJoa. ocOAOmlea of aca1e and hnprovemente ill the tecbntquea ~ produotiOil. tJntortu­

Mt.ly. DO ..UI!notory toolmlq\le baa boen fOUbl for u~~· the tb1t'd factor 

wbioh rematualn a real way. t•a coelftotat of tgnoranoe. •· The main •tanlflcanoo of 

tboe .wdtee hu bMn to draw attenttoa to the poealble economic ~gnlf1C~Wce of a num­

ber d faetora (amoapt them thoao tnnuencod by odu~cm and re-reh). which 1n lhort 

term economic ...,_Yttl• an P~MJrally taken u given. Sec<mdly. w:lthout providiq po­

aitlve evt&moe, ptoduotica f.uuottan ualyMil lea~ roon1 for the auppoeittoe tbat tech-

1. e. g. Demaoa. E. F. "11\e fJ!Alrga 2( E0992mtc Ql'!!!tb in ty Y!!itJ£1 8tate! !19 th Al .. 
t.a£!YI&1vqt JW2ro U!.• Commtttoe lor Economtc DavelopJJ.Ulllt. New York~ 1962. 
Solow. B. M'. ''Teclmlcal CbaJlle ud tho J\.arep.te Ptoduotloll J\mctioa.'1 The lJevte 
2f §goxn_tgi!J'1 f&!UfiURI. Volume M. Aupat 195,. p. 812- 320 
Kendrick. J. ·:.: "Producttvtty Tte1Kla, caplt.J and tabotU'." IQt f.t:d!!f gf EOOft2: 
m!M 1M Qatt!Uqf. Volt.tme as. Auau-t 1eae. p. a•s ... 25'1 
Maoel. B. JP. : ··capital Fonr.attm ud T~bnologtcal Cllup Jn UJlJ.t~ SWea Manu­
faotudDI.'' 1}1, Jk!lew, ~. E~SI fn!l9ft!f!!£!, Volume XLJI, May lSGO. p. 182 -
p. 188, 
Aukrut. 0 ! "PaotoN~ d Economto Developmentt a Reviow of Recent ~~e<lt<h", ,Prgdyg­
t!YltJ MP!Mm.mtnt l!t!!~ February 1001. p. 6- aa. 
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- n1cal1mprov~ In productton ptooelao4 (c>erhaPt adet.ns from rc&C)Arch) ma~e 

an Important comrtbutlon to poowth. 

~ aeeoad ud thtrd type• of atudy ment10118d are exempUftod by att.empta to 

oott'eltno lnput8 to rucareh 1n fiaauclal torme with varlou. meaat.aremem• ot output. 

For cample, l"'Mal"ch IJ'ld developmeat e:xpendlturea. 1Uitabl1 weig.htedt are plottod 

aptnat rata ol sroa• aattoaal p.roctuet or aptut per capita ll"(HHI national product' 

or nt~earch a:od developmeDt apendi~ at the finn l*Velare plotted aptut r&­

ductlou bi unlt coeta or tntp~~=- tn labour productivity. Jn p!lGral. the oor­

relatiou ~tnod are not very aoocJ, partlwlal"ly when the eomparl~ arc made at 

a hl&b level of ...... ptiOD. Ce'ttata illterfirm COMPI.'r:iaont ACb a. the OJDO \lnderta ... 

kelt by Vtua1iU l) baYe however 81~ more promiatns results, but they bav• not 

beeJl 1uch u to give a autfto!eDtly anew bull tor 8etUns up explaoatory equaUooa. 

Fl'om thla pomt of vt.w tbero are atlU aorloua dlfttoulUea to cm-.rcome, ID particular 

the problem of detenn1Dlna the relevallt time lap between hlcurr!DI tUe&rch costa aDd 

applying re reb reaultll. aDd1for a complete epooUteatlon, the prablem of ta~Glataoc 

a research produatt<m ftlDCtloo. The maiD contrtbcltton of theae .tudies to elate hu 

beets to allow a poalttve correlattoo ~ weipted mo&JNrOI of re-roh ucl dev .. 

lopJDet expeDdUure•, aad for aumple the rate of tmprov•me.at of labour prod\.totlvlty 

wxler •rta.m. probclbly &pecfal,otrcumetanoee. 

Probably th ~ paeitJve evidence that there ll •omo rclattonehlp bu come from 

cue atudiea olhl.-emm acttvlty,of S1td1vldl.t roaoarob d11coverJ.ea
1
aad of a rwmbot-

of important btdwltrlal and aarloultun11Daovatlou. !) The reaulte tA thue atu.dtea 

have ln larp meaettre been qwllitatlve. but they have tbe mont that tbey UDC~t eome 

of the ov•r-aimpllflcatioaa upon which mom quutltattve arJalysee are hued. 11le go­

DOtal CODOluat~ to be drawn from theM .001 • 1a limited. but aeverthelea,e they pre­

aent a uaeful start; they lnc:Ucate tbat r.-l'Ch cmd development hu been a ~ry 1 

but 001 ...!Bf!!otat faotor, ill a ~rae mnnbor of techt\olopcal adTanoce Jn the patt. tn 

addltt<2D. they $1ve eupport to tho Yift that r aeueh ud deYelcpment hu play.d a 

necca•ey role In put economic crowth 1u the advuloed ~rtea. thlia provtdtng om• 

pirtcal 11\lpport for J)NYfoue analysla. 

1. Mflautu. J .R t »The .couomloa ot Buearch and Development•• t 'l]!,e nat !!¥!, 
DtrecUOD C)f Inventive ~cttvlty op clt. p. 03- 141 

2. e. I · Drown, W: ''lnno~at~oa 1n the Machin Tool Industry'', ~rterly J<J!!rrutl 
of £eonoro1ce, 185'1 . 
Enos. J . L. ·tnve12t1on ud InnovatJOG in the Petroleum Refinlng Jnduatry. '' Ill! 
Bet! anJ Q!D'l!!Ol? ?f tDv!Df.!Ye $\!vity, op ctt. p. 29ff- 32!. 
Freeman. C~ nThe Plaatioa Indust-ry: a Com~rit1ve study ot Retleal"Cb and lftno­
\'1ltion. •• N&!!ope.l J:!!Ut~• r:oonomlc Reo~ 7 May 1VG2. 
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Tbts n1ethod of 1tudy reveru back to Scbumpeuu· ud his theory of lms<rYatfcm.l 

cb1Jll8. The fnnnewol:'k developed by Bcbumpeter has em\bled modem author• to 

point out that bmovatlon referred to in the ttenso of the mtroducUon o! a new .,00, 

the intrQductlon of a lle\V "Cotbod of production, ADd the opentng of a MW market, 1• 

often dependent on technicsltu'featicm wbicb tn turn ta froquutly the re1ult or ao1on­

tif1o re~earoh. !oaovation thoD may be defined ae ''the lntroduett~ of new and tm­

pi"O'f'ed proceaeea ud produota 1m tho economy", and ta obarn.oterised by the wo!'da 

'*eha:np" and .. producttoa•t. lt tnl-'Olvetl a cba'fl&'O in the prorluetlve ayaterr. a• o. reault 

of the introduction ot a aew ... or tlle hr.;pt'OV'e~ent of an Old•tinc- product, prooeu, 

~quo or method. u4 is •aid to exlat u from the ttmo tho change te actually put 

into operation. Tho torm *'Um.ovattoo .. t1 also applied to the introduction of euob 

chimp Into other ftnna or toduatdoa, or into ath•'l" countr1e•. 

'l'hte de!Jottion of innon.ti(lll dta.r• from the tradftloul approaob of Sohumpeter. 

I. e . of (,llvldblg tho prooeea of technloal chanp into the three parta: innovation, tnven• 

Uon and 1m1tattou. acb.umpoter•e Interpretation of bmnvauon was both uBP*Olal nand 

nuo.rrow" .. apeofal in the MUO of not being oonflned to teohaoloatcal produetion but 

i:neludlnl new market1q tecbntquea. ote. • uanow in the ~so of beht; • "firet ~nd 

OJlly time" oonoept, i •• • latroduetna a DeW' dovelO{mlent. 'My definition or inno~auon 

agrHa wtth htll Wider definition JOin~ beyond the retttrlcttvo appllcatlon of imlovation 

ontalliq r1fJ\V scientific and teclm.oloalcal broakthroughs. t also consider. however, 

that bm<mltlon ehould be interpreted mol"ff broadly to include all related activit.¥ reaul­

tmc m improvementa tn proce11u and pr~oUJ. aJll1 that the conventional divaion of 

ln~entlon, mr10vatlon and mutation doea not ompbuiiC th~ tnterdopendeut nature of all 

tbe stope of the tbu ~oqu.ence. Jnaovatloe is a broader eouccpt cmcompaastaa- the etepg 

loading up to, ud tho auhflequent epread of cbanpa throulbou.t the uaUcmalt ad inter­

Mtional ~ economy. However. for the purpoe • of this study llhall regard innovation 

1n the rather &l*Jtal 114mH refetred to above ... X~Utely. to technological bmovatiou. en ... 

tatUn; new set.nttfle and toehnolOiioal t'broak.tbrougha. u 

neprdtna innovation m tbta 1'1U\rJ!ler reveal• tbat the change hu a Uientlfto ba&et 

and we muat ctms1der the ateps loacUna up from the •cientifto ~Mae to the eventual ap­

pl!ca~ion of the ktlowl.._ ll:l the form ot an innovatton. Tbls 'cycle' or: an expaulon tn 

scidttiic luloWledp and ita poeetble impact 01t economtc growth has been cleaorlbed 0}1 u . 
81mon Itar:ncta tn tht followbal manner: 

1. Kumeta. fh Sa Lecture• fn I.:conomio Growth. Tho Free Presa, Chlctgo. 1964 ......,..,.. 'II- loll I • II 1!4• ~~ -~- . ~- _...,.__.___, 

p. 58 
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" We lllaf dl•Ungu11b the followlq: a aoleDtlflc disoovery - an ddltton 
to knowled , ranstn1 from a minor itom Uke th formula for new or­
pule oompouad to a. ma,tor prl.Dolplel:lke that rel&Uac matter and enctrlf; 
an invODtlOD - a teated. oombtnatlOD of already wauna knawledp to a uaefw 

; u lrmovatton - en lnittal and Jiplflcant appUeattoa of an fnventlon. 
wbeU.t ~oloatcal or .oclat. to eoouomJo production: au U: p1~vemut -
a minOr bettefioial <:1uLqe 1n a known mvenuoa or procoP In the courae 
of the appllcaU«i. aDd finally the $~)read or an trmovatlon, u•uaUy acoom• 
panted by bnprovementa eithor throusb ateulve imitation or internal p-owtb. 
Wbtte theae can be a aucco•alve phue .. from dtsoovory to tnventton 
to 1ano>~aUcm to improven.ent to apreacl - there la alto a f oac etf•ct. 
n. apread of tnnovatlona may fa~~r furtber Inventions, and tb~ latter r.r:ay 
at1rl Jato further di600Very. " 

It may be helpful to vlsuallso a time aoquenco of the step precedln- and ccoodmg 

"lntttal tDDovatlon'' • A po,t•Ible c;onfipratlcn i• pv n in the follmvtna diapm r -
1) 

produced fl'om report of the O • ..: . • C. D. 

TH: SEQYENCE OF ~NOVATIOfi 

1.~------- 20 ... 8$ Year 

A. lDttlal Idea ~0 ______ 1 _______ 2 ______ s _____ • 
or Recognl­
Uon of need 

Invention 

Teabnically F etble f National £oonomy Joternattonal 

(Flrxn and lrldu&try) Use 

Commercial £ucct1e? 

lmprovemanta of 

D. Utility or 
fit ~~ .I I\ 

Received Tranalation mto Comm rdal Production: 
Init ial ~'Point" Innovation 

lno •1111 Time 

1. . Orpntutlon for Econorntc Co-operatt01'1 aDd Developmcl\t, Tht Faqter•. A.f-
fectip&,:rJ"tC-lm!p&l !U!m~ac : f.lomG Emp!rioal J;Tidence, DAS/ SPR/ 65 .12 
Paris. Stb 1\faroh 1965 .. p . 1. 
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The ext naion af basic eclontific tnOWledp. parttcularl} when ta:...n m conjunction 

with oxtattng "J'Owladp. allows for new appltcstiona 1n new produete. maobt.n.e tool 

d &llf2, materials and machlnlrl& proc.aaca. 

Tba deftnttiou of reaearcb and do•elopnumt aclivttte• w lball uae are those drawn 

up by the {}qaniaatlon for Eccmonllc Co-operaUon and Developme11t ( OECl>). l) The 

nual Mts out tbe followiJ11 brOAd defJ.DltloruJ of retearch aDd nlated aotLvitles: 

1. FUDdamental rea.earobs which ja work utdertakcn prl rUy for the advancern nt 

of ctentiflc lmowledp without a apocifio practical appltcatton in view. 

2. ,. pplled research, which Ja deflned. u reeearoh wor-k undertaken primarily for th• 

achanoemcmt of acientirte knowledge. but with a specUle practical alm m view. 

S. Dovelopment. which 1a the u• of the reaulta off Iadamental (or ba•ic). and applied 

roeoarch directed to the hltroduction of uH:fu.l materials, deYi<JGs, products, ay•­

tema aDd proceaees. or the in provemont of e~IRiDJ one•. 

However. •• the manual polut. out, tboao deflniUona are net sufftoiont in themNlvC!s, 

aad it .ta neeeal&ry to amplify them by st&Ddard "oonventtCill ... which demarcate pre­

oltely the bol'ders between ·ceatarch aoo uon ... l1tse31'Ch aothW••· Two main trontJere 

which .require tueb definition are: 

(a) Tb.e t-oundariH betWeen t'PC!G.tcb aiHi dev topmeut u a whole and aeveral related 

aciwtific acUvtties disouaMd low. 

(b) 1'he boofldariee between reacarch and developt.. nt and a munbor of non---eoiefttlno 

actlvitle• o{ wbieb inductr1al production 1• perbap8 tbe moat important. 

R ta obvious that the measuroment of all aoientiflo. rmd even eoonomfe, •ct.l\ritlea tn­

''olve u elo em of arblt1'ti.Ti:r~.Js. in aottUn, borde:tl:tn4ta. and thoro will always bo 

roon for arpm nt bout the particular def1n1Uon wbleb ia ~. Thua, the demar .... 

eauon of CroJ:ltiere wUl be a matter of OOI'lvoati«t, acd tor the purpoaes of surv: ye of 

reJWtaroh and development aetlvity, the 0 t c tJ manual ex.cl\\dee the following ·~ 

IK'al'cb ~lated aet1y1tie.e'' from .reaearcb aDd neto lcpment. proper: 

(i) SotentU'ic infOl"D"&tl<m activity o.omprletPg • 11 aapect. of 'oommunloatlOll amMlJ 

acientieta. 

(it) Tratmns aDd oduoatJon, inel\Ktlns formal untverefty .OOcatSOI\ m eclence aDd enp ... 

neorlng as well •• formal~Jetenttflc tl'·amlng. 

(iU) General or broad purpose dl.'- colleotlon. 

(fV) Tcetlng ud atudardb:.atico and 11011-routtne qualfty teating. 

1. 0 . E. c. D, Propo!td E'taJJ4ard ~Uce tor Ulnn• of Rt~!@rch and Devol9QA1ent, 
D. 5/ 0D/12/47 (3rd 'lovi ioa), ~rlt. l iCS. p. 11 - iO. 



AU the •bove aotSvltiea aro akin to, but MPC-rately identlfJable rrom. retearcb 

and d~w•lopment. and ebould bo oxcludod from a dtecuA1on of reeearoh and de• 

velopment proper. 

In addition to the actnutto aetlvttlea related to research and development1the.re 

are a nw:rsbtJr of acU\'itlH wbioh draw on tbo 80.rvtces of ac1entlfio per801l1101 but 

which a:ust be excluded from rcJiee.rob $lUI <kn-olopment. T.b .. non;:!!~ 

activit.!£! inclucSe: 

(I) AU legal admint•mive wor bJ oonnecttot1 "1th patent appUeaUona, recorda 

ud Utlption. 

(U) nouttne testtngud analyai• of allldna. 

(lit) other techlllcal ~enioee for produetton uelta. cut~ton\ett, or other raon-re­

Sf!&rch bodJes. 

The guiding Uno to dlattnauiah reacarab and dovolopme'l:lt activity fl"'!:l aoa-reaearch 

act.lvtty 1s the preacmco or abeol'\ce of an elem at of otWelty or imovatim. Inaofar u 

tbe aoUvity follow• oe8tabliehed routtne pattem,tt le not :rea.rch and development. 

tr.aofar •• tt depllm from routine and breaka new gTOUDd, it quaUfle• •• re roh 

and de\telopmnt~ It ts evident thAt tho appUcatton of tbNe eonventtoaa requtrea 

careful oxan11DaUon ar.d judpment. ud that Inevitably, they ar• to aome -.at arbi .. 

trary. Th•r do, howovor; provide a rational and pmotioal buts tor maksns tho dlfft­

cult dletinotlon botween ~aeanh ant\ de¥elopmoht aDd u,_..latcd actlvit!Ga". 

neturnms; to research and developt¥..ent proper. we find dilflculty too hl tbo preolse 

demarcation of tho froGttcr• between tbe three phases of reJOarch. namely bcudo re­

eeuob, applkMireeearch. and <!oYelopt:leut wor •• Tbe go nlly recoplaod ~ruerton 

for d18Uapi£hllla baaic and appliad rctrearoh ia tho lntenttoo I.Wderlytq tb ~ae&reh. 

In ~l" word8, altboup both bulo t1od applied I'OM&rch bavo the oommon abn of un­

ooveriDJ aow knuwledgo. tho former ia undertiAkon pu~ly for tb$ sake of that new 
knowlodp, and DOt wttb tho hstontioa of practiClltl appUcatlon of that knowledp. AppUed 

reuarch, however, ta UDdertaken wttb tho above practical application tn mind. Applted 

retarch ts not to be cC3lfuaed with 'orientated' t.ato teeearcb. Bulc reaoarch ta 

&Wd tO be 'l!!!.H if the reaearcb worker 1• fl'eo to choose bia ftetd. propoammo and 

.1t1.ethod of wortr... ud "ottentated·~ It the Nturcll worker le free to choose hla p~ 

a;rao~me rmd method of work, but not hie field of wotl(, In both lneta.acee the rosearah 

!a dir cted towant. the lno.ccaee of lmowtedg\) without any epoetflo practieal objoctive. 
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Mot• difficult to demar-cate h& over t• tt , frontleT betwee't'\. de*'~lopmel\l~ pro­

du«loD tn the 1ndutJtr1al aector. k la p~~eralty accept~ that the deaip, develop--

~. consb''UatioD and tutina of prototyp.a Uld pil ot plant to u eaaenttal part ol 

r..,.rob Mld devel~. The mn.tu dJfficulC.y U tJ f.n dot.rmblin& the point at 

whlch Una dev lopment work ceuoa lnd productfcn bo&lna. In ®tenntnktc W• 

''c-olt-off'' point batwoeD devel~t IUld produetton, mdtv1dt.al ju.dp.Ment ia bOUnd 

to ptav aome part, uno defJnlti<ll oould pombly embn&ce tho illftmte ftriety of 

otrcwnatueea Wblob ITlse In practtoo. The bae1c criterion employed b7 tbe NaUon-
1) . 

a.l Sc1cmoe 'Foundation provldos a Ieuonable baat. of dlvfelon~ 

n If the primary obJocU ia to make f~cr tmprovomc.m~ on th product or pro­
co&•• then the work comes within the deflnltlon or re.,.roh and develop~n•nt . 
lf. oa tho other band .. the product or proocae la subaant~y nset:'• IDd the prt ... 
t<ltlry ®~oth·e is to develope l.QArkcts or to do pn .. productton planntnc. or to 
g&t the productioa proooea 10tna amootbly, eben the work ia no longer n rah 
aDC dov }opmf!nt. H 

Thu-,w tho ebcwe com~reaearch ia tal..a to mean •yat.emattc lntenaive atudy to 

ad-veoe lmowlodp in aU field# c»vantd by the phyaieal •ci()ll.COI, 11f• aotcuoea and 

oqiaaering. Jt axoludee ruearch iD the soctal aclencea. Jaw, ~uon. arte aad 

humantttoa, marl:At reeearoh abd tho routta ptbmn1 of atatlatitlfJ, and it excludes 

allacti•.lUea ~under '''~llftArch related actl"Vlttc•u and "non- .reaearch act.fvt• 

tie•" aa detlnod above. 

lJl vlewblg the "iDVentive pt'Oei)s• .. u • now of kleas through var'loua etape, 1t tnuat 

be empbaat•od tbat Ulta is not a simple UJitndlrcctlOnal flow fr01!l OM ~ to the next. 

from Jaeeptton to del-.. lopmeDt to uvontual adoptlOD. but U'l&t thoro a:re uwally olOH 

mt.r-relattouhlpa betw.cn tbe thr ft.otor. defined above. If the output ol uy sta~ 

may become qa1b .-a Input or tho -.me atap or oven an earlier etqe, one ~· 

nowada,. of a "feedback"• aeveral ncb fGOdbacks Cldat 1!1. the :lhventive procou. For 

e:xample, do-v lopmeDt 1Dehlde1 ,.tho engineering aeth'Uy requirod to advanoo tho &t· 

1tp of a product or pt"OOesa to the pohat whore it meeta ~tflc funotiooal or ecoftO"' 

mto requlreJnellte aDd can be turuod oYer to maswtaeturtng unlta., . l ) But it te obvious 

that after a MW product or proceae bu beon tumed ovor to ~ D'ii!Wf.aoturbli unlta, 

there w1U often stlll be tcobnical problema to be aolved belo1·• 110rmal production nowa 
1mocthly. Tbla proces• of •• tUcg the bup out." mAY Involve 10me funhor research 

ADd dtlvclopmont work, u a feed-baok from opocific probloma ocountored in t rial 

produd101l. 

1. N.S. F . : ~ol9:a: of,.Pf;atlglma on !gqrab. a!'],De'Ve~ ;uhlagton, 
Dtcombol". 19& • p. 13. 

2 . O. £ . C. D. : f£®!!!!9 ~ ~etic,,for y.rveva ot 1l«'&el!'9h yd Rgvf!}29"' 
~, Pari• 1t8G. p . 1• . 
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In a.dd!tioo, thoro le a moro fUlldamenbll w tcttmate lattoulllp amona the know ... 

lod produe!n« aoUvftice. AI K.ur:Detl pointl ot.tt: l) 

t• \ ;• bep with the dcw•loprntmts iit •cleftc6 *Aloh. -.i!lOe tbe It.to n!Mteenth 
century, have been mceea•ii\IIY the doMfMnt ~r o1 invention ud major 
technolo;t 1 o affeetma eco.nomlo prod ction n.Dd eooaumptlon. ' 'e 
are wime••Jns • bl ra£D of additlcme to eei«ltffic wvrk &Uld dlleOMl")', re-
lfttlUDg tn raJ. fl'oL1 two faetor•. Th fJrat 1a the cnmuJaUm lmpaot ot 
t natural ~tezce dit~etpU upo: each other. the hllfutr level of auatnmont 
1n pb.v.ae s'ivillgl~s to cllomlatry.. tbiU in chomlatrv tdfectlut: ph} •f.c•t 
aDd ao on dOWD tho Uno. Thsrtt !a a elmllar trn 1 rolnforoq effect in 
tbe development ot pu theory and ot teeh~ioal capao1ty tor exptJrlmelltaUOil. 
Adw.Me1 1D experlmoutal motllod and l."'dUlte, conditioned In part by the ge­
neral rl .. in the productive powors of aoolety, parmit teet. ud esperh-...ent. 
that ltad to recoD8idoraUon aDd TeVieiOD of theory, which In tum le1ld to new 
eJtpe'l"im.nte dembdlq hlghor lov.t. of teclmt J perform2nee. The tr.ter­
diecipUDary oha:raoter of ooalo ro rob m the natural •clencos ha• actfaneed 
rapldly In tbe put fff'fl , and advaacee have been equally -rapid 1D the 
nlatite be. tween tbeoretteal work eu what ml&bt oo caUod. oxperbneutal and 
applied teobo.olocY. ThJ• stJmulattn1 tnt 1"'-deponder.loe may come lnere&-
lnpy ffecttve 1D the 4oaadca to come. ACCOlert.titl the rate of additi to 
to~ uaoful knowl • •• 

Tecbnology bi turn augm ntt act lfto kn<M'htdp. With the riao of tnodetn ecS.uee, 

we p~rally 1h1nk of reaaarch aDd develop~ as tb promoter of cur.-n:nt tecbllology, 

but the latter contklue• to atd in the p~a of aoi • Example ot tccbnology 

aJdmg eotcnce &l'i the mlcroacope w1th ita mw.luaJJle •mco to r.oolog,y, bl&)lOJY and 

buteliology; ud the hllh-'PC*l automatkl oom~tor In tlMt Ml'Vlo. of matlwmat1o•• 

phyaloa and en rinl· 

c~. 

baYe td that three broad catoaorlee of knowledp ... produotna ctivttloa ~Jan be 

dlatlngutabc'd~ pure or bulc t-o reb. a lled re :reb. ~d developtnent. :each of 

tbeae pl.~ovldoa kft ledJe U1puta for the othcr5 aad for itaclf. and the diffe 

R.rllona thel run in t.nne of ol041Cne8t to economic 13C, economic vcr.aue DOD-econo-

iC 1POtbaUon, nd tbe decree of novelt:f 1n O}'fed. Ul~rmorc. 

dfffercmeoa ADd the e1ttent of ouwort aaoordtc.t ach activity largely ~nact the dlffer­

inJ approprlabillt. of the aulta. 

lD thla eOMeetton It !a uaetul to treat both fundamental rca rob Alltl tho mol-e applted 

forrn£ of 1 -~\·• activity aa part of a ~rum of actlYittoa atmod at .tnoreaeina: 

our ok ol ecie ifio and tecbntcal knowledp. ,,t ~ eod of tho apootnu:n.tetealc 

praeucal euatneor · • fsfo.vmg from th& 

l . m.v.~ ta, 6; cae1tJll1Il U'!g !MrJ ., 'f2!0nlf• .N4UOPalll:ureau Gf Economio 
Itesoarch, Pr.ln¢etan UD1ve~1ty Prose, PdllC!MOO. 1861. 



.. 51 ... 

p ... te ecf• n end of the •peetru . to tho enflneerln end, tha uaal• beeo e moro 

rat .rly dcli it~ t r n:• of apoctflc pracUO! l p otlern•; tb predfctabUlty of the 

~ ult. w !I to tncrau~ the cba!'lOCII tJmt the rotl'Jlts wtll be dtreotly of lJIO in­

ereaee ~ aM tho cbaft~• c4 patenttnc tn prove We have old that ter.lulolOCY la 

· .nowlc p a}·OI}t tho pbr afa.l and Ute sclortCes •• appl.od to pr-acUcal p. rpoH•. 

'fu any en a!tu.a.tim"~ v.ral co enttffo and te~lmt 1 acttvm•• !'ty contribtrto 

to the developrn t of Uti now ledge I'D epeoi!i~ ways. 

n tha f1rst ·vatttn ~,th. ro may f ~dam ntnl tO$earch wh.tr.h .-··· the prinoiple• 

·ll'1 r-1 yh'!f th ·• ~ owl 10 S ·ob reb ' not _,.h·ecte:i towa-rd ll)eclf1o ond 

prod tt or proc de ... ·olopxrttnt but rather towarda tho '!ntleratandfnl of an rea ol 

\<l'l'Wit d . . A& f'I).Cb, the diraot ot.tput of tNd ~rob •• Scfonnauon. In fact baetc 

reaearch (and applied reeearch) 18 mot1.ate4 by tho l&ch. of Jnformat.ton, and wheD tbat 

fnformaUOil hu been ~. tbe research t~by dotJnttlon~pleted. Tbe reeult 

of put at baa.ib rOMArch then la tho creation of uew knowl whleh. lll the pbysi· 

oalacicneoa. ta concerned With tho stt'Uctural aDd dyntu:l1c properttu of matter. lt 

1• the prooesa of <u ttL math l:Ulttcal oquaUCJG.a fUJrl/crr ~rimental prooedllrc• 

ftioh explain obHr\'&ble (ma.n-J:':l&de or nature--JI:Wio) 

Appl1cd reHQ.;ooh furth•r ct-yat&lU • the true nature of thla la:owle<fso (or other e•-

tablt bed or now kn:wled ) dononatratcs tta potontJal utility through the utJe or 
boD.Ch- cafo apt.aratu. ln tho. mertc:an tontrlnolOty, applied ro roh ie tho plalulod 

acamb for now eowledp (wh•tb.or foUowJng w bu1o re-rch f1udirtp or not) which 

is ~to have a upn.ctfcal pay-off." Applied research acrtlv1tt08 are tbua dit"CO· 

ted towards bu11dtns up a tttctmologtoal aeore or dtrt.alled information whtch wUl act •• 

a bel for 1p.ocU'to product or prooo•• devclopm.ma or u a bas. toWard soh-Jna day­

to-day proM ems Within tho limite oC y-to--d:ly induatr1al or asrtcul tul.'A.l aoU•Ity. 

'l'bts th follow• t l5tage of baaio re rch and 1nvolvOIJ the appHcation of t.nowl · p 

to pre"iGWSly un~lved probl•m•. It ean either bo produot-orlentatad or teclmlque.­

orle~tntad. and the r. y chsracter of applied resea:-ch .t. tb UDcertafnty ot the outcome 

of a proposed project. S1l\ th IU:oblern at hand l$ pret1oualy uuaolvet.l. main 

obJect ta to demoutraw tbat the oJrtattns knowlodp oan be und to pt'(lduoo a eolutton. 

The fact that tbe grc& of uncertaJ.Dty can vary o r a w1do apeotntm u previ00al1 

mentioned gi'\'e• riM to a maior difttoulty ln dcfbllntt olea:t-e '1 eeparattOZI betweoa ap• 

pUed rveoaroh and o.ctlvitlet whlch pre and follow it. At one extrerr.e, 1t ia DOt 

UDCOmmDD to find applied Tonarch proposala whoao outcome t. so uncortaln u to re-

qull'CJ in fact crtatlon of rew ka.owledgc ... bacic ra catch. e have said tbo.t uooer-
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tamty dlmiDt • alcq tbo apoetram from basic 1'0eearch to duvelop.ment, and this 

but major efteot «1 the lt.flture at thrJ tnetttutiou podormh\fr the variowl typea of 

nt8earob. R ~ reaeareh as a ooet/ inveetmeat, with unoortablty of outcome 

as u tmporitmt taotor to be oomlidenrd. we find that profit tDcmstives work a great 

deal better in appUcd rea44roh • C.t•elopmem activJtiea tlw'l tn boelc re.-reh. 

Tbi1 hu eouiderablo bearl1ll on tbo m.tttut.t011al fra ~ot for reasoaroh. as wen net 

eocatltuttq:taotor at major tmpottano~ ln doal"'lng etfeetivo public pol1ey. Daalc 

r reb ad *Ome appltod reM&roh 11 ftetl\lly porfor ed lA pornmem-aupported 

or non-profit orp.otu.tt oh u the Wlivcl"tttle in South fnca. and t Councll 

tot ScJ lfto ud Jn<hletrJal Reseal:'Oh. Thlu ta l'Ot at ya the caac etnee rn.any tlnne 

Will matntam a blelc) retaeal"oh procrauun in thoir parUoular field of produeiton f<Jr 

tho purpo of exploitmcao major breakthrough, .tlould it occur. n ev•r s aince 

most lnclustrtnll"8eenrch labontort e to regard r rch u t.n tnve&tm~nt. or a 

uapoaulatloa tn proaperJtyH 1hey tend to oonoomrate ir reea:~:rob a.oUvltf • un tho 

I tter part cf tho apeclrwn...(ll] applied re r<,i\ do~lopment ttotivitt a ... wbcre 

~ outcom ot tbe p:ro)eet ta mon 011rtaln, aDd f'practi~l payoff ' can be vlat·~tllscd, 

and, jf poaaJblel for cut in quanttt•tivo w.rms: 

•·ne reb t• a eoet/lo.v~. fa.r !rom d liverlnJgunrnntced resulte, 1t te 
a htchly apoculatiw. hiahl! w1~t1aln effort tmtt reqt.d:to8 tbe P' te.t sm;maprtal 
comootottco to pr htoo ~ 1te. ,.1) 

Confu.alou C1li to th4 tl'U$ IJ4tUro of ltPf,.JUod re reb t)()QIJr8 moet frequ.mlv at the othor 

end of the apectrum of uncertainty where tt may be~ Yltl1 development. DeY ... 

lopmcnt is the appU<saUon ol ! . ~ ~!! !9]yUOJ!. to the ooutructtOD. of a de• tee 

or to the do lopment ol ~t prooedure to spcetttc perfonnuoe oharactor..Ucai or it 

oau be roprded aa a t ohrueru aettvity ~c:a1'1*1 ·with :om-routltlC probleme en­

oounierod 1ll en: ina or improving ~atrial proc!uota or pt'OOGaaoa. The main deft ... 

n!Uonnl problem ariaea trom the fact th:lt althouab appUod re.mroh nd d velopment 

activitS. are very •tlllAlar (uauaUy OOtb !n.,~lv the ~l"U.CtJOI\ of a 'W'Ot'ktDg devi~) 

t ir pul"poooa aro ~ntlroly dUfe t. The former 18 undertaken merely to .UW that 

• particular prublem can bo solved; the pu...,oM ot tho latter te to ~tart a oba.m of 

a.&Gpa bieh ev Uy lead.e to olf•:rJns a /lMprOftd product to poteDUal euatomora, 

or to th iDtroductlon C'/1. a MW/t prt>'Nd teohntque tnto production. DovelO{>mCDt Pt'O-

lecta th are those wbioh aro d!r towar a epeoJflo new or improved product 

----·-·-l·--~·,·----------------·-~·-·---------------------------------
1. ::'tllrul, J . B.: ''TJ'Mad trfn3 a rch Fe ··Ita to c'')pemtioos," J;grwrd 1!!11-

»J.Y Bevl,ca, Januaey- February 1003, p. &9 
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or procc••· A proJect of tht• caw• ia tanafble aDd it rewltai upoo 8Ucoenrw eon­

cktetcm, ln a workable oommorciftl proce• or product. CharaotorteticaUy. th9o 

proJect. have: 

(t) A apecUtc eftd .. poict or r~eL lt. 

(U) A time obJective or tarcot for oc.mpl.Uon - thla can and ahoold be c8labll&hecl 

with a rett10llable dqree of accuracy. 

(ill) A fairly clear pattern; although the dovolopmem l)t'Oject8 M &\ whole aro DOD ... 

repctJUve. tb(l pattern ol atepa- ettber all or In part- \.laually 1a ropetitlve. 

(tv) Steps whicll are la:rcoty mecharuoa1. u ln dn.!UDJ, model makm;, or pilot ope· 

ratloae and tolling. 

(v) Compa11i1ou wtth ehntlar .toga 1D preeodloa pt'ojootl. 

The atartinl pomt <t a. de'cfOlO;tm nt proJoet le a uoluttQll in prJD¢iple; tho r•d polr.lt te 

a solut ion ln vractiee, or ra olutlon fD " r dWare•·, and tbe requ.tror .ent t. to tra-.orM 

tbo lntol"V.,."lfn& diatan~ at cdnhnw: coat and m1nJmum ttmo; dtK<clopr~t work tbua 

rugua .1n eharactt!r fn>m tmprovemcmta of an e8tablisbed product to highly creathe 

applloattone ot ectenttttc d~oowrtea. 

!:j.6 Tl:~JINOL9QJCA L lNNOV.ATlOlL:: TH .APPUCATION 0 RE E~!£1! 

From the a~ aiJ&lf81a Jt can be socna that reM&teb output falll tnto two broad catogortea: 

1. Th dir!ot prOtkleta ":,!D!,rr ~ 

Tbt• includu an of tho O(l!W lmawted • ft>nnulatlont, tl8tent applleatJou, operattug 

lutnctkl.u, prod~et speeiffcaitOftiJ. fldvtce, dtapc)ete of difttcultleli1Ml't"ice rept.t.l'U, 

and all other inforJJ"":aUon tul"DOd out ln accordatloe wltb the obJ~l'Ves of a naearoh 

a~d development P~'~. Tbia il an !Pf:!rznedJe.te .tep tn the aecomplt8bmellt 

of eeonoadc rcsulta throqh research. Two aepocta of -roacarch aoUvity td&ke ova­

luat1oo of roMtlta particularly difficult he~. Tbe ftnt fa dMt uncertainty of how illdt­

v!dual projecta and completed reaearcb pro;rammea will oventuate-rantef.DI from tho 

questlen ot cc* and ti e required for • proJeet/proaramme to be auooulful - to the 

quoctloa or whoth8r it will prove auccoaaful at all. Tb8 teCODd 11 tbo dlffieulty, even 

aCtor a proJo« baa beon ".eu~aafully" completed, ot telllnl just how ~oceutut tt 

ba• bcMm aDd how much of the wcoe• a due to tbe dona or the reeca.rch Jaboratoey 

ittelf. Thla l'J:ld• em 1o; 

2. Tb fmli1'Ct'?t Jlt"~Ctl-=....!.,_~~fC t"!f'lJta 

r ew rocarch ud developm.- departrtetite have tho opportunity directly to bring 

about ooOt~m.lc ret~Ulta auoh aa fnoroaaed r~. dec~d coM&. and toorea&ed 

pr oftta . These ultlt te NSiJ.ltG are brou.abt A' >CUt by other activiUet gppe~Ja 
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tho itJformatfon ~iltob a provided from tho laboratory. \", bllo Ul6 oventn•J succua 

ot eCObOmict.lly orientated re~ aDd developl'rJ.Cnt tbua depcnda to a ·larp mtent 

on &ho quality .00 ueefutnoss of tlla re reb t1ndlnga. it :ta aleo vitally depeadeat 

on th ability aAd wUllopNn of 'tho relevaut orRUiaUOD to apply tb lm.owlodg 

aupplied, and to apply it tcfcntly. 

Thua, ~are faced with a d1l nuna. Whilft the cUrcet product of rceearcb Je, in the 

fint in:Mnoe, Jnfor-mauon, what w aro il2tereated ill ia eftluatiq it. ec«llmio m .. 

aults. Boweve~t, it te diUioult to aUrlbut<J economic rc.-ults directly to rc80arch ud 

development on aloc:tcaland equitable basis bccau. the illformattoala appllocl by 

other aotlvitles. ~lao. Jn 110 induatrfe&,research and development i jw:t tbe 

~g;tODIQI of a long tiOqUCD.ce of activ1t1eb - de lgn. eu~r1Jla, nww!aotu.rlng. pur ... 

obaaiag, q-"''oltty oontrol, markttt researcb. ccoaom!c fot~stblg. l<tgal Jtudlee, fi ... 

n.1.DC01 aalu and 110mot1moa other acthitlea- throu which a proJtt<rt mult .-,sa befo" 

cc.onotll.ie ntattlts are achieved. ADd, tn mo« ca1ea thill proce•• •retchos out over 
1) 

a aumbu of ycus .. ror oxample, Mta.sftan finds tMt the ur.e-blg between 1-e8Cal'dl 

and duvelopmonl ~itur .. and introductioh or tho reaulttn: innO¥attcn •• 'between 

two to lour year•. Man "1' ld 
2

) notes that no.tiarutl di!tualcn oCten.. takes twOllty y ra 

and aeldom fff'IJI&r Uum WIJ. Froemall' a ltUdy of the Plastic• Jnduttry a) flhow• ~ ut.Uilly 

a porlod t1 f1v to tvrolve ycre ~een ruearo.b and normal commercial pro4uetion. u 

Thte ttmo-lag does not faciUta&o U. evaluation of ruearch reaulb ~truer. 

The Jmportanoe of theM oC.her aottvitios does ttot mean however that naadl.rch and de­

volopsnont i• Cl factor to 0. shrugod ott whon eol"\$iderJng ~chnolo;.tcal chAnp and 

growt!l. Ow- hypoth~ahs ie that rauarch and ~lopmet 1e a neC!fU!!l'Y ~but not auffl• . 
otent factor,sn cortaSn teobnoloeloal clumpa (namely, "ros~rcb baaed'1 bx!haolOifoal 

bmovatiOna). We tJhall tbttl conafd•r th ateP• involved 1n tmnsl&ttna thia nee ey 

t cWr, ~reb and development, tuto technological ch:mle and thtm taiae the q\lec­

tion •• to which fi otors are l'OqUit'cd to make reseArch and development both the 

~ry ADd auftlo.lcut factor for t~olo;tcal chango and ec<>nomtc cr<nvth. Tc> do 

th1a wo ahall bav to trace tho umovative ptoeou to 1ta origin•. 

It muat be rtlmembe~ that it l$ alway$ dilficuit, if not lmpoaalble, to follow an 

illllOfttiOD btlok to & •in&le aom·ce. .An ilnlovatt<m t• the oombinat!on ot nanny dlfferent ae-

-··------·---------------------------1. J.lbul•lau. J . R. : "Th Soonomica .or n oeoa.rcll aDd Oovelopm!9Dt. u tf!! natg Q!!11 
!Ji!Jotlon of, Invcntiv Act.lvitv. 'lp. Cit. p. 93-14.1 

2. Gfleld. C; "fedmicaJ ChaDgl;t and tho Reto of hnltattonn• ·oono!J!rt);Sc ... , 
Volume 29, 1001. 

S. Froetnttll. C: "The Plutica m.du.atry ! A C.o~lU.ve Ltudy of ~and 
Jnnovatlon," !he ~!!JocallruJt11U.J! ,Eii'!t>mio flntew, NGvember tMS. 



... 6) -

tlviiies .. OGrlerally, on the buif5llf a Raouob itweettpuon,u I!!:'!!!W!.iff mado D'.:l 

recos;nteed. CtlpHAl if! c~ttled plant ~• acquired rnanagol'G and workers are hired. 

xea.t';U~ht a:re developed. anJ prOl.tuetiOll and dt.t't'f~·Uon ~o plat."&. A.a the eequcnr:o ot 

fm\6~<·&tlflll proOHCI!f, the odJI t uot:l:6f;ltloe - ay bo alt<tnd to t.nal·e lt more amtma.:,lo 
to ~nnnttr<•J&l ro4l ftJa• . £<.1mo )J\..Jl(JV&Uoru; ... but by no nla.IW aU ... h:lve ~11: roottt 

in Bdttr.tifht ~iuscO\••··loa aral the f.ii.i93UOD to bo nnawet'04 1• bo'.v do tl»6e aclOr-J:i!lc 

dtsco\·erree rev>iilt in ~af.i«' n.nd lfowtb 

Porha r.ttJ aomtl lD&tpt can be r,ainod b:tc th.le prueew by 1oo). ma at the f~ncttnrut of 

rOIMl~ch ~tlai e~ t:y ~"'ectas eomparrl"a ·~ tn fr, 1Strilll reaca:ral} aetivltlea. 

T.boM !UndiOWW f•11 Irto two ~rce.\.1 c:\topriea! 

A. To protoet, tnAinta1• and huprovc tM compU~' J,K»Jltktn in ~·ain&M. 

ll. 'f~) furniab the loUOW.iJll l:let'Titl'CI: ... 

(l) antict.,ato and prc\-ent/curo troubloe tu J.'U·eteucliofl/!•ac 

(a> reel• Ace tho ooat of tho proJuot 

• un rmpro\~ the q< .... altt·~ of ulet.So~; matorltlle~9QCO~~• 

Hvi ut·a~ danK8r& oc nvhutnoes 

(\''t sulst i~ IUlwfar' lsatH.m 

(Vi} devel<.lp new t.J6le-B !or ftiltf~l raterialu/ pJ"'C::SH8/tlevJ«a. 

ivitl fi;el"\'f:' the oa-~ur.;er hy helping to reduce coste tn tbe -·· or tNt produot 

(dii) t.fevelop nw rnatitrlala pr«es.oa or dovt~• for e.siath.'lJ or new ma.rf~cta 

O,.l ht prove tll..IStomor •ut. p~.1bHc relattoc:. 

{x) ar:.au aflrl dllrtrlww t.echni«tl lnfor 1 auon Jcadinl to a bettor undGr.ta.nJinJ 

or tho ~l'uduct o ,. proce~o. 

~ aetlvit~ aU liktn~ t.r01n th• l!l Umate abn t»f tbo OO'fl''~:r ... to malie n OtW.ty . 1e­

.-reb mum ohvtoualy ••v for Jtaelf by oith~r cutttn< c*• or !tJe't't'4laing caloe- eo as to 

incrt."'4ee prof'ita. 

lr. tl~e tame aul"'l·tw. the ~~ntt.d St1ttc1 Natlcm1d seoo!Ul~ of J.tamtt•aet~rot'ff l)a•Lod tho 

qt! etton o! a $ft'OUP or mawfaott.u-cr.a; 

''~·ltat !n :your oointor~ would hG the on et ® yotlt" eornpdttfvc poaittoo If you t<la ... 
co:ntirJUM reaof.u:oh aett~ttit!a tmm«tl&Wly?.., 

The opln'i<m W.ts pr4ctioall>V tn•.aail"' oua Oft the h~1P')I'~ of nfM'tllt'Cb acttvttfot: e.a. 
"l"''p!)i"Jrtt.ln to l11~nthme ree.ea.rcb tn o:·'l' floM u 

•·oroath l"&.luooa chan\. of s·;ryhnl'. 
"ne ).•e;b i& lr:~uranoe t1p<m ~·l" ft.:tur clav.topxvtmt*' 
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Theao objeett\·e.so! induetrittl rc:•earah can ·.e urn r.iood uDder the foiiowmg gE-­
net·a.I hollll : 

(ell to pre»erve the p1·oftts of already eldating produ(..~- '~d tena1'Vt!l" research, 

( ·)) to inoroaso tho quality of ext ting car!linp, ~~d... 

(c) to inct>(;'A.H earnlnga - •·ag1·esah·e roscmrah" wbtch got\etally fuvolvos loveatMent 

in a 11ew product. 

ThP research ''fldcr review bette\ o.s j£ tM ca•~ with r1·ost induatrlal res~rob)ca:n­

aiata of appU~d l"eSeal"eh r:amely l·nowledge ta SO\'&'irt with n practical o.ppUca.tton of 

tbo reai..lts thoroof In view arl(t <tevel opn· ftnt wor' . It ntuat be r6mem!>ereu tlt:lt a 

la't'ra r>rOI)Ortion of wor. demo in iwluatrtal1•oaearoh la'x>ratcrtea la not eoicntiftc know ... 

lc.dp as traditlOYl.!llly dc!tnc-3 Mt•ah of lt conalsta or prot!En:·1 olving and devclopr. ent 

.nnd deel~ work invoh•htg little or no ortort to nohtevc a grcm:tot' undoratu.nding of 

un~er-lvmc ecientilio prlnotplo11. Many of th aims Uatea at>ove bant o. cotr.tt~on ttend 

- thev n·ay rcn,.llt in en lnnovat!on. nnd tndf'..&:' am orientated townraa that Clkl. 

Tho firat step in the innovative prooeta hu r1e0n dtaouseed .at eome length. nnmoly 

::.·oa reb ru,d devolopMOnt. ·.'bethel" tho soicntific dieeovory has ootle aho.Jt 1n rc­

apt.>niiC to a programme of ~ale or apphcd roecurch. tt.c result ta ar. Qt.! ltt1on to 

;.:uowle IC'· Aecordifll to Kurneta
1

}, tho next eta;e ln the inno~ative proceaa 1& in­

vention. •n invention appUea eolontific ~mow!l.)t~JO to the JnduatrJal 01.\joctiveo of phy­

•t~JSlly cloveloping (pr1marlly) nfltW product•" teclmtqt..-cs a.tr proooaees. All I!!Clentt­

fJc tnquh-y tnd prOfP'e•a tnvolvofl o. .m~.!nl.!ceret~ ot :.nowfu;tgo, wtth all pteoo 

of t nowltJdt,.~ e~Comtnalv inaopernhly l'Olated to prior ae-em: .. ulatloos or I nowledno. In 

roalitv we can rronerall"'· 1Centify invotrtiozuJ aa bcln' distinct frol': mere t.l~dJtional 

nc.au!l1daUo:n.a of acientifte knowledge . baoauso thev result in sor-ething of untque 

ftr p<:>rtnnce Thu ~one eftn!tlon of an lJ'\ ,portant invention is l'!Ued em tt6 oconof' 1 !c 

rcstllt . If a proouct or prO«lss T'ca:~lttna ft'om a unique Ot:'gB~bation of eoienttflc 

t nowledae f• of e!gmfiaant trJlportanae to a fir~ or ilr~ustr, ta arowth. i t cn.n be oon~· 

aklercd ns ilf!inl baeet! on nn important invention. In,.ontion ia thtt• t'nore than a moro 

add1ttor to '·nowlcdge. it im·ohea a Qf!cl,laal addition to l.nowlcde; ta.td follow• the 

nppUo(1 rcllearob stage jn th.e above r.-.onttoncd eaquonce of owmts. .e such, invention 

essentially t!Ol'l!ete in o-l.-erco,mina the Pl"Dr.:tlcnl diffieuliiel of tho new tldvnnce ot 

eeJonttfic :mowledge (roaulth.g fror. eithor ba•io or applied reeea.reh). It doos not 

rneroly mean tal~lng or writing about th~ now thing but tfi\·olvea rloing it. and doing it 

, __________ ·-~-------------------------------·-------------------
1. Km~r.ets 8.: Mx Lectures on Ecor.or.lc Growth. Too F.t-ec Prea , Chlc go. ltt64 
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1n auob a lt14llJUtr that tboea who cOL"1a after have lmd cbataolea olaated out of 

their way. and have a prooeae or appUa»ee or p-roc!uet at their dtapoul whleh 

wae utJt there b4foro the iovotrtor onter6d tbe fJ.old. ,Inven.Uona are thua prac ... 

ttoal ldeu. ud reptUCnt a furt.bor atep aloDJ the aequenoo of certainty. 

~Ucb, lnventlcm la a prooeaa in which information la both the input ed Ulo out­

put. 

tt ~uat be en.pha•lacd that not &11 mventiou bave their roote tn new aotentlf!o 

adval\coe. There are a vut amount of ~teal poastbtUtiu lnber~ni in the 

oxt.ttng .tock of eoicmtific bowt.dp. Frec;ubntly. too. iD~nUona al'l .. under 

preaaure from needa rather Ulan from a aoterttlftc or teohnotocsoal ba1e. aurl 

D"atly represent bnprovernetrta m exlat1ng pr~ao or pttoduot.s .taate:td ot ta ... 

king the form otra: teal now knowledge, For example,ono writor halt Aid of 

invention: 

"'\"''bat t• calltd aa important btventlon it a pel'petual a<.-ereti~.~ of liUle de­
tatle ...• an evolution. ratber than a aot1ee of creations , .•. euenttaUy a 
oompkt• ol tbe moat dfvone elemeota • • • . a new combination from the •or101" 
n:rt' .•••. •~' ne«1 not be baaed ma 'prfor sctc:ooe. ,.,l} 

However, the caae ta coaald.,ratlon here 11 that of a •aeioee•bi.Md' icventtou. 

namely the embodllM~nt of reMarch flndtup in a pracUcal form ebowing pro­

tnift of commercial iL !po'ttance. The out.cOC'e of the reaearoh ia now more 

certain ainoe tbe tdea bu been reducod to practice. The next stace of the 

tnnovat1ve prooo•• take. pla~e when an 1nventioo, bavlng beea ahown to "work .. 

bu been oboJGD for appltcattotl. lD. other woraa tbe deo~ioo has been made to 

convert commeroially foutbl ktlowledp Into commoroially practtoable 'hard• 

want. ' TM lnfeuticm ta DOW exploited, the toohnleal problert)l ot Adjustment 

befDI overoorne by the aetttq up of ·prototV{.le8 , pilot plant. ud "btca~rt.l" 

mroels. 

·rho followtna atep tn the dovelopment of the invobtton 1e generally termot! "en­

gmeerinl for productiOD. t• Tho prototype n~ay J:tave been put together by alr.Uled 

workmen ueJnc atmple toola. and the entire product or process may now have 

to be m-de.lpod for largo .cale production; apeeialiscd equtpnent anrl per­

JJOmlel may be needed and m•teriale may have to be put to JSeW UNI. G$lctral­

ly.,the ltl\Ulcbing of tbe product into mao produatta tnvolvu tecbnlaal aoveltlu 

that really con•Ut!Jto sube1"lary invontiorua. The introduction~ tho Dew .Idea 

into the market ~ the final main atop in the lunovatt" procoa• - tbo lnvatfon 

1. SOurce unknown. 
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Is <.-onverted 1nto an frmovaUon which, acoot·dtng to f:. Kutnete l) ia "an 

lnittnl Md eigrdficant appUc:t.Uon o.f an irtventtun>whetbe:r tcchnolOIP"'.a.l or 

social (in thialnattmoe-, the former) to oconomic pro.tuatton. tt Innovation 

involves the placing of 4 new proouot on 'the l'J'Ulrket or the introdu<..>tlon or 
new o.nJ ir:~proved proocates into production. Tho promiae held out by tbe 

initial •cientifio dieoovory and later e:ryatallfaed In an invention 11 now rul· 

!Ulod (or negated) hv tho ecor.omlc effect~ of the aubeequent innovAtion. 

Some aal·h~ultural tnnovattoos f>NVlde an exoollent mau~ ·ple of the noov~ se ... 

que!lO$ of o.cth•iU&o lcadill{t fror~ -research throup to eventual applica.tl.on In 

the form of technologJcal cbanp. We tr.ay tak.o the oas.e of re&eP.rch tnto a 

now type of fe·rtlU:r.e:r fn the agricultaral re~;Qarch laboratory: if tbe chemicnl 

onalyals eondumoo in the- lAliox-atory shQWs promin for a potentially superior 

rortilJ '!er the :reault8 of tho iDveatign:t:ion are appUod (on too experimental 

fa:l.-m . for eDmple) to oo whether tbo fort1lt~r Willl.•«~.liltie ita potential un• 

der rraattoa.l farn i.ng CODJ!tlcme. lf they do. tbo followirtg atop involves the 

sending out of a\IFUled t\gdculturaJ field of!ioora whoiJc tf.t&k !e to convince the 

fal'I;..ler of the •uperior attributes uf tho. new ferttllzcr. l1 tboy auoco&d. tho 

fertHi?..er wilt be uee4. on the f.arms then'lS$lve&. and the aoq•Jence ot innova ... 

tiol' wUl 'have rc» its oouvso. 

The af 'O'Ve eample tllmJtratc• the ebaiu or activlt.i.on described. from re~atch 

th:roup to Application. aubaequent de"·olopr..ont. and eventual appltca.tion ttnd 

teebnolo«ical chanao and,at the ume th:ne,or-,ptuu;i.s&a the importance of o. 

f\ rtbor factor ln adMtion to reaea.rob and devolopttent, namely the infOl"tna.tion 

aen ioc prov1.1ed by the fteld r~pl'(!IOntD.tlve. 

V 'bother the eventual applieattoo of the innovation wtU leacl to growth or m­
eroucd p~oduetivity. fo1· clttrnplo in tenne of I.neN&&erJ. yields per acre~ will 

of oourae dopond on whether the fertilizer achteves what tt la olalmed to do. 

and this will !n t um depend on the cffickJney of both the Ot'iginal research and 

ita appUca.tton t«> various eonditionn. 

1 S(ilf '!')!il ...... ________ .,. ___________________ _ 

1. Kutnets. S: fg§!~r Economic Growth : Four Leeturoa. Harvard Ualver ... 

ai.ty 'Pr~e•. Cal:lbrirlgo. Massebuaetts. 1904. 





Tho 11pplla { aoi :tt•t ed onctnoor thtll rcpt sent an eta entiallin! in the 

clulla •.lCtWCelt the pure tcionttst art.1 tao final tnduetrlnl prortuet or proceu. 

The pt'oduci or proeeea developed ~· the aotentlat on a small seale in tho 

lfl!lOl'&.tory nu.11t be banded to the chendeai enfrlneer to translate th data 

t'Cto tl tult-acale 0 l"Utono.l plant, ln other WOl."tla, Without tiw. technclo­

IJit. tho aoiontist cannot rc:a.ltae hl• potentiaL whereas. without the soien­

Uet. the teohnologt.t oau do no more than 1 .. prove cxtattnc Pl."'O aaes. The 

at'tuvti.-t tbua opo up op;>ortunitiea tot· exploltM1cm, whUo the toohnologiat 

rna.kea ,. .. of the opportunitiea - aolE-noe la t!ir~oted tow1.rda t~.nderabadtng 

n~! toobnology l d1rootcd tow rd• ! N. ..~ BOientl- 11 ~e who applt•• sci ... 

tiflc mctbo.-J in tho fuAdameultultural HiCDeca while a technologist leone 

who ongngea tn tbe aotcntific atudy af. the in. ru trJ.al art•. A a euah. he la 3 

1-. ind of pr:urtfcol sclenttat ll.Pl"lyina the fiv ·lngs at the laientfflt to fit tho ch:1• 

rof"!or of the tn;'ustrlal WQrld am tbue r litiasfuUv tho rotcntia.l of the ro­

aruareh (in the box C ahov,). 

Thus lo:r bac-t ground nnd blla1o reaoe.1"Cb. ahd nueh ~t-,pUod roacaroh. the tm­

~ct on tnabnolorv {repreaenteJ in bOle C), if nnv, 11 routed thro~ th develop ... 

ment and cngtnoertng proooaa. Basic roteat'Oh produoo5 tdeaa. thttor1c•. ar..~ 

~.mdEH~stan.dln of new .cJonttflo 1\0\\l'lci p. The•o ideas and tbeorlo. are con ... 

aequontlv redueed to tho l'\10\"e praotta&l · J.towlodgc o<mtainod tn deaJgnt. pro­

totype& proaeuoa. prod~ eta. matorialt Anif devioca. by applied l~ecearob awi 

... ,ovelop.ment acUvitie1. An Jnvcnt10D ia nade. and it ebOWl\ to bavo cotrmcl·­

eial atpifioanoo. ia tn.oalated into an Innovation; mrnely now producta. irn .. 

proved product., o-r cCNJt reducma materiala ant~ pr~Hea aro introduced i~tto 

the oeonotl\j. Development and onglnoorms aettviUea play an important rolo 

ooro. 

Thuu,as t(!any writor• point out, t•ooout ¢.xpolrilturo on development le ~~ ore 

11kclv to effect contemponr:-1 arowth tbaD equally recent cn:.penditure on research. 

!n oonfli·iersna tho impact or reaearoh and de~cloprnout on growth. tWa might not 

wo.ttor if l alo research, appl!cd rea03rcll. ana de"\·elopmeut occurred m a fixed 

proponton - hut they do not; tho act al p-roportion a,>pc!l1"8 to vary ovor timo 

and betwe~n countrtca aftd tbc objectives CJf ~<'HG.l"cb nntl ctev~lopm nt also differ. 

1t ~• not at :all au-rprtaln; then that act-an·hlm totale of eapendit\. re on :MO&roh 

a.ml develoPJT'. 11t have not 1hown a atsntficant correlntton with ~owth tn Nctttont\l 

Pro-~ ot tn ••v rat ditt'et"~nt ooontl'ies. 



• nl ... 

Ill ooncluaton. emphuie r:nuat be plaeo on the xaeed for lnfonnatton and ad• 

vleoey aorvl..,.,. about;ecort* aotentJflo t.dvanon to indmry and aartculture. 

for we have seen that tho eUectt•ene•• of reMarch u a tactor tn dttv·olopnten& 

ultimately depend& upon tb~ fR2llH1!2P of ita reautt.. 
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Table 6 . 

GROUPING OF SCIENTIFIC ACTIVITIES. 

l Military Rand D J 

.I Basic Research 1 Applied Research \ 

J Civil Rand D l 

research 
function 

i I Pub I i c Sector I Industrial Rand D I 
I Universities I R and D 

teaching I Public Sector I Industrial Produc- I function App I i cation tion 

Schools 

- the world of science and its associated activities thus extend from the school desk 

to the factory bench . 
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CHAT"TER 4 

,. o\ aour.oo of ,,~eat o.t.th<>t"Uy ovol' natura. th• modem actontlfle•technoloWt 
promfua to be lJOth tho hope of r.nn'• futuro and the m.trument ot his en ... 
•la.vcn~cnt or hia t!tl.tt\lctlon. Tf we a.r to avoid tba dl tera ;t ls.ya upon 
to ti8 and tp.L.e aC'VUltap of tht'l opportlttlltiea it presents UB, WC l'"1U!Jt uodel"• 

staM wb:tt r· «Xtorn teotmol is. wbnt 1t rnoana a~l what rr:•\..8t bo dono with 
it tf it 1a to nervo 1ran well. ., 

4.1 G~l\EP ~ L l}l""'t'ROUCg::ri,JN, 

R<~ecarr:h ca:n :~ reprdod aa a buaincsn o.,~ratiag on l deu. a~J ita orpntu­

Uon il iu t':lAny- waya compn.raNc witb that -of. a buelncae on ger.t 1n tho manr ... 

fnoture nn·; mal't.lltintJ of a produot. The raw "~'tttcrlals tn the ca~ of research 

nre idcaa.., the knowledge of •clcntific pontbllitlca. saionUfio diacover~a. the 

tet.-hr1~1 1\Md& of the oompo.ny and :so on. ·rhftao idcu ba\! to bo prooea&O(J 

tl'l a "factn~Ju ... the 1· Stl-nreh la.ooratory. The rosult. of tbia pn)O&saing la to 

oh..~ngo tNnn lrrto a new torr nn i to join ,. rioua ldo.u togothcr to gi\¥0 now c.or. ... 

copts. The new Meut the' form t..io ~:nnuuu:tured proc!uet tma &l'O a~tlablo 

for o:x:plotbtiOD. The tunat!on of ozploitlDI thom ta 8lr; ilar to that of J.T..a.l'keting 

a protluot nn-t tn orc!er to OlliUl'e the ~octivcnetG of the reaoarob. theso three 

ftll'\ctton ml.!td be ~".:lll'l'tert Ol.it pt>op :dy. TM •crteattvoteu• in thla sense t~c­

for• to tho om~~lrnent ot reaea-roh tn an JnnovatloD. 

t have alr dy defir.ed th4t mc.fn categories of ra.earcb a.cilvitr, and briofly 

rccnpitulatc thenl ho1'1.'. Thev nro: 

1. (1'\tre) bluiio roeearch. or retW&Yoh carrtod out aolely t.o lt.\erea~ 101mt1 ... 

flo knowledge. 

2. (OhJ ottve) ~a!e ro reb. (od ta.ted bnete reecaroh). or rosearoh ear .. 
ried out ill ffeM.• of recopited pott'!ntial techtlologleal importance. 

3. Applied rooearob.. or re !lrob which bs• as ty ohject the attainment or a 

apectftc goal euob a uew1 proe • or prodl.lct . 

4. Dov(>lopn1emt. wbicll h:ri~l e tho f'Lll botween rcacarch a-r.:l production n&J 

-----------------·-------------------------------------------
1. ftovor C. r., Teohn~lOQ: '!1,1d J~!l1;!J;! tl . U. lrwtn tnc •. nltnot. 19G2. p, J83 



1ucludea the eOillttueUon and operation of pilot plantsi prototype•, te. 

( A »d velopm.ent ppU delays or obetruate the t.nu.sformatton or a pro­

joct from u prototype to actual production Oll an ocelltO'mi<. eoalo). 

To tho aboM we can add a fifth and moat important cate«e>r?: 

5. ~pp11catton of research or techn.icalllloovattOll. wbtcb ie the prooo•• 

of adopUug a 11ew o:: lmpl."'oved development la industry and of pttmg it 

to porf'onn .. it W'U doatgned to perform or bettor. n ia tbit ftnal . 

stage n.lo.ne that actcally improves tho productive proceH and the-refore 

directly affect" the T&to of economic il'owth, althoup of oourte. wJthoat 

th r.nor basic forma ar r aearob ~re would be few uew developments 

to apply. 

Thua. even l! tho total amount ·~nt on rctearch baa been tncreaatnc at a sur­

prisingly blgh rote. tble d<:)J0a not mean Umt th se :resource• hn.ve now.-arily 

haen ehaumBllGd tnto the ft lda whore they wtll M.ve the most effect in f08fiering 

ecooomtc growth. 

P'rOtr the definitions above,it follows that an increase in the amount or be.aic 

ud applied rCN&rcb that Q country undertakes -will not hav• Its full effect on the 

productive pr()C(IIS unlees the reaults obt ain«i can be appUed to inrnuotry qutoJr­

ly aDd efficiently. The lmportanee of the appltcatton of roscarob to in.du•ry 1& 

well illustratod by tbe case of Jap:m. which 1e genera.lljraput~! to apeDd com­

paratively little on basic research and ov•n J.e•• on the more baaic fo:rma of 

applied teuarcb; but thte to no way hamper• its industrial effort. atnce. aooozo ... 

ding to B. R. Willtam• l). tb• Japanese aro oxtremly g<>OO at applying the re­

sulte of roaearch !rom their own and. mo~ Important. ft"'l:n other laftda. Tho 

same is true of Germany. 

It Is this appltoatton of research reaulta in thlJ form of tecbnologtcal innovation 

then that Ja iutrumental Jn growth. Ae 6'Uch. the teohnoJo~cal reaeareh baa 

three ebar&ct.eri•tlca that give it far-l.UChinl atgnf!lcan.ce . Firatly, tt sreatly 

!noreaHs the oapactty of the eoouomJ to ra.tto the de~nt.nd for goode. :Further­

mon\. tcclmoloctcal re~rch increases t1:e Ct&pacity of the economy to rtJBe 

productivity. Of loas obviOU£ ofloot, and Indeed generally overlod.:e-J. l8 tho 

tact that t"eeearob givee the economy the ¢eP'\OltY to brlng about plan»od increa­

aes in tho d•mand for goods - both by oreatiDg new demands for conau'PtJon gooa 
" 

and by oreattng new Jmestmeat opportunities. Hence the Wt"m often applied to 

reeearob ... the ••lbdustry of rlltoo\Jary,.. 

1. Wtlltnml. B . "'1.: "Prosperity without So1once"' The Eoonomloet , t.~ J\)l\~ 
11i63, p. 1211. 
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tt must be &treaaed that lt la tho tecbnologieol tamovatlon. embodying tb 

roeearoh r-etulte. that dlroctly cauee• growth. 1'he re~earoh 1n 1taelf ia not 

sufttcient, aiJ.d aa w lha.U Me later. reHaJ>eh ia only one of aoveral fac­

tor• neceeeaey tor innovation. 

4 , 2. lNNOX,ATION: rr•s HATURL AND Et'l"ECTf; 

At tho ootaet,tt mm be noted that there are nt'loua t1:poe of tocbno.lotioal 

ltmo\'lltton which can L tdenttfied, eomo of which are not baas d OD roan rob 
I 

and development actlvttttta: e .g. routine in1provemcnta, which a~ mlnor 

engineering obanpe in which the teobnic:ll knowledgu for d&aign, implemen­

tattcm and application are known and pr~tctable accGrdhta to Brllht l}. otber 

ld(mtiftable typoa of iDilO\ .. tion aro:-

1. Major advanoos_. or subatantlal cbanpe )n which teclmotopcal dirccttcm 

and noed• are within tho ,.. atate of the .artn. althouch not prcvtoualy per­

formed (ot lea at by the flrm in queatton). Here tbo neoenary technolOfY 

ia tdenUflable and seem• to be achievable. Little new eclentlftc lmowledp 

fe required althou&h engincerln& development will be required to resolve 

the design detatle. In general there QUing adv&Dao wUl yiold a majcr 

:lmprov(Hneai 1ft an oxtstlng devtoe. 

a. ..Tet:lhnioal breakthrougba", which involve a radioal change or improve­

ment that 1•oquJne now sotentlfte knowleJp and couequont d volocnnent 

wo~ with both tppU.a, and popltly buio :resurch being needed. 

3. un!uo .. 8ky" proje.cte. which are technoloctcal proposals in which the moans 

of aocompUabment or the ODd reaulta &1"8 lal'goly uaknown. ~uhstanttal new 

act0bt1flc knowledge and CaruteQU&nt engtntserlng k»owledp t. required, wlth 

basic renaroh and applied research indicated. 

'tbele are amy 0. few broad oategode& of innovation, B.inCC lt ia nG tlruple tuk 

to rillidly define it. Br1Pt hal .,_.a:geated that in cxamtning lnnovatione for pu:r­

poaea of ktentification. namely wbethor a parttcular advanco CAll be lepUmatoly 

regarded A an bmovation or nott one looks at the "d.ifterortOft&. increaeea and 

~tUOI\• llt m ~ny PArameters and efJeota of the Jnnovatlon" an~ then a.aQ the 

quc.Uon •'Bow much of a difference 11 al3nlficut? !' 

--·---.....~----·--------"'- ......._...__....,..._,_,. ______ _ 
1. Bright, J. L. H!@fqh, ~v!lopment apd T~.ohnoJe.B!cal lDMvaticm. R. l). 

Irwin Inc. t Homewood. DUnote. 19fU. P. 93 - 91. 
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Me propose::~ a tentative bypothoala that if there ts an order-of -mapitudo 

bnpravement 1n some param ter &Uell as speed, eoat. r ducttoa. UMr input, 

~tc. wo probably have a pctontl411y slpificam 1nnovatiou. A brief review 

o1 aomo of Uw moe• hnportant !nnovanona c:&rrled out Jn the paet augsu•ta 

that If an order .. of-maptitudc bnprov(tment (or r..1ore} ia obtained, U. con• 

8Cq\.Wnces are nlmost aurely ~~endous. 

For example, thore .ia ir.novatl~n of the rar-rel\chtng typo which load• to the 

establishment and growth of new aeetora in the eoonomy ~ •• bas bap~d 

in the induane• derlrinc frnm the dovelopmcnt of electricity, the internal 

combustion n.gtne, the :aeroplane aDd l'l'aBY chemtoal producto (euch aa 81)Jtl4t 

of Du Pont'a major diacover1ea). Thea have provided the inltlal attmulua and 

oppol'tw11t/ t'or ;rowth. But tnnowtlon ia not enoqh, and as ehall be later set 

out. i1m0vaUon ~Jtuat be associated wlth olhor factors to cauao (rapid) output 

changes. 

'l'M 'parameters' of reference. or arcaa of cona.tdoratiqrx which aaatat illlden­

ttfytnaan iano,ratfon,oan be seen in the main effects attributed to 'auccoa.tul' 

innOYatfone by Brigbt l). ThoR aft ltatod below in summary fonn: 

It , Zfi!Ct gp Product Performan___£!' 

1. '~·111 1t (i.o. the U,chnol<'&'loal change) extend the co.pabllity ()f the •yatem, 

p~ure, functiaa? 

Z. WUl it l"C:Kiuco tho ttme,. ooet, apaeef materttle or ek!U required to execute 

or achieve lu perlormanco goal? 

3. ill lt produce new aide effects of by-producta deerving attention? 

4. Doea It ofler the opportunity lor atptffcantly different produot cbamctertatJca? 

& • Are th•ro dov.lopmonta uDder way. technological or otberwlso. th:lt may 

elimu\tlte the butc uettd for the 1\lnctloo performed? 

~~Gil the, !DR!t• J!Ql:l.ll'OO 1'! J?roduce/!!!PP9rt tho 1nnovat1~. 

1. Doo• it require nlj'more material•. componenta. cner~''' 

2 . .:loes it take a algnUioantly ..JUfercmt ordor of capital or hav• a diffe~ coet 

etn&ctura? 

3. Docs U requlre a change in skUl on ~ part ot tho work force tnl.ktna the 

change? 

----.-.· --·----------------
1. Bl'tpt, J. L. : ·~!2!\. Dt•tJttf!!!l.!'.nt y,d T, £.l!!ol9iioal J!ln2Y!Yon. op. cit. 

p. ••t- w. 
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•· Dooe lt Qbfingo tbo t>roductivity ot labour, matoria.t. or anargy ttled? 

5. Is the suppori111Jtceh:nologt«~1 cnvironmeut &\'nerally l'e:tdUy ava.llable -

suet a. tools. inltrnmcnts al'.d rola.t.ed equipment? 

G. Doos tt take a •J.gt2iften.ntly dif!enmt order of time? 

'1. Dooa it rcqui:ro the co-~rauon or C(Joo-Ordimtion of group~~? 

s. Docs the organtzntlon ha.vn an JndivJdual{e) with the reqnJalte akUt and 

detvl'mfnAtion? 

c. . EUoe 21 U~!f! 
l. Does it simplify /eliminato dutl~ n.n · reaponaibilltio of the utor? 

2. Doe it ohAnp too user's oosts signiflcanUy? 

3. U\HJa ft. prO'rido tho uactr with ~pet1or aemoe? 

4. Does it require tndi\'idual buyorti/users to alter tbeir pattoru of bebavl.oor? 

5. Does 1t alt-er the oporauou of tNtituUooa or affect tbcdr motivN, n.oed• or 

traditions. 

G. Dt>o& it alter natlOMl posture or ¢apq.bllity in a Bign!fleant way? 

J2.- - f!ff~i!.!!\ ECt!!OmJ.c Sooi~y 

1. v. Ul it replaoe/ redueo the demand for <:Jdtstbag products or scrvict'te? 

2. Doos tt oroate/ dtnr.u:md a new actlvtty? 

3. Does it require sipittcant antllary and oupponblg nottvitie• aDd o.n> they 

readily t\Wtilablo? 

4. \!hat prodoot Ol" service demandB w!U be increased as a prin'Ulry/aeeondary 

re5Wt? 

G. v ttl the appltcat!on of thJa innovation on a widespread 8calo result in a de· 

mtt.nd for mtpportfns teobnologloal exploration and de'rolopment? 

6. Docs the technological baao in thte innovation provld~ potential fo'f many 

now flolda? 

1. lf the tnnomUC»:t ia a~, bow rapidly will it spread? 

.s. \' .. 'ho wUl be AdvcrMly aft~ and bow mpidly? 

The aoovo fcur main eategoriea hAve been 1~ to serve three bl:'\Xl.d •tma: 

• to give au bldicatfOll aa to under what cir.cumatancea techilololical ohauge 
can be ·oonsldered aa compri~SiDg a *t'SlgnUler&nt' inno'I'U.tion. In other words, 
if wan;y of U1o abov• quoetions oan bo anpe~d in the a.frtmmttve,then t.he 
ehaqo m. question nl®t pr-obably qualtnee for tho tct•~n ••eignU'ioant techllo­
logtonlimlovatfou". 

• to illustrate eomo of the IDore Important eoonomie a.nd social t\ffects that 
tho introducUon of an innovation brlnp about. This Uat ia,ol courae1far 
from tmhauetive. there U.Oing o h~t of minor aide (lftocts attaching to tbc 
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adortton ct an innovation. Some of the mot'G important ef»non-Jc eff~ 
will ehortly tx; touched upon. 

• to reveal a few ff the factors •~ ~tiona necoasary for the 8Uccotlful 
appliaation~ adopt!® and bnltaUon of ilmovatton. 1.'beee factons a«eottns 
iJ.movatJoo wiU tAl ~uaccd at soil! longtb Jn We clngtor. 

To t"OtUm to the sectmd poblt above. tt •• uaefw to dlat.inpilh three .pan• 
or tht. .lnuovatl\16 proocn : .. 

1. lnYentioa. whmlt oftQn on the ~ J CJf ocionUflc and toohnlt$1 k owleJp, 

the poactbUity or a now/improved produat 01' pl.'QOei\S le concretely formu­

Wod. 

:1. \.him n ftrm introducce a n /improved p1"0C:Nct into the economy for Ute 

first Umo. that 18 inUO\--aUon. 

3. ltmD1i&t1on by t~itation, when !inns inirod\.ce _.)rod!tot& ttnd tn"oeoas • which 

ha~o ruready introdu.ced by other f.trm•. 

Thta broakdowlt Ul •illlitu to that tlmploycd by r·noa1
). Enoe arl>ltrarlly df .... 

vtdoa teclmioal prop-e .. tnto two pbues! 

1. Tbo inv.Dt101lt itl 8UCcocdfnJ deYe}opmebl& in ootb lnboratory and pilot plant 

Op(lratlona, Ud fhlally its fnata U:JUoc or production in the ftrst commercial 

plattt. .At thn end of th!• phuo it !a 1n competlUon with th• product of ~tilll 

procosMS. Therefore. it It pos~.tlblc at th!• etqo to measure ite portormuoo 

in oeonomic tcnn•. 

t. CO.D.S!eta of ilnpl>OVeml'nta to tM fnJJovatton by: 

a) thD ocmatruetiorl of la:rgor untt. to tako advantap ¢' inbore11t oconomtoa 

of teal•~ 

b) the o.doptlon of ancillary adv~a by another 1ndiuJtry; 

c) tbo 1Dereaee 1n operating }!!Us or- know-bow. 

The first pbaao s. nk.tn to Sohumpotor's bmovatiotl for it ill tho imlovator Who 

cantea the devolQpl'\'14mt of the procoa/product throulh to it• !1r8t commer­

cial ppHcaticn. TM tunovator tnay also eontmue the devolopmem tnto the ae• 

oond pbaac by 1lla.YiJ.lU additional impro\lement&, ~lylikely it ntay bo tmtt&­

tore who reco:;niBo that the origmal deaip or operation 1• not ncc.a:Jartl;~ the 

bost. T~cbnical obanp 1• tbus OODIIidered to .noompasa tcitatlon as w•Jl aa 

tnJK)vation. and thereby deal• wtth the -~ procc-ea b) whlch now tectmology 

fe plaoed into actu.t\1 pt"actlvo • 

...., • .. ;4•t.. .... _....,..,.._,.._ -~~..,...._...~.............., ~ 

1. F.nos. l. L.: tlfnvcmtion and 'lntl<matlon. in thct Pet~leum n~; IMuatry.,. 
J'he.~t! aud .Olr@JAA or_tm.w!vo ~!"V.•\Y· N:atior.tll ~roau of Eoonormo 
n-.acarcb, Prinooton Un1verJ1ty Preu. J>rineoton. lt62, p. 2&9- 321. 
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It must be r.membered that imlOvatione aro rJOt l.lmlted in meantaa to now 

producte a:nd Dew methoda of nakmg th m; they a1H tnolude now markota 

aDd orpntaatt<me. &lid «Jwm ~mw oeonomlc prinelplca .-.. a guide to poUoy. 

Howo r.' teohuologtcal .trmovation•. the subjcot ttor of tbJs theeta. is 

'aoienoe-based• Mel by definltion ex-cl a the Jattor •c."'cu•norolal !nn(WO.U<,mat. 

l"re8UmlDJa u.ehnolo;.teal JnD.ovalJOD eoopr!alna a new or impro~ product/ 

prooaes hb been .ucoeafully adopted and/or lmJtated. wbat potoDUal oco­

nomto effect. will it have for tbe relevaul ftrm to justify 1ts appUcadOD/iml­

tatton? \Ve hsve &&14 that t:bore are t.1ro poeral l"'afOOa for conduotq ill• 

dwstr~ reaeardl {tiM prime mover 111 teobnolOilcal fnftovatJ.on): 

(a} to malntltiu/tmp~ proftte and tb competitive po&itton of the firm. 

whlch ~mpuHa matter• u lllOr....t aloa. decn.m.eod coete of 

maswfacturlnc now producta. MW proceasea. matntatnlq ot~ 1mprov1Dg 

a compcUtlve po81tion, or stnyiq iD bu.atuae at aU. (Most of theao 

eoonomlo effects are SUiftl.\1&ris tG. on pap ~ ~ ) • 

(b) The second matn reuon tnvolvca sw:b oonaideraUons u protip or 

corpol"Me tmap whteh ~ r.ot oooeetn ua here. 

~<• reprde (a), economic growth Ia beat meuured by tbc ohanp in output and 

ccasumptton peT aplta; merely addins to tbe numbore of prod1.1oers and eenw 
aumo111 dona not neoeaaarll~t cbaDge the ave .. output ud couumpUon per untt. 

Similarly, moroly addluc to mve.ttneat facilltios by utenalon of exi.tiftl tooh ... 

n!quea 18 al110 tUHiopmx!able Jn procotmatooc-run ~lo growth in mature 

CO\Ultrlv•. Technloal i~iDD 8l'ld :lUI aubteQ.W!)nt dlffuaton, however. opotate 

as a ateac!Uy Tsnewln l~run force in •ttmulat1t}ll tnveltlncnt and thor by con• 

ltltute major factora tu •ecelerattng p-owUltn u advanced oountey. 

Improvementa !a production and dtttrtbutlon t.ctmtquu COlllprto the keyttcn.. 

for ec-ooornto growth as per tmlt requf.nnno!U of men. materta.la aud oapttal 

are roduoed and thoae reaoureoa boomno available to tncreaee tho na&lolml pro--­

ductivity or output In other linea. In addition, new products ud proeeaao• make 

ponible acoompl1t1m!CnY otU..r p:rovtouely not feuibl• at o.ll,. OT aot tbte as 

w811. For coasumora, new products &Cq\lired through t-etcarch·~ ea ... 

teud tho ~ of h\411\Q Utl4JfactioD aM ~ U:'lelioratc &J:'duoua OV: ryday 

ta8ks by work-saving deviCes aDd CODHqUentq inoret.H leisure Ume. 
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ln tb8 produotton sphere. new product• and procetMa may rceult ln anl.nctetsed 

ruae « produGUOD ar.d market poeslbUWu~ lowel'Gd ooata .00 prlces and en ... 

banoed profitst wlUch together provid4 .toona meenthea for inercued invest­

ment 1n facltltlea aDd oqutpmcnt. Aa innovattone are inh'Oduced 1tJ1o the pro-­

dt.ictk4\ praocu, reaultiftg iD mot"e cfftoieD& u .. ot labour ud ~u.l* l®l .. l'Un 

per capita output of the ~my tncreaaea. To reltorato: 

ttTeclmolO(leal irmovaUaa ia the introduction iDtO a fttm tot alvllian purpose•. 

of worthwhile new or lmprovod produotioo proec•ses. producta Ol' aervices 

which havo botm made poelible by tho tUI.e of IO.tenttfl<: or t•obntoal knowledge. ttl) 

Th• que.Uon that arlaea bor•ls: ~hat 11 meant by worth'fthUe?n OUr bypothe­

·~ i• that teobntcal innovation ia worthwbilo in the prt-..to aector (d oppoaod Co 

the military or public MOtor), who ita money colt to a Orm fa 1 ... than the 

reaulting coa -~ ln the cue of p.rooeae ~ion•; or leu than the add!• 

tl<mal rev•ue.e that tr..Q' accrue in tho cue of product illllovation. • odbwbtle 

Snnovauou r.nake It ~sibte to uee a:tvon tettOUrou bt • way that better aU.t'y 

eCODomle and eoolal needs. 

Ap.J.D.,w• oam'lot diatfnptah strongly enoup botweou. tho eft«" of ~ch (t. e . 

dtacovert•). ec the ono hand, and ii'Wentiona and iDnO'f&Uou. By tho latter uo 

meant the research r .. utta which ha:tc been commerolalizod. Teohbologlcal 

chop bae rellulted from the exploitation of the r..arob re1ulta. Uottl tbia ao­
ccnd 8tep hu been taken, the reaearch results. howev•r uoellebt tbey may be 

soienttfioaUy, are UDproclucUve in th4 ~ommorcJ&l o-r teohDologicaleenae. 

ReMarch _,, of courco, I?§ dire9!ed tmnl•· tor «ample the use d alterna­

tive raw :mater!nla whtoh. •Uhcr beoal.ee of tboir lower prtoe or (tl'Oater caao of 

proce8aing, offer the oppoxtwaity for making a 10lh r product~ or it may bo 

directed towaro. lmproYementa tn th6 manufaotul'lng procesa; or to the dtaeove ... 

ry of a new proeua tor making the pr~~ or to~ UWlUfacture ot u attroly 

new product. Dlt '&hla is morely an tntennedtate phue 1n the arowth prooea&. 

ft. hd to be exploited in the form of bmoY&Uoo and re.ultam. tecbalcal cbaqe. 

Thta explOitation or appUcaUou~ w~ have aatd. may be ~ected ll'l a number- ot 

~ ud, hlttt aU&, may lead to: 
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new products or the manufacture of products of higher quality and grea­

tel~ yields at successively lower costs. 

cost-reducing materials 

improved quality in present products 

.clevices for public good 

a preferred patent position or royalty income 

a material which allows the company to bridge otherwise damaging inter­

ruptions in supply. 

Thus,tecbnical change should be taken to cover changes in raw materials and 

other inputs, changes in the process of production, and changes in the ffnal pro­

duct itself. Here a distinction can be made between those changes which are 

aimed at improving efficiency of production and economy of input and those chan­

ges whose objective is to improve or change the quality or character of the final 

output. The former is generally referred to as a proeess innovation and the lat­

ter a product innovation. 

To conclude this section. it is worth not..-::ing that> through !nnovatio~a given out­

put of production oan be produced with a smaller total C()St of r esources. Inno­

vation, bv saving resources over-all, inct'eases satisfaction and justifies itself. 

One way of saving resources is to economise simultaneously on each of the fac­

tors of production (e. g. both capital and labour) in such a way that factor pro­

portions remain unchanged. A second way of saving resources through innova­

tion is to substitute abundant resources for those which are scarce (e. g. labour 

saving innovations where labour is the scarce factor) . The 'money' saved by 

economising on the scarce faotors must more than offset the increase in cost 

consequent upon using more of the abundant factors. In fact it is very unlikely 

that invention-innovation (at least a 'signigicant' innovation) will be neutral in 

its effect upon factor substitution. 

The· above bas been set out as a rather cursory review of some of the more fa­

miliar and important commercial, and to a lesser extent, social, effects of a 

successful innovation. More light will be thrown on these considerations in the 

following section. 

4c3 fACT<?M ANQ £Qt!DJtiON~ AFFl.,CTD!O JNNOVATION 
4 . 3. 1 THE CONDITIONS FOR TECHNOLOGICAL INNOVATION 

An arbitrary distinction is made between the conditions for an innovation and 
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We shall reprd tho former as prlot· tn time, ed pract1oally a requlaite to. 

the latter. Thus by cond!tl0ll8 for bmovatiotl t\re moaot thoee cOildttions that 

mu.t be preaent to malt• the f'irn1 aware d. the Nod or profitability to i.Jmovato. 

Onoe the (fectaton to innovate haal»en ruadc (the oondlttona being fulfillcd), 

var:loua !aoU>ra are needary. tthor ai.n•ly or in combination, to JultUy tble 

dccialon varlablo of tbe ftrm. or in other wo~. to brine about a succosaful 

bmovatloo. • ean be Hen from what follow•. th1tJ diiUnctlOI\ 1• SOJl'lOtbno• 

rathor diffleult to draw booauae of the mterrelaUOD8biPJJ betwoc the variou.• 

factors. 

There is a. atrong need for numapra to identify potential tcchnologtoa1 ad\IUC)e8 

tbat will have ecc410rrlic value m wide-spread use, w!tbtn a time f.1BJlif1e&nt to 

the firm. The-ra are certain noo.s1ary oondltiorua to achievin& tbJe value. In 

summary, the concept must ev•fttually prove to bo= 

1. teclmtcally feaaiblo, 

2. c~tcally feaeiblo. 

3. of eeon.omle intereat to the user aooiety. Tho criteria under thla head are: 

better thalt tho atatua qu.o. 

better tban any technological competitor. 

nothtng Ia alght to invalidate its fundamentaltydt'poso, 

lipifh.Y&D.-t volume will bo available 

the ooet does not oxeoed the uaerts noeda, a.1\.t\, 

4. timely. Thia impltua timcllneaa with r•apeot to need. t.o the a\·atlabUitr of 

e~esary suppqrtin& sorvtooa. and w acoeptane~ by the potential uaer&. 

Ill more detail. the first conclition PMralb' agreed upon o.a brtnatns llmo'fation 

into bGJng 11 the • t•tencc of aou.e l&oentiw& for, or preaauro on~tho flrm to do 

su. The neorl to tnnovato may be !elt for- many diff4rent reaaona, a . J . tbe pree .. 

sure of imu)vation by contpotitors~ sborta.p, or htiPerlect quallty, cA ms.teriale; 

the Insistent demand that people eboulr! bave • hiper &Uulda:rd of llvlng, etc. 

1 . WtlUama, B. n.: "CompetiUon and Efftclanoytr Atmlleti ... Economto Pa»!l'!. 
O•mania trniveratty. India. ~ptembor 1962 .. p. 14$. 
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(i) umo-vatlon deciaion• roaultbll from a reaction to the competlttve pt"etsaure 

of numbers and to talllog profits (thla t• tho theory upheld by Marx. tango, 

'Oowr.de}. 

( U) innovation decte1ou in firm$ enjoying a protected poaitlort ( o. g. a• put for ... 

wat•d by Sebumpetor and G.albi"aith) WUliama. bowaver, rejocta both theM 

theories as outright soluttou and dentes tbe oxtstonce of any opttmum oon• 

dit1011 f•vou.rable to ilulova.tlon. IDstea.d~ he oonatders that both pt'Oeure 

and opportunity are neeos-.ry eondlti~ for mnovauon. but aro not _.c .. 

ttolent factora In themselves. 

'Slltame and Pavitt l) sugpst the followlng:-

( i) a firm fa cot1fr<mtad with ereaau!'9f to bmoVate which may be cxte~ .. 

from tbe eompeUtive force. cuatomor domauds, and auppllera ot mate:rf.ala 

and equipment; or lntormal - from the porsonnol of the f!rm or fl"om intra 

.. . firm rivalriee. ln ~OD wftb proesurea, it is tntereatJ.nr to noto 

that an innovation can be "oxop,o.oust' in the aenae that it came into bld.Dg 

mdepcndeftt of factor pricea .• But mey hmova.Uons aro induced by factor 

price ohtulps. They are the roault of mrep·re~u·a MOk.tnc to introduce 

entirely new method• that Snereaee tho productivity of thoae faatora that 

are bectm~lftl moro expen•lvo. Even U inventtooe offered by aeiontiata aro 

"n.eutral11 u between labour and capital. the imlovationa of prooucera may 

be IDdueed for thoy tend to oxploit Ol\ly t.boao invontloraa that tAle t' a way 

of e•cap1ng tho higher priced factor. 

( U) a firm mull have t.bo ~rtunit3 for innovation, and mott hnporto.nt, be 

aware of thJs. 11\ other worda, tho flrm abould be able to identify t.ochut ... 

cal and cCJmmeroial opportunities for innowttion. 

Opportuniti..a may be ~ohntC!l. vu. opportwUUea tnvotvm, the poteat1al 

to apply untta to tho productive prooeas; or oommorotal, vi~. the oppor­

tunity to ptovlde a prOduct ff'lr a new customer or to meet in\'dttnont do­

ntand for oample. The potential in itself ie not euftloleet condition; therG 

must be a rooopttton or o;war.oncaa of it. 

Tflchntcal oppomnttl"t therefore. can (but do not neceseartty) reeult trom 

r"caroh and developmeut work undertaken within the ftm1 and &lao from 

aupplter& of equipment and raw material•; from the bmovationa of other 

1. Pavitt. K. : ''neaearch, Innovation aDd Eoonomic Growth, n Nature 
Lolldot.\, October 19(}3. 
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ftrm• 'Whlob 01\n be pllrcbaeod under licence; trom tutltutos of co--oporauve 

and s.poDsorod reaesrch; from tectmloa.lltttonnat1on aDd advuory a&rvioel, and 

from mdtvtdual lnventon. TbiAI approach Ol'lCJe more fOO'UNa OG research ud 

development as an mve•tmcnt in progre11 ... an fnv~oot in th Ct'e&tlon. of 

opportunltlCA for furtbor lnvntment, In other WOMa, tecbateal opportw\ltlOI 

cat1 bo repr®d as t.obfca.l opportunities to inv&flt aDd ln\'olve tha extatenoe, 

fa a eultably developed fo-rm. of proooace and products Which oould bo ~op­

ted by a manufacturer. Tbe •'nursery groundll" of tecblltoal opport.unit1e1 for 

invefiment an the rcsenroh and dcwlopm~llt depa.rtmcnte of tbe fl.nn ltseltt 

tho sa1Q &iePtrtmente of aupplybJg firma; the buY'fn3 departments of customer 

firma, or ocauioully Jut!t'-lttou (like eome reaearch Alaooiatioaa) conduct 

applied reuaroh to the poblt of eommerctal alpJ Hcaace or uaefulne"a; or 

which. .m.e UJe. National Dewloptrumt 1 oa•rch COWlcll of Drttaiu. Introduce 

cUtcov&t•ie• mado by aov mment bodtee to a wide circle of usere. 

CommercJal oppoJ.'ttnl1t1ea are moat often lnher<mt iD oban&lna patterna d 

demand for goode and ecr•lcoa, and from the ope1Dg up of naw marltete. 

(til) The finn mut at.o ba•e the capaelty to innovate. The capacity to bmo-vate 

ia chtefly a matter of reitOUrces auch aa ability and talent; av-ailabtltty 

ot lnv~ lUDdB; atu to carry through an inll<watlQA aud to pl'Oflt 

!rom u. eto. Primarily, the firm mult have at lta dtspoeal: 

(a} the mauprlal and technlcal capability to ohooee tho opportwllt!oa 

for thoae tnnovattona m<* likely to be profitable, and to effectlv•ly 

manage Ita own re.earoh pro,ramme, and 

(b) tho flJlallOUU capactty for the reaea~-innova.tion, Jnvettment and 

mal'keting aottvltloa tbat the inrtovatlon may roqull'e. Thue,aa a 

whole, and ae shall be expanded upontn a later aeottcm, tho apeed 

and offect!veneae of technological innovation in a cou.t:ey dapenda 

prbnarlly on the competence and tntts.ttve of private ftrma. 

(lv) (a) The flow of kDOWJ.edae from an ox.t•Uugu.d created ttook mto the 

production pt()OG ... 

(b) Tbe pre-uuree aJld opponunttiealbovo and ~low tho lnnovatlng 

firm, • . fJ. l<teu or demand• perused ® to a firm from other 1Dd1vJ.­

duala or flnne during tho ttmc sequonco in wbiob the tanowtlou 

oc-curs. 
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'ncr• uct al&o aomo stu.dfes ah()W!ng tbat oxtemal eharacterfattes of oppor­

t\mity ud pr: •au~., d rlw from outtide origtne of inno"*t.t<>n. For oxampl•. 

(a) a atudy by Freeman l) pointa out the hip innovatiou density of the capi-

tal aood• tnduetry and tho etfe:ct of this eprea.ding innovation throopout 

the economy • 
& 2) ,..,) V.dl flrtda that tnvell&iOM orictDG.te whore pt•oflts wlU result nwst 

immediately. U.d thatt in the &.b.t.mintum illdUBtry, tha COillGI.t: ... 

(i) for product imlevations m the pdm cy producer soctor 'a:i'\d. 

(U) for proceaa invcntiou in oqt.Upment-makere rather than eJJ.d-pToduct 

u•ra or primary producore. 

(e) A study by A. D. Uttle Inc. :J) tinde tbat mnovatJon lD 11matureet tndus­

tri•a usually oomea from oo.t•kte~ du.e to tho Jnertia am narrow oommit­

meate of tradltlOMl thdustrtea.. lo. tble approach, techaolo!Y flows tn three 

different waye ft•om new indult~ into old: 

(1) the msturc industry bu)'tt/borl'OWI teclmology fron1 the new. 

(11) tho new mdultry llwadea tlle field or the old. 

(itt) tho produet of tho new tuduetry replaces that of tbo old. 

(d) w. MueUor 4) show• that ef 25 !mportant product aud procea• lxmow.ttona 

applied by Du Pont, ollly 10 wore based rm lnvent.tou made by du. Pont 

por•(CUlel. 

T~ above eondlttt)n• mu.t b& ·fulfilled In large part before tho entrepnmeur 

undertake• the deotsioo to trmo.ato. A synopsis of tbeM eondlUone rovoall 

tour clotely related Uti mutually retuforolng broad factors: knowledge and 

tttclmical infonnatton (mcludinl comm.uuicatioa), mlent (~rill. tocbni ... 

cal ud general labour tratmng and oducatioo), environmental faetors such u 
fi:rm llfO .• public altitudeS, market ltt'Ucturea. etc. and, lastly* trt.ve•tment .. 

Tho innovating bu&bleslllnCIJ) make& hill decl.tO!l on tho bU11 of thoM factors 

- ·-----1. Frooman. C: "Reaearoh and Dtweloprn4!mt t A C.omp;arleon betwoen Dr1 ... 
tlah and Amedeu IBduatry." Nation~ Ja!t:i~ E~tg,lttv!P~May 1962. 

I. Peek. M. J. '1'nvent1o.na in the Poat , .. ~At American Alum.lt:Uum .Industry. " 
!be !11M! M~ l:,lreqta,ol.fnv~tiv•.Aetlvlty. op. ~t. p. 2'19- 298 

3. Little, A.D. Inc: E!!!!l!!and ftq~tme,ofTM~ Jm!2!!ti~ .. ~ At.BCI'p ... 
~~atF.I~ NSF • Washlnat.on PB18157S. liel 

•. H.taUer. W. F . : ''The Or1g.llla of the Basic InventlODa thaclerly!tl& du Pollt's 
M'afft Product awJ Proceu Jlmovattons. u T~ nate 1!4 DlreotJ~. gf Jp...xey;r. 
yye , Agtiv!!L op oit .. p. 323 ... 358. 
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boi ng pruaent. \Vhat tho effect of an error in hia eatlmate of the capability 

o! hts firm to innovate successfully on the buiS of theae conJftiOne will be, 

ie illustrated in tho follcwinC section, wbet"e the J.tUUn f&otot•a affoetia& the 

8UCCC81 of innovation are di&OU811ed. 

In Chapter 3 , these VQ.rloua fuctorJ af!octinc innove.tton were listed undet• the 

foll OWlni fi•e pnet'Q.l headtnp: 

1. neaea.rch ant• development activity. 

2 . Puroba~e.r and now of knowloop. 

=1. Talent. 

4 , ltt\'eatment, 

5. Eoonomlo onvironm. m and market at.t:acturo. 

lleaeat·ob ed developmont,of c.ourae~will Qnly tnnuence tnnovattou ID the rather 

•pcctal 1on e of t.cbnoloatoal or aoience b!Md lnllOvatiou wbtoh forms the .ab-­

ject :maU.r of UU1 the1i1. As auch, nftl.rch and development hat been dil­

ouued rather nteuaively in the previou.e oha\ltol", o.nd will not directly concern 

UIJ here. It m"at be aoted, however, that l"elearcb ~ development entera U\­

crlrectly into all the· Olhe"r factors about to be dlecuand .tnce lt ta the reatdt. 

or reaearch that form. the oanntia.la of the lnnOftti<m. Thue one cannot oonal­

der factora fleeting the lnttcr without touchtng on the former. Furthermore. 

theto other factor• ruav bnvc both a pottit.ive. or negative effect (e. g. the pur­

chaao of knowledp oan oe reprced u • ne U\'Q factQr affecting tnnovttUon aa 
tar aa lndipncus re»earch and tlavelopruent ia conoemed. ) 

A proper wvteratandmg of modern teohnoloJ}oal chance must involve oonsldera• 

tio11 of the vnrioua fa<.-tora beariq upon technical lnnovat!Ob. ThEt primary fao­

tol', namely re..arch and developmellt (since we are deaU.Dg with !!ghntc:a.}ln­

nO\'atfon) , tta nature. oauao and reaulta. bu been diacu8ae• • Now we muat 

oonstder tM other factors nee eaty !or \ho incorporation of tho results of re• 

LWarcb.and developmont activity, in the fot>f'l of 1m1ovatton. !.uto file economic 

structure. ln other word•. tho 1noro oxi.ten~ of chan is not enoup ill tteolf. 

We must conaidor aleo tho pace of ohallp whiclt is dopendent not only on the ln­

novatlon but &lao on the adaptabtlity of tho eootlomio, aoeial and cultural etl'lo­

ture or csuvtrc•n:-tent. into which it t• tntl"'O.uood. 
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Th aUMmee of ono or more of theu factors may praMnt aerloua obataoles. 

to growth. Simon KU£nets l), for ODJllpl•, uy• that tbei'e exists a bOttle­

neck relationshlp between the aucaos tvo pbaae• of the lnnovationnl proceh. 

For :lnstattoe, at &he link whoro inllOvatlou.a transfot·m mw tecb!Jological 

knowl go. Into production 1'04Uty. hG atressee that thore 4re threo 1ntpol'­

tant tmd obl'iou faetore ~ 

(a) .Many major inventlona, if the)· aro to become auecea&ful !nno'.ration.~ (1D 

terms of increased ou.tpnt. reduced costa, eto.) demand heavy capital 

invoetment4 both in material 1004• and tn the traillttlg or th labour foroe . 

(b) tnnovatlona Nltteaent somothing new and require entreprefteurjal tal~ 

and eltflle to tmtroome 1 aerie of unexpected obstacles. 

(e) Mueh doponda on the raspona1vl!1!eae of the would .. be U.Hre of~ new pro­

ducta/ptoCottSOI fQr thetr adOptlon to w~apread use A8d hence mass pro-­

duction. 

According to Kumeta, all the requtreme11t combine w!th tbe.!\,pC«!B!!tf condi .. 

tion of lnc.reaeed. technical lnowlodge to pr. acmt. the autftalent eondttioo for mo­

dern 'ecooornte growth. Let u• first look at this ''necnsarytt ooc. 'iUon for Etco­

nomlc growth. 

4 . 3 .i, •• THE FACTORS !'F''"CTING IMNOVATION 

~· 'l"be p!!.rDhue a.nd now ~D9"' bowl!!!mt 

O»e cauae of tnorea .. J technleallmowlodgo 1& :re--.roh and development -oon­

ductett by the firm 1taelf. However. a furthar input of knowt.dp, m a<tdiUoa to 

rea rch and de,elopmeut, ta the purcbue of know-how a.nd experUee from out­

aide. Thia. on a nstoro-eoonomic scale, a firlP or 1nduary can provide the ne­

oeamrry comU~ton for growth Without tmdertakinJ actual r~search aDd develop ... 

tnellt work. Of cour .. , tbitl ia not to eay that the roaearcb and development 

aa Mteh fa redundtlllt- tt la highly prohablo that the aew technical knowladp 

bas ruultod from re arch avd d•valoprn.ent 1D another firm or -.etol" of the 

economy. 

On a lU'lUonal, or mtero-economlo acate, tho purcbaae of k.ttowledp te apparent 

1i'.l the (P'OWillg trade In techllolOifoal know-how, partly reflected in the purchase 

of patent• and Ucencoa. This trade ta ehowntn Nattcmal lttcome figurea u ~e 

1. \-<uZDets, 8: Stx Leoturaa ln Eeonomto Growth; Tho Free Pr•••, Ch1eago,1964 



- 78 .. 

ttTecbnolo;taal P.atanen of Paym.l'Jta~ ~) and io allo reflected tn tho •chanp 

of t.eeJml.cal ed actenttfio dooum ntat1on and patent flow• betwoen eountrtee. i) 

1t Js hardly aurprta~mc that the moat tocluUeally advanoed economy. that of 

North ~mertca, hU a considerable bllaDeo to lt. credit, and that other 

eountrioa show a deficit, thQ dearec of ttdepencferwoH rougbly appro:tdmattng 

their teelmical ranking. Ai)!lin,this ia not unusual when ono conaidera the A wert ... 

ca.n lead bt lhe voluxuo of rcsoa.rch and development aot1v1ty. 

These conaide.ratlcmt\ •re often e>mm1tted when comparing tho rat105 ... reM&roh 

to p-oaa national product .... of varfoue oountriea. Fo't example, Caaada baa a 

ratio ot Ieee than one per ceat although '-r por capita national product ia high­

er than moet \Yeatem European cwntrica. It Jhoulrl be remembered, how~vor, 

that a very largo pat't flf C8.nad1an Industry ia forei"'-uwned (putioularly by 

teclm:Icmlly advaaoed American compuiea), and to some e~nt the result. of 

United Statee. at.ld other. reaearoh and developn'lof'lt aclivttiea are tranllerred 

to canadian subaidiartos by parent compatli.est althouah tt.y may bot be per ... 

fore1od tn car.ada. Japan Nld Otn-many too. ar• lood examplea of nouriahtq 

econom:lee tN-t have by thi• maxmer, managed to cir®mvont to a larp extent 

the need to invut !n ruearoh ud development faollitieB. Jn South Af·rtoa too. 

the inflow of net)teclultcal knowladaa from abroad baa been of prt.mary impor­

tanee. Some 200 agreement• to ltconoe !ore!p know-how artt aiped eYel'Y 

year. and thtl blduatrtee moat concerned ... o~rblg. oh•mical•, clothtng, 

build in& and trauport - hav &ll arown .raptdly. Know-how also now• i~a froru 

overaeu computes to their local a~aootatos and Pbaldta rtoa. Thore are even 

the beginninp of a reveree flow of Sooth African technique& back to overea• 

patents. 

The• interu.ttenal fiproa, ewn H broken down by industries. lhow only part 

or the picatttnt Sinee there doubtle•s extets a Iatge 1Dtorna1 trade m pay~• and 

llcenoee between the more and lees t&dmoloJ}oally advanced flrm.e . Fut'tbr ... 

moro. there are also differettcet .tn the techaologlaal balance of pa.~·n1anta of the 

varioua indulltrtea wlth111 the countries. tn any event. payments fo1· pa~ and 

ltC$l04U> ·reflect only t\ (minor?) porlton of tho fiow of kaowledp, for much kn.O'W'"' 

1. Uefer table 1 (p. Ill\ ), table 8 (p. 1\5 ) and table 9 (p. lib ). 
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ledp travelt embodled 1n peraonal. u eonaultanta~ or by c..eane of tl'11ll8 ... 

fers; a• mcmttonedt mach goea Wldetoctf:'d from parent to INbsldiary flrmfJ. 

and perbapa fMtll mora through &he alo or loan or ~pita! eqtlipment tn which 

new tecbnlcal knowlodp 18 embodied. The Importance of tecbnoloaleal aid 

to underdeveloped and developlq countriea ia iUuctrated m tho aid program-. 

mea of tbe ' eat and nu.uta~ tn r,ertieular ln the form of trained tcohnlciua, 

modem <mp1tal oqwpr.oent, -c. 

A Dote of wanlJng muat be aoondod ll<'re. The adoption ot another nation' • pro-­

ductton practices and their appltcation to local c:cmdltiO!lB ia often quiokor. 

obeape1• aDd easier tban the developt:loat of DeW knowlodget and ~:ot'e often than 

not,oqually profitable. None the l•ss, it often ~eqd.ir • a Jarp eft' on ud exten­

aive uae ~ resourcea (ud often competitive preasu-re )to adapt the.o praatioea 

to local reqW.ntments. AmOI\g other tbiup, it probably roqutr a much the 

same kiDd of tectmtoal aDd mua.prial talent aa doee aew re._t·ch. For this 

reaeon, it ia quite likely that. by facilitating ~ adopt1011 of known tecbntques~ 

and by exp&l\dlo1 tbo number of engineers. aeleDtieta. and w U-eduC!lted m.a ... 
J!aPment poraonnol. tecllnolotical eba.ap can cont:rib'.ite mo.ro to crowth in 

Europe than it can tn the Unitod f.tatu. Thia ia partloularly ~l•v•nt, if we 

remember that the more ma.tur • country Ia, tho lese it can take over the 

advanced teebnoloay of oth r Ianda, aDd t~ moro it need1 now invcmnent ill 

researoh, for aampl ,tc •top a fall tn tbe rated grOltth tn per capita outpat. 

The lntoroM.Ap u.d adoption o! Qthor known tcclmiquca mMna that tbe aoianee­

basod 1ndu•triee are btatnnmg to have a nrtma tnflu,nce on the d4agree of .In• 

nowtloo tn ioduatrtea baaed on trac1tttcmal toclmtquca of producttW\. Further• 

more, 'Snter~tl.onal com..merce' Jn techniques ol pl'Oductlon. through tho pur--

chaae and eale of manut•cturlq ltcencu. 1a m0$t developed between the in­

duttrlally ttd\'tlr1ced countrtea tn the aci~co-ba•ed !ndustr!e&. Thu1 a country .. 

industry, or firm can, to some exteat (ofton a oou•ldert.ble extent). aubstitute 

tho buying ot DUUlUfacturlng lieonoea ror 1te own l'eleAl'Cll and development ef­

fort.&. However. at.noe ~ as•imilatioo and Improvement of 80pbi•tieatod tocb­

ntques from ab'road requirea eome WOrking knowledge. and stnoo nc:> advanced 

country~ illdu8try of firm ean afford to a•stmUate alllts technique• abroad, th• 

1odwJtr!ally advanced oountrl • aw:ed to t.levelope thelr own reaeareb I.Dd deftJlop-.­

mebt ~pac1ty. Thia poJnt oannot bo strN50d too atl."'Dgly, eape¢.\ally bl tb 
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Tbue th~ queatioa to be auwf)rtdia whothor actual reaearch and dovelop­

mtmt ta ~ or -.bether an iut!tut!oll for apread!ng •cienW"ic .00 

toehntcallaformatton oan lay tho neoeaury foundaUona for teclmical 

cbaap, and there !a a eleu need for informatiO!'l and advt&ory .. rvicca 

to !nduatry ud Alrlcultus:o. Thi importance ia well illuetmted in tbe 

toUowiftt quotation on the aoUvlUes of the D f' In in Britain: l) 

tiThe eentral part of D s I n ·- prdllem 1a tho aeed to oonvey the ro&ulte 

of reaearoh tn a fonn wh.tch polttta the way to ita practical appllcatt~. ,. 

m faot, tbo Advisory COWlDll on Sot.neo Policy In Brlta.ln~ In its review or 

the balance of actenttfto effort 1D rcsonrooa and manpower 1n tbo noa.-mtlita­

ry field conol~ inter alla. that a great d04ll could be aehleved relaUvely 

qulcldy and eooaomically by the appU.catloa of OlliatJng; knowledge~ pa.rt1cular­

ly in the case of d&velopmem of new products and proceaaes in lftduatry It 

noted further that the problOL. Qf technlcallnformatlOil had bcttm a aertou• 

handicap in cloamg the development pp, and identified two distinct problema 

bl. tb1a coonec~. Th• flrat •• the problem of eonV4yiag tt!tcbnioal intwma­

tion to amall fh·ms and lDdutriea which la<9k the reaources to keep abroalt 

of tho flc>W ct tecbnioal Utoraturo. and tbe second waa the problom arlalnl out 

ot the enorr.aoua growth of output iD aoienUfio Uterature ln all countrte•. which 

oxcoeds by far ~ cspa.city of the individual, even 1n his own epoolal fiold to 

deal wltb. Tho C S I It tn Booth Africa~ tacod wlth a •tmtlu problem. al ... 

tb¢ulb 1t has already achteved much 1n this aphero. 

In tho loug torm then .. 1t would appear that greater adaptability can only be 

achicvtd through tbe expan•lOD of teebllical education ud, in the short term, 

!nWaUve (chiefly tp>vernment&l) ia roqulred to achieve a etpUicut tmprove­

mCDt 1D the dtsaemtaatlon of r levant tochnleal Wormatloa to acienUfieally 

bae..'twal'd firUlB. 

tn cooeluaton then, it ia etear that technical .change or ilmovation may take 

plaoe without new knOW'ledp reaulting from own reeearesb. and development 

1. D SI R, !f!n!.l!£1l4mt ~ ~~ttg~ of. Reft!t:ch !m4 .. ~Ql9J?~9l· Hfdt;O 

London,lial. Par. 160. 
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activltieB. In tome inatancea. reeearch Qnd dovelopmt\nt may not be needed at 

an. for eD.Qlplo by the modiftcatton f)( •JC:iat.lng productat or from dl"ot in• 

stallatloo of already ezfatiDg teehniquc:s. Ev n wbel'e llGW knowledge is re· 

qu!red. tt may already bo avatlable from outaldtJ and it Se po8atble tl1&t in­

fo~ti<m and advteory aervtees will meet tho ba•te need&. An impona.nt 

qualU'tcatlon S1 that,evoo 1f there are tecbDiquu tn exiatellee which miaJlt be 

auttable$ research may bo needed, neve:rthelesa, lD order to adapt them to 

local requirem nta.. Ooe of the mam problome 1n technically backward tn ... 

duetries 1 to 1at tbo 011trepreueur to make uae ot existing knowledge and to 

use the large number of pouible teobnlaallnlprovemeuta which are already 

lmown. So that wa.t 18 mo.lnly noedod in such casea lltnformation aad wb­

sequcnt ~Ued re ... rah, probably tn the form of rosearoh to adapt cxtetiDg 

tecJmical kllowledp to epooif1c CODdittou. 

Thun wo l'lave eon that thre are dtfferent moans of acquiring the new techni­

cal knowledge eahnUal to ilmovation, whether they be ct.rt"ed from the reeeucb 

and c:t.velopment activity of the finn iU..lf, or from the activities of othere. 

However i the technical knowledge input by itself will nearly alwaya be 11\_&uf­

tlclent to aohleve teehnolopcal tnno. tton; for one thing thet"e must be avalla ... 

ble ID the bmovat!n& firm the requlrcd atdtaba perootmol. 

I!. , Tf.lgntr-levtl and dlatrl~lon 

"At m&n)· poiuta t11 tho oconomy ud the *OCtal aystem it iS the supply of firlt 

rate abllity which detorminoe the apced of chango. » l) 

The proceos of mnovaUou te affocted by the level of tal•nt at all atag.es of the 

time acquenoa and & h1;h mel of talcmt is eaonttaJ to the acqutatuon tmd Qp­

plicatim of knoWlodp. TbJa factor can be Yiewod In three broad perspectlvea: 

(1) the suppl,Y ot aciontif1c ud engineering pel'lf(noeli 

~) tbolr 1CJCaU011 and place m tho firm, 

(3) thf.t .,_...al eduontiOD and attitude of labour 8Dd management. 

1. Cartor, C. F . and • llliaoa. D. n. : ~clqnoe in Jndu.str.f, Oxford University 

Prua. Loatdon)l961. p. 95. 
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(1) Tbe 1uppb: of •cl!J!tlf.tc fll!4.en&f!!!!::J!a R!r~l 

The •upply of &cient1tlc ud engineering perao&mel vartee greatly amoog cckul­

trleft. ADd atnODJ tnduatriol of the same country: For example, in Table 10 

p. \\7 • it OIUl be aeen that the USA and RuaJa bave proportlmuuely more 

qualified aciontlm Md eng:tnoer• (QSr&) than do moet other couutdee. 

Reprdlr.tJ dl.ffareDoet bctweett industritt*. a FcdcraUon of British tndultry'e 
1) . 

(F'Bl) etudy found that tbe rea rch ratlo of. qua.Ufied t;eientista and enat· 
ncera Ptr 100 ot total employed wu approslmately 1. 0 tor aircraft, fibree, 

chemicals. and eloctrlcal eqineerlngi 0. 1 !or prhlting, cottoa, wool, hoelery, 

wood and fuftllture, dri:lll.,loatlun· and clothios. Tecbnolo:Pcalinnovation ta a 

tecbnteal activity aDd ltlt &uecte*aful applicatlOll (~origin} roqut" the aer­
vlcoa of tecbnl~ people. or acient1ats, ongtne.era and tec:lmioians. Indeed, 

u Carto1• l) poJnt out. it i8 alJDlficant 'tb&t the apoed at which individual 

firma apply technological bmovatiOM will ~ ln moet fim_a, 011 the fllm­

ber ol quaUfitd ecionttat• and enutn ra employed and. from the FBI eurvey 

merttiaed above, there appeara to be a direct e<>rralauoa between the at•e of 

the firm and the uamber of eoiOiltiataJ ud enginaore u a proportion of it1J la• 

bour torce. 

''\:6 must l"'ill:ember that the fJnt roquh ~ tor hip productivity in rt­

aearoh, tho producUon of new ideaa. n~vel toclmlquee. lleW matel'"ial• ud pro-­

C&81e* and the exploltatiou of tboae ia to eusu1~ tbat maopowar of top quality 

1e ~elected and tra.tnod ln ewtabl~ ways . Thi" ta ospeotallylmpomnt ill the 

lJniktt.J i(ingdom where the ,:upply of manpower of the requisite quality i.a atrlot ... 

ly limitEd - not alwaya by lack of c onoy nd faoil1t.lee, but by aheol' ability. tt S) 

To ptn DOme mouure of tho ~porta.noe of t1l1.a tactGl• for teehnicalltm.<Watlon,· 

let us ptJat. oo~aolvea briefly. Thtl btg ccntrlbuttan of sci once aud tecbnolo­

gioal change !D ~e lat.'t O<mtury or so bu been in the e 1bst1t~on for man-~r, 

of ~r d•rt from coal, petrole\lm, bydro-el4ctr1c eche1Ma. eto .• m the 

manu!actu.re and produotico of tbe ncees•ftiee of ltfe tmd m proYkUng means 

of transport aDd commtmloatfon. Tbts baa ~)bleed a p't'emlum upon t1t.o eervtoea 

----------------------------·------------~----1. F D t Survey, Je1uatr~aJ Re~arehJ.IJ M!!:gfaaturtni_~. London 1181, 
Table a,p. L 7 

2. Carter, C. f' . am \'.'UUa:ma. B. R. :. ~ieGCe !p ~~rx,op ott. p. 12 
3. Sir Harry Melvillo: Proceeding~ of tbe ~xmJ!98iom <lh Produotlvify !!1 !ht­

!!!l'S?!!.· Londoo 11 ... 1J Doc. 1003. p. z. 
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of en.atneera fer the deaip. and oonatruetton of more and more maehtne 

aud upon tho worlt of aoiettttate for the proviaion of increa.sod knowledlt) 

upo11 whiob. th• eoutructlon ot new aDd b.nprovod maeb.lnoe ean be based. 

It also pl&coa a premium upon the services of technlclana to support 

cctontlet.s and more particularly. ODgtneor• i1'l the deatp. plamdug. control. 

mamtenanoo and operattOD of maohbles a.t dtwtcots. Tbia. ba• meanttbe 

paeatq away of the older Dotioc ot tho skU!ed craftsman of -.-rUer tlrnes 

a.e a. unit of production. Tho nSoccmd lnd~uttrlal nevotuuon•• or •~Teobnolo­

gtcat Uevoltttfont• has oallod forth a fat• different brand ot pUled worker. 

~stlone sueh aa thceo mae U1f! urcenoy or a pTopcrly formulated aduca, ... 

ttonal policy to cater fo-r the chan&JDI need• of society. and. to borrow from 

the Organt~tlon for lteonomfc Co--operation and Development, l) moan that: 

n~nruec of eduoaUon planniDJ aro inextrteably involved ln any ooulderatlm of 

setenee &.I'd polloy. Thit~ 11Dk ta hltfm.ate a:M prog-reaetvo. It extend$ beyond 

tho problC'Imt! ot .ctenoe education alone. That aci4m.ttf1e Gducation mt(lht be 

eeen 1ll'1d sof;)l.rated from education in. pno'l'al I~ indeed oae of the danpra of 

~ tnc:reaetns demand for tnln«:l aolectUtc pereom.\81. The prope:r balance 

between Whnloal Ud other forma of cd.lcatlon J• one of tho major problems 

of p)ltcy tbtlt mult. ~rn ccon()m1f't ond educator ~." 

RuBeS& ftti th• ftrst unde1•-devel0\)ed country to delibo~ly plan for tbe 

new tecbnologtaal ora.. 'l"he bul• of RUHian planninr.c was the wtdonlllJ of tile 

eobool curricula to as to ~~tneu.re that aU sobOol puplle have an uoen.nt in ... 

troductioo into the sclenco botoro they leave hlp aobool. Turtruu·nu.>rc, a 

large proportion of the pttplla go on to 10me fonn of advaJlced education i'D 

science and toobnology. 

In tlt:ta -reepcct\ there fa • raptdly1l1DtOAsiq pp between a, typically higbly 

mdustrl4tbed area oa the ·one hand an! an under-developed area em the other. 

Thia 1'111d of pp atsta in a much amalter context botween Ulo different racial 

groupe Within South ,.frio& and tho dlfiMence wbioh already dints between tho 

-------·-----------------------------------------------
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nantu 11om~ and industrial t.ooth Afr.taa is reprded by many aa an 

underlying cauto of muoh of the economic •treasee which beset our country •1) 

'l1w position tn Eoutb Afrl<:a t. partfoulal"ly oritical whtn o couldora that 

a. community of rouJbly 15. mtllion pooplo Ia ltill d pendent for it• aoion­

ttfic CDd taobnicalakllls upon tho emall Europear1 populatldn of little o~r 
2) ' 

3.0 million. 

In tho hl;hly mdudrlall~ed couu&d of the . &t. a ecm olou approctaUoo 

of the odUC&Uomli problom lnvolvocl ba& led to potliitlve aeUoo in recent de­

cade&, m;ch as tho reform and ox&en ion of the hiper education aoctor tncludlnl 

the aro\\'th w atabUsbmc:nt ot colt.a;o of ad\:anced teclmoloiY. and technical 

eolleacs iu the Unlted Killgdozu . In &t%tb Afdca,ar~t ~h1do have *n made 

ill th dtrooUou, L-ui they ar• atm ;n ufflm nt, and lndc0d wlll 1·ema1n so aa 

lon; &8 solcncc t.oaob.bl :t:cJr.aina a rclnUvely low paid avomu ... of omploymont 

for South AfrlC4l'i teicnUete and for as long •• we hnve to rely on a relatiYely 

email European popuiatton to provido eclentl.Gta and encJneer• to rnan expandtnc 

lnc1uatrioa. Edl.lcatlon amd ~in aclenco ad tecbuolOlt,Y in South .Africa, 

whU.t f&r in advance of that ln o!Mr Afrtean ecuntrtos does .not appear ill too 

ft.voum.J)l a l ight when Judpd by r.taJ~eun"Clc in induatr~lit:ed \Y'oatem couutries. 

Alkl. lf tho otandard whtch we wi h to maintain in tbe future is to pro.e compa.­

rablo t.o that of industrlallzod ·eatern comn.untttee. th our •tJbta must be 

cat at whl\t 1a bolt11 done 1D web. commuuitios, nd not by comparison With 

what to bolng done ln tho lo . 1 developed c®ntrhte of Af-rica. 

Our futsna industrial and economic lth la thul! v•ry dcpcmdellt, in the short 

torm, on the loctloo and t.rainint or th mulmum numbel· ot le1ont1ets and 

tochnologillte f"tom our lin,ited white populatl(»). lAthe lonpr term, it ll dftt>en­

dont &~POll tM raw at wbich the non-wh.ttc peoplo. oan be Gduea.tGd 81ld tra.lM<l. 

(J) 'l',!la Loeg,tion or so!stifJ,o praor.nol t~ tho fi r;m 
Not only ia the nut:1 r of technical or actentific pereormelimpOrtant but &lao 

thulr location. 'l'fJe ma.y aal~ wbether 1t ha boltcl" to havo a v,r ter percentage 

of acientl.ta and cmlineera onpged in rcsa.rch or m produetlon, dosl#tt, salea 

~ adminilltrat.hre poet•. The diltl"fbution of qualified scientist and ~n;i n 

1. l'or exompla, Ui{.ltOQchton.H!!L~~ \'f'ox!~Som.t 4J!~ of MlP'f.tOIY 
labou.r in~ !!jgg1 Pre.tdenttal Addresa to the Ecocomlc Soctety of 
South Afdoa. 1000. 

2. !tapson. W .. 6 . o!!mQo and Tft9!:m~l,gry, ,~·itwatcrarand tJnhreratty PreaaJ 1963 
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ID the dlffer.nt iudutriel var~a Widely accordinJ to tbe eountry. e .1. tn 

the Unttod statea. qualified rosoarch scionttata aro heaYlly oono trated .ln tho 

ai'rcratt. electr~lcaJ lJ1&trument•. clet..-trtctty. and ohemlcal tnduetrlo•. 

Tho QU.MtiOJt of the location of poraonool within a firm ud thoir ditltdbutioo 

belwoon re~earob abd de\"elopmept and otbel' acttvitiea merits closer atton .. 

tiOD. B .R . ,..,.Uiiam& l) potnte out that "8olent1fte manpower IIJ a~tng we 

are d.ort of. aDCl even more importantly. &Ometh!ng which bu alteraatlve uses. 

~ more of thle maupower that we uu in tefttU'ah and development, tho leaa 

there ie &\l&ilable for wso in prochlatton and related acUvitiea. I have no doubt 

at all that the Germans u10 a hlaber percentace ot thoil' 80kmtiftc manpower 

ill production Ud related acUvit:let. They are .in tact. because of tht•. 1n a 

rub~r better positlon to exploit ectantltlc and t.oohnlcal kD.ourledse fl'Qm whenlver 

it comes than we aro • . • • • In othor worde. if you are 1oo«.ina at thta tremendous­

ly bnportant natural reMrve otaeienttffc manpower 10'1 can Me that J.t ia poaal­

b~ to have too much reaearch, looked at frotn the &tandpo1nt of economic growth. 

It ta poastble to bring about a atate whare yoo fall to use a great deal of acfenU ... 

ftc and teehnologioalltnowledp beca;u.~ you aro not employtn; e11oup of tbe peo• 

pte capable of \U!iDg it ID the rt&ht place. " 

T·hl• viewpoint ta hJif,:tly alantflcant today as ov.ktorteed ln tho growtq deMAnd for 

the servl~ of seleDtlflc and tachnfoal pol'l(lllllel. lt 11 an ompirloal fact that 

aetenti&ts and tecbnoloJlsts (including anglneora and toclulioianE-) as.-e not only 

used m research and dev.lopm$11t work. Teclutologtcal iono-vatiou do ponds not 

only on research and developmClt, but alao on the capacity of firma to UM its 

result&; thla eapaelty. 1n tum, betna partly dependont on the proporttoo of 

scicnt!sts 8Dd ongineera e.mpl~ outalde -reaearoh Ud development. In produo ... 

tton. r."'IArketlq, ud pneral manapment. The proportion of tbe stock of acten­

tistft and eacJDOere wh1eb can profitably be devoted to reecarch o.nd development 

activity ta, theTOfore, likely to be partly a funetf.on of the at:..&lute size of thte 

ctodt. Furthermore, gi\·en thta aort ol var:fat1(1071t te clear that tho approprtatQ 

dittrtbutloa of eoienUfla manpower "t•rlO$ WWl the mdu.atrlal structure; but 

UDless the di&trlbuUon i appropriate, the full &rowth potential Will not be reall~. 

----------------------------------------------------------1. \'/ill.tama. B.R. I:n note of addroa• gtvon to the Puliam!!Jian !!!4. Solen!ift~ 
P2mmmu.. London 21. '7. 64 p . 1. 
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TbhJ aepect of tbe appropriate <liltrlbutlon of manpower 8tree~ee t~ impor­

tance of oommwlicat.ton betwe&a the varJoua dl'lfi6~ona. To improve the p.ro­

ductlvlty of tnduatr141 ro•OGrcb l:o pnoral. lt is c sential that lt ebould not 

be An t•olated activity. There mutt be oonatani tnterchanp of ldcat with 

production and marketlog,aDd eootJnued planning and vettinJ by people aware 

of Ulese other upects of bu•ineaa. RoHarob ataff thomtJelv~ muat be 

tratnccS to be commercially and teolmoloatcally veraatilo. Thta Uea up close­

ly With tho information neecJ. di8t."UiaJed UDder the preYioua GectiOI!: on lmow­

ledp. 

In other won:la. once the research proaramme * produced euce&satul reault& 

there remnms t.he vital tuk of esploittna thea;e reaulta. From the sctentiflo Md 

thcorettoal point of view1 thia e.xplo1tion C00114te of publtehmg article• or moao­

araphs, and taking oot patent• in order to both Afegua rd the roeulta and make 

them known to a w1dor audtetle@, thu• addiq t.o the atandfag and scientific repu ... 

tion of the iat.oratoey and its staff. On the practical lovel. exploitation, wo have 

said, inloh~ea the more coD'plex ta.ek. of carrytna the renarcb reeults tbroup 

to the production and ulo of now output, and this. after all, to the baatc objec­

ti-ve of all directed and applied t"esct\rch. No-ona today woW.d preiJUme that the 

tran1tt1on from laboratory to production 18 a almple formality; it lnvolves,in 

moat casea,dollcatc aftd O®lplex problem• which can only be •olved effectively 

through eloae co-operation between the re•oarch staff and tbat of development 

and production tiepo.rtmoute. 

Evtdcnae l) show& that,aa comptlnle• have Leeon1e auc~uful in developing 

moro efteettvc relftro.b orptsat~one, tt baa boeomc increulDJly apparent 

that creative. lnDovative researcher• are not eDOUib by them80lve•. \1-'bat ta 

needed ie an orpnteation which providee collaboration between soientif'tc mncr 

vators Ud ~atu and production apeotallat• • .w that: 

• 

the lkills of the innovatore can ~ ~lroctod at market needs and toolmologt­

oal probl$ma. 

salea and production apoc!ali~JtEJ ¢&l1 be actlvely fnvolved tn the commercla­

Uzation of ldeaa developed 1n tbe laboratory. 

1. e.g. • Lorsob J. \ .. ·. and L6wrenco. P .11. ! "Orpnbrlo fO'C Pr<Kiuct fnDoft­

tion'' HArYJl'Q J1US!M!:! Rf:Vlf!.'!f, January .. Februaey l96i.p. lOU .. 122 
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and. aa a rcrult, ideal can be trl.liafel'red moothly from laboratory proto­

type to commercial real tty. 

Tb.ts aptn 8treatt4s the importance of J.nformat!orl flowa described in the 

prefiolll seetion. Information from the Alee. dcpa rtmont about <r.tstoll1t' r needs 

ntld from. prO!.lUotion about proceas1n& poo1flcatione has to be pu1od on to the 

research unit so that thla information can bo •••..tm1lated with tho ctenUflc fea ... 

aibUity of dGvolopinJ or modifying a product. \JJ1thin the lbnlta set by the naeds 

of the ouetom•r an<! the capacitiea of the productiOn procoo, tho research unlta 

are then reQUired to oome up wtth a n-ew development. If they auc()Oed~ lt te 

tben neoosaary to trandor .lnfornlatlon back to the aalel deparlru nt about. 

product oharacteriettcs and to the production department about prooo•• ape­

cif1catlon•. \'\ ith this Jnformation !ales should he in a poeJtton to mt.l'e and 

implement market plaru., allft pro-·uotl()D should have the cata for planning and 

executmg lts taft k of manutaoturbia the produot. 

It ts of areat S.lp if thia co-operation 11 eatabli.hod while research won 11 etiU 

goina on, and the location of labo:ratol'iea and the prod11otion units cloae together 

in the oase ollnduatrlal reeearch cleat'ly facfiit&tu conw.ct botween them. In 

oaaoc Involving new production proceseea wblch pre.- apeoial illfficulUes it 

will often bo noccssary to develope a pilot plut in order to atl.ofly the problem• 

aaaootated wtth the ohanp·over from singlo or email batch prod\lctlorJ ln lhe labo­

ratory to quantity production in the completely dUi'ennt oondttlona or the prodtlo• 

tlon area. Here aa;am olOM collaboration 1& eaaenUalaDd t.bo re•earoh $Clcnt1.tf 

must follow the proJP"eBe of their work first through the pilot plant and then into 

production. A uaeful praottce now becotnin& more common o~eraaa la to appoint 

liaison engineers whoee job ia to maintain permanent contaat between the research 

and production staff re•ponaible for •peciflc projects. The Uataon en;in era arc 

gonerally recruited from tho :re~~earch laboratory and thu• have tho aclentific trai­

ning neoosaary to carry baek and explain clearly to their former colleaKU08 1ft the 

laboratory the problema and dlfflculttea enoountered 1n production. This may not 

appear neoeaary until wo aollli~r tho dlfficulty In ooanmunleatton between ac1011-

tilta (who are mainly conoor.Ded with research) and engineer• (who are concerned 

larply With development aotivWea and the application of 1r:mo\1lt1on). Thla diffi­

culty often arl~ea through the way !n which they are trained, and there appeare to 

bee e aential difference between thetr reapeettve apPrOI.~bes to the problem. 
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:teng:J.Mera US\Ullll' deal with sometbfnl tangiblo ... wUh couoratt:t 8ttuctttrea ami 

mechanical devJcea- which e&l.l be seen and handled. Selentfsts. however, are 

normally taught to infer frotn ape1'1lnenta what the truo no.tute of matter 1a. 

Furthermore. the primary purpose ·~ the engineer te to make something whtoh 

works and which baa a practical rewlt, wh&reu the seionttst bu been trained 

prhr.arUy to f1ftd out how tbinp work. The difficulty is to reoonoUe these two 

approaches to mnke for more $llecttve application of l'ettearcb results . 

In sbort, inllovation. lf it i to bo aucoosatul, require• close co-ordination be­

tweea reeoarch on the ono band, and produoUou on the othar. ·rhta co-ordination 

is neceesary not only to provide the two-way now of tecbnlcal 1nformatfotl de•­

crlbed 04.1"ller, but alao to developo mutual truat and confidence between tbe 

members of the unita whiob ar• roql.llred to collaborate in product development• . 

~lea personnel nw:,tbave conftdenco .tn reaearch'a knowledge of eelenc•, while 

research sciebt11ta must have oonfldeuee in &ale's appraisal of them rlcet. Sf. ... 

lnllarly, the~'$ muet be mutual conftdeuoe betw410n ruearob at A production about 

production' • ability to operate the P.t~e• e!fic.t•etly aoeordlni to specifioationa 

alld about reeea.roh'a capacitv to dovelop a prooaae tbat can be operated efficiently. 

Thua th•r• ia an urgeflt need to understand the in1pOnance of tb$ &att1butlon and 

location of actent1~8 and encmnera Within tho firm, and following from that the 

importallce of adequate and effective aommuntcaUon and co-..ordinatlon between 

tho varloua department• or dlvi6iona of peraonnel. An expert ean remain an ex­

pert Ol'lly by conatantly re.nUliniq in clON contaot wtth other expert• in hls own 

particulAr field. B ia only 1n auch cit~tancee that the tnterobaDp of ideas 

and intormatfoa so vital to original thinking can take place. ~Ia ia perhaps tbo 

main justification fo~ tho (U(1 t4moe of the untvoraitioa, and re..arch worker• aro 

not lnfalllble .. they also come out with impracttoahlo Jdca• which cannot be car­

ried out; here the scientist can only be convinced of bls mtltake by a fellow acien­

t1st. Furthennoro, sino the growing pointe in sclenoo are now n\o.t frequently 

to ~ fOUJld in areaa lying between th tradltlonal dtsolpllnca and involve the parti ... 

c1pat10» m several of t.hom, commnnication on a far mote inteneive scale ie call~ 

tor, lnvolvil\J mter disciplinary conununicattoo and information now a . Research 

and developm~nt i• only oa pan. eel®tlal though it may be, of the very compli­

cated procoH of manufacturing industrial product. lor aale, and, u omt orltio 

baa eaid! uiuduatry 15 too serfoua a matt8r to be loft entirely to sehmUsta.:' 
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Nonetheless, thet need !or rose&l.'Oh Qr.l(~ devc~lO()ment has to bo reoo.gniaed. 

for from sct&ntific pursuits in labora.torl 9 emerge the new idea, oow teohn,t ... 

quoa. uew processe• al!d nGW products of the fnetocy . It la tl"Uc that. invention 

.. .lDnovation may oooas1ooall:v an'.! ln1Uallv appcat· to ~J'-pa8a this route. But 

no tcchnlcttl invention, howevet• initiate.., has boen tak&n to fruition in industt) 

without considerable following support ft·om • cienti&t• and tecbnoloalsts Wllo 

tasbion the original idea. to a. aalca.~lc pre>o:.uet (1Cn,andinr. c<>natant impro\ie­

ment. 

To ooooludo then. lmprO'\•omcnts ~~growth lla.'H! one thing in o~nu"lon. Jf 

one ia to get past the research stage (nno thia 11ta~ is not an eni: in ithlf un .. 

less knowledge for its own a.ko is what ls t•equlre<ij, then ti'ore mu.st be effec­

tive aommuniMion <>f Uwt idea. tho provision of daeign data., the w•.>.rktng model , 

etc. between ro&enrch nnd dQve lopmcn11 the pt'otluct clasigncrs. thoac who ho.ve 

to 01:1."81\ise the faoto1')' (its prod~ct:ion toohn1qu0fl and layout), tho &a!ea force 

(a.dverUsing, market re~rch, ote), and th('l managoment 11:1 all ra~pects. Nor 

is this eoramunication one way. Tho fooc:back from sales, llltlllnl~ment. etc,. 

to tho laborntorlea is equally important~ efnce thr0t.1gb thi• the new objoetives 

aftd market requirement• g1vo leads and direction to the rcse2rch worker tm.U to 

the detel·mi.nation of hts progrru;:~mos. 

lt ia in in<.luat:cy in p!\rtieular where ono would ~pect the <>sscntial need for coru .. 

munioatio.ns to be reooanie d and to be ort;a.niaed *:'~ o.a to facilitate t11o passage 

of 1dan.a and.1nfo;rmaUon for introduction into tb cotr..pal'l~·'n a.ctivitic..u.~ . 

Ml'~NT . 
----~~~------------------------------·---------------------or primary importarc in tht1 rn·ooeoa of innovational cb.angu ie tho willingnoes 

and ab1lltv or la~our anrllllarulgemellt to sugueet. ~1ttatc}aud auopt now products, 

devices and nmthods. 

"'rhe rap-id transformation of :research findings by industry, in the ahape of new 

prooousP.s and productu. depends both on the orgnniva.Uon of roa.catch and tho 

propensity (ar~ ahility) of manafOmont. the quality of wlucll n:ay ~acy trroatly 

from IJO\l.ntr,· to country, to Qdopt technological inno\'atlon.s. "l) 

-----------------------------------·-----------------------------
1. 'Cnited Natlonst Some !'actors m "Etonwnlc Orowth in 1:ur.ope during tho 1950'~ 

' / t:.cr /462 add. 1. Paris.l965. 
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The innovatinc manager. or entrepreneur. wu a atroncty empha&iud factor 

Sn Schumpeter' a theory of innovation. m wldoll the lae~ ot dy:n.•mto manage ... 

ment can seve1oely budiedp impNvoment sobenteiJ. Labour atUtudea too 

play an important part. for oppoaltlon to ehangea wblch affect employruent 

or wnrk pr~dures may hold up the adoption of new technJqu.es, for example ; 

nMAny shlpyatde have employed produ~ttott engineering consultants to advile 

them on prOduction 11\youte and programmes. but the Implementation of sudl 

advice baa frequP.ntly roaulted 1D hthotu.· upset•~ whlcll ln a poriod of full 

order booke. may have made the ibduatl')' aa a whole reluctant to use the 

results of eucb blveatlptions. "
1

) 

Not only 1a the attitude of lahour important, but like tho l'!l!11mli!1", labour 

muat have the necessary aldlls and ab!Ut)· to aocompUah innovatiou in the 

modern aoeiety. Tbla is hardly aurpri8it'.ll when one rGmern.borm that tnnova ... 

Uon frequontly requires new ldtlda of ¢apital and labour. capital mullt tbon 

comprise diff•Tom sorta uf cqutpm.cnt and etruotul'ea. whiht labour must ac­

quire new eldlle ud attitudes. v·e ~Y often fiDd this cauaos a waato of re ... 

sources only reoontly inveat~ ln the prodt.i.ctive proce•ses. Furthermore¥ the 

pttrtlculat• ltfnda of oapitAlallrllaboui' may not be avaUable . 1\fo• tnnovattontt. 

1111 addition to pen:n1ttmglarger output• 01; roduced input• .. ®Cufon a change 

1tl the TOlative productlvitr of the emplo:?od factot>a. ~Iter JlUlk1tll an fnnova ... 

ti<ml!l'.l indlvtuual producer may find tbat, at the same wage nnd mte-reat -ratee 

as beforc,he now use1 more capital tmd lea• laboor. or vice versa. 

To return to the question of manapm<mt, or e>mreptcne\.lrtal quallty, tbe Teob­

nloal r>trocto-r of mle lat'l~ firm hn• laid: f~At the risk of empbadzing tho ob• 

vtoua, I xnu.t apres the ffrmeat oonvtctton that t.be blii61t •tnglo factor fa ... 

dustry has to take f~to accotntt 1JI tho suitability and efttoiency of tho manaae ... 

ment team available at the rlgbt t ime for deployment ill the ueeutton of tbe In­

novation.*' ~) 

However, tbla tact l• not all that obvtowa~ and there is often me~y "* vasuo 

awareness of th~ ma.Dagertal qualities nooeau:ry for mn.ov.tton. To take an 

examplo, we have aid that tnduatriala·eaearob ia expected to •·pay off", and 

------------·---~----------------------------------
"· cnrter. C. F . and ":nttamat D.R. !nve~me!lt tn Irmovati<tn• Oxford Uatver­

oity press. Lmldon,19i8. p . 7'1. 

1. D S t n. llaearah and Developmcmt ~~!Cmt!l~~-~-~!l~in.J_~-~~0 
:tngtneerlna. H.M.s.o. LOI'ldon, 1tGO, p. 1 ... 10 
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apln the questtoo ot communleattooa ariaea. The first problem Je to 

~t the research .mtt k.-nly Interested In wba.t they oupt to be doing for the 

~nalit of the industry - to enp.uder the appropriate labour attiturle - ,_ .... 

cause without tbat eathu1tum, they could Dot be ae or t1ve ae they ought 

to bG. !ccoodly. if the re•carch ia to be fully productive~ tho ilUlO'Yatlon 

that ts to result from it muat flt accurately into tbe tnduatrlal ~Jatem u that 

ayctem wilt~ \\"hen the liUloTation ia road~· tv arrive tbore. The Innovation 

muat be oompllttblo with the plant and th<~ prooesaea and tho produets aa they 

w111 be at" that ttmo. and moan important. it muet be capable of belt\.[ Qftlctem­

Iy operated and maintalood by the people who will be tMre for that purpou, 

and it must be aulted to any particular rature1 of Ita envir®nutnt. Aa men .. 

doned earlier. the right time to formulate theae vital CDQrutotJODJ between the 

. industry and tb.e roscarob is befor<~ the ~sea.reh &tartz, ond they must be ra• 

examined trom time to time. In the context un.dor d1GOue•ion here. tbla calla 

for th mstituUOD ot eduaatioral prottramme toachilli particular t4ohnloal poe• 

•lbUltles to groups of acrioulturtata, m&nalers and work era in tn~lustry. 

We may wellaak what rcatul'ea of tnanaioment and labour murrt be instilled 

by tho educational pro nn.•m aml what iDl'ltlto oh&ractetietle& .muat be proaont. 

Tho question ts not euy to answer and mucuh economic. ooeial aud payoholopcal 

lltora.turo exlata o.o. the dyntun!sm all!l dectsfon - 211:.1.king quaUUoa of entrepre ... 

neura and tba nec~lES tn modttm indualriallabour. l\rlght
1

) polnta oot that are­

view o! tho early 1.-adfo history baa lltawn the lmporttmc of apeclaltred elltre ... 

preneurialakUls in tbe a.uccolbfullaanohJng ¢!new venturoa. He menUona 

that the prlncipal charaeteriatica required were "perhaps vtaionary boldnea•, 

narrownes•. nggreuivoness. persistence, hL'.IiD.eaa judgement. &aleemauahtp. 

the capacity to pick nble aaeoooiatee.tho dele tton of authority. an<\ the ability to 

inspil-e lo:.talty in a wori:ing Ol'&aniaatJon. u To th1• must be adele~ the all irn ... 

portant ncod !or the ability anu wllUnpcu to promote commun1caticn and infor· 

matt on requirement a of the ftnn. ::rurtbermor•. an e!laentlal r~qulrement 18 

that n..anap1.•1al re£ea.rcb personnel. and labOJ.u in gon~n:al. fully appreciate 

that orlpnality fli.Id Innovation are most likely to naw from variety and the 

freedom to ..tplos.'e , althoo.gh of oour eonfin~d wtthin reaeonable bounds oy 

company budgets aPll x-esca1ch proarammos. 

-----------------------------
1 . B:rlght, J . J.. •• lliutoareh1 ~velgpment eng Teclmo12J!CJ!!! I.Dno!!!!eu R. D. 

I1w1n Inc., Honewo«lt filinoia,1DG4. p. ~!). 
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In th18 oona.atton we often enoOWlter a type al ''bottleneck .. eor1es 1n Che 

varJous requirements under th1a head, for M&mplo. between: 

or tivlty of research staff 

climate tor creativity 

teelmical inteJllgence 

oxperlmEt.ntal ovaluatton 

eeonomlct appni-.1 

ecale-up to pilot phmt 

capital available for comnwrctal explottattoo 

maM.gemot' • attitUde 

.~teach step. realstanoe or ab&eJloo of tbe requtred talotltl can bo tntrodu.* 

and eo tho flow rate Sa ostaoliaht'Jd by the a~lowelt step. Tho oomblnation e>f 

tbe onath·ittea of. many, however. tn o01ljunc't1011 With a favo11rable manage• 

ment-encourapd cltmate,l a to the sort of tnatttutional oreativitr which 

.-eta a ftrm apt.rt from 1te competitors tn resea:roh achievement. 

Ita short, what toclmolosry Meds 11 bmOfttion and far aightedJteas coupled with 

a full ru.ttzation of the dffftoulttee of puttln& new tfka• into production in a pro-­

fltable way. 

ot note ill roapect. of ~ent aJ:ld t.chnieal educaUon 1a the over tncreaatag need 

for a fuUer t.wa-reneas of the cost• of rMearoh ad devolopt'lont and what oan 

bo done to combat thla. Costa o1 rehareh are rtablg ao rapidly today that in 

order to Ju•Ufy increased research and development •lldlt\lres, output must 

continually btl !nereuinl a little faater than the coet of re•oarch increases. 

Martag•ment muat be made aware Gf We, and of poeatbl• aolutiona; for eum· 

pie there oxtata tho poulbtlity of automating th& roo.tllle and tMroby lcnvtq 

more tlme for tho creative proeoss .. "reeoaroh on how to do research ... 

Thua. the problem goea muoh further than tbc !loed for hlshly tn.in~ ~f 

in rea•areh .00 de\folopment depcartmenta. There is• pressing ne«< for n\Ote 

people throughout lnd~ry who al'O •"techntcally litttmte. •• They mult bo aware 

ot the ttoweat dovelopoenta, apr. to talfe advatit&J• of them. tuld receptive to 

now id£Ss. They muat be given the 1Dfom:urtbm on \Vhich to m:&ke the right 

choices and thev muat ' now how to uads tbe 1Dformattoa. T1l estent!al ,... ... 
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quisitea in this llonl\..t'lCtion appear to k.G a h1Jh del,trce of technical ~XC~~lenco, 

rcspt>n1iv f!~P and adaptability to change on the part of t;mlCrallabour, a 

toolrr:·ioal awal"f)nesc on the l>!ll't of m4.Wlge ...ont,nnd a l"t'Sdinese to weloomc 

tl$Y lrlC..'lb. not bU.rKHy. but or2titmlly nnd conatructivel;.; • . 

Tlm Cf ention of tb le.b<::>,l t' an1 tliU.At!'crtul reqqJsltoa in th.e tnnO?a.tiflg firm 

m~t be discus~ na a wboh:. tntc&T&tint: the threo factors <laact·lbed abovet 

namel!' th(\ total ruppJy Qf ~c:!cntiUe ~nd enginc-erin:r personnel. their looa­

tlcr !ln~. v!acc in Uo ftt"n:t. and tltt! ~eTal d:tQ'JU~. anrt etUt~ of labo·· • 

and n.IAnagt'mont. It f& not enough tt> C<..~ eider v-nc of th~Eo tn isolation. !ott 

e:rta..:nple t'beea'-'M we nnvo !llarge m:mber of .CiCllttsts n.nd englneen engaged 

in re&c"\roh tiM d6\'43loprr.cm tho numtor and importance of innovation• 1n u&G 

hy o:.n· ftnn fa H' ely to boon the inorc n· . " Thea~ va.ri~tiJS aspects of the 

problem art~: hl)th re ... tnf{'lrehtrt a:r.~l e~J.r\yw.UUvc nrul t. -careful l:·a.lanoc must be 

str•te}:.. hotW~>t.!ll tl1cr~ ~ ~o th:lt O..'lc ~rtiou1a.,. M~t Js not strosacd to the dc­

trhtJ• . .'~nt of th~ othArs. 'f11~y :1rc all f.aotor• which c"rupleLY"Jont ooe anothe~ 

cmd act to~et 'he-!" to prom to t\nd en co .'rtl18 tnnO\raticm. 

or coot'f!f), thi. eomowhat CQ..,pltca.t~s thf' iP'Je as fttr u q~ anti!yins the 

effczts of r<.'s~arch ta conoorned. 1t 1s often rfif£Joo..:lt to know how far what 

a.fpettrs to .IC "tc-ohnleal prorrrceo" t the rcevlt of the flow <:If !~cw itwentton. 

r.tl an r.dvauc~m nt of sni~ntiftn ~1 tec-hnc~lo~cal knc:w;-how, or of a d:vnamto 

t!lt'irtt of (mtr(lpr(mcur a o.r.d -.:~nncct·fl whc; eneour.age th~ conUnuoos ftdoptlon 

of lrnt'H·ovomontlll an~ the betteT utllt:r.ation of c2'lstmg knowledge; .or how far 

it is Juet the rcsnlt of ulwarntng b~ doinr.' 

c . n~ntrN'l': 
One oft~ ch!ef ~oth,'l\Ur.rt f"r<:cs fol' innovation has imon tr:lr®.: IQ a high 

mtc- of hwc£tmtlr:t. tn l!. norc na,.-:rmv conte!d,!t ~s not e"'S" to dc•ign echttmes 

i'Tor: rer,•n.rch i ieae th twill nocc~u.Mh bo ltr-\ftcd to p..treh· m:rrent Clfpen• 

dit•.,r•1. Moerl work o:r pr!X~.tYPft :u!d pilot plant oooBtt.•lotiOJ'l 11 ide3l in this 

cosmi\~Udn f<lr it is easy to try oo.t, ~~1'imf:Dt attd nodtfy empirically 110 ae 

to get ol)t.S.'Ul"..l11' fX"1'(0rmnna,.. Th!:s t~.n Oe reanrd~-l t\0 ono form r1 invutmont 

nPceqPl"Y tc. lnnovat1<m. 

It mum be ~otoo. thnt. althongh a popular belief, it 1! dangerous to ~ct in ... 

crca~i tnv~tmor~t to alwnya iecreasc "tl-trrl meter growth" thro tgh indu.cing 

· .tnnovattCfl. But. on the other- hand, tt is extl>emoly poselblo that potenual in ... 
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novation& may bo slowed or completely atopped by the abaence of adeq\.ate 

capital finanoing. Kendrick l) points ou.t that the unavallab1Uty of rmancmg 
ia on<t of the chJet handtca.ps to toobnlcal prO&ress~ and lfaaef1e1d i) hu 

Jenerally found an tnV'erae relatton.tlfp between th4! r;peod at whioh an 1nftovt. ... 

Uon epreaua atld tbo eizti of the investment required. At tho basts of Sebum­

peter' 1 theory of innovation too is the 1zr;portanee o! the ontnprcneur who 

mtrodl.lc~ or•Ut.l into tho circular now~thue enabling~ finance of mnovation. 

Research and d&veloplm)nf. tUld i\applt..:ation is axt extromely exptmsive under­

ta!..ing, and lt would seem that. an essential requirement for the incorporation 

of lul<>w ... how into the economy fa 1nver;:tl:) nt. Tbua the hfgher the rate of Jn­

vostment. the faster changes 1n bow-how can be incorporated into the eoono­

m)'·. \'Ve muat ron1omb0r, howc.wor. that not all Innovation bl capital-ustns and 

it may well PQY l•e d~veluped areas to tool< !or capitaJ. ... utonatvo methode ( ca­

pital and etilled labou-r botrc the relatively ~rce factor) . Also. in hlghl r 

capitalized in-duatries whore labour ouats are a minate fraction of total cost•. 

cnpUal-savfni innovations are ueually so •!Jbt. 

We mu.st al.o eon•ider that, althoulh sofeutffio roseal'ch ed innovatien may aum­

ulate oapit&ltnveatment, frequently the atin·~lus is rovot"ecd. cnr. .. ely inv•at· 

mont proccdee the n•earoh or Invention. e .g. inv~stmcnt in the development 

of the hiP1-rpeed computer mad posai.ble resoareh oo prohloma not prov1ously 

attempted. In a hroad&r perspoetive. hugo fnv stmont requtr0mente tn many 

induatriea i'requ®tlv ut.lmHlate tctobn<.'llog1cal research in order to ooPserve 

oapUal . 

ThU$ the rclaticnahip between ilulovatton nnd Jnvostment ts not ao atmple as 

to be dealt wtth ln on. dtrect r lationsbip. l-or haps. t.hc views of some writers 

on the subject would ciarl!y tho 188'..&$. 

:!) . 
Mmaa1an for example. found that for his seleot aaw ple. tnoreases In pro-

ductivity wore not 6)tf>lainecl by 1nvostm8nt, and "furthennortll, tnve!Uneut in 

plant aDd equipnloot abowed a consiatallt, but not statlstteally stpiffcant, n•ga-

1. Kendri~. J. ~ . Productivity Trends 1n the United f.i.tlte•, National Bureau of 
Economic Rttaearch. .Princeton University ?roae. Prlnoeton, 1961. 

2 . e . g . Mansfield. E . 11Rcecarcb and T<;chnologtoal Change," lnduatr1alll!§!&r~ 
February 1964. ''Teclmioal Change and the Rate of Imitation. Eeonometrioa 
Volum• 29, 1901. ''J)itrafirm Ratu of Diffusion of an Innovation," R. view of 
f!cono:mics @!!4 ftatistlo~1 November. UUl3. 

3. Minasian. J . R. "Tho £ conom1oe of Ao.-roh and Development. " Th :Rate and 
Dt.r;ectt'm pf Inventive Activit). op cit. p. &3 ... 141. 
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ttve CO!'relation with invcatment in research and development. This suggc~e 

that the two typea of mvcahrcnt p.ay be COltpetitlve rather than oom~emen­

tar"· tn IUl.turo. •~ ~iwilarly, a team from P..atelle .Memorial Institut(~ (PSA) 

under O. \\' •• tame5, beUevcs that resE!:lrOll and development and capital 

investment znny bo rep.rdcd ae alternath·e 4lees for coporation funJ.s . 

Schmookler l) says regardinar 

(i) the L"tliJTOad industry- that the "introouctiou and diffusion of 1nvontions 
e 

seems znorly to accompany. but not to cauae the waves at investment. " 
1\ 

Ho postulate£ instead that tt•onds in invention are causeJ by eithe1· trends 

in investment or the enme forces that shape investment (cbiclly ttltlXhn muse 

of ~Isting capacity). 

(ii) agdculture nnd papormaking- that ~portnnt in\•entlons SGem to lead ttl­

vestment and he epcoulat:es that .oauaalit~. may l'1.m from major inventions to 

inve&hnont to moro '1nJjuativo11 lnventiona. all these points subjoct to the 

lhnita.t!Ot!S of patents to inventions nffocting itmova.tion. 

On the othor ba11d, Dr. I.. C. Kemp 
2

) points out that thore l$ no illhtn•-ent vh·tue 

ill research and development pore ntagcs, just as there ia no inhet'~..nt virtuo in 

high rates of c:lpltal eXp.)nditure. He regards thomas both being p:srts of the 

investment proooss and, ae suoh. conatit ;te costs o! ~. 01;'¢imum o.ucca. .. 

tton of r aourccs, then, involves taking investment in roseo.rch and devolop­

numt (and innovation), as well as in plant emd equipment, to the point whero pro­

spective yields to ad{\iUonal expendlturft cq~1al the eost of the finance involved. 

M'ansfiold S) points out that the rato..t of diffusion (and technological progress is 

rlependent upon this ratv) tends to be higher for n1orc pro'1taiJle ilm0\1\Uons, and 

for thoso requirin!( rolatively arr all1nvostn ents, and tbat tho rate of di!lusioo. 

U'ooe. to be htgbcr wh n the innovation does not replace. very durabl equipment, 

----- ____________ ..... ___.__......_ _____ ,..,...... ... .._.._........ ___ _ 
1. ..ol·,u,ooklet\ J . ''Cb~b in Jn;:lu.till".t' and in the Mato o! {n<.u . .Jted~e as Deter­
mlnnnta oF fDduatrial InvonUon".ibid. p. 195_::_j~ 

2. h-emp. r.. C. Tl'1m.81Uo: !.QJ'roductlon , -

3 . lta.netield. .!! • :Tf!chntcal Cbange Bnd tho Pate of Imitation. '' rconQltlotrics 
Vohu:.~ 2::. )ctober • li~rJ!, 
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From the above lllftorent vtow pohlta, lt can be ~ that thor• ia no oompl$ 

u.uantmity oa the aubject of inveatment and innovation, and it would be unw!N 

to general!$$ that Jnv•etxrumt mU~-t. in ev1/lry caae~ precede 11Ulovation, althoop 

the Ukelihood ot 1t eo domcte great. v:e have aeon haw the 'rettidual econo­

miStS' (like Solow and Fabricant) attribute from 111~. to OO't. of ~ output in­

ereaae per head to tecbnologtoal cbange. v.'o m~.tat remember. hGwever. that 
~ 

alth0ll&11 much of what we J:"efer to as technical change cooal,. of orfPlnlt.aUonal 

ob.an&es whiob ruqub.·o no new b~puta~ a muah &r(t&'ter poruon of obangea in tbe 

tecbn-oloe' are probably embodied in capitt.l f<>CCh of some form. Thua tht";r"e 

is atroo1 reason to boltove that the rate of teul\Dologtoal advance will m. in­

fluecee.d by the r•te ol capital to:rmattoo. A more direct t'elattouhip proba-

bly extm between obanps in teehnological and pod mvoatm•t)for ttmovattou 

are often embodied 111 capital goods-which t'epreaent. not additions to the capital 

atook. but replacements of extstlfll capital. Teobnietl cbanp will thus flourish 

moat 1D an economy which is expandtnctta stock of capital. ConvortJOly, we 

should cxpoot tho rate of net capital formation to be greatest whon there is a 

htgh level of IMovational change, !or tho t"ttte of profit a Uum Ukel.Y also to be 

higb. 

From uotber anglo, one can reprd. tbe rate of oot inveet.numt as beiq definition ... 

ally determinod by t~ rate of technological advance. Given the rate ()f groea 

inve.tmcmt_,the rate of net inveetJ.»:ent depends on tho rate of deterioration and <.Jt> .. 

solesoence of oapttal.tooks. The former ialarply ecooomioally determined 

whUe tbe latter ill a teehnologloal consideratiol'l. Io other words. obsolo&ee~ 

is greater Ule larger tho rate t>f innovati<mal clutnge. TOOre is tbua a link between 

blnov&~loaa end capital formation eo that the latt•~ ie ~bled partly 1n t.erma of 

the former. Thoreforot while we have found teclmologioal chanp of conaidota­

ble lmponance in rabstng prcduotlVity,tut'ther reaoarch would be needed to p:te­

dict. for example the effeet on por ~ita output of alternative rates of capital 

aooum.uJat1on and of tecbnologteal eluulge. 

From tbo above~it oan be nen tho.t tht~ traditional tree.tmcmt of technOlogy as 

an exogenoua factor in produetJon theory ia thu& hasically wrong. Further. 

thero Is little juatifleatlon for considering the rate of tnvo.uneat u exogenoue, 

for expendjtutte OD research and dovelopment wlll col"tatnly effect Wa variable. 

and tmcl\ eapoDd1ture 1D laflueoed by other economic mapitudb&. There te ettll 

leaa juauflcation for coutdermg the rate ot bmovation u exogeaous, for given 
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tho rate of invention. the rate at which n.,. Ideas are adopted ia a function 

ot aucb variable• aa th level of agpegate economic activity, tbc profit rate. 
' 

the ap compoeitlon of tho capital ~' IDd lnveetment factora in genoral. 

Ec omS811 would thus do well to eonaf.der theM vartablea aa det.ormiwnc. 

at least in part. the rate at which muontional change oocurs. 

Q,. ECONOMIC t:NVmOJ!M£1!"1' AND M.4HKET f/l'RUCTt~RE, 

Ill an carller aeotlC?n. tho p1llmll ecouomtc environment neceasary for economic 

growth wu tte.crtbed. aud obviously tho same conditions muat be present tn 

order for inno~t1on dociaiou to be made. A favourable ninfraatructure•· ie 

naoouary for hmovat10D ua factor ot growth. Thls mullt include mter alia. 

normal compet!Uoa. eitbe:r tntemal or external, protection aad opportunity 

for prof!ts. a relatively etabh~ OCOilOlny.,and the abtlfty to predict risks and future 

movemefttli the avaJl&blllty o1 capital and the capacity for innovation. 

lt ou bo seen that aome ~ these factors relate stton«<Y to the factor• af.fectinl 

Jnnovatlao cUscuued prov1oualy. Other important subjects under th1a head are: 

(a) Si!e and c«>ml?!filtlm 
Jr. tble eoctton. a fteqttont .,ouroe of eont1"0Versy 11 tho question u to 

wheth r tnnovatlon flourishes moN .in an eavironment of m.Ofi.Opoly or of 

competition. Many eeonomt$te adhere to tho traditional view that eompo­

titiun beasts technical p~ss) tbat the competitive spur goads firma ou 

to make tnnovatloaal ebangn ud tb•reby Inarea~e their share of tho market. 

But the Behumpotarlb hypothDaia. probabiy the oldest alld moS. reapecta .. 

bl on t.hia eubject, assorta th!lt the posaosalon of accumulated m~wpoly 
i 

rewards~ the prospeete of addtional such rewards 1n the future. and tho ... 

security au.rr.ttna market power Clre prerrcqulaitee to UDdertaktug the rieke 

and .uaoerialnty of lunovattontll actiVities. 

Itmovatlon im olvos ehattiO am unoertaiuty, particularly when the change 

11 fairly radical, ~ tt 1& uad$ratt\Ddable that a •mall fittn is reluctant 

to undertake the tnvo.tment ria, particularly where tho reward• from that 

risk are likely to be &bared throuah imitation in a competitive market. A 

recent 1unoy by th National Science Foundation (USA), tor example pain" 



out that comlXlny-ftmw.oed research tmd developnent .,ffori m tho United 

&taw$ ia highly ooucentl'ated in hr fh.•r:n• mak111J up, for the moiR part, 

the ecooor.ly'a moat hJChly ooneeo.tratod mctum.toe. Five tnduatry 

;roups ... ehemfeal and alii~ produota (17l ). oJeotrlcal oqutpmont aDd 

C(.tmmun1oat1one (Ut:) motor\-ebiol • and other tranaport ~quipmO'llt (14%) 

ma~ry and aircraft aJMl mhssilea (~s tl ... ooounted for •wrox11:1ately 

76% ot flU r.ompdn~· .. fSnaneed ,.ele:t:tch and ~volopn.ent. l) 

Ka.nat~ld2) aleo oxaminea th• theory tbat It is mainly in lat'ge flrli11 that in­

novat.lo- ·lltodd take pla.oc, becJwa-: 

1. the oo.st or tnnovattona11 gtmerally high. 

2 . ·now p~leQts should alf ct only a amall pan of a~ whole. ao thnt tho 

falluroe mav be oowrcd by the wcoeasea, 

3. tl~ prof1tab!l1tv or lnnova.ttou depcmda <ltl tho ttrtt1 M.vtng sulfletent con"' 

trot over mar ete to be ab~ to nmp lar& row rd•, 

4. largu firma aro more dymmtc and bavo better mr.LMgor!al talent. 

:Miulsfteld finda that t1.e four Ia.rgoet firn~• (u tar aa sate• tftdl.Cilte) m the pe~ 

troleum refluory ~ C«ll lnduatrte• ln the United t.~• an roar>ontlblo- {or n. 
relativ•ly largt:tt" lbnre of lnnavutlcn• Oudr.od by tJ1e latter's relative importN\ce 

for cost vtnp ~114 alee volume). but for a 1~ thAn ,,roporiiOftatt' aharc tn 

the iron and .teol ind:ul.t.ry. Ria flndiDp btdtcatc that tbe Blt rour firma acl'ount 

for " gr ter than J)t'Oportionato ebaro when: 

(1) the inv.etm nt roqulred ta l.Arp, 

(11) tl'tft mlrWnum lir e of tM fin sa whloh wUl uee the Innovation i& la~, 

(111) tho avorap •t e of the four la~ firms it~ very much greattn:- than 

th~ avemgo 117.0 ()!the ~nUal user (that is. they will tend to profit 

more). 

In his sw4Jea on !nutation S). he finds tl~t, once they begin, tnnovatton in small 

------·---- --------.. ··· ............ 1. N ...... , The t tn:c\.,u-e and ~9.8 o(.~.~-ll-~ P.~~atno.~. V'all.1ngton, lue4. 
z. Manat1eld ~.; u:u'le or l'trm. Market StruotuNt nd lnnovat1on. ~ Journt\1 of .. -101 ........... 

PoUticttl Ecooomv. Deoombor. 1003. 
a. Manslleld~ .... . ; .~eouom!lrlcs\\'T'$clulloa.l t.-'baniO and the .t..ate of lmltaUon," 

Volu1;.1e ~s. • ..)oi.obot' 1941. 
"The Spood t1f Re~poneo ot Firm• to Now Tcclmtquea. 'f Quar• 
~rl.t Jou.tJ3Ql of .Cconom.taaa. Volume L.X VIII~ May 1903. 
' On the Bate ol D1fluelon of Dl sel En~, u ~£f!IOI!Ctrt'2!,.19U . 
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firm• tends to diffuse as rapidly aa large firms. but they are elowor to tnt ... 

ttate an l.nnovatton. Moreo"W~r. a a reault of oompetltton. there may ba t:"tore 

would ... b& uaors ot a prt.)Ce•a inno.at!on. but f.war for a product :lnnovattcm 

since this may be loaa protttat.le U oUl:e-ra u~e tt . 

Peck l) eonclude• tJat. for the aluminium iuchlBtry. Umovattons 1n equ~D*it 
ar• ladt.oed mainly by competition •mee there are a largo numbor of equiP"' 

oent manufactur•re. In coDtn8t, be eaya that primary ud end-product in-

1'10\'ation usually cor.au from the relative!) large aluminium eompame•. 

COmQ.tlOt' 
2

) 11 t>f tb8 opin1011 that firm &i!e appear• to ha~ aoted to tncreaao 

tho pins retulttns from new product tntroc:lucttoa. and tllo&o pins tnoreased 

more than proportionate!~ with the size of tbe firm. Furthermore. the reln. ... 

tionahip between rCJH:aroh and development and tbe rate or technical obaqe 

is eubstamfaUy lDfluencod by tho ah!:o of the fil-m. Re maintain also that. ~ 

only la the relattouhlp affected ia total by ditf~es in this variable, but the 

functJoual form of the r JatJ.onsblp too 1a dependent on these valuca. Towards 

the 1~ end of the at~ dtarlbution of fl:nna. ec®omioa of 1eale 1n reaeareh 

a~.ar to be present, While diseconomies of aoale are llkolv When tho firm 

ef.t.e become• lal'pr. 

Galbraith J.K. !) bu tbia to say: "A benign providence. who, so fat•. lull loved 

u. for our wonJ•. has made tho modem industry of a few large firma an al­

Inoet perf4t0t tnstnnnent for induc!ng teehllical cblngo. " Tbo rcaa<ln he gives 

for tbte oplntan is twofold: 

(i) tho aituation ahte• firma the fmanolal abtlttv to Ul'ldertnke tochniea! 

developmQ!Jt. and 

(ii) tt provides tb6 inoenUve• neeesaary for innovat.mg. 

n~eeareh aid dovelopmentr he argues, is exp6nstv• tmd ritky today and onl~· 

largo firms can alford the effort. 1-nd unleas the firm has substantial rnart.ct 

camrol precluding effe<ltlve price comnetttton while ftllow1n~ for taobn1cal chat\• 

1 . Peck. Jl . -J. "'lnventlons tn the Post \ ar An...erican .A tumtnium lbctustry, " 
J11.c Rg and Direction of fllventive AcUvit_y, gp. olt. p. 278- 322 · 

2. ComatJo1•, N. S. ''RoMarob and T•chMloctoal Chanp in tbe Pha.nna~utioal 
Industry. u Rovlow ~ E92nomiea anq 1.-tat!aUcs~ l\1\!lV '9661 ~. 182- 190. 

3. Galbraith, J . K. Amert~ C&pitallBl'.tl• Harvard Unlvorslty Preas, c.m­
bridp. Malaachusetts. 1i52. p. 91. 



... lt)l .. 

gea, the retunts from the iorlovatioo u. apt to fall into the haDd1 of imita­

tors before the inDOvat()r ha& reaped hitl reward. 

Philips l) avbjeot• the above bypotbelle to aome ompirlcal tests to Bee 

wb.eth.er, in Ul~ induatrtea ln which producttton ia concentrated In a few 

firms. and m whloh firms are larp l'elatlve to thos• mother lndwltrles, 

either, or both* ot thoM e®ditiona exist. He concludes that, in general. 

tt hu been found that auob tl)duetm do lhcnv moro alps of mnovatJonal 

change. 

Frequa.ntly crttioJ.sm ls lev.tled at the gap between u. adval'lce in o.pplled 

research and ltn pplleatton. rttoularly by amall- aDd medium .. a.iaed firm•. 

Critics point out that 1t is almost certainly no co-JnotdeBce that letlior manap­

mcnt in euoh firms does uot, 11a geaenl • havo a schmtlflc outlook ll.1ld om ... 

playa tar fewer qcaltfied e:utentt.t• and oqlnoora, •ven •• a propottton of 

their totDllaboor force. tlwl do la.rp ftrrn• iD the same industry. Fortn­

natcly. th1a •• not tTUe of all flt"n\s, such aa thct proaruatve firma in tho e ... 

lectrorrlc industry C\Dd other amall flrma wbo provide happy exettpt!Of:'S. 

A similar lack of tntenat fn scienttfto developm4Wto at lower levela may ro-

s.ult f:tOJn the normal system of apprcmtlccship (proMDt to a large extent tn 

smaller tlrnut laoldDg a ectonUflcallv deYeloped tralntng pr~) which tenda 

to turn QUt poopl• skilled Sn tho use of older teelmtqu•s rather than thoae who 

have the fiexlbtllty to pply now oua. J) Tbe economy is alao heal1ly handi­

eappod by defioJenole ill techntcal educat1011 wbtcb pnwont many firma from 

l\avtn" anybody aa their ~ oapablo of understand!na the termblologv in whioh 

eolentific lnfot<mattoc ll pro nted. Dr. T. Cmmen.oa of the D I RiD Bri­

tain bas this to n.y: "Tho inablllty to make effective uae of the inflow of teeh­

ntoalblf(')rL..,atioo wa• not "tep~ an urprlsiq'. The emaU firm froquently 

has no one oa.pablo of understaod.lna the concepts and t•rminolo;y uaed in teoh• 

ntcal literature and of translattl\~ the tda• blto bls own sulTOUlldinp. " 

1. Almaran Phtllpa. "Concentration. 6cal• and ~chDolO«ioal Cbange tn Se­
l.cted ManutaoturinJ ll!dl..Btrlos. u JQ!!rngl ot~et~~ EoonomtSL, 
Volume •· 1956 ... &G. p. 119- 193. 

2. Gertrude W~Wa.ma, }PBrootiO£!W.R in £9r91J!. Chapman aDd Hall. l HS. 
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~ 1lat ocoelu11ou earl wo draw from the above? From tho available mdenco 

it would appoar tbat atze 1s not quite •• bnporiaDt in tho basic dtscoYory. but 

atr.e ia vital ln the development of tho system which wm make it po881blo to 

apply these di800Yerle1. The llmovatloaal prOOGea is expensive and risky. 

aDd evor soaring reaearah and development coats are ataadily reduclng 

'the number of firms rich enoup to ttay t:n the teolmologfcal raco on their 

own. For eumple. it bas been ~&td that !or every 21 1peat 9n reseat'Cb Sn 

tbo United Kingdom'J£10 nn1st be spent on tho prototype and £100 befol'$ tho 

product is markotable l). tJnl i larp f1rma cau afford tbJ r~ effo11:. and. with­

out a oonain amount of market cODtrol, nnna wlU be UJJWilll1\& to undortake 

tho effort. 

Thus tho trail of ilmovative Bffort would seem to leed to the doora of the tarae 

conceme oporating la tnarketa dJat1ncdy not cm.ractcriled by all the ccmdltions 

of free competition. There are. however, two it!l-POrtaDt qwillflcatlona that 

muat be made here. The first Ul that. although some ®parture from a stato 

or perfect oompoUUon (or the pruouee- of some m()ftQ()Oly) appeara a neceeaary 

coocomttant of bmovaUoo. i\:. does not follow that tw1ee this volume of departures. 

sonMthOW measured, should lead to twice the volume of !JU\ovaWma. Socondly. 

it need not bo ln.ferred that all big flrm and ol!mopolicts tnnovate and that ab­

•olute monopoly must prevail. .AccordinJly. lt would be ettoneou• to rept'd 

the advent of Ultt scientlftc aDd technolopeal rnoluUon ao beral.dillg the death 

knell of the •mall flrm. Cl rly, b:l a number of Ulduatrlva tochnolOif,oal de­

Yelopment oalla for larce ulllta if thC' greatoat rewards aTo to be obtained. But 

o(!lmum size itt not aynonomoua with ~c staw. Development• in the u.se 

of enorwr a.nd in the appllcat10D of eome forme of. automatlve equipment have 

shown how big platrta wore required at the outHt. but late'r it proved possible 

to un tM moat modet"l' tochniqueain smaller pluts. As an eumple, American 

Gonnl t:leotrlc'e laser faotorle• are quite amall, with Qythina {rom 50 ... 1500 .. 
employoes and GO't of OEineral Eleot,.ic~" ..u .. are produced by mdepehlent lnr'all 

aubcontractorJ. It 18 not ait• as such th n that provides the stroopst araumcnt 

for innovation, but rather optimum sb:• and co..-opentUon oo a firm.uatl<:mal;and 

Sntcn.omUcmd cal~ . 

..... 1 -~ •• ... • .iq 

1. TlmN Review of Industry a:Dd T clmology, VoluJne 4 No. 5, May 1966. 
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(b) Other Envlrunm~ntal Facton 

't'bere bave been very few theories or empttical atwU•• on the offeot of other 

eoonomio co:oditiona on blnovation. It wotlld be reasonable to expect that a 

atable economto rrowth and lODg-range predictlona .of the ar~ of aovernment 

expanaton would boDeftt buamoaa platml»J, vi~ . the experience of co-opera­

tive planDlng, and projectlao ln Europe aud tnorutfJll}y itl Brltabl. ( Oovom­

ment lnfluence in ~rat on innovatfoo will be cQnSS4er~ t some length in a 

later aeotion). It alao SMm& that a sUabt aut"plua of domand ov r attpply, and 

prrtle Inflation telXla to attmulate "induced Innovation.'' 

Manafiotd 
1

) has atudiod the effect at the bu•lneae cycle an4 othor hiatortoal 

trends t'lll mnovatlOD and coacludee: ntt appears that procesa icmorat.lona were 

most likel}· to bo introduced durillg periOO. wJleD the induetrlea were operattq 

at about 71J% of eapactty. Contrary to the opJnlon at many economlmta, there waa 

no tendency for proooaa innovatJODI to cluster durJng the pertode when OJN.U:aUntr 

rates were extremely high or extremely low. A~rontly umovatlon at the troup 

was dtacourapd by the meagronna ot. profits and unoortainty roaat'dln3 tbe fu .. 

ture. ~t the peak. some executive• m the induatrtea claic. that it wa• dlcoura od 

by the la.ck of \JlWtlli2ed capaeUy f where nlterationa <JOnld ben de without inte-r­

fering w.ith produetton ecbedulea. " 

On speetfto and important area of OOSl.tderatlon fn tho evtromr.ental factor 1s 

the attitude of aocoptano• of, or ru&Jatance to. tho prt>pOICd 1nnovattcm. 11yoao 

introducina n tecbuologioal lnnovatloo i1 tmpUciU y or explicitly prediotinl aooep• 

tanoe and a rate a! adoption. The aaau~ion aeema to be that,amco the innova­

tion provides greater service or a feelfnl of incroaacd eaUsfaetioa to ueera than 

does it• preHnt equlval nt. or booauM it 1a eomomically Justifild, 1t wtll be adop­

ted. Yet a faot of techrucal hiatory ta that many imtcwatlooa am snb1oct to frus­

trating delays aDd doltberate roeiataucea to adoption. ao tl'!st the rcault fa fro-­

quelltl.y an economic rcvereal. 

\1 bile a complete analyaia of the prooeaa of adopticm of tootmologicalil:movation• 

is not posetble here, it clearly dvpenda upotl many tblng~euoh IUJ ecooomic. cul· 

tural, teohnol«?gical. poUt1cal aJld aocial factors aDd the reaponae of tho irlfluon­

tial ~i1lon makera.. Practtoal and effeatlvo innovation htonce requt~ not only 

that now ideaa and methode 8hwld be devteed; it requlrea that people ahould uac 

1. 'Manafield E. ~ 'tflesearoh and Technological Change. " ~--rlfl ~rch, 

Februal'y, 19U. 
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tbem; and firma must not only be ready to accept D.eW ideaa - they must 

wolcomo them. TeclmJcal and flnaDc1al.a1d meuuMa 1!an be effective then 

only in so far as they are gearod to a soetooultural clwJge that reloaceti 

and .en.oou.ragoe attitudes which. in tho social and econosnic atr"oture,havo 

bocn nogleotod or repreaaed. e.,. ourtoeity, wUUl\(pleaa to take risks, fn .. 

qufaitiveno•a, ambition, lnttiative, •ooial mobility and tho widest pouible 

parttelpation ot th• greatest number of people. 

There Ia one upeot of the problem whldl c~e .. rv~• attetltion here, and that 

h the explicit act of re lstanoe to techrlologloallnnovatlon. By 1-eoognlaing 

tbta ~t~, the bmovator may be able to achievo his goal more raptdly. 

andfin addltion.ma.r be able to delay or roduce the impe.ot of competitive m­

rwvatfon. A. summary of the more ~end reas008 for roelstance to technt­

cal change fs glven below. In other words. a teohnologiaal i:onOY&iion ia op .. 

poacd: 

1. to protect sooJal statue or p'torogatJvo, 

2. to protect Ill• ex!atlng way ot life. 

:S. to proveat devaluation of capJtal Invested tn an eldatlng faoU1ty, or in a 

suppol'Ung facility or service, 

4. to prevent a reduetion of UveUhood be•u.e• tho hmollatlov. would dovalue 

tbe lmowledp ar &kill preHDtly r~tred, 

5. to preveflt the eUmblatlon of a Job or prole&ehm~ 

G. to avoid upe:odltur.,auob ae the co&t of replacing ex11tlng equipn1ent or of 

renovatma and modlfylna wtt!ng ayawms to accomodate, or to oompeto 

wtth tnuova.tlon. 

'7. becat.lttO tbe lnnontlCil eontl"&dtcte 500ia1 ey•tema. falh!ODa and tattea, 

&Dd the habita of everyday llfe. 

8 . because the lmlovatto.n cODflictB wtth eal1t1Dg l&w•~ 

9. hecauGe of rlgidltiee 1Dherent iD large or bure~;ucratic orpnlationa. 

10. becau•e or peraonality, habit, feu, equilibrium between mdividuals or 

tn.Ututee., £tatu.a, and slmtlar 11ocial and. peychologtoal oona1derattOD.B. 

11. becau• ot organls.ed groupa to force confotmlty. 

12. beOtU.ae at reluotncc on the pan of an individual or groop to disturb the 

oqu1librtum oC • ociety or the buetness atmosphere. 

Thus, It can be SeeD that research aDd development ta oely one of five main 

ractore wbioh muet be preaom 'to a ~tor or leaa extent before aucoea~ 

technololfcal1l'lllovat1on oan take placo. Not~ thece factor&. ceaao to oporate 
.) 
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once lrmovaUon oooun; they must oonUnuc to exert au Jntlucn.co iD order 

that economlc growth may enaue. 

Carter aDd V.11Uama l) ltat a number ct "cha:ractedatio& or teobnleally pro-­

aroeelve fir!WI". and tho factor• already dlscuued e8Jl be IMMUl to be pre­

aunt to a coastdera.blo extent fJl tbeeo obaraotorl.tloe. Tho oharactt:n'l.ttics 

Uat.taro: 

1. good inf'ormattoa eources, 

2. aeekiua outddo suuad&rds of perfonnanco~ 

3. no seorettveus,;. 

4. t"C4ldinee• to co--oporate, 

s. good co .. ord.it1At1<mt 

0. idea& !Urvtlted~ 

7. cot:t co.n cfou.-neae in ~ earoh • 

.s. quantified in-..stmeut declaiona, 

9 .. good~- teobnique&, 

1 o ~ high atn.tu• of science; 

11.. acient1ab on the Eot.rd, 

12. good ohlof executive. 

13. attractive to talent1 

14. good reoruttmeut poltcy, 

15. good tralD{Qg policy, 

lG. tough lfttermedlate nu&Mpre, 

11. good tutotlllediate manage:rt. * 

18. ll'UUlagers attm.u.tated. 

19. offectlvo ae11Jn1. 

20. good toebn!cal ~ervice. 

21, iDpmdty With flhoriapti, 

2~. forwal'd-looldnl ~. 

23. high expau~on rate. 
24. rapid macbtrm replae&Incnt, 

25. industry .eiemUtc. 

26. good oon<~Jnge, 

If.. top manager ;\ actentiflt. 

28. ehop--fioor resfetance to innovation (law) 

29. adequate tw.a.neo. 

1. Carter C. F . & tJ Ullams B.R. nCharaoterktlos of Teobr~1cally Progres­
sive Firma" ~ourul S(fmuf~Uial Eo2!!9!3!g• , Volume 7, 1Ui8-i9. p. 93 
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~n th• basia of nltinp Qbtaituld bt tb11 u •• tho authors divldo i1r1ne into: 

(a) thoBG which aro in tho forefront of dl.eovory 1n appliM lf.llencu and 
&ochnology, qu.ltt.. to nuaat r 118\V idem a and to porceivo the relevance of 
work tn Jgb~X'lag f1elda, 

(b) thote wh1oh 1ro qaUc unintAr ~ fn ac1e»oo ~ techoolOI.,V, ud are 
perfectly cOJiltent to eontlnce with tmdlttOl\al methodt Withortt ov~n ex,a .. 
mlning tho alteffltlttvos, and 

(o) a Jar · middle group, netthQr ~ndl.ag J-dc~r• in teohnoloay nor 
wholly unlnt<Jrocted in lt. 

The lirlt c! those wU1 obvioo 1.} mnludc favourable an.awe:r to the eha~i ... 
Uc U.ted l'lbove a.ttd will corrtatn moat or the fmorainfluCl'lO•ng ilmoft.ticm ditt ... 
c~•aed pMYIO\lely. The eo technically p~aatve finn are thoae Uk•ly to 
bav e · rJenccd growth (aa • rot"lt of tbo I!Jceoastul adoptiOil of tnuo\latlon) 
o..- aro 11 ::ely to o7q)Crknee ucb i:J'owth ln the lmmedlat.o future. For example, 
ln tho United ctatcs. it 11 olatmed that lbe ~ld growth or linn& in tho ob.omtc:~l, 
electron.tca, 8.llC1 allied indur.b:i baa been lnrgol,y due to teobnfcnl pi"Ofll'eaalve­
nose, o1· the awarell'JJn or, and J:osponae to, techt\olog1C&\lltmovauon: 

' The puhllc ha profited greatly frotn tbo chomtcaJ lrJdultry'e l®S torm, cooah; .. 
tently aarre•Ive research pollcy. Tho Uing pl"lee of chemical• hU remalnGd 
6llbetaxlt1o.lly coruJtut for the L}6at 30 yeera, wh!le the co.t of most ol the tbin 
we buy baa rnore than doubled. The alea ~ chemicals and o.IUed p.roduota btlt 
year wore aboot 'I :MB. ~thULt tOO hlnOYatton and advance of toehnolOtJY thnt 
hftvo come at lent partJally fron1 rc rch and dov·)lopzheilt* they could ba• oo.t 
f Gt,lb. Au.l, of oour • many of thmn wo w~ld'nt havo t nll''. 1) 

t•m the tt'oleum lncluatey. and 1n m.o ind~ltr.io• toUay, thoro Is no question 1n 
manapr:UlJlt'e mind u to the value aud nooeuity of neeareh. Wo have aeon many 
examples of what re~earcb can do. Indt'Od, the pren nt day petroleum iDdulltry 
l• lal'PlY a d"mOil&tratt Of what reaeardl J • done to b: provo produots, 
tnoroaso yields. C'..&t oos~ and t®t·oaae the leal d. ()p\!rattona. lt wo tried to 
evaluatEJ whet rucarch hao dono for our Jndu&try, .th figu1.-o ~ld Mtn lnto bll­
Uonc ~ t , and. at the ~ tftne, l'MOaTCh he$ doDo oven more for the consu ... 
mer~; of l)C.itrolcum produot. (whilo tho index for all cOil&'Umer goods hal ri n 
about !U9b ain1)1925, the prloc 1~· for psoUno In a a1mllar comparison ha 
1·1aon but 2t.~'. 

1t :nuat be r•m mborod that,althougb the abw• quotatlonn 1Uu8trate the 1mportarJ.cc 

ot reNa ttch, tho effect would DOt have been rrutdo withOut t.he oo-opOn.ticm of the 

other faatora menttonet!, 1tl ~h<tr word• the t ~cal pro,reulv&els of the 

firm• allowed tb m to grC'\"1 and enacndel'«t \h benefits taaw.od. 

Tho above dleauMion hu centred tn.aluly on tbe chtl~:t1at1ce nnd oftootlVell()IIJ 

ct private industry 1n tho hmomttonal p.t'ol!eSil. It now rexnnlnll to onulder tho 

----·----------------·-------------------------------------1. Bounty u.n.. ~tlOA Jn tbc Research Pl•ocoam~' ~ ~sr.s.t ~ 
JMpt, Volume Vll,(S). 19G3. 
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role of aovernment (the btggo. t epelldor of re.:.:tueh and devel~t funda), 

!:J · GOV.ciUUIEMT ACTl~ .4.ND '.I GC!g!OlpOICAL I!NOVA110~ 

To emphasth tbo impo11.tnc: ot aovornmont action as a factor in $Umulatfng 

trmovaUoa !s to make two explicit • · umptton : 

1 . That economic Crowth 1 dea1rahltt and that it it OftO ot gove.1.'1lment1~ 

f ncttooa to foster 1t ao far aa ia compatible with ita own policy aim • 

2. That one of the determ!Dallt · of eoono.mto arowUt tn a toehnolocical 

aootcty 1& the peed at which firnl aro hla to apply tho r•sult~ of 

*Oicnuf1c Advancoa to aolllove cr r e!flcl.Qcy. 

On the 1m ls of the. e a! mptions. it em be en that the aovcl'llment abould 

eeck to ine~se tho alortui.Js of lndu tey to rolevut dic.cov des, aDd, in 

particular, lt hoold attompt to improve the perfor1llanoo of thosa lodu trit 

whioh soem notioeal;)ly alower at applying innovationt> than the nature of tbeir 

proctacuve proooea mtPt rrant. 

Aooordfnc to .Baker l) it 1 ''unnatural for a i()vel"'Ullent to pon~ or innovatton, n 

but private enterpriao ie often hmdered 1n integrating ita bmovatlcoa by iU'! and 

hy antit-ru t m cure • £ iu. al~;o ha an important CODFequcmoe for pvern­

meatt action atnoc the oilte alon• ot sovernment expeadiiure on reo •roh and 

devolopment.aotlvtttee 2) :merit cloae au.ntton by aovel.'lllneDt to the re.t.:tmr !tom 

that re reb. w~ have een bow other ctx-oume.tances, such A& the uuw:UliDpce 

o1• inability of prtvate tt:rma to undertake re oarch ad ltmovatlon, have led to 

sov: mment tnterv.Ulco in What we b&vo oallecl •public sootor research aDd oovo­
lopm t'. Now we mu t consider what other effects govorarncmts have on tnnova­

tton. 

1 . Baker, w. 0 . : 'fhe Q.rnan:U m of Teqbpole.if, -
2. Tabla 11 on pap \18 atv a lndlcatlon d govel'lUl'lent commtttmont to 

reECl\rch MUviU • In vartoue ~Vft • oountrio • All oc bo seem, tho eon-
trlwtlon to fiaumotng of ro reb a~ivitle1 mode by aovernments 1 oonal­
derable. roprewmt.tllg Sa most oaaoa woll ovet< &0 per cent of the total fund a 

devoted t() reaearoh and Yelopn nt aothrlties • 

.Prelbnmary estlmatoa of the extent of aovemmen source• or fund• for ro .. 
rob acUriti 1ft outh Mrtea alao flww conaldo:rabl ~tate eupport for 

reaearQh, rep:reaontt more than 7& peroel).t of total funda dovotod to rc­
Haroh oneS deYelopment acU¥JUea (exclud1ng the coniributloo of prtute in• 
dustry. ) 
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Thle wbolo qu88tion brinp u bt.dl to tho au.bjecl of •cJeace policy. l"'cJebco 

polfcy O¢UI._ of nww olements aDd maxJmum .benot:tt from tbo overall re .. 

Gfatoh aottrittee can be aohJwed oa1y whor4 all too.e eleznente are auftab17 

developed Qd wtn'k lopthor Jn a wo11 balanced eyatoaa. Thls calla for JO"" 

vo1"11l0.etlt hltervcntton. botb dlQCt Ud Uldlrect in a number of tetated ftelde. 

1'- b&fJic oesoattat. tor- which lnclllde: 

1. fte llOed tot ~eta! ~rem actlvlt1ea both t.o:r eduoaUOD, aDd .. 

a belle for au l'u.rther reaearcll. Gc:wemmcut IUppOrt for fwad6moDtal 

l'.,...toh iAf1uences the teobnloal opportunlt* for lJmovatloD in the lq 

term, t1noo be~ reeeuch la ~ anea•lllllill pre-~ fo~ D.IUdl 

awu..ct ~~ deftlopmebt ll¥J1:.ecfm!)losteallml.ovatton. 

I. The need f<».- tbe oteatlco of applied :reAaroh in8tltlltea m t!elda whleb are 

l1f)t covered by ~ry u..u. Furthormore. covemment require~ 

3. 

f.,r t.ohnolOJiclilly adYIDced. ~. eapeoiaUJ hi nlatloo to mtUtary 

aed apace procrammu, l.-1 to tnnovatiooa which may have a ctvtUu 

appUeatton, wh118t at tho am• ttme. abeorbiba a larae nu:mter ~ qualf ... 

fied IO!entlets imd eqtbeert. ThUI ia of parttoular note when one eonaldera 

aovernmeat commttmeat In thue fl&lda. l) 

r<tpereuutoct m a firm'• teohniaal and maaprlal ~elty to 1nrlOY$te, 

and on the .Wtwlea of both ~ and labour toward• Jrmov&ltion. 

4. Go\terrunenl polloiea WWlmla mcmopoUatlo p:raoUcea together wJ.tb tbe level 

of the ext.rMl wlff mfluence tho degree ~ competUlve preNUre on firms 

to iJmovat.o. to thll ooonecstlGD, note tbat patent lqtalatiOil &ad practtcea 

also SDtluonoo the moenUv• w2ilith firma have to Introduce an bm<Wation for 

tho ftrtt time, u well •• the apeed With Wbtch eueh aD illnovatlon 18 d.lffU8od 

tbroallhout tho wbot• economy. 

5. El*lfically m the field of applied reaoaroh, tt •• oouidol"ed ~ that 

good oollaboretion be eltablith41d between research J,Mtitut.ea ol til 

kmcs. and industry. for eumple by the parttotpatton of bdultl'faUm 1ft r•· 

••reb coonctla, oa tho boatde of reaearah illltlt&lte$, aDd on w.rtowr N• 

1. See Table 12 pap lli. 
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arearoh reviewing committee•. Similarly, thQre ia n$ld for achlev1UC 

the right haltutce bGlWQen rcr oarch oftorta m te$0$rclli.Wltitut6a Wid 

m ~ U.U, .few aample through ruearch ~ &o ladnsUy 

ud prudent legal mca.w.rea (tu conce•tUUt. dcpreciatlotl polioloa. 

etc.) Ooveromeai ttpolUiQrcd inctitu\os nmy take a worthwhUe lead in the 

above. 

6. The u.tu.ft' CU¥lattttu.do of financial meUtutiona btflutmOO thel!lva.Uabdity 

of rlalt C*pbal ftJt llmoYatf®. and tbe 1 vol and st~1.1a tlf economic 

growth lnfitleUCO hlCXintivu ntld OWQrtun.itt s to tmo'fa.f;a. 

1. hrtl<.-ulady !.O'f' a sm:t.lt country. bttolWlU~l rohftreh co-etteration !a 

a imporlant part of th ov4trall nauonal aetenee polioy, In thU «*ext. 

gove 1."1®t action to promote U. tnt.ot1l!lU('-Dal Cllc:banp cl aetontific f.D ... 

formation thruuct1 docu.meata, oonf'erencu ed pononal contacts has aJ ... 

way• been tmportaDt.. The ~= ot the ilstomatJor.a.l :re10atcll ot"p.Ci :$-

tlon (C £ R N, t · R o. to.) 1a~y made international MSLtatch 

co--op4lration a gave~nt teMponiJ.btlity or atgnifte=ce to ovo.mll sci~ ... 

fio act1vttlca. 

Oovommmtt aetl£W1 in the above fleW. ean bclp oonaiderably to oreate the 

general cltl:"..ato fo .... toehnot~ ttoal ttmGvaUo.l thtO\tgbout the ooor.omy.. s-..~eh. 

ftcliO». Mty not. bowover t be etd'ftck~ to sthnt.late aa adequate rate of 'kieh­

nologiaal adva.nc ln Ill ooonom1o u.nd teclmologlc.:d BeOtotl$. We htlve aean 

how in ccu'ttlm sectors. Qlcll U nv1l'Q1tn("nttl'l poUutton and the CODIOI'Vcttfon 

of Mtural ro&Ourc~· * not'" ¢'Ueouve nccct. of the commw.Uy Wn1etimoa COA­

rwt bD .Uefted th~ ~ private butlA.ttv • an that th• t:OVCrnmont r.:·\.ll.it a~SUmc 

reBpOlUiiWUty to do ao. In additim, governn.m lawa. related for emunpw. 
to safety r~t"Etmenta, monopo116Ue pr.~.cttce& and fb:ft..g of prteoo in 

• o~lAtcd i~ trl s. 1 y hlt:dcl" innovatj.jn in eertnin sector. atU1 thcreforo 

nood to lJo n-.~m ~. 'Furtberrr.oro. tbo deprcefatton policic:. and tho regula­

Urn\ po11c1eo of gov mmo1l.t. n\ay •omeUmu act to obatn;ct itlnovatio..a~ for 

mt~tmple, ~ the ~ment decides that tt will be to eootcty•e bonefit to 

eubPli~ <n· ~low n1<n·o Jfbend dev:reesatton policteJ~~. to ba~tct~ the ju.bk.lns of 

obeol®0$:0\ plant and ~~ nt. bo•ineel Md potcntinl UmO\..tOt$ WU1 tako 

a.d'm'ltaSC of this • 

.Ob·eet govonancnt action may al$C bo neec.w.s&U'Y ln $$..1.o1·a wboro the not"=! 

forcoa ot -com .. :tltfon do Mt create favourable oond1t1o:ut tor t~icaliMO--
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vauon. Tht• Jr4Y occur 1n tec1m1oally old-astabUaWxlsectora. F.uoh a• agr!• 

culture where fJT'ln* mav be unawar• of the commerctal value of tnD.ovaUon 

and mar not be oompetent to U8f.t Information from other lnd~ tries, or inno .. 

vation by euppUers of equipment and raw material£ t6 unltk.ely to sttmulato 

innovatioa. In suoh sectors. co-operattva l!"etearoh lnatltutea aDd technical 

information and advt1ory orvJcos xnay be establt,hcd with covernment aid 

and encouragement. 

Ul'rect governmGn.t actton may be neceaary too ln sotenoe tntenatve aecton 

such aa nuclear energy aad olviUa.n a.lr transport. wilt re firma are a ¥~.are of 

the ()OfisibHiUefl for teclmical hmovatioo but are not tarao enough to dovote 

manpower and fJ.naao1al t'oeourcee to innovation on a aoale large enougb to be 

eflecUve. In tucb seot.ora. the govermnent may encourage co-operations and 

even mergers between firms, atve f!ecal advantaaes~ uee clvll devolopt:lent 

contract8 and have a deUborate policy for the proouremeut of technically advan ... 

ced product£. This (I.e. an extenaton of civil developnumt contracts) pres:enta 

a. po~~sible me&Da of OODoentrattns the scarce reaourcet of cientifically trained 

manpower into those rector of the economy where thoy are likely to h&vo the 

lteatest effect on future ooooom!c growth. 

Many of tbe above measures on the part of governms to stb11ulate innovation 

reault from th6 C()ncopt ~ Bizo - the need for a large-1cal oomxntttment of 

resou.rces (both financl.al and otherwise) to fnnovaUonalacttvltieA which prhate 

enterpri e cwmot ~ upply in many tn•tanoe•: of oourao the vast financial comm.it­

ment or governments themselvea to roeearoh aDd science polloy mattel"o oenres 

tom~ th•tn extremely aware of the meatt.ures to be taken. In view Of the In­

creasing volumo of govermnllllt financed retao.reh. the exploitation of the reb\ll• 

tant iavtmtt<as b . of growing ir.portance. Th1 1 pcu.tioularly reletaDt when one 

coau;ldera that tM ga1D to u~.er•. the aeneral public and in 1nay ctu~-eu. tho vern­

ment directly, from lrmovatlon may well be a cona1derablc mulUple of the alu 

prico. TheN oonat<l~raUon•, among otheref justify rpeolal meaMtres of rup­

port !rom the government to encourago the pre-manufactur!Dg ata.ge of new pro­

duct• and to enaure that potc.utJally uaofullnventlons. unspon ored by mdut!try, 

are carefully iave•tlpted. Th dlfflculty here 1 • a& w• havo &een. that the 

commercial Interest of -.n explottillg organization often oppcn·e:, tbo public .tnte­

rolt and government action le necCH.J ary for a comprombe. 
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In the long term, OOJUt>le~ •.olutlon to the problom of br:fd&lna the all­

trnportut pp .bctw~n auo.cea•.ful r eeaareh and it&. appUcaUon can be aehievod 

only by a r:a.urtaWKI ct!t>rt both to 1mprov education, e •peolally technical 

education, aud to mako tho bueln s · ~nviron.mcmt mo~ <lOmpetitlve. 

The folltJWJI)g bread IX!eatlS Ylbioh can bo taken by coverrune.nts ln the i?hort 

term to accelerate the adoption by indu try ol .SOtcmU!ic ill:llOftUoa& aro ug­

KOI!.'too~ 

1. Method• by which tho if>Vernm811t can direct the attention of. 1nduF..try to 

fields <A. produc&ton beilTinJ upon the efficiency and ~ potential of 

the -eoonc>tny ... a whole. Government aotion here would merely comprise 

Jndloatmg the field for the irmovatlonal activlty and p(lrauadhlg firms to eater 

It by some of ita moasuros outlined above. 

2. Thoac measures conoomod with sotent.ttioalJy U1l50pblstlcatod firm! Qd 

deal wtth t~ mean• by which they learn of, and apply. sctcmUfto innOva ... 

Uons. Tho key to this is the dtssemta.Uon of r-elevant tnformatloa fn a 

form that small and medium-sized firm•, lacldnJ JJOicmtUlc expertls:e, 

can aaBfmUate and act upon. In this way, tbG scarce factor of setentifloalty 

trained !riAnpwer can be U&;cd more efftcloDU.y than would be the ca e if oach 

firm bad to rely on its own sclot1ttsts to provtda u with teelmtcal Jnformn­

tlon. 

The measures agatn Uhu trate tbo lmportaneo of comwun1cal1C$.s.. Vsny !deae 

which may te.d to new products orl~te within !tldustry and are used directly 

by the origtnatmc firm. A major block to lDWllttma ud ~eoa:rch reudt• , how-

~J~er , ongJnate outaide bXiuatry and, in suoh oases. communication. need to be 

es~bUshed between the blveattv. ouroa and the user. To facilitate the uUUza­

tion of inventiOil'A ortgtna~ p8rUeularly Within government department.s. wt 
al5o from. u.nl:ver•tttos, private itlveators, etc., the National Ro~ reb ~••lop-­

moot CouncU was foundod in tb• United Kingdomln 1949. ltr functions are to 

aecure, whe1 public SntG-re, t requtros, tho d•velopment or exploitation of !nvell­

tions ro ltfus from public re .earob or from other- .ourcu5. 

ID all ite actionr.. the goverrunent n1uEt be careful to promote tabillty and conft ... 

donoe tn the eOOliOn'j . Wbttever concosstona, e .g . tuati~ allowaaccts, are 
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granted to ro~ and dovolopment aotlvitica (and these OOllCOJUrilOIU.\ 011 

raoarch and developmeht expenditurues are far from ugllgible oversea!>) 

tho appltoatlon of th~ :e mno-vat!on£ to lnduatry cou.nta a normal capital 

~bre aDd is cub~ to tho eontJt.rainta which. from time to time. are 

ex rctaed t..;y a:ovenunent on Jnve~ tmcnt. Inve:atment la a DeW product or 

proces; i aJ:waya to ff.Ome extent a gamble and this pmble ts greaUy tnteu· 

if1od ft bu.l1ne belteve~J that future domalld tw Uk6ly to fluet.uato COft idonably 

a a ~ ult of, for eample aovemmebt expoadStares on a 1ar e.eale. 

4.§ §U)g AnY AND PQNPUJf..IONB 

We bave "'eon how the uae of &clence Jn apiculture, t~ustry.. medicine and 

public . ervlces has nw;kl, po alblo enonnous JnorCAI.JIOS in populaUon, mawrial 

.. taneardt of ltvtn; and Ufe expectatlona. 

Research bao b conildered by D:Wly a being tb key factor 1h th!rJ JrOWth, \n 

parttCtolar tho expcmdfture oo re t'Ch. Ho9r vor lt it ob'fiou ... thAt there 1u 

no logical artcp fror the ob rvcd effect of appli cicnce Wl put IJ'owth 

reb are the key.i:- to future 

eOQl'lomlc tJrOWtb. We have noted that re1eareh ac uch it> t.imply a prooe•• 

of addJn& to $Cicntiflc ka.OW'lcdp. ' omotlmtl&llet-46Ciei'Jtifio kllowlodge ba. a 

dtreot influence on tho technology embodied SA production proco &e • Fro­

q~tly, however. a furUter (and uiU&lly f-.r more co tly) activity called dt\ve­

lopment i required before . oienoe ean affect tochnolOiJY. lleDc , throughout • 

. ebave 

called the.c rathor r,peclnl ca...et 'technological change ln the :narrow sen~' 

(f. • innO\'atiOD.cJ) acd re ... trtoted our dtscu ion to r4tuttarch ... based~ or aoleD .. 

tlfio. tnnovatt~ • 

may take placo without new 

knowled&e reaulttna from ro aarch and development actlvitict,. It may. for 

esample, ra•.ult from millOr modifl();.ltlonr of BIUDUltg produott aDd proce...eeo. 

Iudaed. Prole . or JCW.kc$l} btl .. aid: ''Thet-e 1 ... no ev1denee wh1ch e ... &abll&he 

definitely that technical or uconomic prop-os.s toeelves 'teator contributions 

!rom the few and la1·p advucea in knowledste than from tho many £d :frequent 

t:malltmprov tnent&. 4CODomicall}, i.tm1pt for a ponCid well pay a community 

1. .Jewkea. J, Bayer• D, and UD.lerman • .R. ; !ht Sources of mv!'n~on. tM\don, 
MacmUlan and Co. Ud •• 19~0. p. c. 
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to starve aolontlflc ADd major toohntoal work IUld to devct reaourocs to the 

most thorouJh and ay.tematio t:atherlng together and oxplottation uf all the 

lmmccUato and tiny pl'&Ctfeal_lmprovementa tn waye of mnnufaQturo and de•JgD. ul) 

Equ.a 11y, technological cllanp may r.sult fro-c• tho d11·eet installatfon of already 

c.xi.tlDg techniquu and,fr<Mn the paint o1 view of a ctven firm/induatey/eountry, 

res reb and developtneflt may not be reqwrecl a.t aUt e . g. we have montlODed 

tho purchase and now of knowlodco. 

In the 8econd place. even wberu resM.l'Cb and de~elopme!'t ia dlled for, the 

research and development i.np'..It fD 1t olf will oea.rly AlwaY$ be tnsufficlent to-

set teoiultoal cbanp. It ia tho app.Ucatton of research or toohnology (and the 

efficient uae of lt) that ifJ orltioal jn growth. Otio ot the appltoations of reaearoh, 

namely in the f~ of tecbnologioal11Ulov&Uon, baa beon dGGlt with fairly exten­

llively. eepeoially the faotora !nfluenciq innovation. They illustrate the danger 

Qf regarding reaearob and development as the necasu.ry aJM! al.lff1o1ent condl· 

tiott for eoonomte growth. It ta only when one takos into aocount thelie other 

factors, and in pclrltcular the r~eptiveneas to technical chup, that roecarch 

aDd development eaD be logltlmately regarded as beinl tnstrwrumtal to the pro-­

motion of eoonomte g1-owth, or, u KuJ:nets1) torm.a 1t : ul'OGel.rcb and develop ... 

ment beoomee both thfJ nccoaauy and auUlolent faetor." 

It is not inconcelftble from the above then,that for lq per1od.a sclentiflo •d ... 

vance may lte wholly in ftold:s whtcb bave DO immediate, or even ultbrtate utill• 

ty in the narrow senae - the~e oCher factora may be -wanting. Fu:rtbermore. 1t 

Ie n« tnevttablo that the OOUlltry wtth the outatanding &clc.ntiflo acbiev tmCDt.e 

will be tho richest cOLmtry. lndccd, it ia often wggoatod 'thll, oven where &cicn .... 

titto advance baa ultimately contributed to tochnolO&Y, the lag ha• boon ~ grat 

that it f.Utomatloally ruloo out the poselblllty eithor at prodfcUon or ot calculated 

investment to produ~ result.. 

uAny cor.&1wdty, thoreforo. which cktlibetately tnvetts in pure a~ce ao1 ely 

aa a way of produolug retuma in tochnolO&Y ud invefttlon je not merely setting 

Gut on a courn whtch tbrea.ttme tho ultimate values of eolonce itaolf, bttt 1a also 

enpgtna iD a bUnd pmblu. u a) 

----------. - .......... _... W ._.I hi~ . .-... , .... , •• ,.~,--.. - ---... ---

1. J•wkc•, J. tayers, D. 6. £tillennan, tt. ; The. Sources of InveDt&cm~ London. 
MaomtUan aftC1 eo Ud., l9to. p. 6. 

2. Ku?..uete s. ; t;;fx Le~t'!'!)n 8aonomic O:rl'gw:th, The Free P~ae. <llloap 19&4. 
a . J.wkeal; Sayerr.. D. Qd StUlcrrnan. R. , 'l."be Sou~of Inventtoa. Lcmdoo, 

Macmillan and Co. Ltd. 196{1 p. '1. 
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Table 7 . 

ESTIMATED 11 TECHNOLOGICAL BALANCE OF PAYMENTS 11 

.(~ millions, at official ex change rates)
1
) 

Receipts Payments Balance 
Ratio of 
Payments 
To Receipts 

1. Transactions with all countries, all 

industries 
2

) 
u.S. A. I 1961 
France, 1962 

Germany, 1963 

2. Transactions with U. S. A. only , all 
industries 
Fro nee, 1 962 
Germany, 1963 
United Kingdom , 1961 
Western Europe (including others), 1961 

3: Transactions of particular industries 
with all countries 
(a) Germany (1963) 

Che micals* 
Electrical Mach inery 
Machinery 

(b) France (1960) 
Chemical s* 
Electrical Machinery 
Machinery 

(c) U. S. A. (1956) 
Chemicals* 
Electrica l Machinery 
Machinery 
Vehicles 

4. Transactions of particular industries with 
U. S. A. only 
Germany (1963) 
Chemicals* 
El ectrical Machinery 
Stee l, ma chine ry , vehicl es 

,. Including pe tro le um produc ts. 

577 
40 
50 

11 
1 0 
17 
45 

19. 3 
10. 7 
14. 2 

1 0. 3 
1.7 
0. 2 

34. 1 
21. 0 
28. 2 
16. 6 

7. 5 
0.9 
2. 5 

63 
107 
135 

53 
52 
86 

251 

33 . 8 
29. 0 
45. 2 

14. 0 
12. 6 
4. 1 

10. 7 
0.7 
1. 3 
2. 3 

13. 5 
13. 5 
16. 2 

+ 514 
- 67 
- 85 

- 42 
- 42 
- 69 
- 206 

- 14. 5 
- 18. 3 
- 31.0 

- 3. 7 
- 10. 9 
- 3. 9 

+ 23 . 4 
+ 20. 3 
+ 26 . 9 
+ 14. 3 

- 6. 0 
- 12.6 
- 14. 1 

It should be remembered that only a pa rt of th e total fl ow of t echnc ial know-how can be 
measu red. 

The unadjust ed 1961 figu res were t 707 mill io ns (recei pts) a nd,$ 81 mi I li o ns (payme nts). 
These figur.es inc lude some no n- techni cal payments. O n the una djusted basis the 1962 
figu res were % 807 mi I lions (re c eipts) a nd,$ 1 04 mi II ions (payments) . . 

0 . 1 
2 . 7 
2 . 7 

4. 8 
5 . 2 
5 . 1 
5. 6 

1.7 
2. 7 
3.2 

1. 4 
7.4 

17. 2 

0. 31 
0. 03 
0. 05 
0. 14 

1.8 
14. 9 
7. 1 

)URCE: FREEMAN C. a nd YOUNG A. The Resea rch and Deve lopment Effort in W este rn 
Europe , No rth Amer i co and th e Sovi e t Union, 
O p . c it. p . 74 . 
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EXCHANGES OF TECHNICAL AND SCIENTIFIC DOCUMENTATION BETWEEN THE SOVIET 

UNION AND SIX MEMBERS OF THE COUNCIL FOR MUTUAL ECONOMIC 

ASSISTANCE, 1950 TO 1958 

Bulgaria 
Czecho- Eastern 

Hungary Poland slovakia Germany 

Caeital Construction Projects 

Received by Soviet Union 8 37 5 9 15 

Handed overhy Soviet Union 152 99 21 199 11 0 

Blueerints of machiner:t and 
equiement 

Received by Soviet Union 15 344 164 108 112 

Handed over by Soviet Union 322 387 90 269 380 

Descrietion of Technolo9ical 
Processes 

Received by Soviet Union 35 271 101 179 103 

Handed over by Soviet Union 197 239 105 190 213 

Rumania 

4 

84 

69 

282 

53 

102 

Source: Alhimov V. and Mordvinov V. "Foreign trade of the US S R11
, Soviet Booklet, No. 37 (p.l7), reproduced 

in Some Factors in Economic Growth in Euroee durin9 the 1950's, United Nations, E/ECE/452, Paris 1964. 

Total 

78 

585 

812 

1,730 

742 

1, 046 
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PATENT STA Tl STI CS. 

T ota I number of Percentage taken out 
Percentage taken Percentage of 

patents taken out by foreign applicants 
out by U. S. A. ap- total taken 
plicants out in U. S. A. 

1952-56 1957-61 1952-56 1957-61 1952-56 1957-61 1952-56 1957-61 

Belgium 45 406 57 904 81.2 85. 1 15. 0 17. 2 0. 2 0. 2 

France 142 300 157 700 48. 3 59. 4 11. 0 17. 1 1.4 1.7 

Germany 126 342 103 076 22 . 4 32. 4 5 . 8 11.5 2. 0 4. 2 

Netherlands 14 620 16 352 68. 9 74. 5 16. 4 17. 7 0. 8 0. 8 

United Kingdom 184 095 218 995 41.7 47. 0 16.5 18. 4 3 . 7 3. 6 

T ota I 11Western Europe 11 513 363 554 027 43 . 0 52 . 6 12. 2 16. 7 8. 1 10. 5 

Canada 56 696 1 00. 133 94. 2 94. 7 65. 6 69. 4 1.1 1.2 

Austria 20 183 29 680 60.5 75. 9 5.6 6. 8 0. 1 0. 2 

Denmark 9 090 9 735 72.0 79. 3 1 0. 6 12. 3 0. 1 0. 1 

Ireland 2 130 4 361 81.0 87. 5 13. 4 16. 0 X X 

Italy 85 400 77 698 55.0 62.7 11.4 17.0 0. 3 0.5 

Norway 8 985 10 676 71.3 80.0 12. 4 14.0 0. 1 0. 1 

Sweden 22 978 20 344 64.2 68. 8 17. 3 16. 6 0.8 0. 8 

Switzerland 38 285 41 050 56. 8 64.8 8. 7 11.9 1.1 1.2 

'---- . 

x Neg! igible . 
Source : Journal of the Patent Office Society, Washington. February 1964. 
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ESTIMATED MANPOWER ENGAGED ON RESEARCH AND DEVELOPMENT 

Scientists and Other Total 
Engineers Personnel Personnel 
engaged on engaged engaged 
Research and on on 
Development R & D R & D 

('GOO's 
full-time (' GOO's) ('GOO's) 
equivalent) . 

UNITED STATES 435. 6 723. 9 1 159. 5 
WESTERN EUROPE 147. 5 370. 8 518. 3 

* 
BELGIUM 8. 1 12. 9 21.0 
FRANCE 28, 0 83 . 2 111. 2 
GERMANY 40. 1 1 02. 1 142.2 
NETHERLANDS 12. 6 20. 2 32. 8 
UNITED KINGDOM 58. 7 152. 4 211 . 1 

USSR 
1. • 0 • 0 416 623 1 039 
2. • 0 0 0 (487) (985) (1 472) 

* Belgi um, France, Germany, Netherlands, United Kingdom. 
1. 
2. 

"Conservative 11 estimates. 
"Project" assumptions. 

~ ~2 . 
'== 

Total 
R & D 

R & D 

Total 
Working 

Personnel Personnel 

Population 
Population 

per 1 000 per 1 000 
(aged 

Population Working 
15 - 64) Population 

(mi I lions) (mi II ions) 

186. 6 111.2 6.2 10. 4 
176. 1 113. 9 2.9 4. 6 

9. 2 6. 0 2~ 3 3. 5 
47. 0 29. 1 2.4 3. 8 
54.7 36. 7 2. 6 3. 9 
11. 8 7. 3 2. 8 4. 5 
53. 4 34. 8 4. 0 6. 1 

220 142 4. 7 7. 3 
(6. 7) (1 0.4) 

SOURCE: Freeman, C. and Young, A. The Resea rch and Development Effort in Western Europe, North America 
and the Soviet Union. Op. cit. p . 72. 
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ESTIMATED GROSS EXPENDITURE ON RESEARCH AND DEVELOPMENT 
BY SECTORS OF THE ECONOMY, 1962 

PERCENTAGES 

Performance Source of 

Business Higher 
Government 

Business Higher 

Funds 

and 
enterprise education 

non-profit 
enterprise education 

sector sector 
sectors 

sector 

United States 71 1 01) 193) 35 

Western Europe* 59 12 29 43 

Belgium 65 13 22 63 

France 48 142) 38 30 

Germany 61 20 19 60 

Netherlands 60 14 26 65 

United Kingdom 63 5 32 36 

*Belgium, France, Germany, Netherlands, United Kingdom at official Exchange Rates . 
x Negligible 

1) Including Federal Contract Centres (3%) 
2) Including C N R S (5%) 
3) Non- profit (3%) Government (16% ) 
4) Included in ''government at"'d non-profit sectors". 

Source : Freeman C and Young A ,: op cit p . 72 . 

sector 

2 

X 

X 

4) 

X 

X 

X 

Tabel 11 . 

Government 
and 
non-profit 
sectors 

63 

57 

37 

70 

40 

35 

64 



PERCENT DISTRIBUTION OF FUNDS FOR PERFORMANCE OF RESEARCH AND DEVELOPMENT, BY 

INDUSTRY AND SOURCE, 1962. 

Industry 

Aircraft and missiles 

Electrical equipment and 
communi cation 

Average, all industries 

Professional and scientific 
instruments 

Machinery 

Rubber products 

Fabricated meta I products 

Chemicals and allied 
products 

Motor vehicles and other 
transportation equipment 

Primary metals 

Petroleum refining and 
extraction 

Food and kindred products 

Paper and allied products 

75 
Company Funds 

50 25 
(percent) 

0 25 

• • • • • • • • • • • •• • • ••• ••• •• 0 • • • • • ••• • --------+--

• • • • • • • • • • • • • • • • • • .. • • • • • • • •• ••• •• •• 0 •• -------i 

Source : National Science Foundation, Reviews of Data on Research and Development, 
No. 40, NSF 63-37, September · 1963 Washington, p . 4 . 

Federal Funds 
50 75 
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. RESEARCJI. INNOVATION AND GUO\VTH : ASPECTS Or MEA-

SUREMENT, ~ND SU,OOEbT£0 lJN£!:1 OF STUDY 

"All et.n1enta ol out utloul economic growth are lntordepcndent. n 

Preetdent John F. J(ellbdy. 

,5.1 BACKOROUND FOR A!oiALYSJS 

For a pneml body of knowledp c®ccml!lg tbD manner fit which teclmologtcal 

advanoee relate to econolllle srowth, it te perhaps neceseary to otudy the re­

lationehlp at thrM levot.: 

( l) we need to kllaw more about tho !ntroductton, impact, and d1ffuaion ot 
t ehnical knowlqe for the .Jovelopment of trow products and proceaaea 

at the level of tiro indSvld\.!.!11 firma In a gtv~n SDduftry. booauae DlAnY tn­

cluetrlal advancea result from tbe activity of U.S. firma. 

( U) we need a detailed lftudy of a number of major mdustrle , tn:npba&lllnl the 

capaettr of flrms Within tho !ndu.Mrtos. and the induatrlee them.telves. to 

ad"Opt new tee:hnologtea, and analyadng what motivates or hinders their ad ... 

vanoo. Tbie method leo opene tbe way to a study or ftrioua inter-indu~ry 

relationahipe of ~rtatn technolo~Jioal ohUJetJ. 

(iii) the off~t of toobn.olopcal chango on tho ovoraU eoonoruy would Hluatrate 

not only lmor-tnduatry relationtrbipl but alao how teohnologi~ olWli• pro .. 

m.-ote• !'..ew Iuduatrieft and new aeotora :In the economy. f'ol" example, aom.o 

older indu1trlos may b4 ac!vereely effected if the naw t chnologtoal frame­

work produce& bottor and effacttvely co.mpetinJ 8\lbs tttutea; othore may be 

poeltively •tlmt.\laled if the changes proYide •a additional mal'ket. 

Only when knowledge t• available of the •llfJ:'opS:e 1r. pact of tecbnology on tho 

tm.th•o econor11y, can a unful atl!l be provided for policy . particularly thAt 

relat1nr to ecMOU'rlc growth. 'The inforJ:nBtion proVided under the above three 

broad type• Qf atudy would bo cuff1c1ently dfttailed aDd COLlplete,from Ule aagrepte 

to the fhm level,to allow for cffftOUve aotton programmes initiating, modifying. 

and accelerattng tecbn\.t(l. progreea. 
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The ptecodlna chapter• rep:reaent an attempt to arrive at a buJI of Jtudy 

under tbe ftrat head abovG, ucl, u IUoh, represent a eomewbat almpUfied 

doeoription of the prooeo by which a reaearch acb1eYem8llt roaults ill aome-
s 

thmg ol taq_lble benefit to tho tnnova.Un tonn. They iDcllcate that 1t may be 

poniblo to eatablt•h • def1alte relatiQ.nlhip betwema: oclectlfic reaea1-oh aDd 

~omio benefit by ecudyibg the procesa of acleDW'lo l"esearoh leading to 

invention, thence to i UnovatiOD at\d oonaequeftt economic srowth. 

§.,t_ &CllSNTIFIC .R:CSEARCH AlgD JNNqVAT;lON ,.. .A RE-APPAAJSA.I .. 

We have ee.n how inn0111lUOB into tl\4 market place ia ~Uy the ul timate 

obJective ot much 1.-eaoarob. and development. tnnovaUou, a• uaed in eeon&­

mies. is dependent lD DO Blnallmouure 011 invention 1n • sctenttffo eeDee 

(teebicallnvent.ton), and aolentlflc dlacoverlea are OOV!ouely dctermfned to 

a laqe extent by the actontWe effort devoted to tnvcnUYo aotivity. The abovo 

type of llmovation ba• been referred to as teohnologlaal flmovatlon and 1• the net 

reault of a aclenUfic diaccwory, lUi developm&llt in the laboratory, prototype 

1M pllot plant atap, and its tfnal commoroial adoption and diffu•ion. the Jaet 

mentlooed being determined on the buts of cort:aUl ccmdtttou aDd factor• bo-­

Jng present in the ln.DovatiDa firm. 

Ill abort, it may be tatated that lrmcwatlve actt.vtty11 a funotioa of cortalD ~rla• 

ble•, some apeolfled, aDd some as yet uupeolf1ed ao that the s-rametera ot 
tbta equation are t.Ulknown. nao specified variables baye beCft dealt with and 

repreaent the research and development input, the ooaaditlona necessary for 

mnovatlon. and tbo factors decting innovation. 

The above ia a .-ummary ot the ''innovative procotl'', cd rapreaeDU the theory 

doacriptivo of • poeeible reNarch .... eeonomic powth relatlooshtp. Any theory, 

however, rema.i11a a rather vague concept untU aubJeot to omo form of verlft.­

eatlon by empirical &vidence. Con~y, the queatton ariaea whether tt. 

would b6 possible t() attach meuura.ble quantitiea to tho abOYo suguted rela ... 

tiODShfp, and. tn parttoular, whether ooe can quantity tho economic effects of 

u lnnovat1oll in a •mile flrm. and. at the same Ume, e tabltn. 1n quptltattve 

terms, bow far these ett.ota can be attributed to ~reb aDd development, or 

technolopeal knowledge. 



It m~ be rCJmemberod that it la not nec.saary for t"eHtt.rch to yiteld lnvon• 

tlOllS to be able to contribute to economic arowtb. If. throup research, 

ext.Ung Jndu&trial practices aro developed to a degree where labour or 

capital is more eftiotelltly employed, or materlale mo~e extensively uUUzed, 

the tbduatml output potouttalta .tnereued atw1 coatrtbutton I• made to eoonoo­

ado powth. t. tbiG way, atrategically dtreeted bltltttJtrla.l reaearcll,UIJdertaken 

in ee0110Jn!oaUy alplfkut branehes of 1ndu8tey, can yield replar and ftluablo 

eomribu.ttGDe to tbo ecoaomy. 

The above, however, dooo not depend Oft the 'chain of evcata' treated in this 

t.bc:sta; cc:m~ontly, It doe• not ~ve rise to & ~Jol!cat llmov.U.«m and Deed 

not: eottMm ua here. 

5* ~ PJtOBLEMf!_IN ldEAmJ,ll,f4!N...! 

Apprattala c4 the buslnep potential. tn ~mto effeota. of technoloaical ad• 

~ fall throughout A apeetrum d. uncortamty. The problem ia to relate the 

time am cost of the re~h aad development eUort to the Umc an4llnancial 

roturN of oommerotal adoplion. ';t/bere these elements are quite atraipt-fo't­

wa::d and controlbWlo. appraisal beoomq a c.Urect problem of eeono:mic e'fa ... 

lut1t1on. But many reacarch 6nd dovolopmeut aotivitiee do not fit thi• pictllre. 

and, panieula1."lY with radical tachnologtcal brc.."akthroughs, 1t becomes morca­

atnaly dtffteult to pin dOWil the 'buttnuo atpifioanoe of the tnnO'Yat!on. 

Dlft'teult.t48 of m.ea.aMreme!bt arise bccatl~-tt tho valuo of a given iJ.UIOvation re­

flects not only the nsource• expcmdtJd cUrectly ln its productton. but aleo th.e · 

rosQUl'cea upcmded In product.g the prior knowledge tm. wh!oh tt ta based. 

The acute hctet'Op!rlty of blputs. particularly ol the mventtve famalt,v ltaelf. 

often excludes ealeulatiOD. Thaaa pl"'bltJm& oan he olaTified by briefly dl£cna­

•1DI the two main aepects of meaouroment, relating to output and Uu.Mm to inputs 

of the umovatlve l)rQOell#: 

(1) lPm!t Eyaluatton 

The major diffioulty enootU1tered under tbta head te the mreme hateroaonfty 

of 1nputa which makee ldontifioaUon and evaluation an «Xtremely involved 

taslt. The p'rinclpal blputa to a reaoardl ad development proamaune a.r• .... 

ctaUeed and trained direot labour (parttoulady qualified solentiste. and eng1-



- 123 -

neers)·,. technical and managerial 21;nport stafL materials and eq_uipment 

UMd fen.- ~hnontation. sad tho oreatton of toll artielet.. IDe! various 

other oapualttemc ~or example, ltb~ma to facllitate thformation r~ 

trteul). These 401!t• can be acoen.inod, for ~mpla on tbo l• of 

lades and "*PS p&Jd to rec. ~ pe;raODil 1.1:1 "lAUon to time pent OD tbo 

.tlAtlm c<MM of the• H£ou • Co t t1pr .t 1n ~1 tcr:o , how v.r, 

oft.en reveall!Uk abou.t the procb:Uvtb· mct~r iD'•o!vedp and in de tm, With 

the .irlput to re~h. 1t n.y be u efu1 to iO behind tM money v U and m .. 

eure pbye10al volu , wlth all<>Wa.Uee to.· q ality dU'fcreDOO • A ft.u.1her 

diffioulty e11oouatu.d tn atte:mptirJC to re th lnpct tt' cb t• 

' e bavo •ld that thls ts ta.rgely a mattor ol coaventlun. but one whidlbu 

to be o&Nfully oouidel'ed lor tt waJl t:.e l'roctM)Ull to att~·lbuto the eosts 

of t:tabli !dna a factot-y lo:r ~rpo C>f nwwmctr..~r.ma the intlo tioo 

dfrocUy to re• reb and~ lopmfmt.. ~ CJtlat~,they a:re eO£ts of produce 

tion and aho.lld not enter the research prvductioo fwwtion. part.tou.tu 

must be care!ul t& iavlate s of produeing other ~ ·~eta hioh do not 

relate lo the ilmofttion blo:o they do 1n any way affoet tho inJY ts tu the 

tnn<Jfttlvc pJ"OC06s. .lmil4l" co t f' wh!eh mnat excluded are rela­

tine w marHt. ttrvoys and promt>t1 ti aeti~tU• in cooncctton with tr new 

product that ha .. rewlt.d from th4 te reb. 

Tl&k problem of definltl for purpo of sutemcnt is f rtlwr tntcnal ... 

f!.ed by the tact that tbe.re appcors to be no unania:.ity on tbc t.\tbloot of dtJfi ... 

niti 1 con pts related to l: • am development. 

(11) ~t .aluatlm 

Any attempt al mca~rintr tho output of the mnovau~ p~sa mu 

into account two main factonl.. fir lt to ro the output of the re­

aa..t'Ch tmd dov~10nt ~me 1 u. aDd the oeconct ta to , eure the 

Oldput or the inncmltion. the probl m ts to roooncll~ tbe two a() that the 

econoxnlc etleet. 0( the ~lio~ eu be lealttmately woiabed apia t i ro­

se.roh illP'ti. 

Tho Qltput d. a rueareh and development proaram c::m be ~ght of ... bolq 

in the lor, of a. flow of s.utwctione, oach n Mt Of lnGt-rtldloa.e t :otfytna 
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mputa and ope-rattan• to bo performed 1n them, which whm'l followed will ro ... 

eult in a n9W product or pro~ .. of apocltted attrlbotea. The:f re the ope ... 

rattoml form ot DaW proc:luctlon f'IJ.nations and tho ''~yotrn to tho programme 

Olb bo regarded • tho net value (diseountcd over tfme) of heinJ nble to em ... 

ploy these new prodnoUoo funattcms. It la generally agroed tlnt it la not 

fouiblo to attach quantitativa terms to th• abov~. ~ a subjective 

ovalua.Uon h• auweetod, lndtoo.ttns to what extent the inn\Jvntfon !JworP'-1tatoa 

all tl» out~t of thor aeareh pr¢gnun .... ~. 

Th& initlal ow.tpu.t ~f innowti ..a, -or ita o"ono::.tta cl'focts,C8n ba .ra&ldlly asoor­

talned,na wu polntat out in f.ho doc.orfptton ot omc of the moro important 

efiocte of IW innovatlo:u. ln C~thar word the effect of tb• txwovatton Clp(Jlll~ 

1nltia11n!ruluctl011 t~:J prodacticm con Jxr. me sured, tor um9le by taec.rtalnfng 

its qo•"lntlftablc. lmpeet on such r"'~tors as wes voltunc; or nrvMLuee; !ta eiieot 

on snvinp tn mAtorialu, labout' Md Gt.h.e~ co ta. ita effect on profits. etc. 

f'Amo napocts bf tl1e eff~ota of innovation :a.m not possible to m.o;wura h1 tbi• 

cormoction, for exampl tbOBo factors reltttod to customer saUsf etlon and eom­
I'PY preatiste -.."hicll s ill form the baste tor atlbjective opinion. 

TbeoTettonUy thtn, lt ould MOm tx>aalble to measure irmov.tloa, but a wotd 

o! warning ia oalltd fol". Meas\troment frequently hwotVGe compatilon owr t im , 

and,ae 1. Markham bas put lt~ 

"trmovatlon, or more pre.cisolyt tho economic Vlluo of bmovatton•, ie not rea .. 
dUy measureablo. Even for e!mple eost- reduciJ.ll ianovauons. the problem o% 
metUnlromcnt has not bfim catllfa~rarily aolved. tmd anycM who baa followed 
the growln.s (QIId bupoatog) att~t.e at mea.wring qun.lity-lr~.rovtng tnnovatloo 
1 atlll ldt with that nagglq teelini that a 106il and a 1~30 automobtlo not Onl) 
petform the aame !unctions d.lffcrontly, tfl(,y alao P<J.rlorr.a diU ttmt !uru:Uona. A 
comparison betweeA Uw ,_._, and the old oftM is 1n part a .m(lttor of mont or 1 u , 
but tn la~pl" meuure it 1a a mau.er of .lnconlparahle diJ'tt(lllctJI. And lot t1'Uly raew l ) 
t:sroducta, thoro ie no appl.Wl'iato analoa:y to be f01n..U in tht. preceding ttmo pertod. " 

1t would appear then that even this af>pect cA 1!18Uul' ~nt 1 r.ot entirely frc 

of. .-ozno fotr.l of SUlij otivo inteq1ret&tlo.n, particularly in tbo oa.Eo of more radl­

cal technologi¢ftl advances. Dlt,gr:tmt.ecl the feastbillt.y of t:uch meaE.>uremont in 

1. !!arklwn. J . t'Tbo .Toint iffoct ot ~ntitnart. ar.d ~ r..wa upon Innovation, t • 

,AP1ff1~E~te..!"'l .. !i~w. Papera and Prooe<"dings, Volume LVJ. :U.y, 19CG 



mamy tnatanc.a, tbe queati® artso• •• to what extem the m wted ef:feota 

of inllovatlon are dopeDdetrt on the meuured reee&roh ud demlopmeut pro-­

grsmme, and 1t is preolHly ber• where the main problem ol meuuroment 

artao•. 

s .• TH£ M.EASUQI: or DEPENDENCE 

Aasumtna tbat the coats ot 11w>vat1011 (ift term• of tbG input. to the research 

and development prognnune) hav.3 been xneuured on tho or..e hand. and tho 

ecODomio Impact of the tn.novation on the other-. can we obtain an accurate 

measure of the dogree of dependence Involved? In othor worda, i.f tho bene• 

fits from the innovation (In terms of tncrn males or profits. or docreall8<1 

cotta) exceed the coata of the research ud development programme, can w 

a•$Ume t.htlt *J\ emplrioally verified, and positlvo~ rclaUonJhlp Uitlta between 

:research ud crowtb. 1 am forced to tho lneaoape.blc conclu1ton tha-t tho an ... 

swe:r ia DePtive. 

It almply Ia not poatlble to "t up a ~cral produotion fuact1on from which a 

co.t function for the production at techtiologtca.l1mowlodp Jn relation to its 

•cmtomio U$0 eat\ bo derivutf be.oause of thO eldetence of three ma1n factors: 

(1) the Jnput .. output ~latlOJUihll)s oannot be atriotly quantified in every case, 

(il) the factor cl production uhibit extraordi.Dary haterogonity, and 

(Hi) tho production of new technological Jm.owledp involves great unoertalnty. 

We N~v• aoen tbat the ohlef lnfluenotng factora making for tJU~aeful Jrm.ovatkm 

are, inter ..Ua, 1:ho tecbJlloal bula (l( a linn (that is~ the teclmologleal know .. 

ledge nec:JGaary to manufacture a firmt currcmt products), the •tze of the flrm. 

ita manaprial and labour talent, and the character~hntcal)of the firm. 

The J:lt.in prcblem then ln eatabliahinc a formula for evaluaUng reooarob reault& ts 

tbat of diatingul h1ng tU oontributton of the research alld development ba110 un• 

darlylng the Umovatlon from the contributi011 of other actlv!tt 8 1a the ti:rm. un .. 
fortlUi&tely tide provoa to be an impoa ibl• taak tn many lllt>tance becatuse of 

the nrtoua faetor•tnvolved. and OlJ.e freqneatly ~rA araumcnta uch a& 

the foUowlna: 

•••• "without the sales force, your n produata would e.1ill be sitting oa tho ehelf. n 
• " •• •·w~th the energy dovotod by mannfaeturintt to ~Wng thi new proceaa comr 
properly, •• eQUid have wrtutd out tnilllon of itome by the old proce • • at a good 
prottt. n 
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Tho dltference hetweea aueceJ8 a.M failure is often not the merit of tho re­

aearell twu.Ui. but the o-ruclal at;tpeot of :roaearoh appli<:ation, wttb ita complex 

of Wluenolng factors •uoh as tbe dlortap of crotttive ro.-rcla and develop­

rnent nlan&gement ~ UnfottuMtely it i& not poaetble to obJectively measure 

U. comtibutloe Of t!Mr~o other faotors tlhieh must alwaya remam the •ub­

jcct of peroonal evaluation to a ~ter or lesser ~t. 

Thero may well be some relattouLhip betwoon tho oo t ol rosearch .Input$ ud 

the improvement~ ht ocoaomic porformanoo resulting from technological chango, 

but it clearly i not a stmple ooo. Above all. it 1 not one readily ~ ubjoct to 

quantitative u.alyshJ fro. from subJective .valuation. Thus tho s:.ecessary pl'O ... 

port.ton ot rer.carch cost s tn tot?J c:o!\tt: to obtain a partiouJar rato of tocbnol""" 

Jical advance ... and heace ~ cost or re~~h trtpUta to Improvements ... wlU 

vary with a number of fa.etora such a5 : the technology tn use in the finn In the 

inithll.,.rtocl, tlut extent to wbieh the firm 1 cqu;i.PI*i to- appreoiato tlte poseib1 ... 

lity of ln~aoed nlea and profits mhorent tn the imovation, the a.vailabiUty of 

labour eldllrs, etc. 

~ sali, tactory qwmtltatlve. or matbomatical. ualyais would ht\vc to w•l&b t.he 

effect of tho•e factora aa tho required lovel of the YArioua noo .. re£~rch or com ... 

plemonto.ry co tt. , a·s well as t1se possible r•latiOlk·hlps betwoau the comploma ... 

tal'Y inputs and the rN(;til·rcb input. lt is hardly wrp:tish'tg ~n that no-one bat 

yet ~uccecdod iD formulating such a model . 

G, S BLU~PRINT t:O;~,MEAhUJU;~lfi' 

Tho author la cQrrently cnp.ged on ._, per.onallntoret t ~.tudy ari,;lng trom his 

activities 1n the proj&ct of re.~ earcll ecoaomio& currently be1na \lll.d(,rtakea by tbe 

Industrial l'ieo®mics Dlvlt 1on ol the Cour.cU for Set nlific and tndtt£trial Reaearoh. 

·rhe tnve.-.,tiption irs proceeding along mu.oh the eame line" aa a.bnilar ovorbGAS 

~tudieB and is •imed at quan.tita.Uvely analysing the pl"Qeu e ot reEoarch to Inven­

tion to hmovatiml and poaathlo eeonolnic bonaftt at the fi:tm, or mtoro-economte 

lovol. Unfortunately the analysla h: aubject to much tbe &ameJ dtffieulttes as out-­

Uned above, in that a t»eat quut1ta.Uvo •olutim l$ Bat fo.rthoom~ without BUbjoa­

tive ovaluaUOJla and perf::ODI-1 opi!tion oroepms into the pleturo. 

Tho methodology of study has bean to select oertuiu South Afrlcan firm» which 

bAYe bo.tJB identified With tH above bmovative procotta t\Dd to approach them for 

bdormation atons the Unes of tbe mooorandum outlillod below; 
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S.G MCMt)ftANOU.M OF A f'llOP")bJ.::D CAt£ tnJOY ON THt: RELATIONSHJTl 
· '*II 4 I 'M 1 '* U _ _ ( fli 

lJJU\:£tN .. ~!.fJ~N.T~[IC, ~t:~t:t!JJCH AND .~.oCONOMIC GROWTH 

It ia p~ to make a detailed tuve.,tip.tion (b&Uld. on the pattern eotabliahed 

by overaeas case stu4icta) of the chaln of .vente by which • rescaroh project 

lead.-. to teclmioal smreatton, is deYeloped, lad introdueed •• a commercial 

inJlovatlon, awl tf possible, to evaluate tta effect on the p-owth ot the nlovact 

firm or 1nchiatzy. 1'bo t)tudy envtu.pd will trace the development or tltG ori­

&IMl resot.rcb project to the f!ul pr~s• Ol' product \lied by the firm or il\dtte­

tty tbl'®gh tbe followtng pbaaee: 

1. Tlte !'.UWPh &£!11! 

T.bo roltCU'oh may have been fw:~iaultmt&l t.•e~teArah. namely re.::·earch undertaken 

for the advanoemeat of sa1eutf.tio knowledge without a ~pociiic practical appllo&.., 

Uon ill v.tew, or,~m>U!!Q ral'earolt, namely Nteareh \a'ldortaken p'f'imarlly for 

tbe advancement of GOientiflc knowledge With a speotfto practical aim tn view. 

'!'he n.pplled resGOreh pba ... may also de:tnooatrato tho potential uWlty ot tho 

ro.carob th~Jb thoU'«~ ot Uw(..il-.. <.-ato apparatuu. 

2. ~-4!v!l!m1'Aon1 aae 
OeveloptMnt activities rcd1.oo tho h.b.OWledge to practice ln a workQble prototype 

iorm sn.d devolopmcnt wor~ beflrU. when an invention (the appltcation ot aoientifio 

knowledp to the indu.trial object.i.vos of phyaieally devclopina new products, tech.., 

iliqu.s and procoat.u). having been fJhown to '1wotkn, has been chosen for applt ... 

cation. Thl• phaeo uwally mvolvo tM technical problt)ms of adjustment, pilot 

~ratio1l&. ed the oooctruct.ion or prototypes. 

3. . }:.!YJI!J!r!!J or ~Qj!lion P.lm~ 
Enginocrilsl ur adoption acUvitlea ~€!110 tho pr~~"' or produot rur cornmerctal 

explottattou. It !a here that the aotiv!ttet. of tho previous pbaso permit &tended 

operations once they hflve proved suaou&ful. Tho inventiOn 18 naw convort.od lllto 

an imwvatlon, pn•rally dofined at Lhe application of teohnic:.U obanp to c~ 

mic ad.iVity by the plaoblg <»a ntr"~ product on the market or the intl'Oducuon of 

aww and improved prooesaes into production. 

··~·~ OperaliOM aotlvtt1eot in the form of production a.ad wea, put th~ new technology 

lato flDa1 usa. Olton tmprovomouta to, ud modlfieation» of the procesa or pro­

duct are "ndertakm durlna We pha.ao. (Althoup, Qf CYQrte, eu.ch imp.rov~ 

oad m.odifio&UOIIS5 c.a.y continually be carried out). 



... 123' ... 

The above tour phaae1 are frequently groo[.fed together under the heading 

·technical prosreaa·~ wh!oh involve& a deecrfptlou of an idea from .It a 

fi ret discernible !Jegimltnp to ita sucoosstul com.mett.c.lal l.!SC. A oom.­

prehenaive OJ.Ullyala of the above phuc.. with the speoilio intention of 

oval uatl ng t be ecooomtc impact of tbG projeet will call fo't the toll owing 

type of tnformauon. 

A. An . hilt2tical oa~~, whieb. will nu.u.•ely oornprl~a doaeriptivo informa-

t 1 on. ill uatratlng t.lle pt'Ogr&l& of resoa~oh to development to the final proooaa or 

product used by ths firm . This will Include technioal information on the various 

&agee. regardless of wbero they were performed. 

B. ~..J!!!.ly&ie of oettf!..· Ideally, coat figures are required for tbreo di.tinct pha­

ses of the above process: 

( i) Coat data on the reseercb ptujeet lt•elf and ita subuquent development up 

to phan ( 4) in the above listed chain of oven.ts. Costa envisaged hero arc 

thou which willJiive a eomprehcm.lve flau·ro for the oost ot allroaearob, 

development and engiDcering work involved in brlnging tb$ idea to its fina.l 

form in use by the :relevant firm. Thia will include researeh and develop­

ment activltiea undertaken both at the reoearah institute and in the firm. 

&uch costal willirlolude, o. g. , ealartee and wages of personnel working on 

the project (the achlal {!:r'O :rata compensation paid to the N8eAt'eb peraontlel 

workifti directly on the particular project) . n further peroentago of thia 

amount as a Wr ehctre of the eolt of the auxiliary research aervit.le pertJOn­

nel. and of pa. electricity. maintenaneo of laboratories, d6preotation and 

similar overhead and oporaUOWtl eo•t~• the cost of matodalo. proto ... typel, 

apparatue and equipment and the cost• of additional training of persormel. 

( U) On tho same baaia, aay aubaequut coats of further development or Jmprove­

ment carded out by eithor the firm or the laboratory up to the present stage 

of production. 

( iU) Th&ee c<M!U inooned for the in.itto.l tnt-rociucttoo of the MW p~e• or pro­

duct tr.to tbe flrm'e producuon achedule. 

C. An !lJ!!yeis of the tconomlo tff!9js fA the rtN:tqh 

( 1) An aaatv•lL~ the m~b. of the fJnn. The data required here are to be uood 

ira evaluatJq what effect the research ha• bad Ol'l the flrm or induatry which 

introduces tb& llffW pl'ooees or product in its produotionaehedulo. All bellefita, 
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aa.vinp and revenues attdbu.tablo to tho \l$ of that innOvation are to be 

taken into cono1derattOD. J'or example. figure• on th• effect of the new 

prooe•• Oil labour and matedala inp'.tta. time savings, oonocquent oott 

reductiODa: tte effect on selling price~, market estetu.ton. and export 

porlo.rmanee would be of rele·vanoo het-e. A brief synopsis of the relevant 

firm ... its history. natura, -&ize and function - would also be desirable. 

( 11) pat& on :wycs, lnte!'!£t, rpt •1!1 Rtofih 

Th• waps. hlterelt, rent and profit of the firm reflect the contt1.btttion 

tbal the firm mal e t; to the Oroan National Pt'oduot. aJ!d thus roflect th 

performance of 'ho firm m tho wid r economic eootoxt. If it ics po.;siblo 

to meaaut·e the contribution (derived r ololy from the use of the new pro­

~se or product) of the firm to thelie t'our categOr-1..-. figures •hould be 

provided on an unu.al ba$lS, covemc the pe'tlod from when the new pro ... 

eet& was flrtft introduced up to the pre-Lent date. 

,5,,7 .ADdS AND .. MtTjfQOOLQQY ,OF .A.NALYf~ 

The above tn8morandum l s dcaiped to act as a guid& for the receivtna firm .ru; 

to tbo prov,tll<m of data on tho imlovaUve process. i!l the fir()t t.tlace,lt must be 

pointed out that the finn need not have carried out Sts awn reSearch work. The 

flttn in whtoh the buloftUon wae tneorporated into the p~uet!on KbCKllJle form• 

the focal point of the rstudy~ and, as we have teen. need not base ita Jnnovation on 

an internalreoarch p~e. Ia fAct, two out of the throe ftnut\ approached 

for the ~ tudy baHd their technological advaaeee an res rch and development 

aetiviti~s CG'Cdu.ote<l outside the :relevant firm. on tho '1Jmporta.tlon" of technolo­

gical know-how. and COilf'inM their acuv.ities to development and enlfneerini 

a.ctivtties for purpotes of refinement. production. and Improvement of the ad­

vance. Socondly, altbouab the three firma approached admittedly are illuatra­

tton• of ttsucaess storlest " (in that the adoption of the 11mou.tion and ita conse­

quent uae in produettou proved t uccer ldw 1n tertn4 of economic benefit) it il) also 

intended to select certain reuarch dlscoverlea which have eventuated in u. un­

fruitful hmovaUon (in tenn• o:f an eoonomtc lost or a &crapptng- of the b:movattcm). 

In the latter case, an attempt wUl be .made to Identify the cau6e of failure~ wile ... 

ther inherent in tbe natul'e of the reftea.nili d.l1coveriei or m the innova~ion ittielr 

or in~ absocce of certain factor• e~:mrt.lal to suece~sftd innovation. Hav.tng 

pinpobltod the proximate oause(s) of t·unproduattve re1eareh,., a further attempt 

will bo made to (laUge tho extent or inQA~uro of It unpro<iuotlwneus . Finally, 
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til$ ~tudy ie intended to embraco tho two matn categortcs ot tecMicallnno­

vatlon: an :b.moftUon remtlting in a new prodUct, and a processlan~Uon; 

and the firms approached have accordingly been seleoted to illuetrate the 

two different typer; of 1tmova«on. 

Bearing the .OOVe in mind, I would liko to outline briefly what the methodologv 

of ttudy a£ u unD'.Ulriaed in tbe memorandum above &eeks to achieve. It ·can be 

eet1 that the first ... ectlon embraces rtgorou~ definitions <>f the varlouc: phase• of 

activity .mcOWttcred in the innovative pr009f: S. the lack of UNmhnity on dettnJ .. 

tl<mal concepts haa boea ~ionod and this roction (under points 1. 2, 3, and 

4) b intended to resolve the matter co that buW1e· anum, in a ... 1gni:l'lg c&rll va­

lues to re:reamh and innovative act!vities, wUl have a clearer idtla of what is 

requtrod. Uniform deftmtlona. tt accepted, have the added advar:taao that they 

enable interwfirm eomparb.one of the quantitative data attached to them ) and 

thus can p~ovide the basi~ for a more GUelUlvtt study of the innovatlvo proeeee 

at tho indu&t'tt lovet.. The major purpose for the mcluoion of defhUtioaal con­

cepts br ~ however. to firstly ldouttfy the eo~ lnputf~ to the bmovatlve process 

- O that the relevant firm can oalcn tat a the appropriate ~ch and dovelopment 

colt!>, ud sec<maty, to demarcate cleady the diffem.nt ctape of tbo ,,chain of 

events. r• \{='ben calculated in thlH fublon. an estimat.t' of im~ (ln term of 

corrtf!) of the varioue aetlvJtieL> will be obtained. 

On the beats. of the above defmittons. eeetton B of the mfJmorandum requtroa an 

aulysla of eoet& from the reapondeat. If. will be noted that th• coahi required 

are not limited only to research and development act.i~itiea oobductod prior to 

i.nDOvatlon but,in addiUon,ln..corporate cubsidlary oom~ relating to lntrodu.otion 

ot the bmGvatton to the firm' t produoticm schedule a£ won as any post imtovative 

tet.earch and dGwelopmet oosta lneurred for tho purpoeea of rofinilll the product. 

TheM latter co-ste are extromely important when one contidor~ that the greatest 

ecooomio benefits to lm:lovatlon have often resulted from improvement& oarrled ®ton 

tho product or proceo lifter produotlon it oct up, for G4mple through adapting 

the pl'Cduct to epectfle customer prefeNnoes , or throup taking adftlltap of.Ja ... 

tent economtes of lftle. Ol cour•e it ls mont dllfioot to attempt oost oalcula• 

tlons in the improvements ata~ because of tho compl«tdty !evolved m dt.un&utBb ... 

in1 tbe reee&rdl Ud dcvelopnumt coae from U~rm&l oolde. of production; how-

GVer, these addJUonal oost. attributable to the imwvaUv() prooeas must be cou.n ... 
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d.ered. Furthermore, should additional research and development activities 

for improvement purposes be undertaken outside the firm, as is often the 

case, these costs should also be taken into account. 

Information provided on the basis of the above cection then wUl provide com­

prehanslvc coat data on the entire innovative process : the conception of the 

idea as a scientific discovery, ih development in the laboratory and pilot plant 

stage (to the form of technical invention); further development and engineering 

activities aimed at refiDin~ the invention for production purposes; adoption (by 

means of operations activities) to production (in the form of actual innovation) ; 

and finally, post innovative research and development costs aimed at improving 

the innovation or adapting it to large scale production in order to experience 

economies of seale. 

Section C of the memorandum, "An analysis of the econondc effects of research, " 

is designed to obtain data on the economic value of the tnnovatioo. In its present 

form, the section iD subdivided into two parts, the first part to quantify the value 

of a process innovation and the second to estimate the value of a product Innovation. 

It can be seen tla t the former concentrates specifically on the cost schedule 

of the firm over two different periods of time: the pre-innovation period ttnd the 

post-innovation period. In other words, the methodology adopted here seeks to 

uncover cost differences, or the cost reductions obtained ln production,by employ­

ing a new or improved technique of production in the form of a teehnologtcal pro­

cess innovation. 

The latter requires data on wages, interest, rent and profits attributable to the 

innovation and as such concentrates on a product innovation. Adequate data ~ere 

wlll measure the growth of the firm (as well as reflect its performance in the 

Wider national context) which has resulted from the production of a new or im­

proved product by the firm. 

The above then is a brief outline of the method of study used and~ since the study 

requires data up to the present stage of production of the firm, it should present 

a comprehensive statistical picture of costa of inputs and economic benefits. 
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Unfortunatmy,U haa Dot prcved possible to include the reiUUD of tbie l3~dy 

ln the preaent analyst& because rupoodont~ aro atill!Al y compllmg data. 

Pmlhntnary estlmates wbich have been retul'D8(1,however,1Ddicate tbat the 

Jtudy should be sucee atul. aDd ~ene further to flbtatrate certain aspeota ol 

the theory aet oot in earlier cbaptere. ror example, ales and profit data 

~eoeived from one ftrm aow marked lnoreasG& roughly cornap<mdit\1 to 

periods of po t .. lmtovativo development awl ro arch expenditur ... Ilt other 

word&, reseo.rob and devolop:r.nent ad:lvitiu atmed at hnprovial tho orlatD&l 
• 

lnuovatton have ro&wted in r.aew nux1els cl the product favourably affeotmc 

WC8 and profit.: 

Sales 

Time 

an4 n reflect J.'Orloda f~Uow­

!Ui on rcaearch &Dei devolopmemt 

n.ctivtttef. ooncemod with 1mprovo ... 

meat of tho Intttal innovation. 

Ft:ret lmpna tons of tho mMbodoloay of tudy therefore appear to be fa rabl 

in that it should provide an adequate etattetloal ~nd of direct cost. to tho 

itmovatlve proeoaa and tho benefitD roaultlngtherefrom. Howev r, I muat point 

out tbat the quostlon ot ~!!Yre<tt coeta haa nat as yet been tlafaotorarlly resol­

ved. Thua. although at tht r;tap un Will be able tom ur the reaeareh .m 
developnumt and subaequel:lt ongln .. rln&ud opemtonluputa to the irtnovative 

prooeu, and tb.e eoaoomic beneflte COI1£1C4Ucnt uponlnnovatton, (>llfJ 08l1llOt mea• 

sura the &treot of tho other tactora .tnfl ncing tho bmovntlon. and tb•retor. lt 

caanot be establiehed to what extent the economic beneftta to the tnrtovation have 

b n dependent on re.ctt.reh and dev lopmont. To etabl1ah quantttaUvely the 

relaticmuhtp botwecm r•oar<".h and oconoruc growth via innovation one must be 

able to do thial. 

To date no peolfio p1o.n of study baa been decided upon in tbfs c~lOb but 

the author envlsapa the followiD~:: that the flrrlt memorandum ehould be followed 

up by aub.aquent questiontdrtes, or r60DD1 dtscu.alona witht tho- relevet firm 

afmed at uncoverm., the extent of influenoo exerted bv the other. factors auch 

as l.abo\lr and manaprJal talents. 1nvoatmmlt. ma~ket ob&raeterllitiea. etc. It 

11 realized that thia pbue cf tbo dy will bo dop$M nt to a lar&e extent oo the 
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per•cmal evatu.aUoc and oplniou of tho muastar or other part}' aupplyiDg tbe 

information~ but,u we have atd, tho method of thla typo of study cannot at 

present be entirely free of the subjective ei.ment. What fa hoped for, bow• 

•ver, is that the ~spondent wtll be ablo to aaatgn sotne wotgbt or iJWex of 

il'JlpOrtaDOG to the nun-reaeatoh inputa to the 1nnovaUve proceas tn relation 

to the ftrm•s total ooat ICheclule, and,in thts wa.yJt may prove pos&ible to 

aopeHte tho contribution of re...,.rcb ~lid developm...m input• from other tn-· 

pute. If thi• can bo done, and p:dma faclelt MOrna Ceaeible, tt Wllt bo po .. 

sible to wbject the propoaod relatlw btp between •oientifio research and 

economic growth to aome form of omplrteal teat • .4 lot IUO:re thlllktDa is 

roqutred,bowevor~ before u.v definite prwll e of aucoeee oan be made. 

6 , 8 CONCJ.iUDING R£MA!Jtc..S. 

Tho d1f!loultlea of meaaurei'J')8nt and the variety of faotore lntluenotns .and af ... 

feoted by fJUCO&seful bmovation serve to Uluetrato that to view research and de­

velopmeilt aa a atnst• cause of eaonomic lll"owth te to overaJn.tpllfy complex coo­

nomic rolattona. Furthermore,there hs no certainly that the potential oontribu ... 

t1o.u of scienttflc reeeuoh ancl development wlll be realised or that technological 

advance, 1n th form of (succea8ful) umovatlon,:muat follow tho selGiltiflo reeoarob 

and d&velopm.ent. 

We have seeD that to many pooplo. a great ectntiftc and teohnologteal rpoluttan 

means a boat of marveUona dtaoovel'iu and lnventlone. V:'hat the truly rovolu• 

Ucmary ehup really lmpU 1a !!!9, &mmm;Ji!.to !P5! S!rtet !pU~uql!m of i!SlOOO.S 

!Dt9 fO.O!!otnlo proceaset Sn a sys:tomatlc aDd efficient manntr. I<eaearch and 

development fa not nan {>O'Iferful'!' ... the actual adoption of tcobnologtoal inno­

vatton depends on a.uch factor& aa commorotal usc and applteation. compet1the 

p.raeeure • profltpo&~i.biltUee, butdae....,.oyclo fluctuat1oua, and numeroua other 

non-research aotlYities, which aN difficult to measure, a.od. o,-en to fdeDtify. 

SuooesefulldentUioattrm havo indlented that co-operation t. eascmUal. for exam­

ple: 

ulb a recital of major fmprovemettt• in the rayon prooesa ••• • • tMmWOr.t be­
tw~n ro~ and production men. w1th an understanding adm.lniatraUve ~­
mem, led to a aucoosaful tacluetrlal developnlel'ltu 1) 



t -l 
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CHAPTER e 

RESEARCH IN f\OU'I'H AFRICA 
--------------~---------

" . • • • • what ia new in our time ia the multiplicatlon of innovauons • 
and the wid prcad reeop.ttton and .ystemat!c application by Indus• 
tr:v o! the notion tb&t r.ew produot. and now proce•so• are the key 
to a company•• ~ttawth, an 1o®ltry'• arcwth. a nation'• growth -
and the recognition t!•t• throura a tetematl~ll;t. pi!JU?fd and Rdmi ... 
niate:red retaargb. we can count on tho oontinuou development of 
tnnovattozw to koop the economic syatom ex})tU.ldblJ. " 

JA)On&rtl 8 . ilk. l) 

6. 1 lNTRODUCilON 

bhtty yeara aao the world wa• poiatsd on tho brink of a new era in eo~nce - an ora 

of Pl'OJTO•• unprecedented !n the hlatory of mankind. 1n South Afrloa,tbe people 

were only Just recovering from tho offecta of a tragic war and. tn addition. the eco­

nomy wa• suffering the plight of the dreaded cattle dieease~ rlBderpeat. wbtch tn 

1896 had ltretcllcd from the Trar &vul to tho cape. leaving behind a 8Cef!G or utter 

deaolatlon~ with 9$ per cont of all dom~suo eattle dead ar.d whole horda ot piJlC 

extormlnawd. A few yeara tater it could be &a1d of routh Africa. that: 

•· ••• •• in 1900. a. nation hungry for knowledge, impatient for dev•lc>p­
ment, bursting with cnol'J)' and potaed for progreea. Yot. also a natioD 
waiting for tbe men who would ~bape tte deatny. and ohftllenp with 
actence the multitwies of problema which mu&.t be 10lved before people 
oan prosper • ., 2) 

&outh Afr.tca hu proeperod achn1rably~ardl that deaplte thG many problems in the 

nature or tho-land ... &land of more than ,72.550 aquare miles. roogbly nve Umo6 

the area of tho United ltlnaCfom, and preaentina tho observer w th a vtew of many and 

varied aontra.t•. These contrasta range from the cUmatological to the geographic. 

But perhapt. one of the mo&11mportant and problemmatio aapecta of life ht South Af­

rica ha& been the :mulUractat oha~eter of her population. IP 1004. thi11 population 

,----·-------------·-----1. EditOr, ~am~• \ ·~ 
2. Pioneers of the Modern touth Afriua, The tunda.y Timee, 26th June. 1&66. 

Johannasburg. p. 10. 



... 136 ... 

included over 14 n:dllloa non-wbtte&. the U"•in group• being Banm, Aslatl.,_ ud 

Colooredr. and app~tmately 3. 3 million whitet:\. The multiraqial grou~ ot the 

populntlon dU'fer vastly in backgrounds. oultnre and general way of life. 

6.,2, D'!J?ttS~tlX.,,L_QJ:Y_!:~O?~N1.~ AND. tC~!IFIC ,CBA!!QE 

In 1noet countrlee. tho developm&nt of induatl"ittli:r.auon baa urougbt In ite tram 

problems euch a• OletcrO\Vdmg in urban alums and tbe attoudant 01rils of malna­

trltl(}n and defiohmcy dlse&sea. pollu.Hon of the atm(l~re and of water supplies. 

traffic conso.sti.on and .acial mal&dJu•Ln~Dte eauaeci by the combination of tbetJe 

eircum(jtanoow. ln her drlvo towards lndu•trialiuUon, South Afl'iQ& haJJ pro'Ved 

na exception. She b4a.r..u!ferod her ta•r iihare ot the abovo problen4• and these 

bave been sn &nified matlifold by tbe dtfflCUlttee ongendered by a multiracial com• 

tnUDlty &baring ibe same land and nu1.ouroU. 

Despite tbelie probl\lml and the complieatlone ariaiq from tho multiracial nature 

of our population, the econo•uy of the Uepublic has undergone an almo t nnpr.eodented 

rate of development over the pa.t 70 rear•. In the latat twt) to three deoadesl the 

predominantly agricultul'al and m.tnlng ec0nomy of wuth Africa. hu ovotwd mto a 

t4!!clmologtca1, h'ldutitl'v..l ccoaomy baitld oa thEt country'• rich a{trloultural aDd mi­

uralret cmrcet· . 

Wo have seen that no tcohnolost<Jilly proaro•atvo c:ountry can exist aa tuoo without 

tbo app!lcatt.on of new knowl~ to technological chwlge. These concepts an mclu.• 

<led in the naturo and deflnitioc of au.ch a OOdtltry. 

ID tbe s&art, when the bepminp of a tealmology.-baucd economic oolctty wer• takinr 

place, rerearoh and lMovatlOMl cllanp tn £outb. Afrlca bad been fOt.m<led. m lui• 
meawre, in knowledge and exporle»ne imported fl'om overf.!M.S. patt1clllarly from 

tul."'pp and Amerioa~ the areas et major eolearttfic endeavt>Ur. Thla i• of particular 

notioo wbea the rapid dovelopm~t of tbG m1Jl!ng indu~try is ®Uidered. a develop­

ment muted .on the knowl~ embodied. in IabOl»r. equipment and n-.ethod~Jtmport~ 

from overseas. However, the mming industry was not the only JJOCtor of the econo-­

my to benefit from lnct-euod JmGwledp; agriculture underwent a trutformaU011 to 

tnore modem farming methods, and the S. A. manufacturing industry forged ~.head. 
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As bile beell tho expertenoe m mo•t countries. the developliMlt· of !Ddu ry han 

accelerated tremen<bl Iy &irlce 19,0, and tht• baa been aooompuled by a corres­

poud.tnc development of selenoe and ao1entifto recearch. With the phenomenal growth 

of tndu~t.rs; • 3pid urbaDlzatlon of the Bantu baa been in progru• and the rc•pon ... 

slbUity for their education, otentiflo and technical development bu lain malaly 

with the Europcco ~n of the population. 

No country, we have aeen. cu afford to ren.aln depeodent 011 over ea• knowledge., 

particularly the more advanced it beeomea teclmoloaically, abd s-.rtlo..tlarl1 wbero 

the ot roum~rtancea prevanw, 111 \bo developing COWltey differ ao markedly to those 

in the other oountriea. alld moreover: 

uThe 1 .. ~lent!fic proolexru~ fa.oln,g tho cou.ntrle• or Africu are iv many waye 
areater and more urpnt. aDd moro challwgms than thoee to be to:.md ey­
whcn elu in the world. 1rl vtow of the unique charaotor of our problem•, 
the advice which we need will not; bowevar. eome many la.-,. meaaure 
from th6 study or the application of exiatiDg knowledge ~ It will have to be 
baNd upon special 1nwst1pt.iOJUI cut-ted out in Afrio by men lifted ln the . 

olutton of new problems and whose otiatnal mlnd6 can devi110 uw m ibOO. 
of attack on old problenw. In other worde, It wfU demand much tundamen .. 
tal or baste re~roh. " 1> 

Scicntttto rt'search haa a.ocortUn;l.)' developed in t wth Africa. as in moat other coua­

t-r!ea, aa a result of necea.Jty, ullttl tuday when much tet.dlnologtcal and fnnovM.tODa.l 

chanp hart t;een brought aL o-1t h1 ~.~ae1c ud applied t•eaearch conducted in the nepu-
lic ltcclf, p&rtlcula:rly in tho aplw"N• of aativity whiCh ato tho roapoosiblltty of ao­

vernment and local authoritieB. Art an illustration of the rolo played by teohnolog:lcal 
2) ohango ill ~.A . cr01tth. Dr. T. . du Ple•al autgnn tho following eharea in South 

Mrioan growth from U140/l to 1966/57 to four cau l factors: 

lmport 6\tboUtutiOu • • • • • • • • 41 

Final Dotw-~auo ~nUlnd -4 • • • 3v 
Teobnological chanu ••• , . . 16';\; 

-r• - 1'~'. Nl:po&.fi..., • t • t • t t f • • • • • • • • • • " 

1. Nau.do, Or. £.11. t.oi.9!!9! ani\ !l2veftiment .. : ,. .Prcbtam of 1M l>J!agpl }z.! 1n an 
addre1a to the ... . A. Parliamentary .,clontiftc SooictJ, Cape Town, 30.4.1860. 

2. Dr. T . A. du Plessis. Tbf In®•tttal Or~h Pattern tnd the R Ill Forgta ~ z:;"' ... 
J.Wl ton in out) Mrica, 1V4G/7- 1956/67, unpublithcd D. Com. theata. Unive~­
alty ot Sotttb .4fr1<Ja. 1Kn, p . 190. 
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ttft fatntportan\, thoreforo, to look llot only for tba Mtatettmea and Q&pitalilt• in 
bouth Africa at the tum of the oo.~r., t but alto for the eo.tenUat• - tbe men whoso 
pn1u• wac roaponatbl tor ro baplng or1ppled nation untll it emerged •• the 
m014 adv&nced of any »>Uth of the tabara. "-'• find them Jn 1905 at Kimberley at• 
tending tbo fourth oongresa of lho E.O\lth Afr.ioan Auoclat1on for tht' Advancement 
of Scionoe. foundod 1n 1903 to Ht forth ~ clatma of acielloo to the sympathy and 
f;\tpport of every e1t1tcm and every government of a oivUb;ed co.mmw:alty. n and where 

it was atatod •••••• '~bo is tberc &m.OUJ ua who cu. foreWU what thil country wJU 
like 20 :v.atta hence? }• have J»Uliont upoa mtll10D:J of tou& of coal, iron and 

limestone lytna ~ide by aide • . ••. we muet dream dream • '' 1) 

AJ!d the dr'$1lma materiali-zed. J3ut thit ia ll<il to pre ume that cu.•ganttte4 r.,~cuoh 

apran' 1Dto being; at it were. Jn the older indu.trlally de)velopod oountrt.a. lt ia 

~rally apMd that OTgSDtsed JJJCiuatrtal re rch, COJlduoted by lcieDtiat• iUld 

enginoora ~~ a recent dovelopmeut of thG put 40 odd ycare. Tbi~ e..m bard to 

appreotato when we conetdar the phenomenal growth at tho research and development 

r•l!Jdustry" . Amedca alone has aomo 100 tDdQpoAdent l"'&eal"eb lnatitutas. Tho ~~~ 

~\ re.arch tnstttute. ia Wca&era Suroptt, with cpecial reaponaib1ltt1e• for bldua­

trtal rgc.earch, f~ wl:wlly or m port from ;overmneat t\lllWI. also larply dato 

from about 1!120. 

The flr~tt orpni2cd re~.eaJ.•ch 11\&tltution 1n South Africa, t1w> Bwth AfrlCMtn Council 

fc,rtmcklatrlal ROM&l"cll, waa ombli hoo on Od.obc~C 6th; 1M6. by an act <1 Parlia­

ment and the paa$1na of thta Bill mnrked at\ rnlng point in the hi1toey of f.,(lienca tn 

I • .OUth Afrle$. 

Up to that tinla. the arowth of 1Dd1p~· Gc1ellee had beG1l iJpa&modlc. Soboolr; of 

re reb and doveloptneDt bad centr''Cl around 1lfted l.ndividl'lllJ, but th.- srraciually 

dl111ppeared when tho leader: departed (a common occurrence many developlnl ao­

otety)~ rortunatoly lmp<ft'W1t aeoption£ were provided 1n "~ome field•. ud. the deve• 

lopmont ud f\n.'tbora.noc of rest'Jaroh in tlNwe apberoa can be attdbutod p&rtl.f to so­

cial and economic bee4s and alao to tho unrJ.vallod opporUmlUea for reaearoh in these 

partlOtllal" ffelct.- but perhaps moat of all to the outaCDdlag lndlviduals who appeared 

at the rlpt mom.at. 

1. P\9!Mra of the M94!rn Soul\ Mt1CfJ Tbe tunday Time~. Jobanneabu:r;, op. cit. 
p. 11. 
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ODe of the~e was Arnold Tbeller who founded an m.ututioa. Or!dent.epoort,whlch 

was to becotne world famoua for it1 ocztribution to veterinary 1oienec. Today, 

countries In Africa north of tho .Umpapo ~nd 011 ita production of vacohlea to 

combat the animal dteoasett of on emerpnt contblent:, and}iu60dotng,Ondtlratopoott 

baa been in.truuwntal lll the oportlJll up ot. \lllet tl'&c.k• of aut..--troptcal i.md troptoal 

Afrtca to aDill3ti b1l halldry and ocmaeque:ot r;;ooto-ecoaornlo pin. 

The ittfluencc of Theiler extended well beyond tbe aphe~ ot ••ribary ·~ ad 

i\ baa been eaid by some authorlUee that It wu his work whioh lll.&ptred the ec.ta-­

bUsbment or the ®th Atrtoan IniUtute for Modtoal R search m 1912. With Ollder­

etepoort •howlnt tbe way in animal refearcb. it wu only natural that a imilar Jn .. 

stltutiOA should be foundod to prevent and tt"'Olt hu.mu disoatcll. South fdea t a 

country wUh many medical problems dictated by vaeyitlg olbnatea; influeneect by a 
mulUtude of people" UviDg In condSt.IODS tr.tohblg from the moat primitive to the 

1notlt lUXUrfOtlJI; agravatad by & q1"14ty of di ta, and dlaetlNS. The fOWidfb& d. the 

Inaututo u.IKler Dr. \\' • v atktn . .... Pitchford was a start to combat thoe.e pl'Oblerna. 

and a lone way hu been tra elled •tnoe with the performance of valuable work a poo.. 

llom.yalitls. pnaunooonlosia, tuberoolC~.t•. bllhanJ&. and tho more l'ttClOnt trlumpb 

of a vaootne a;aiUt tmehoma. The impetus provided by the tnatttute ba oneool'apd 

re ea:rob 1D =trltl<m. path()lo;y, genoUcc, 'f1rol ·, bacteriology, radiotherapy aDd 

cb.emotbeftpy. 

Tho important rolo wbtoh ~ooth Africa bas played tft astronomy OM be attributed to ita 

acoea•ibiUty to Europe and to the elou aldea wh1cb present unrivalled opportuattie• 

for ltudy of the Southam Firmamellt. F:rom the bumble boamrungs of tho Work of 

Hoben 'I'horbun.t Ayton :&mee, Sc!uth Africa ~- pouoaaes fOtJr ma.tn observatol"lea -

the Republic Obaen'atory (Jotwmesbuq). the noya1 ()b ervatoey (Ctt.pe Town), the 

RadcUffo Obt~&noatory (Pretoria) aDd the ~n Ob rvatory (BloemfOI!tefn). 

Oeoloaical re.-rcb devotOJ)ed u a naturAl CODHQUeno. of the dfu:oveey of dfaa011d1J 

and gold,tmd the •cleJ1tlfto atudy of pologlcal tormattou UDco;rered a UcwltifW. lfli)Ye 

of mineral wealth. G6oloalcal rftearch. 1n coajuadicm with Imported kDOWledge and 

eklll on minhlc tecb:nlquu,has been • I:la}or factor making for the outstanding procre 
ot the mlrttn& 1Dduatry as a major sector ot tbe Soutb 1 frlc.l\ eoonomy. 
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Tho luxuriant and v.n-ied tlora ad tau. ofBout!l Afne& hu tona attracted bola• 

nlata. biolopJte aDd collector• ftODl all over ~ world. 1n addJUOD. today in 

South Africa thoro are four uttOM.l museu ... atld a number of provtaclal ud local mu­

MU.me maldng just udcu· thirty 1n All and a ttal't has bean made oa the buildJ.Da of 

a nati!IDal ~lencG mueeum :tn Pretorta. Tbe main ottlotal orpnb.atiou which 

ia · ch4qed With the .ttudy of the natural veptatioa is the Dottlnical Bcaearch Jastt­

tuto Of tho Des-rtmem of Aplcultural1'eehnf.Qa). Serviootl. Sou.th Africa hac also 

proved the loader in oonsarvatlon of wild l1fe In Africa. providing amplo opportuDl• 

ties f<>r study to thlt flel4, Wh1oh today ie ~ivtng ol010r atwaUOD. 

Thue 1t can be M8ll that the pre 1910 y•r• in the South Afrietm 801unce era wore 
' . 

oharaetertzed by ~e prominence of btdtvldual• of outstudiag ability who pthered 

achoola of ~:rea ~r th$m. Ora4ually tbi& nottoo of ecienee ·in the RepubUo 

pve way to a type of orpair;ed reacal'Ch ~~ (lOVeftmeat au•Ct)s, oot in acco:r­

du.ce w:tUt any pr•conccivc d !))an, but. u DOted, dtctatecl by neceuity ud coave­

nte.nee alone. 

For aample. ~it1*ry :roaearoh and field aetvl~ were developed UDder the 

Dep4Jtmertt ol ~grtoulturo which alJIQ dfteloped r:t oomprebel'lsive TaniO of dlvlskm4 

reapoll8tble for aU upeot.e ot apl~ltural ~reb •• -.ell u &ot"'ficoa tuoh u gra ... 

ding ~ proem.. qaarantme and eduoatton potlctM. coolem'atlcm and ~oo. Tho 

'Deillrtnud ol Forestry too bae made a notable CODtributlon to tho economy ihrou&h 
U. rigo;roua aftoreJtation poltcy. The Goolostcal Survey tell Ulkler the .Dopartmer1t 

or 141nee. a1ld the o.partmeat of water Affaire wae st•• the major reaponeibWty 

for water reiOUrcea. 

lt can be -.n that ..._..roh wae botaa tadmln!atered t.ander tho Public Servtoe• Sys­

tem ot Admim8traticrt, pnenlly ~zed u not bc:W.\g the most flafblo and ~ 

maC.hiJ'j(lt"y for all khlds of research. Con~eqUeatly. tho south Afrioanln&tltute lor 

Medical ne~-. otabllebed by tho Mtn1nc b\utl'J with ncverrsmoat support 
in 1$11. This wu followed 10 ye&ralater by the fuel Research Iutituto m 1932. 

financed with a lt\vy on coal owners and a pro rata eubacl"lptlOll ftom the Gcmtmmont .. 

'l"ho8e are the bYOACJ, p;nenl C)tltlJHB d ~ Mleutiflo soono Into whloh the c s 1 n 
wu born in ltHS.. Hf.JW'ever. before ;otug en to dtlcue• the C ·S I R iteelt. a few 

words oo reeeareh by lndustr1 eat the faollW tor tra!t\l.ug N1en.u.te ta ecuth Af .. 

r1Qa ar• oall«< for. 
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§ • . ~ ~E!,EAHCR J:tX INJ~Y ';l'JlJ 
1n any developing country there fs a p~~ce of rorelp-owned/adrntni£1erod 

ubddtarles. In the ettrly atapa of ~ ~frtoan indu£tr1alia.Uon thol"& wu an 

almost complete ~nco f<>r l'$cearch upon the laboratorico of overaca prbt"" 

cipala and this dependent attttude baa p&rsisted iD ~Y htstanoos. However~ tho 

po 1Uon baa chanpd rapidly la ~ ccat year• ud almoet all the largex- JtUlnU!aotu ... 

rillJ cu::tabla.hmenta uow either have. or an In t.be prooe&• of buUdtDCf up. th lr 

own rertearob faoUUios. 

The largeat. lndustrlal reaearob laboratory in South ~frloa is that of Afdou -ex .. 

pl06lvos u-d Cbemleallndu~rles. Until1852, 1te Roeearch Dopattmont was a 

mall unit mt~ to provide a eervtce to the Company's produmion d818rtmonle 

ln the solution of ad hoc manulacturtn& problema. Sinco tbat tfme, how•ver, the 

de~nt bu und r;oua a eontroll~ expon Scat hwo1•1al tho elt(M\ndtttn•e of 

thousands ot r&tlds in the conatruetion aDd ·equtppblg cf new laboratorios and wOl'k· 

shops. a conatderable mcroas. In etaff1 aD.d the Urlliatloa of long term research 

aimed at provldlna' ba.ckgrou&ld lmowlodp to tho company'• manufacturing tnt.re te. 

Worthy of mention also ar• the ro6Mreh actlvitfes of the South .Af:rieau Iron and Ete.l 

Corporation. l'aor has constructed and equipped re rch laboratories of conaldc­

t'&ble st2e to ene both tt o~ need~t and tho· e of a number of ae8001a~ compudoA. 

It bas unfortunately not proved p<> &lble to obtam details of further laduatrial re­

•earch eoll<klated in SouUl Jtfrlea. t.uftico it ~ ay that there appear• to be a fP.'OWing 

awareness amonpt South frioan tndustrialim ot the impcmanoe of 1'home-,rown" 

reacarcb aot1Vitles, u.d durtna the pa t 20 years. ao lcsa than 40 3J2aJor firms bave 

e tabl1t hed their own research laboratories 1D South Afrloa. 

§'"5 11!.AINING q:.: hCJg~IJST8 IN 8pOTH ~·vpzg~ 

The PQ6itton repl'dlug the aupply of •eientific and teobatoal peraonnol m South Afrlaa 

was n cau-. ot ocm• ldol'8hl• ooncemup ti) the 1M{)'~. and te. attlla major problor.J 

today. 

Althoup the training t1 laboratory teobci~ wa• bep tn teohntoat colleges at • 

fairly early atap. prote•51<mal tral.nJng in soienne we. <Xllv aftilable at th4 Wliver• 

sJttee. Hawevor~ tbe outp..it of sraduatee tn.tncd In research waa relatively small 

and those number s were fl.\rtht\r docrcaaed by the fact. that a aiplftcant proportton 
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of them wet overae:ts for a final bl"'ff&utng of thalr trabllng and ·~rtence. 

Many of them did not return. Furt!ttermore, the needs of a rapidly developing 

fDduatry nl•o teDded to lure sotenco studenbl away from the untveretUu priO't' to tbo 

post-graduate reeearch level. Be rch laciUtiH at the untvoNl'Uea themaelv•• 

were poorly inadequate In relntlcn to tbo DeOda ror tbom well tnto tho tt•o•a wht~n 

tba C s l n made lta ~co and lent OOSlfltde...able strength to untverllty l'CM$.tch 

requtrementa. 

'!'h$ aicuatiou waa tul'thet· agravat«t by thtJ unsattafactory poaitlon 1n repro to 

tho uachlng of acienoe in tbo cohoola, tutllttnc in part from ~ deol'eded !nte­

re5t ln actcaoo tad.dnc a a profewaion (fotlowmc <m the domanda for ec,dentim 

ill iDdutry), ud from the hladoquato ratoa of pay for ~lenoe teachera. Supertm­

posod on all thGeO dlftioultlea Ja tho fact that South Africa baa relied on the recruit­

ment of her ocientlf:to manpower from <.tnly ono ( D. mtnor ) ootlon of the population. 

The above ia a brief deacriptiQD of the e•rloua obetaolee proventing the optimum u1e 

of perbtaps our tnoSt vttal rosourco - "human capUal". ~ ODe 18 tempted to couolvde 

that tho position ts cbanaJng iltSd a ealuttonta comlntt about. Happily tho potltiott ta 

~•fll, due maJnly to the eop1ux.ce C>l tclcnoo aa a proteaaton andT on an hlorea.-

lqut!llle. to tho •conomlc ~rtanoe attrlbt..1ted to ecionoe. Dlt more le tleeded, 

aDd rapidly too. 

l>r. van ~yl hu ftld: n1h.o popibllities tor towtb. anJ developtilffr.tt ar4 tremondou&. 

Tbe raw materlal6 are there. bat wo need the men aad won o. to do tho wor .. mc:m. ud 

wo:mcm who at't.t aofcfttiflcally and teohnolosP*ly lltoratc. 

~:hllo~ ~tally. •• do ot£1" 1ltmQ~t to attract mos. .. aoientata, tedurlolarl aDd oldllec:t 

workers trom OYereoae. it la obvlou. that the main c.oluUon to our probl~m ll a ua tho 

opttmwn utill~on of our eKiatJng mangower .. iUld that mean~ 'woman pow r• too~· l) 
n has been o.umatcd that 8 yGAre aao. loaKh .o\frtca lacked GOil. ooo teabtdoal, profea­

elon&l aDd ktndl'C)d workera. Pd the demand for aucla persoootl COMlnuo• to r.m aheM 

of the .aupply ... the costs of proaroe• 1n ten» of 'tochnlcttl' manpower run hiah m­

doed. 

----------------------~--·----·--------------------------------1. Principal of the Pretoria T~ Collep, Sunday Tlmea, Jobaranoaburcy Jlme 
26, 19GG. 
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The Ctra•,.ac~uJr Comn ld!on bas 'l'Oeotnmonded two proposal• to meet the ~mod ... 

that woman Bhoul.d bJ Attraete4 to ~tiuJ aa .a CJU"e•r and that Afrioansbe re ... 

admitted to the untveraitlea oloaed ttptast them in :.li1S9. Both theM propoa;ale are 

aoceptabJ.t, 1n pttnciple. but neither promisesnru<lh relief fu the ebon rtm. 

The root or the tfOilblCl appears to be grounded lA tho achoola. in the lack of adequate 

(and eompotellt) matha::natice and actenoo teachers, and to overcome thi• a conatde· 

rable chaqe ln our nstlODDl scale of prtorltJee 18 urgenily requtrod. A better system 

of education ita £ c1Pncc and toclmolo;y must be bullt up. and tho wider tbia •yotem 

emenda. the more prorntatn: the results. 

,O,e THE ~UTH f.F'~l<;·"~ ~CUNQIL FOR,BCIENTIFIC ~Np ~D!lRTRIAL R}..SEARCH 

G, 4.1 JNTBt')DU~TlON 

A brief tntroduotory note on the ostabllabmont and ~ructurc of the Brltlu Dopartment 

tor eot•ntiftc and lndu trial esearch (D 5 I R) Mrves to Introduce the South AfrlCAD 

&ceno. 

Ono of tb8 r0&•on1 loading to tho o.tabltnhm t of the D 8 I R Jn 1916 waa tbc wtdfl .. 

apread cocnJ.J:~.nCe, particularly dudnr tho Firat \1 'orld ·war, that, whereas much of 

Bl'Jttdn,, · industrial otrenath lay with the smaller firma. the coets of roH'arcb are 

uch that tho setting up ud opention of an effoot.tve re--.reh d.epcutmont waa beyond 

their reach. The obJecte of D e I R ·are to promote 8Jld orpniEe acient1fic reearch 

with a vtow •apcci&lly to ita appltcatton to trade .00 lndt.atry. DCIR ha• beeor.te in­

dustry•• Unk with ··ctentiftc re arch: 

"Tbrough D B I a. the mall l)lAnufactur r oan baWl all the ro£ouroe• ~ orsa ... 
mud aolence bl'O\IIht to boar on hls own particular probletnll. -r hethor he 
wantr to bend plyWood or to cut down lr.lak.o from hls faotoey obtmney or doa• 
troy beetles ill h!s warehooae, t> I R cau help him." 1) 

Mo1¥ than not, the anr-Wfl" to tuch a teohnical pr~m w.U1 alresdy be knOWD. 

M.d D I R playa tts pa.rt by putttng the manu.faoturer jn touoh wtth the 1ntot:'n1aUon 

he needs. II ro•carch 1• called for, D ~I ft may provide th aoooesaey faciUUo• 

throuatl its owu specialit d labotatorle•. The Department alao employs a lftnem 

of teohuolopCllly orientated ro rch a~ctttionst but, although thoae reaearob 



r•ociatroru. can capo wtth th reeearch noods ot apecUie tndU4triea, m<Xlern 1n ... 

duGtdal practtoe also require• reN&rch of a more gen tal character. ror tbia 

purpu$e D 13 I a maJtlbins 14laboratorle& of 1ts own Jn such floW. and thor.;o 

l&borator!ea ut It for the bontlfit of tho community ns a whole. Laatly, the D 8 t n 

maintaiM a teebntoal •rvtce dtv:tston (TI) which put. .. tnquirera tn touoh with upe ... 

oiaUaed 80\ll'OOII of sotentlfie u,d tecbnielll information. nnd onPWera ~riee tor 

which no apeclallzed aouroc• exilt. 

Tbe U. lK. A •• C.wada. ~u.tralta. blla. New 'l eallul4. t1'Dd f-'.outh Afrtca With tho 

C s I R, mter alta, all bav asatloaal ro._t"Ch bOO.loa wbJcb provide baatc acienti­

fle aervlce& through natiODal n1 rob laboratorlo • In fact. tho dovelopmer{t and 

atntetuTC <lt tho ti«tth African C t I R 1& striktngly ohn1lar to that of the D fl I Rio 

Br1tniD. 

Tho prlnelple that aovcmment lhould support solontiftc r~roh, beoauee. !n the 

lODi run, ilt. the state, or ra.thor the aenoral public. that beneftt., 1• ~ that bo .. 

ca:mo appuant durJnc tho world war' and brou&bt an meroaotng awarenos. of the 

impol"tallce of r coarcll to mott eoontrie~. i.ccmomlo thoory tao lne orvcc.t to 

heighten th4t lnterett in toH&l.'Ch aa a growth promoting t'aotor. 

fa Uno with tbe'e iflneral trcrwls, the South Afdcan Government act up the maehlne­

ry for provldln. tbe COU'Qtry wltb Ol'pNsed eCiGllO by the r!£tabUebment of tbe 

C S t R 1n lUi. 

t. e 1uust pause a momcmt to n!fiect upon tho cht\ractor!rUc of the ta«e of iDdu ..... 

tr:lal devolop!llOnt pt'GVO.illng in South Afrtca at tho t.hno Of e tablis.h:tnent of tho 

C 8 I R . 1'bc)~ ohantetorJ to .tn tum rctleet upoo uutny ot t'he chal'actOri&ticoti of 

re reb conductod both by iba C In and bJ othet non-i.rlduetl'ial :telilearch organt-

~tions. lU ttt. firj;t instance, foo.th ~frlea'n 1.ndl1eb:oy was a ''bustlillu infant" in tho 

growth family ... whe:reaa South Afl'ioa had been er.ppd in n tndut"trtal revolution 

or a J.nOl'O zo years pl"eVioual. ·• ~t of tht'! ittdu rlalized \ · at;ern countrle ; were 

well advanced Into tho t.eollnoloiical rovol~. The obvious rc•ult to follow from thla 

1s t1a t much ot the research oocducted ove.raeas lay !ll, and, more e pectally, was 

applicable to, tbe condition aDd ~-vlromttdt pooultu to that country and, ar swm. 

was not dh.~otl.v appUca.bltt to the South Afrioan J5Ctm • 
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SeCO'ftdly" ~tnoe South Africa waa o. relative ttewoomer to tbe ,rowtb cefKt 

(and. by definition, the technoloay- reeearch SeclW) .. eearob undertaken for 

tte own sako would mvolvo, In a variety~ bstancoa, dupllaation of esiattng 

exopr.ou: ro~. 

Thu , what wu C411od for 1n many cues waa not •tmply rcacaroh, but "re­

uarch Into reaearcb'' or reueareh ail'~Uki at the adapt.atton of oversea• effort• 

to local COl'ld1UOIU1 ... re~roh into ''imported toobnologtaal know-how'. n ln 

~rtlouhn. rea.arch wa lK!Oded intQ the buic protMrtlc of ~ Atrioan Datu ... 

ral re£ouroes. 

The abovo then ar the broad pnerfll outlines or thG sclntlfic Of'.ne into which 

the C SIn was born tn 194:5. Agrlculturalll\d voteriDal')' research aa well u 

geological re~roh were &peoifteally oxollldod from Jta term• of rete ronco. So 

alao was rGoe&reh in the .ooial Belonoea {wltb tM ftOel~ion of pHsomJel re..arch) 

nnd the humwtlos. for wbieh a eoporato Nat1onal Council tor Social Retearch 

waa created under tbo Dopnrtmoat of Education Art• and So1enee. 

G, 4,..2 T~ Stl"l.l9!Y=tt~ Re!l!t4r~ A~lvlttol, .9J ~':1t...Q..:J..J! 

The objects of the C s t n aa stated tn the Scienttfle lt& reb Council Act of 1046, 

as &tm&ndod, are sot out below: 

(a) to promote tho uUU7aUon of the natural reaoureoa at tho Ropublto and 

the producttw capacity of Its populationi 

(b) to o.k new knowledge throup re1earcb tn~attpUou an1 teats in such 

a manner u it 'J.'Nly deem dellrablc, 1 illly with tho objoct of imprev.tng 

toolua1cal prooouo.n. method• and setvloes and !nduatrial produott.. and 

of dev lopiag proce .... and metlloda whlch may promoto the expansloo. of 

ext 1Jng. or tho eatabllilhmmt of new flldustrlea or the bolter utUtmtloo of 

t'&W matedalc and wa te product&; 

(o) to undertake or ald ectcntJfte ro rch .tn ~tlon with a..uch mattor 

a tho Minister may refer to it for investiptlan: 

(d) to provl& ond control fac111U~ fe)r the t88Uag atJd etlltbtation ot prooi•la 

tnstrumenu, ups, aDd aw-ratu • the determination of thatr degree of 

aocumcy and the lbeue of eorUfiottea tn regard th~reto; 

(e) to provido and oontrol faoilitiea for reeo3rcb ln. ~10D wlth standt\rdl• 

: at1on ill!Dd'.l&trybd eomm reo; 
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(!) to ma!nta!n prttnary sctentlllc ltaadtrde of physical qwultiUo• for the 
~t 

}!f,publlo and to provide for tho!r compo.r11M wttb internatiO» atandatds 
i\ 

from time to time; 

(J) to foster th• tralni.ng of rotie'tlrch workorft nod to cetablteb ud award 

roil reb bt&rsariea~ 

(h) to eDCwra&o and promow acicuttfic te reb pnorally ~ and to cor1t:rt• 

bute thereto fin:u\olally; 

(1) to ro::to~,. recopi,....e and atd tho eetabli•hment of aasociattOil& of ~rsona 

cup god in indusry for tbo purpor~ of carrying cut clontlflc mctustri~ 

ro&eaTch, and to co-opcrat• with, and, <t~bjcct to the cond!ttona approved 

by the )4jn1•ter, m e granta to t~uob oetabliabod or 1" OOBJ'llzod aoooia• 

tion ; 

(l) to estabUGh and ecntrol faclUt!e.s for the collectlcm and dteaommatlon 

of infonxmtion in COlUlectiorl wtth FJctanttfic and techntc:ll mattertJ; 

(k) to act ae liaison botweon the Republic and other count.ri~• in matters 

rehlting to !!cientific and mduetrlal reGcarch; 

To meet theae 1'"0'"'-~P.tbilitioa ,tbe Co I ft wu fOl."med as a corporate body outaide 
0 

the governmem servloe. therby havtng the floJdbillty whieh ia rep.rdtd a.a e•~~on ... 
' 

tlal for the offeotiYe dev~opment of research aoth•itietl. The C h l R is equ.lppcd 

with thirteen ttaUOill\1 labotator1oa and In~titutc. • hl caoh of which A Director 

take ahargo of the Ol'gtnb:atloa and co-ordination of re earoh, and tn addttmn. it 

c<mtrolll ••ral Hli tch unite aDd other F>Ot'Vi~ . .'.mort,g !i.l total l1atf of more 

than a. 000 al' app:roslmfltoly 600 oienUots and 1. 00& technical oftioora and toch­

nlciall&. TheM ataff tho vetrioualnboratorleti and tutttute• for reeoar~ into 

fietct. $UCb u attronomy. bttildwg. chomiatry. defence, the mathematical ctenceo, 

mctebutoal..,.moerinl• llu.iritlon. physic•~ ~r;tomlel prob~m , roade, teleoom­

muniatU~. water, Umber, mid wool textile . They al o eervo tn the pec.talitod 

upporttng Hrv1ccs requftod for the proptr functioning of tho C S I A. 

~coo~ to Dr. !. . M. Naude l) ••••• ''theCA I R bAts bf!on gutded'by two hallie 

l,)rinolpl.oa. F lretly, the C S I R, aa a acte.nttflc body • hats etcBdlutly erdee.vourcd 

to adbero to the traditions of tho BOtntlftc proteeslon. Eeeondly, tM c F I R hae 

~~ IP't ·....-~ 

1. Dt. S.k. Nauoo, Preeidcnt, J . • C . .. . I.R., 01'· edt. p. 3 
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eunststantly rcp'rdod lndustrlal ro~ as primarily a ~billty of 

tndu.n-y itself $J'Jd •• uaed aU the means :1t it dJ~t to cncournp and 1J1 ... 

duco lndnstrv to o-ngap ln ~--.reb in •ta own Interest .. . .... rv 

i':rtRn tho Above two prlDcipleta Pd from tho objects d. the C s I R • out 

ahem) It etUl be oNorved that tho atma ud activtUes of the C e 1 R Qan bo divided 

into two bX'Ofld general fietd8. TheM ~ fix-.tly, til. developmcmt of science ft ... 

self, Md seooudly, the •velopment of tcienee ... re•eat'Oh and tocbtiio~l semcea 

-for l'ldustcy .. These two dtatmet. but clo:soly rchttod, divlatou• wtn bJ briefly 

desortbod below. 

A. !!!!! dcYtloftmG. of &'Ql,ertSt 

Briclty, the c s I n achlevoe UJ objoets tn this •phGr e by the su.pport of 

research projoota at tho wivoraitieo and 1nuceWJlll~ thtough buto ro­

senrch prognunmes eondud.od tn ft& ~ laboratorlu and matttutetJl! and 

h'J tho dwelopment of aoiontUia llbraey and tnfon:mtiort eerv.toea. The 

Cm.w.oll ia alao ~ble for .medicelroa.aaroh. 

An 1mm.odiatc rud pre&8inl problem OODttontbll the n~ly f<n.~ulod ~aU 

wrw tho la~ {lt ndcquate roaenreh faclUUe Ia the untwrsltiet . Tb over .. 

Ct>me this ptobletn, a ayatem <>f ••tor bursatloe or followatpe atld poet .. 

graduate: burE:artca, ooupled wttb gram.s fo-r t"U:nni:nlexpunaea and major 

e:qutpmeut wae mtrodu~d.. Reoently tbl1 ae11011~ ba& beea ~~ to 

Include aouppo:tt for re enrch \.rltr:. 

kt oovelopfng it reaeat-oh aotlvittea~ the C f: I R also ·does ewtything 

por.atbte to 1nah the mo. ·t uao Qf what is bolns d.-. el~re. Tho C 8 I B. 
ou its o&tabUabment, took over tho ·reapouibWty for the ~th African mern ... 

bership of 'tb& J.nt&rnatiCGal Council ol l.iclentlflc Union• ad ita atllliated 

untOftS. The c s I n further mah>tafas ac.t•Uie l'-1.- off!Qe OY$l'$G1Ji 

to !l4(lp in toueh With bltOIJt dov•lop!:Wlllts tbore t\l'ld, whcrOYor posfllble, 

tntnnbm.•fl. ot ataff arc sent ovoraear.; for further t:ra.tntagiUld experience In 

th$ latest oolentffic teolmtquea and tholr appUcauon. Tbla Js impot1ant 

aSMe it ta generally a.ck.»owledgcd toda.y thAt partldpattOG in interna.tl.._l 

r.o.l<.mtifie J'rop1lll\mefii is to tho mutttal advanttt.p of .U ~cipanta. In 

lbts way, ~ Afrleon .clcr.tfats can keep nbreaet of tbf) lateBt develop-
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mtmte In ~Uio fleldt" while South Afrloa. wfth tho cmrlodp ac ... 

qull"Q4 bore. aNI ib unfqUc ~cal poa.ltlon, can mo:·e voluablo 

ct.mtrlJ:IuUODS to tbo od~ of kl10Wl mother .tlelda. More .. 

O'M.r, auoh l'&nlalpatlta nrv ao & .ttmulua to the developmcl\t of iDdt· 

JetlOU. ou.th .Afr.tou eclcUce .. 

Jc tho field of 1l0dtoal ~ rob. tbe C S 1 :n: hU followeti lai.loh the sau1e 

p.rmolplo vmkl 1n tho. UDiveraltte.' rah aapport. 'to aptore ~ 

clcYetopo ntedktl1 ~ch,tilG c e 1 n bAa oo& ~ ....,...u medical 

roseeroh Uodioa, .but b.Ytt ita support to about }}f) research un.tts. srouPD 

aud projecta. the C~qll ts u.eured the oonti~\l6U p~ t'! at re~ta~rdl 
ll1ldor tho lcador tp of •CllDCDt ch wor1 r In fieldt COI\atdertd 

to bo of ~oulA't" 1~ tur Cou.t.b Africa. The acttvitfef' ro 

asrded o .... t ill xuWi~i a®ools, tc:aoowg; h~pttabi. unlverlities n.1 ~ 

m.Ul«\1 icDUtuUotw thr\N wt tho c::O®t.l'S • 

'l"be t'ib0¥o then ia brief plQtu:( <:1 tho etlv1tle ot the C. I Jl Jn the £1eld 

ol aoionco dovolopmcn~ u · ... ba.&ia Qr orientated ba81c ~m ... fmd 

a pro=foout chara!terisllc of mueh ot ~iflc l' l'Ch ~ 

tbo c .., I l'l is that.. !t f&U• 1uto tho catc'(llry of wbat •• bav.o labcUocl h1. an 

fWlt- we C'.uct ·rc ~#.no l"Uor eo~ mtde ~ tbe moral cco--
nomt.o cU:mo.to p~ at tho t~ c:;t elfablilhtns tho c v I n. lD tho tire 
wta.~ ~1. u•wfaoW iDa !llf;bash·1os ill ~&Ch Aftica bad uot yot rcaOQo(t 

tbat ad~ in tcdmo~ eloplnent where the applt:-.nt!oa of 

l'ch WIUl a pr!mQ..r) coaa ration. The new llldu.UWI aprtngtq up 

~ro ~ wftb tb:t ~ems <t ~~uoq 4t1lbllebed tndustrl!d pro-

... mto""' Ullfamlttar eavlt"OI:U!lQ8t. An nnaturul oor. oqUODefJtthe mam 
ltoo.s of C f I !l reeaarcll h:lv beGD ~mod with the problem Qf llldu£trJa ... 

UaUon ud u .:cant~Uoo ... wt.th probkmu· oc1aiad dltectly or lrdit'GCUJ 

with~ n~l \'1ronto&t. Tbc ~ havu i~U ~ urthor--

uwr~. by t® t~ ~into 4COOU'At tlle WtrcdUOUM to tndurtcy of a bJ.f.'hor-

t.o .L'"Ol:u.lvely ~ tri:l.Uy ~:.1Waxd pQO'.® - tho tu .. the mairwmy ot tho 

Ropqb-Uo• l:;;bour fo.t.: • 



- 149 -

Tbus-,'Wba.t WQe Heded In foutb •trtoa wu aot simply bu!c resMrch or 

appliod l'fteal"Oh but • blcud of tho t\YO ... applying kn.OWII t.ochnlquo and 

!mowledp to atl'8nl8 and hWle.rto untried OODdltlone. A• auobJ tho nature 

cl the ~ wu eanetlally eoonomical:ly orlentatA!d, aimed at bull ... 

ding up tbe necor1om1c ~raatrn~" ot tJte 1\epubUo m order to remove 

bottleneok• or.obrUlole:. to future eoonoJI\tc crowtb. miGlar u tb1c te 

po8Dible tlmxlp ecieDtlftC aM teohnfcaJ means. Much of dle pn8QU 

day research eolducted bl tbo Repabllo 15 at' tbi& nature. tpa.oe dOes not, 

howe~. ponntt· • det ortpUon of Ill the TCaearoh In tho B.epuhllc, aDd a 
bl'lef dceorJptkm of oomo of tho rcaoaroh conducted by tbe C s I R lnstcs4 

Will bo outlined 

In set\Oral. dlese problema are tbreetold: &bose uiOClated Wltb 10061 pro­

duota, t1umo pertatnlna to tho phyalcal etem.onto ot tho otmrOilmct\t and 

those d. tbe hlnn2n tm'rironment. For eaample, tbe research progranunoa 

In tho obemlc.l field (MI.tk:IJW Cbe~ R~eh Uborator-1:! . ) cloal pno­

raUy WUb 8lUdlef~ tnto the butc compoaftloa cf looall'&W matorlall to. g. 

clay. wood. antuud and vqetablo flbroa) ln rolatt~ to JD.duatrlal proco•­

elnl ud tht• I& oxt.cmdod to cover studies d the f\.tactlODal perfonnance of 

material~ 1n uso. 

A natural couoquonce ~ devclopmctll and ~rialU.U. tn any country 

ia tho f>Y"oblom t1 wator r.upplles, effluent ttatmerlt ud disposal. and sant­

tatlon. to south Afrlo:l thor• problema are Urteulfted by the ~IAtlvely 

tmaU number of pormanent atreo.mt aDd tbe c s In (mainly throuJh ~ 
reseuch acttYiUea tA the Nattaoal matltuto tGr water Roecareb) ia cbarged 

with determining a eotemlflc ba£la for plamfnS tho moat effeoUvo use t4 

''*ter supp11ee. A furtber ptoblem In bouth Africa te that there are soveral 

loc::allUes which pos&f)U devolopmo.nt poteDtla1 tn economic terma but 'Whieb 

lack. the 'Wilter euppltoa oocesoacy to tap t!~) thlc poteDttal. The C s 1 R rc ... 

oatch programme thus bas many facete,rangiag f1"0m hydrobioloatoal •ur­

V$T-.' ol c.trenme aDd rtvero,to ooekm~ rescuch tn ooanal \Yawrs 
tn relation to tho di~~DOAI ~ efl'luet bl the sea, u well ae geophyatoal stu­

dtes to~ tbe undel'fP'OUDd volume and now of water. aod to etudlos 

aimed at tho eoosonatlon w reuUlbatk!o at -..&or by ft\otorlea. 
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Ill tbo fteld of atmoepborlce. the NaUonal Phyalcal ao .. ea:rob taboratory Ia 

ooncorned, tDter alia. wtth .,.._..~ Into condtuona for radio prope.pUon ... 

moludiq iona.pher. fiOWldi~~g and prM.iOUonl• 1'101~-level rocordtag. tho 

perf'o~ ~ radio &1"- to ah· navigation ill blah noleo-level conditlotUJ, 

and the uae of radar 1a etudtes for cloud pby.tol. 

ith tho aotlvSUoa t!JI. the Nattcmal Mochantcal £qftloori.hJ Rc.-rch lbat1tuto, 

the C S l n t• aativa Ill reaearch mto the ventilation ot 1111ne1 and the ctev&o­

lcpment of tho ®.ip tor~ hugo 1'an8 required.. Such r~rch I• far releh• 

Ins 111 u. tmplloatl~ when one call8idera tbe great depths (exceH of 1G, ooo 
feet) to whidt many of our &old mines emend. ln thia cODneOUon, the c s l.R 

hu U.O boon oalled on to us~ the Cbambe:r of Minel In lho development of 

a climatt~ cbamber and human calorimeter !or use tn applied ~yalolOI[cal 

reaearch lnto health ud wotk perfol'lnaDoe under CODdlttona of hlp tempera­

ture aDd humldlty tn deep mlnea. South Aftlcu cllmatolo;lc&l eoadltf~ns, 

with at)uDdant sUDebine most (1 tho year rouDd,bave aleo stimulated r-.oarcb 

leadmc to the 4ev•lopfllont d sue<WNM eolar wm.t hoatora for domeatlo pnr­

poso•. 

OD the more problemmatto tram. • factor to ba cone-ldered wu tho drift of 

people from tho run! to urbu a-reaa wlthlndue.trialiutlcm 1n &Nth frica 

and tbe problems tht8 ilnposed, parUoularly tho problema cau.aed by tho tro­

mezxtoue bdJ.u& of a :racially dUferont people. ~ to tbelt' own culture and 

tradlttOD&. The immediate problem of eourae wu tho .OOrtap of houma 
which tva• a formidable factor after the Scco:Jd World War. The C 8 I R, 

with Ita N•Uonal Bulldingl\e-..roh lutitutc,took the lead 1D an bltemdv~ 

aoiafttifte apprcaoh to the problem a!ld conaiderable .uooeo bat bee ahown; 

for elQUnple tho expe.nso of •U&faetory lowooat urban houe._ t.a bten t'CICluced 

to $bout ODe half of thtl coat ruling 1• yeara ago, and tb1a dceplte the 1UlJla 

cost. ot laboul" and ~rials. The toclmiques evolved bave amcc been ~c .. 

ceufully applied to the deatpa of achoole and hospitals, and, w1tbl1'l its labO­

ratortea and throop tbo u_, of In .au teats. the c s 1 R 1a mveatiptinl the 

UM ofiDdulltrlaliscd bouui.Dg teclmlqnea 1n SOUth Afrtco. Theae teclmiquea 

hold much promiM for the probleuut of tbe builc:li.rJ8 f~Jdu\ry, e1peoially 1A 

'f!ew of recent developmlllU in the field of tlnm.r hou1tng With which tho 

C S I n baa beell exteoslvely concem,d. 
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Urbanization and industrialization have also introduced the menace of air 

pollution, a problem al serious proportions in the northern, heavily in­

dustrialized areas of the country where anti-.oyclonic conditions prevail 

during the winter months. Through the efforts of the National Physical 

Research laboratory with its Air Pollution Research Group
1
the C SIR 

has paved the way in arousing public interest in this problem through the 

measurement of pOllution. The C S I R also conducts research on methods 

and equipment for smoke abatement suitable for use at various pollution 

sources - an example at point is the design for a particular chinmey for 

use In Bantu townships. a major source of pollution. The recording of 

radio-active fallout is also a responaibility of the c sIR. 

Of special economic importance to any developing country is the role of 

adequate transport facllitiea in the economic Infrastructure. Jn recog­

nition of the ever increasing distribution problem which economic deve ... 

lopment brings through geographic specialization, the C S I R, with its 

National tnstitute for Road Researoh, bas a comprehensive research pro­

gramme in the field. An example of the economic implications of some 

of the research carried out by th• Institute is provided by the results of 

a research project studymg the roads system in South Africa, . wbicb re­

sults show that although rural gravel roads carry only 33 per cent of 

the mileage travelled on all rural roads, they absorb 80 per cent of the 

expenditure on the maintenance of the rural road system. 

We have mentioned the difficulties engendered by the shift of the Bantu 

peoples to the towns as a natural consequence of industrialization. One 

particular problem being dealt with by the National Nutrition Research 

Institute at c S I R is the radical change in .the way of life - and in parti­

cular in dietary patterns - which the rurally-orientated Bantu must under­

go. Consequently the C S I B bas been engaged on an intensive study of 

the dietary status ot all sections of the population to develop satisfactory, 

and ine~pensive; food supplemtmts. At the same time, the efforts of the 

National Chemical Research Iaborato:t"~ have been instrumental in pro­

viding a scientific basis for the production and distribution of Bantu beet· 

on an industrial and commercial basis~ These efforts assume special 

importance when we realize to what extent the South African economy is 

dependent on Bantu labour. 



Clololy a.ld.n to the Gbov\\&N tile problems 1D &utb Afrlca of adaptation 

ot. m&D~t~ procedure• to oi~oca m whioh employeoa have 

no traditional ba<Sklf'OUl'kl or ~strltll omptoymcmt; which probltUil& 

Ar& intcbifled by the illltet1\0J' of a large eeetioll of the populatlorl 

long aocustomod to tho eondittana of a aimple subsistence ~Y. 

R4~ tnto tU devolopmont of toclmiques for tbe fHllMtion, cJa•elfi• 

catton* and tl'iltntna of reorutte, ...... u u the lltU.dy of lob evaluatt011. 

motivation AJIId blcontlvita baa Involved the *tloullnstltute for Peraaonel 

BoMarch of tho C fl 1 B tn appllod irulWJtrtal paycholosr. 

The needs callOO forth by tttbMtuttoo ad hldultrlaltzattoa ta South Af .... 

rica can thus be reptdec! u lmpol"bmt t.ctor• 1nflueaciJ1g ibe degree and 

-.turo of much reaoaroh conducted 1D South Afrtca. pattiwltlrly by the 

C 8 I B. Pr<Hn ono pQhlt of vl.-. W• reeouoh ean bel ~ u pure 

or bu!c reeearcb dealing with the development. ti eoleutffte bowledp 

aboat toea! products, proceasoa. and the human atld ph,-.ttal 01\YtrontDeJ¢ 

Jn tho Republic. Jlorc tmponant, tho ~eh can bo reptded, not •a 

ttrlet baaic rcaearcb· aooordinl to our defblition, but •• orientated t.ate 

ruearob, tu parttcular growth-oricJlta~ baltc roaoarch, de1tgned to 

pave tbt) way for future oooa.omio ~·· by elimilsatmg mauy of the pro .. 

blema ud atruaoa artalng from provlooa dove.lopriltn&t. and U. ooncoml• 

tanta, indWJtl'iaU.Uon and urbtaniU.Uoa. '1'h$ aottvltlu of the c 8 l n ia 

reaard to seieneo aad ruearch mto defence and aattonal soaurity ~ 

(an aoUvity o£ ~rable sAu) Gl.'9 cloMly related to ih ... hOd• of a 

proarontvo country. 

The abov• acttvltie•,m COllJU.Uotton with thoea mat~oncd In regard to untver .. 

sitJ.u, musouma. etc • .,lllLla&rato tho inltit.U'fl), ud great .uidc• ilk• 

by tho C S I It 1a ita pro~me to advance •'eclooo for soienoe'a aaken 

1n tho nepubltc. 

Eo~ retard teaearch of tbe growth-odentattd typo mei'1Utllto4 above· a$ a 

!onu of sohmutio•toob!c;U r._rch in the soalo-aoon~mio tl.W. Briefly, 

tbia vtew can be rep:rded as • aoquenca of aottvlUe• doalped at ove-raU 

.ocJal and economtc natlcmal prosporlty; tho obJect of :r&aearoh in tbe hou• 

si-r field te. first of aUt to reduce the ooa. of bousia; and tbu rcmtala; 
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wbioh in tum t.nak•• avail1lble l'llO!'e money for food. Tho aim olsu ... 

trJtton restUCh la to prepare an lldequate bfllaneed dtot at the Mtloal 

level whtoh 14 Within tbe m.au of all Gfllrtiona of tho populaUoa; in tum, 

improwd nutrltiOh can reaeonably be Clq)eeted to naault Jn ;rcatar abl ... 

1tty to matmam auatalacd mtelleet\lal and phyalcal effort. t:cproved 

manapmellt toolm!quos, adapted to the spcolalnoode of different po-­

pW&tioe groups. in eombmatf<»:l w1th the other fnetora. ahould :reault 

Sn real produotb1ty lltcrca-•,. bllhor wace• &.114 purebublg povrer and, 

ultimatoly, IOJl&tal ecoconlto developmmt. 

The 1"0~~ progmmmea or tho c a t R are o•acmttaUy deatpuJd to pro­

vide • tactual bam for polteielf aimed at develOping thls sequenoe of 

cve!U to pro.tuoto econo.mio trowth at the Wttioaal lcvol, and oon~equ.::nt 

tm.provoa Uvms ®DdtttOlUI for all ~erncd. 

a. Jl!!§!!:ch m *!!! ~rv~e» ot IDt!,Patn t 

Today South Africa can be leptlmately regarded •• 4111nduslrlalized coun­

try, w.ll ~ced m the toebnoloatcal rovolutton. The obaDgc• from an 
economy hued almost aoluslvely on ag:rtcultural and mb:W:ll aoUvftioa, o 

proce•• which beSU 1n the ntcoteen t.WonU.ea, baa acc.lcrat«< sreatlY ablee 
the Bocond World War. l ) In this e1tuat l0ft, tho C 8 I U wldoh, du:r.blg the 

put 20 years, hoe aucc~ ta ostabU.ahms aotenee on a r,cUQO&bly tJOund 

basts in South Africa and,msodoiltl,has contrlhuted oouiderably to the de .. 

v•lopmut of the eeonomic infrutNQtut"e ot t.b$ Republict hu hid to intro­

duce m ftt'h to aaai.t industry W1th probl.eJu of teohnolo,ioal innovation. 

For. •• we have a~. the ~day tocbnoloafoal ero. ~ a con­

tinuous aJJd tncreaeed ou~put. and applfcatim of, DOW a.ad oxistlng tGoluUoal 

advances. 

In thi• cn'll. we have seon bow South AfriCa, m oommon with the atap d. 

eoonomic dovclopmont auained i~ .m()(}t oivJlt&ed countrlo, baa experienced 

an illeteulDJdom&nd for tbu •crvicea of actccu.ts Ia mdultry, stnee the 

en«:lnMTB an<! iochnologiRS are demanding mora and moro pt"eo!ae and de-

1. S!Dao JJM5. the CCtitributton to the C~phloal bleomo of J!tl!!te ~ring 
alone baa Increased from l t . WJ to 23.1\ while, tturins the ·flame periOd, the 
oaattibutton of~. acrtwlture and fiabing together deoliocd fr-ona ~6 . 7i- to 
2&~-. 
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tall cd tnfonnation about materials, products and teclmtques. More­

ovor. whioh fnfo.rmatton orw tx! obtalRGd with speed and aocuraoy only 

by uablg the lateat and moat refined ao~ntt!lo ucluUques. The unfoJ: ... 

tuna!& problem is, however, that. private flr.xne can .eldom commit 

themulwu finanoJcdly to matntal:ning a wide rang(J ~ apc.cialtzed 

equipmoot and qualt!led eciont18t•. It 1a in the la:r&~st orpniaa.t!one 

only that aervicea of tlua ktDd can be kept fully and efflclently occupied 

on r•acarob connected wlth the prodllctlcm of a linele firm. 

The eharactert•dea of a teclw.ol<>glcsl production eystem dem&Dded that 

South Africa'& eeonoroto rrowth be largely dependent on tbG rate at wh'lch 

oxtatlng teclm.OlOI)' a:ad nnr teehnology eoold be introduced in the new en­

vtrcxunent. Few firn:uJ and indturtrlos are eharacteri&ed by the slse and 

orpntzatfonal and funcucnal natur• for rMearob to fultn the above ro­

qutremeat•. m aotne ca•u. auoh as in the lustanoo of fore.tp ... owned 

eubsldJarlea. the: difficulty waa etrcumvemed 1B aome measure by the 

Importation of know ... hQW and lWCeeaary mn.npowor. But for South Afri­

can induatl.<y u a whole. and in parttctllar the amall firm., 1t waa a very 

real problem whleh had to be met. &nd still confronte us today. 

As we have soon in the terms of reforonm: for th• C S l R a1 .at out in the 

,.,ct, the C s I n was orplllzed Jn twr main way• (a) to cater for reMarch 

problema of broad national Importance~ tWd (b} to belp lnduttry. Briefly 

theee are: 

• reaeat·ch aimed at th• aolutlOD of problems •ri•ms from the imrodu.a­

tton of lndustrfea into a now w~io-•cononue and phyatoal environment. 

Examplee were the raptd urbantu.tton of a rtn."'td population and tho 

atteDdant problems of housing, nu.tl'ltloo.. road construction. water sup-­

ply and a1't polhtUon; 

• rfiSeareh whto~althougb. not of tt:nmediate "tltal Importance to a parU ... 

oular oompau.y, is of genen.l tmport.noe to a nunlber of compantes and 

whtoh ts .mnetbnee joiutly supported by gr<>up& of firma and publle b&o­

dto, for example. tona-term projeots on uwer-corrosiou. foundry 

am:ta. tU.r pollution and ttmber ueage; 

• resoueh fellowships ba ve been introduced to as•ist companAe• wanting 

advice tn aome field before oonunittiol themselvea and for companies 

deaidng loug ... tona futldtunoatal re:searcb for which they themselv.e• 

Al"f) unequipped; 
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• reaearoh into problems fJf an ad hoo natu.ro carried out by the C B 1R 

oA t.hnlt of 1ndustrtel§ on a cO»traot bUt•. 

The aervic08 provided to Sooth African Irtdu8tey by ttt. 0 s 1 R can be des­

cribed them under thr.e pmn:al hC!adJngs: 

1. Through ita. network of ttat10lW.l i~& and laboratories, the C b 1 R 

bandlos the prob!emt~ of illdustry 1n go,nernl, ed deale with th~ eommu .... 

nitios and envtrmmeats in which lnduatrles operate. This actlvity baa 

already been disouaoad under the aect!on of r search in the public seetor 

above. From the nmmaey above. we h::lve $ftet'l how, iu An emerrJnl 

indu&trial economy~ the:re t• an u.rput Al'ld o'b-vlou.s noed for gworn.mctJrt 

to blitiate, &ltd aasi4ttn, the creation ol coM.Utone in support of 1XIdua­

trf.al development m ord&r to :raduoe or ollmlnate obata.clee and bottle­

necks to crowth and to prevent undesirable soo141 tJODditlons atten~ant on 

iruiu strial dev6lopm.nt and urbair.atioo. As ~uch. tho C S 1 R doee not 

provtde a direot aenioe to apeolftc indU£triea. but 1e eoncemed with 

putting the eoononlio and !ndu . trial infrastructur• u n. whole on a ~oU»d 

progressi-ve footinJ aud thttroby u.tsUnl ~th Afdean lnduetry in gee­

rat to~ud. 

2. More dircJctly. the C s t R ~ndeavOQrs to a•alat induatry by undertaking 

t'(flft.roh d intereat w a number of firm$ or evon to whole sectors of 

industry. In the flr$t tnst.tmce. tho C 5 I R baa introduced an indu&trtal 

re oareh aasoc.i!ttion eohome. al't.Nlar to that of the '0 s I R in Brltaln1 

and the pr111ciple here 1&, that Jf adequate fil'luo1a11Upport fromlnduatey 

ia guaranteed, m autonomou .lmhu,trlal ro&earoh tnatitute may b4! esta ... 

bUshed with the C 5 l R contributing towards ita finances. The govern­

ment baa acthely parUcipatod lB thla development of ~:reb for spoct. .. 

flo sectors of :manufacturlnJ industry in South Africa throu;b an an:ange­

mont whln'eby part .of the C s t R1s annual padtamentary gnmt Ia ma<le 

available for- Wa put'poae. At present~ the leather, fishing. paint. and 

eupr indu.st:ties are eorved by the abov~ typo of reuearoh instltute. with 

the South African Wool and 1'~JtUJ.o nesearch Institute betnc an tntep:al 

part of the c s I R and servma the tcuttile iooustry in South Africa. 60me 

meuure of the p~sem and potential &;oonomic importance of the above­

lllentlwed illstitutee oam be gauged from tbe followin~r:- l) 

1. Data obtained from C S I R Annual Report, .Pretoria. 19'6$. 
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The aross value of oulPQ.t of tho industrtos aerved by the Leather latlus ... 

tries Jl0eeueh met!tute (1.. In 1) amoonts to approximately Rl21 million 

and tba total valuo of exports to nst million. L I R I fa supported finan­

cially by virtually all the leather a!(oJUod product• aector 1n .. ou.th Afri ... 

ca, and has n\lmeroWt out. tandin& toalmioal achievements to its oredit. 

The fiehfni tnduatry ta of strategic tmporlanco In the Sotlth Afr.toan 

economy, both by merit of its abesr slge anrl by the quality of lte pro­

ducts. I1 employs rouablY 16, oao pere.oll8 ot all racoa and tho approxi­

mate nott f.o.b/t .o. r. value ol tho matn !lsbing products •old ln the 

local and aport market• durini 10M wero &8.6 million and R.S. S mil­

lion reapeettvely. ae&ring in mind that Uouth Africa is the accepted 

world leader tn euch aubj•cts u the lundameDtal upects of flab flour pro­

duction, spont•neoua combu tion of fish meal. and odour abatement of 

fi.JJh l'Oduction plant. nnd the faot that the Pi hinC lndut;try lleaoarch ln­

stitute onjoya ptactieally a h~rcd percent memborahfp f:rom the South 

A!rloan ffebing industry. F t R I n.ppeare to have a at.ratogic role In tho 

&tv.lopment of tho fiehirtl d ctor of the conomy. 

Sugar 18 one of South Afrioa'IS most dynamic export mduatr1es; Sooth 

Africa 11 regardod a• tbe world•• fourtb larJcst exporter, and the sugar 

Industry in Sct1th Africa earns appro·tdmately rtoo million por 8lU1Um and 

pay. t roughly fl25 milUOt\ ln ~s. The Su r Millin& Jnduetrial Ra­

eoarch Jne.tttute (C AI 1 Rl)haa been instrumental, inter alia, tn uatettng 

the industry to moot the speolftcat1one of other countries. and thus 1n 

eecurins export contracta. 

Furtbermo1•e, the C S I R bas aet up a limitot! number c4. industrial reaearcb 

untta and p-oupe WitbiD its natioal roea.rch instltut.ea, for example the Bantu 

Deer Unit, TJmbor Unit and Coramioa Ualt. ThoGO u.nita are conco1"De<'i with 

tho technologies of epeciftc induatrialtleetors aDd form the nucleus from which 

a r~aoaroh .tnllitute may later &'fOW. 

Tho ba~ic function of renoarcb Wider this head can be t"egar ed as techllologioally 

orteutatod. or rceeareh undertaken With the tmention of applioaUon tn. a particu­

lar sector of tho economy and,u suchpften forma the basta for tecbnioal inno­

vation. Much o! the fundamental or buie re!SMU'eh also is orientated towards 

eventual Jmpott.ulcc to p!'lrticular industrial aeotor. Other re&eai'Qb laborato-
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riea or lnatltutee euch •• chemistry. phyeios, moclwlical englncerlng and 

mathematloa are moTe ·'diac:tpUno orientated'. i.e. they 4l'8 orpuirted more 

on the baal• of tho main dtsctpUnu in eeienoe and eng!~tinl than of tech­

nolOJiea. and only tervc parUoular tnduatdes with rc-.rob of an applied or 

development nature through their variOUD apeotallat divisions and de~e. 

3. In mt ch the b'tlne way as do the ramou American induatrlalt"Oaearoh insti· 

tJtcw. auch ae tlw Jr!eUQn Institute and the Nlu&aeht.l-eetta Jutitute for Tech .. 

nolotn .. , tho C S I R also provide• direct ~earob Hrvlcel to icduatr:v. In tho 

fir.t irultaDce, a firm wfshin~ to explore ~KJme new tleld oaDestablinh an indUs­

trial roe reb fellowehtp within 011e ot the C 8 1 R r•MU"ch lahora.toriea or ln ... 

etitutee. Per.onul appointed under this aystcl blwatlpte the flelda deaip­

tod by the apon&E'tr1ng fi'rm for a predotermln.ed portod. Jf the rewlts appear 

prom!etacand the field bogiu to sbow poealbllitiea for development. the ro ... rd\ 

8taff working on the pro1ect aro often transferred to the fl'rm'alaboratory to con­

tinue the do"lelopment work. 

~eccm.dly, and more oommOilly , reaearch 1~ undertaken on behllf of induatrlal 

firma in order to aolvo apec1flc problems encounte-red by them. Eu.oh reeesr-ob 

is lnvarlably of an applied or developl:ltnt na.t'lre ~ aDd eaoh tnveaUpUon 11 c~ 

vered by a apeciflo contract,tn terma of whlcll the aponsor paya the full coat of 

the investigation Jn -return for <m)l\lllYe t'Jpts to tho UM of tho rNUltfJ of tbe re­
search. 

In pneral theu, one of the main ptn.-pot• for which the national reeeaTOh la.bota­

toriea were eatabllah was to mak• availabl to tllduat.ry the mod~rn reaearch 

factlltte. watch OGI}· n few of the larp t undet'taklnp can praflde for themaelves. 

Many of $ho industrial pl'OCGB8h and product• in Sooth AfrJca can be improved 

by reeearch, and ruearch ta frequently necc6&ary before ov•reea• practt~• can 

be !ntroducerd into South "frlea and adopted to meet local conditions and tQ uae lo­

cal raw ~lateriala. ThrouGh the aot!vities outlined above. tho C E I R baa done 

much t.o meet the!'JC cO'Dditlon•. 

Tbe itnf)Ol'tant rote played by tbe c sIR in the ttalninc of what 1 atball call ''tech• 

nologtcally awarett perSOtmel must also be remembered when dlecussmg 0 8 I n 
scrvt~• to f.outh Af'tloan lnduatn. 1. have already etronotl too all important 
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need iD industry for people trained itt, and constantly aware of the eOOJlOmio 

benefit ot. the late&t setentlftc tecbttf.quee and.,tn partlou.la~ thel:r application 

to industry. •the C 8 I R providee an aoellent aoientJftoally equfppod aDd 

modern trahl1Bg around for auch per~. and dli.~~ coupled with U. ollten• 

• ive avor.ea• tnintq prog:ranu:no already pointed out, baa been lnctrumen• 

tal in providing ~th African ~ry with 110rely ucoded ht.:rnan m.aterial, 

ud moro b:nportan~ 111 qulpplniJ .rounc people to m~ot illduah"Y'• needs. 

In oonolusion. it ia difficult. Jn reaearch economies~ t.o reDl41n for long ott the 

&ubJeot or rescaroh application, and the c sIR reoognir.ea tbc Importance of 

this field. 

6 . 6, 8 TRt APPLICATION OF RESEARCH 

A • tnvendioor 

The bulk ol the C 8 I R rea•reh eftorts in both the tmre ana appUorJ res rch 

ftelda can be aatd to be of an ezploratory nature <.'esigned to open up HW 

nelda of aole:otiflc knowledp and the rcaulta r..11. $UCb. tnveF.ttgattoas are oora­

munioated by wn.y of publication or addreases to variou .aci tlea or almply 

by por110Ml contact. The ofteot on oconomtc ,rowth of auoh research can be 

of a lODJ term no.ture only. Reaearch leading to 1nventioa and hmovatton!s 

a mor• abort term factor in the growth procoas. Howovar. such research 

wlll not havo ltl full eflcot Oil tbe producttv• process unleaa tho reeuu. ob­

taintkl CAD be applled to in~.lu~ry q\licldy and otfecttvely. 

tn Britain, tho rath•r widespread optnion that Brlt.am waa 1allinJ down on 

th• industrial applioation ol rosearob, wu one of the factors r•spolleible 

for the establlahm t of ~ National Rceeflrah Ddvelopmunt Council. Th 

N u R C provtd~a capital for dGVelopm•nta lnvolv!ag technical ln.DOvatton 

aDd •a cle~iped to fill the aaP cauled by thtt reluotaoco of private hlterest, 

to put up capital tor oAtorprises which of thc1r vary uture carriod a con­

siderably biper risk tbn normal. 'l'be .N R DC baa ita own capital alld 

oan cxerc:ille ,reater fla.lhtlity iD tbc con<Jittonu of partnership it neaoUate• 

for different vatures. Somottmea 1t fives a dlrcot lou to a &Jasie firm to 

develope aa ide:t of tte own, whtl at othor timo it introducoa a proJtot 

to •ovort\1 firms and allowt~ eacb to devolop away fror. Lho orlgl~t blue• 

print 1n its own flircetlon. l) 

-----~ --------------------1. The Hovet"Oraft S.. u example of auch a developmmt. 
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A a sueh~ the N . n D C haD plcmeered many fiUCcesatul projects. 

Alona mQoh tbo aame linea the InvcmtiOU Development Corc>oratlon (ln­

vendlcol') at the C .. ~ I R hae the me.m objective of pt.rtttn.c ro.earch lnto 

praOUce. 'the resoarch handled by Jhvendtcor t•>bow ver, of a rather 

•peclal nature, referriug&Pfioifically to a "pieco of bar:iware, '! l) .ch 

•• a ac1entlflo tn8trument~ a new material or po stbly a ohemteal procees, 

or invention. in th broad MllSe of' U. word. 

In the pam, tho c s I R wa coment juat to publilh the reHUCh r•~ttlta. 

but, aa was the expcrieuoe over •• i~iuctry wat not always quio'A. to 

take tho matter up from there. Thfs is unJor~.dable whel'l we conaid.er 

tlult tbo rfl reb ite&l! ia ooty a. part (often a mtuor pa.rt) of tho innova ... 

tlve (»"00 sa; as montionGd, a furUlet ~;,;;.alb far more upcnaive aCUvi· 

ty ... development - 1& CAlled for 1n\•nlving the con&ructfon of pilot plant. 

prototypea, testing, etc. In addition to the technical actlvlUe• required. 

comn;ercial ct!orta aro alto oft onlted for, for n1nple market and wn-. 

~uroer &t r.v.oya, before oomxnerolal production oan bQ undartak.n &ad a 

profit made. Thi profit te tJy llO metns aa:sured, a• llmovatl<X~ ia by na­

ture \U\cartaln ami uaually involve• an abl'lOrmal amoont of rlek. c~­

quently r befOl'e the entrep~r can be exrectod to accept the riet.s involved 

!n ~"Xploltlnl( a now lnvenUoo. Jt t• nece•t. 'tY to ensure t'daonable protcotton 

from oo :npot1Uon. so u to make the risk worthwhile. 

Accordingly, the policy(){ Invendleor ie to patent uGWtnvenUons and to seek 

an indu trialaaaooJate to pa.rtictpato tn the development programme with 

the optiOil or seeurillg a !UlnUfacturiq licence !thould the project ulttmataly 

prove to be C01:lmere1ally attractive. Aa stated, the oost of development 

:ttltlvitiee la fr=zwmtly extre~Mly high, e.nd It fa a furtber poUoy of lftven• 

dicor. whore poaatblc, to IHk :lndustrtnl ~~:upport at the earlleet poaatble 

stage tn the reaeareb Jnvutlgation sinCe often only iDduetry ts Jn a poatUon 

to movt theM cost•. Tbta hA¥ not vroved an eaay talk, al~ee 6outh African 

firma, as can be expected in a relativ•Iy y(J\;Jlg developing country. are often 

reluctant t.o tue up tho ro.Wta o! il'ld!J8Dous r.e&eareh, ptter.,lly regarding 

1 . Mr. A.M. Schady. Head, Irwendioor. C b I it namoa it. 
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tt Letter ~lsinesa MUC to tnveat m tried "know-how'' from abroad, aU<l 

arrangini.J for lts loeal manutaatur.. Certah1ly tho riake are le" than 

emba.rUng 022 the promotion of a cot1pl~tely new !uvontlon. 

Nonothelea•. J.nvcmdlc6r 1'-.aa: httd oonaldernble .uccoas tn achiev1nllt8 

objectivn, ~much so, thAt in the main "!nduetry earn& a couervaUve 
I 1) -e; mllllO!l every ya.r from C !i I R Inventlor.. • " 1'he C £ I R alma 

mainly at the exploitation of ita invent1oruJ by lndtgcnou& nn: •• , .. ,. tb 

case for enmpln, of th "Tellurometer. u However t thle 1e not alwa,. 
s 

t.btt ®N nvd occaaiOM!ly tpeotal clrcumfrtan(w!arlDG to prevent thi• at\d 

a licence to r-.anu.faeture 11 granted to an overK a firm. 2) 

Case atudlH at p1·~sent being undertaken by tho author will seek to ehow 

that the l>eGUlts of th abuY() promouona.l a.ctivittea have been far from 

ttegllgibl • p rticularly in tM epber6 of th~ d vclopment of over~eas 

m }~kets and the earning c! for~Ign <:xclWtg • Perhap8 o! equalltnpol'Wl<X' 

in the l~g r~n 18 that tb.la cloae ca-operation With tndliatry. parttcubt.rly 

in regn.rd to tbo "l*Y-o!f" from successful research. will cwgcm.dor a heigh• 

tened h1t.nr et tn tho value of lndipoous rcseal"Ch. 

B. Jnforn.aUo 1 --· 
Tbia ia perhaps 000 or the moat orltical factor& it~Ap1D{t1ng \)n the value of 

r H&rch, namely th queatlon of infotmaUOD. ID aor:Ol'daDce with 1t• Act 

of emW.iahment, A couaiderable pa.L'i of the c G 1 R' s aotlvitlea are dir~ed 

towards furtherihl res•r® on behalf of industry. Jtowev~r ~ th · problem 

ts that tn l!'ltmy inmncu, lndl..latl"J is not !i..illy aware of the faoUtttea a.vat ... 

table to it. In ot:1er wordo,there aro many inctanee whore th material 

for inaovation cxtat.s (in the form of completed, and au.cceell'lll ruearch 

inveatiga.t.ion•) but ia DUt made UH of. Malty firma too are not aware t.hat 

the C S I 1t and ~r r rch bodtoa oan Alat them in solVit:.l their toob-

Dioal problema both of a ehort and of a loBi term natura. Tho prima need 

here is thus for inl'ormatlo:n, on what llu hoc. ia bemg,or oan be done~in 

tc•ca:rch ol an tndultrial natnro. 

1 . ... chaJ,~ \.! . ; ~!,hi,n!~ 1,n on lla~r:arch, Jndu.trtnl l~iew of ~rrtca. 
Juoo 1000. 

2. For example, the Wadloy n.~ver Uconaed to a Brltiah radio firm. 
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To meet tbia need the C s I R,tbrougb its information and Research Ser­

vtces.regularly arranges short industrial s9mpoata or full-aoale con­

ference~~ to bring industry and science together. For examplo, a eympo ... 

alum with the theme "science in the eervice of lnduatry" was rocently 

held in Durban 1ft collaboration With the National Development and Mauap­

ment Foundation of S. A. for the purpose of promoting commt.mieo.Uon. be­

tweoD the C 8 I R aDd Natal blduatr!alfsts. t1ther recent sg.mpoeta and 

conferences dealt wlth mould Infestation of foodstuffs, bumau factors in 

loduatry, and corroeion. 

The laboratortea m.l institutes. of oourse, through regular publlcattoa of 

results aleo play an huportaDt role in the dUfu.eton of information. How­

ever, the need for information is not limited only to acientiflc and tochnlcal 

information. Experience in the laboratortea obtained from ba!)dltng inqui­

ries for technical advice and assistance lndloated tbat,more often than notJ 

the enquirer's problems were both organizational and economic as well as 

teelmical. It becam$ apparent that a prerequiatte to the effective solution 

of the immediate teobftleal problem, and th• use of the aolution, wa a -rs­
temattc study of the industrial operation u a whole. It was frequently found 

then, that, 1n certain cireU.m.sta:nees. oporattoml reso:aroh or ecoaomtc 

analyse• m1gbt provide tho most effective .tnitlal approach to research on 

Industrial probleme. Bence the establishment of tho .Economic Teobnloal 

group in tho C b 1 u. 
Of p:l!'ticular importeco 1n the sphere of ree rch appllcatlon ts the need 

for technical advSaory semcea tor: 

" •••• Some mdustries may $but their eyes to tho noed for reeeatcb, 
but sometimes whole laboratories shut their •ret to the need• ol 
industry or to make results tntelltglble. Tho purpoae of a given 
piece of research and U. way lt could be used in industry very 
often Deeds to be *Pflled out in fairly s.tmplo language bofo ... the 
average production ma.na.pr can begin to grasp ite importance. 
This may reflect badly 011 a company's lack of properly qualified 
staff but aclentiats must take hldustry •• they find it. " lJ 

Studies undertaken at the C S l R 
2

) bave indicated that published infonnatlon 

aimed at overcomJnc the above problem plnya a relatively minor role except 

1. TJm Econo:mtst, London. July 22, 1961. 
2. e . g. Gram, Joo.n: Info!'J!lltion for J!dutta - A Studx ln Communtg.ttcm, 

C S I R Research Report 29-9, Pretoria. 1904 .. 
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1n ~riel pooae~ thoir own roscarch laboratod.es. Thta Sa par .. 

tlcularly tho -CaM wberl one canatdor• tho numerous 1mnll- and medb.un• 

si1.-d Hrt:l8. opotating •uent1ally em l\ ahort- torm profit bu1a, who aru 

!reqtleUtly unawar of the apocializccl Worm.atlOJl e~tntrce and research 

m.tH.uttJs &\1Li1Able to thom, and even if so aware. lack tho epociall:1.ed, 

or "resao.reb-miluW pot~l to tmorprate. evaluate, o.nd relate tho 

in!oTmt.tio-a to thcb· own Mede. 'l'ho problttm ia J.ntoosU'ied b.) the enozo.. 

moua expansion 1n output of s.clt.Dtltic 11terature common to all tJow:strl a 

of the world which puts a super.tu1 um burden on t~ U\divJdual, ln hls own 

apeoit\ltst field. to d 1 with. 

TheM problema are ~h1ng attua1tlon !rom the c s 1 n wit.hln it! De­

partn .. ent of lufonmtion •Dd Reoea.rch Borvices. 

:An apology would Sl."'6m due tor the 10mowh:lt e.xteJl8tve description of the actlvitles 

of the c l I R In tbl• obt.pt4tr on reaenrch in ilouth Africa. One would have Uk.od to 

inaludc the t;elleral ~reb effort ef the entire country but unfort\Wt\telr it waa not 

poaatbl to obtain adoquato buormation on industrial rl! ... roh oat·ried oot by th 

oosmeu enttlrpdso sootor of the economy. .. ur.th rmore, 1t was felt thllt. to ~ . .-ovor 

t~ roeonr® acttvltt.et. o1 other South African roeeareh orpnl .. t:ona (eut:h u thoso 

within tho ~ral aovel-nment uctor) in nt:kliUon to the C S I R would have proved 

a ttme-consuming tuk nnd one, m~roover, not etrtctly within t l.to eco~ of We 

.Wdt. 

A do•orlptton of th• C ... t R proyldccl tha fooal poh~t of tbte chapter Cor tw.., n'!fliD 

reason&~ Firstly, tho tltlte of' cetabliehs:lent of the c In la generally t-eprded, 

both u Lh turtling ,»mt ln tbo ht•tor., of act noe ill the ncpubUe~ tm4 u the tumtnc 

point in the industrial dovolopmcnt of the S. A • economy. S~condly. a deacrlptton 

of tho strutrt.utv ot. the C s l Rand the nature of 1ta aottvittoa m tho spher• of baoto 

81lilappl1ecl l'tHJear.oh aptly desorlbee tha dOM relattonahip bcrtwoon the above two 

b~tori<Xll dev•lOp:a: tenta. nnd illu trates the d!lnger of viow:tng the developmet of 

aoicnce m l ol:ltfon to the progroN of illdultry. Tho ecmtral theme or thia dl1Nr-

tnt101l ~u U®n la ly taken up With tho application .:>f r un.r~b to •eonomlo, chief ... 

ly indu~rlal, purault•, t.nJ. in the t.uthor•s op1ni®. the C S 1 n. providea an out ... 

atandiD.I uamplo of a roec:u·ch orpnl~..ation t<Jtivcly awnre ot t.be impottance of 

th atxw. applioatlon. 
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In .oonc-luAd.on. an outUno of tho dovelopmar& <4 eoJ~o ud 110J.ut'1c toeouab 

in the n4pUbtlc roreala that w. do.olopm81ll can ba traced through tbn~e d!l..­

tSD(:t tlln$ ~tlOO.. Thoee aro: 

1. itf9A.UntocdA.1iil2. 

Ou1•U1; ~ ~ ... the "pre .. IIIC1fJllettt· porind in South Africa ... tb$ta wu 
~ ~eu of the~ 01 ~- aa4 l"'Hal·oh ~ Dllllonal. and 

mol'ei*J'tlcularly, ccooomlo prosperity, and attllleaa tacUW... eD! pe~ 

~1 for research~ The ccly ..-l"oh lldtl'Vfty conelMocl of •poradlo re­
search by gtfte4 ~.at the cmivet8Wea .ad muaeuma artd by v&IIUD& 
.m.cnttu. Ill 1up mcaa.tto tbJ• \lU tho reault of the prevailing ecgaom1a 

ad eooJal ah't.ldure. pattlwla1"11 the ~ ot Ja:rp-...te iDduetrlalbatton. 

and. all in .tl. the ~l&uN-~ ~•--reb to South Aftioa could bo repl'ded 

at DOBUutble. 

s. ue w &im1 of. )1 orld.!,.•r B -1~ 
Wbllo md.J' of tho WHtem .Ucma were raptdiy dovetopm• orplltted re._rah 

facUittea. coedittorta in Surth Africa had uot yet reached tho *18 to warrant 

Wa aouvtty. Trueitlwe we:o ooutdorab~ Mrklea made. particularly Jn the 

sovommellt aphere. "Cfbere the importanoe cf research always 1100m• to atrike 

homa ftrlt. -Tbom wu an ~celotl of ~t rocearoh. t»rUoularly In 

agriculture and vetaritJary modioinet t4tnlna and aoolOSY• ud publie health, 

but It i• utNtnely dlfftcult to Ulolato reaeartm actintte• from the oth4t1" fame-­

ttons ol the pet'formtng orp.nl11:4tiou. 

At tho .me ttme. it wu ~ tbet t.be wholly £0V1:!rm.neGt COiltrOllod re-
8ellt'ch Ol'IIDizaUon wu n~ U. only. dd moat effiofcm. rouearoh orpab.atton. 

Dur.iftg this ~rlod. two ~ oo..-opemtl¥4.' lbduatrJal ~ 1Dcotilutea .... 

the Sus&r £xpedment SlaU<m aDd tb.e ~I' of MlnH Ruearcb labOratories 

... wore ~llshed, u aiJO twa oo-operawve t:oduatr!al reeeareb J.nat!tutca · 

With tltiU tuPPQrt ... tbe Jl'uo1 n .... f'(!b kJatltute and thf. '10utb African lDGtltuto 

for ~k:al Beeoaroh. -~ltbougb, m all tua ca-. routirao earvtoea and non­

r..aroh aetlvtties appeared to p.rcdemlnat•, l) and althoup tM ')rtivera!Uel 

offered JJo factiWo• for ro.eareh. tt coi.J\d be aoe that eoonom.tc arowt;b atad 

1-ac.~atdall;;atlon wen gradually et.1phuldng the. 00«1 .for .r.:wtto ex&o.Uh'• and 

better Gr~od teaotrcb llltN1ces. 

1 . It Ia d.tfftcult to bo •pccttio about. reeea:rdl aetivitics efneo no reliable 
S'Jl'fty of meanromrmt wu ailaiblble. 
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3 • ..tnoo World War B - lVU plu!, 

Two brood .eta of ractof'8 wore responsible tor tha rapid ll'owth of aol ce 

ia the nepublie m th1a period. tn the fir.t 1natanco, the numerous tecbnlcral 

probleme confrontJ.na South Africa onp.~:oo in a ;lubal war called for a dfC .. 

ferent 1nclu4tr.la1 approacll. ~. in partteular,a nn tligomoftt between 

govommcut aDd lnduatry. It wu an longer eu!ficicnt morely to prowot 

iDdt'le&riea against foreip eompt!UUon &hrouih tho applicatioo of tho c~ 

kuitt, or to co to tbair'atd by way of aubaidi<JS or other finaa.otal mtltUlS. 

A much wider am more fundamental approach on a ~cllnWalle'tel, whoraby 

reacarch etnied <~Ut on a naU<mal 4Calo 1n tbo mt.orosta of tho OOOAQmy " 

whole would be made a val~ to ind~atey aoo othor net ora Of the ooonomy. 

bad beeollUI n~cssary. '111ia wu Olle of the rouons "''hich led iu SoYth Aft1c& 

to tho oatabliabtnent. of the C I ti 1n 194.5 .nrui troi .tttlf1o ncUvitsr in Eouth 

Africa ha.• expanded at u <.\x.trenutly rapid m.to over tlw padt t~i) dtcndee. 

Jn ihe leOODd tnatance. uua expanJioo baa boon baa'\! an a remarkabl ~-
' 

•1011 of 1ndulh1al aoUv1Uea, ADd upon an increuin; appreciat.lon ol the t.:>Io 

ot soi~e tn ~ exploita\lou o1. natural l'o&otn:·oe#. 

Jn fact, ODe of tho C , I R's main objcoUvoa baa been to collabortltc \Vlth 8000ft"" 

dary iDclutitry 1n •t.lCb a manner u lo aos..:.rtt tn gcnitml tho optimum use ot all 

scaroe reeourcea, QDd• 1n particular, tln-oup apPlied Wdu trial re8ellr0h to 

arrlvo at; 

1. an impl'OVetnOnt or m:t.ting product$, proeeaten. and numutacturmg 

method•, 

8. extended u~• for emsUnr prod &eta and materbtle (including .to .ma .. 

terlala). 

4. the modlftcatloa. ol exJ.eUnc p1-ou.a to t;W.t local oondltions and to 

onablo tbu ua.e t)f local raw mnterlal•, 

1. tho dcvolopment of :m4tan• fot" ouurlng the etfeetlve uttltdd® of natural 

reaourcee. 

Thu• tn ootlJunotloa with 1t• baalc reacat'eb p~mmca aad reaearoil of general 

beHfit to mduatL-y. c 1 It hu been extre~ly tnno'V'atlOD couoioua and hu or .. 



- 165 -

ganized itself to tblU em. At the eame time, 1t baa done muoh to put unl• 

wrstty re.aroh on a aounder footing. Dor•ng tble pe.rtod. tbe UD.lvertt­

ttes have e~rpd a& important centres of research. parttoularly t.eio 

re60al"Ch. !Uld bave provided th• homes for many research Wlite. At the 

same time we hav• wttnoaeod a remarkable exteMtoa of research in tho 

aoUvltica ot the aovo~ depal'tlnnlts. aa well as the eatabl!ah:tnent 

of goye~nt sponsorod resoaroh lllfJtitute•. e . g. the Wattle :Reaeareb 

Institute and independent researoh insUtutes. e. g. the Diantand Reteat-eh 

!nstttute. both oonunou features of tho oversea& rea&oarch eoene. In the 

ftold d mduetry l the reliance on parent compantoa and the importation 

of foreign teolwological k:J.\oll-bow baa been a stet\dtly ~mg factor 1n 

this period and today numerous largo firtnli have aet up separate rosearoh 

departments. At the same ttme. !llCrElaeed attention is being paid in South 

Africa to the problems of communtcatloD between science and industry. par­

ticulal'ly on the technical tnformatton lovel. 

ro eonotusiOD. &utb African researoh activities have como a long way sltlce tbe 

tum of the century. But tb• path ahead must not be assumed to lle smooth 

tu1d troubl$ free. Sclentitlc research 1n South Africa ·baB oxpanded remad.c­

ably, but the growth of an appreotatton for sctimtists alld te<thnologlMO has 

lagged 801lle~ at behind. and. 1n the face of compeW:tfl opportunltie&, recruit­

n:~ent to the QJCientttle prot'ese1on hae not been oocurrblg en an adequate scale. 

\t,fe have Wi.tneaed a growing sbort.a.ge of aolentiste and engineers. parttcultu."• 

ly rt.tseo.rch .. t'NJned sotentlste and engineere, which bae (Illy r«rontly alar-

ted rooetving the attention lt so riobly deserves. The crtJ.X of any organizad 

research progmmme lies. to Use aeonomiet at least. tn the appllcalt<m of 

those research findtn&a in tho social Cdld &cOnOmtc atruoture. Hence. the pro--­

blem of f.tdtquate manpo'Wer. lf motU~Uros to taeklo this problem prov$ to be 

aa offeetivc ae those leading to ttl$ proviaton of aeioooe facllitiea over the 

put twenty yean. Pcience $hou1d be able to play ita full pan in the develop.. 

ment of South Africa. 
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