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I. THE STPI PROJEC~~· 

1. Introduction~ 

. . . 'l•he Sciunce and '::::'ec:·.~.no.logy Policy Instruments 
, (S'I'PI) ProjGct is a coop:~rati ve research effort undertaken by 
national r:)searcL1 tc.:1ms of i;,:f.rica, Il.sia, Latin .i\ro.erica, and 
Southc.;rn Furope, t:h .. general ;;:n.1rno::>e of ,,,hich is to gather, 
an~lyzt) 1. evn.luat:) r "l.nd g moratn i.nfor!"':ation that nay ;·H:;lp 
policy~makcrs, .planners and dccision-!11a.Jcors in undcrCl.cvcloped 
countries to specify the WAys nn(i nccms for orienting science 
and tochnology towcrds the ac:lil)VCm.· :nt of dovelop:rn.cnt objcc­
tivGs. 

3'I'PI ~..rar.; formally born as a result of a :r:n(.;eting 
. that took plac~c~ in Barl>ado:>, in January 19 7.3, but its gcsta:­
tion spannod a <?erind of aJ.:Jout t~t.To years during ~:1hich acti vc 
discussion as \1ell .:1s a nunber of ~'1ritb~n contributions helped 
to define its './JjGct,iw:;s, its scope~, and its ii\anncr of ·organi­
zation. .i\ppondix 1 of the report rGfers to th·.' background 
and c;laractorj.sticq of STPI, ~.rhih~ llppendix 2 lists the various 
m~thodological pan::.:rs and fc::.::1sibility studic::s that havo been 
carried out. 

2. Subject n1atter and Specific Purpose of the Project. 

Scicnc~ and technology, or rather, the set of 
functio:n.s a.'1d activi·t.ies -~ .. wbich ~vc rnay term "science and 
tcc~mology variables;'* ·- ·· thc,t ?lav;2 to do tftfi t~1 t..."'l.e production, 
diffusion 1 and tran.:.~f;;:r, and utilization o:: scientific and 
tccr1nological J:;:nm.,.,:cdgo, arc ran::!ly an end in themselves. 
Science and t8dmology (S&T) arc to .bC: regarded as intcrvQning 
variables that hav:; rul. influcmce unon socioeconomic dcvclopmo!lt 
(rat2 of growth, employment, incomu distribution, health, 

welfar.:-:.l, etc.) a!ld oth..;;r national objccti,ms such as prestige, 
defons•.::: capa~>ili t.ics, and self-reliance. 

Ho'v S&T variables act on national objcctivc~s is a 
subject •.ihich has been and continuos to he, abundantly explored 

*In this report \h~ use the conc< .. mt of ·'variable;" in the sc:nso 
it is employed in social sci(mce rose arch, making a distinc­
tion beb11ecn '·'d;;;pundent variablr;;;;s n, the' functions and. acti vi­
ties that suffer an infhtGncQ, and 'indopend~nt variables", 
the sources of suc:1 inf:luonc~~. 



3. Struct~ro th~ 

iJi'll:.ic;:ti.:,":.l s.tpdier..; ~rill m1dc::rtakcm hy oartici-
pat;t~1g ,co~Jntr:te~ .. ac :m:xhng to a cc.J:rtmon -:<-:'c.li.no.. ?he rosult.s 
Wri'1 1 k··~ -in+-r-.rrr···: .. -,..1 ""~,. ~"''n'~ ~·rn~l--c~i-~ r"ncr~- -'--·>"··~+-hr~r , . .,;th ' ...... ""'(~• A)~ ~~-~·"'-·;;;'~/_ ,\,~·~ '.L: r··:. ,! .<.! t=:l. ,,;;_-.,~--~J.l.~; .. ~·.l.v -<...!:. ' 1..-J (..\.)':7'-•- C ,,.._... 
oth.or :t:(:;lc::vm:t ~nf:c•:<;r;r3.tion. In a.ddi r a nr;r.·:J:K';r of sr:>cci_al 

. • • • ' J 

studios -;.r...-.1.1 ·u.r,6c.rtakc:n by co.:lf~ultrmt:.n ,. somr) of 1•ll1ich t'l7ill 
·. pe ~f c~. F:2t.hr')D">lo'~i·::·.c,ll nat<u·c _, Ot.hc:r --studi.e~s '>i.ill, look into 

,..,.. ,."'J ,-· .:::.1.· ,"'t • ~,-·~ ~):"' ~'1' .r-l: r!< )' tr);P"'""t'; .... ""Ol.-. . 1 A-.. ,. ... ,-.. ilnn·c~·_")/(' .. t·-:,1·- ..... ;::.p .... '--L'-· ,., J ...... ""u.t."', ~,.J.-,l- i"l-·"'· . ·~"-'··;·~ •.. •t;:.lca._ .. ~·---'"'n' ,_. ,c ...,._ r 
rolia.nco d::-H:l. ::r~t:c :3cience and ·t.2d:molocrv r;Jl:Lcy. in Cmina and 
Jap "'n "'~· ,~~-h nr~•o·.---:. CJ"' on,, cu·~:1t ~ ,,J .• '11· 1·1 .. 'hn .. 1''.,1Jt- i·Jy th~" F· ':..,. 1 ~ Y..:.- o .t.. iv4..:- t.....~ .... z:: _.J~"' _._.., _ , ::J ..... ... a ....... ~ .. . ..... , ... .,._ .i~.""" .. '.. .. .1. ...... . ..s.. .--.. \.,..L 

Cooru:i.natc:-~· 's of: fico 'itlit.:·1 :rcsoa:;:ch on '3Cientific anc". tf;iChnolo­
gic;;,l pol:i.c::i)s .~.r~d i.lstturacnts tnJ~i.ng pl:ico cdSO''th•;}?:·~ in tho 
-..-vorld. T:.'.J :-" i~t:f.cJrL:".~ ion will ::..:cd to t:uc: country project 
t<:~ams f\."1.0. ~-n·::a the ,:ihal synt~tosi~ rc~:r::Jrt ~ · 

·· 111c ~fl.:':t.c_"_1:.i:nes -~:ta:::·t ~~Jitt:, an exa::nination of_ cnn.,.-
cepts, catc~gori8s, and r:?H>earch arrpr.oaches ::·slov<:nt to the 
project. 'lhe follo•;:i.n~r sectior !>re~>ent.s a c:urrJnarv of ~;hat 
has been agrood ·;:· ;· c>~>v~r :ln c:i'Ar:::h- of 'l:h2 fi vr:! phC!.s~s of the 
tJrdrr:. · r::ot.ailQu rc::earch quitieLtncfi Phc-:s,'J.s ,1 :and 2 aru 
ri.r··;.:_;..;e.,.".;-n," n· .,..... ··c·i .. ; .:~r::>li·,:...... ..,--,.~""'"''~...:.,1. c·"n nh"~ ... ""S ·•'1 "'n<l· .,~_ r· ·o~~ -:-·"''"'"'~0 ..... \;.:.:.c~·-· ~ ~:.,...:._.,.,,;.t ...... ·-~.t..&.~..::t:; .L .... ;.:>~c.~o"'.:..t· . .,J. ,J ~~ .:.~,~,..Q1..:... -~ c"' •,.: 
..:,r· . .,.-:.t"" ~"G nr, .. ,,. . ._---·d 1'·n ''-lle-· "'oreo-ing '""·on· tt,·,.., ··"'c" t·'1··11 '.o.,':--.".:s'".nt sn-"" I... ,_, :..F .. -'· •• ...:.J:'C .. U 1 ~.,. ..... '- ..... <'·' .... \,;.:::, Q u.~• l l''l • ""• -

parately :::.o '.:.-~1c CO'. 'c:>::y -~.eoms. , '· 
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I I • THE RLSEARC3 1\.PF RO?\.CH, COiJCEP.TS lUH.) Cll.'l'EGORI:CS • 

1. •r;:le l~ffocts~ Policy and. Contextual Factors' on Science 

and Tc::;clmology ~ .im OvQrview. 

One of t .. .J. :~ main conc .. ':!rns in the S'i'PI nrojcct.: is to 
analyze t..~ .. :.: cfL;cts of b1n~c 1:y!JCS of influences on functions 
and activiti0s n~lat .. )d ·to the nroduction, di.ffusion, and 
transf,~r and utili·z:ation of sciontific anc. t::;chnological knmV"­
lodgc. 'I'his may be~ done:; (a} fo:r;- the whole of t'1o inn us trial 
sector (and other areas such as ~ining, infrastructure servi­
ces, etc., thay mav be of particular interest) , an(~ (b) fnr 
certain branches of industry c;hos·en< for special study. The 
analysis may start from the source of influence, looking at 
th<} affects th0.t are pr:oducc~d udon the S&T functions and acti­
vities (the top-drn1n approach~ or f~om a cbrtain S&T function 
or activity, tracino back the 1sourccs of influence that 'Produce 
effects on it (tho bottom-up approach). l;.s we shall. see both 
approa,;q:~Bs · ~rc compleM:-.;ntary for the understanding of, our 
subject ma;tb3r. · 

, · Thu main idoa is to explore caus(~-to- effect rela-. 
tionships in an orcl::rcd way r gc:m~e~rating partial :;;xplanatory ! 

hypothesis that, once VGrified, may T?rovide the basis for 
hotter c6ntrol ov·.~ r t::~c s &T. functions and acti v-itius , in Qrder 
th<.:.t th;;}y shoul'J )i\a~c~· a b8tter contribution t.o-v1ards i,~evelrmmcnt 
objectives. Effects·may be characterized by modifications-in 
the sign and magnitude· of t.1e d8pen•Mnt variables, or by 
constraints pl;.c~c··~d -to such modifications. 

It is recognized tiiat such causc-to-effuct hypothc­
~es ~>~ill not usually bo simple; and unidirectional, and th4t 
many provisos 1>1ilJ. hav(:~ ~o hu incorporated in t~cir formulation, 
rnbreove;;;r, it may nnt bu :Jasv to express the~- in qua.nti tfl.t;tve 
terms o' 3ut such c:~l"'l:,t;"aCtc~r{~t'iG3. i:".r<J. to her expected in a com­
plGX \'lorld, and in a .cor:rolc:x su.bject mattc.-~r o 1'~"1c difficultiGs 
involved, should not d~-:!tract. t'rom tho uscfulnc:::ss of tbc exercise, 
bot!1 c:.s :rc;gards tb::.: final rcs;l1l ts of tne rc~:;carch a.nd t.::w know­
ledge and training L1at ;,.;ri.ll surely accrus to thnse perfominq 
ito 

:~. f·.g·dn>?.rnl schc~pc o:f. t.11C interaction ):K~t\'l>Jen sources 
of influence and· S$1' .. ~' :fu."'lcti:ons cmd a6ti vi tic.s is prGs,~:mtG(j. in 
Figure l'.lo 

. . 

· .. For :analytical:.purpos0s ><Vc have c~istinguish·~d three 
~ . ' . ' ' ./ 

groups! of. i:ttdf::~cndc::rt v~ri.abJ,cs" ortypes of influenc"''s), , 



S&T ful"lt;t;ons and · activities 
"' '. '·-· 

"-' -
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. 
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£, r & ..... 
"/. I.~·' t instruments in other 

areas) setting ·' I 
/:.. ... -

b) 

' -..!1 .. 

I factora]..;.;. 
~ 

Contextu~l ~· 

~· \ \ 1 I '/ 
c) 

"Re_sultantn sc~-ence and t¢chnology 
I 

policy 

FIGUre:; 1.1 
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{a) Ex? licit sci"mc~:?. and technology .. policy a.nc1 its instru­

ment!!. . Here th.:?Jro exists a dnfini to, j d::mtifiablo 
purpo3c of ca.nsing ;:m cffoct on S&T functions and ac­
tivities'. 

(b) Implicit science and tec;.1nology policy. and· its instru­

Inel'lts: Hero 'the purposs is to produce effqcts on varia­
bles that do not belong to tho group of S&T f-unctions 
and' activiti·~.:s, but, as a !:"csult, unintqndcd· effects 
take plc:ce up,;;n the latter" Such '.min·binded offocts 
may b8 t.erm<.;Jc~ 11 Sido effects 11 or "implications f)" l1. better 
kno"~>Tledg..; of them may enable pol.i.cy-makers to minimize 
or eliminate their negati vc infl1loi1ce or to heighten 
their positive implications, and eventually to transform 
those implicit polici(.:s and their l:clatQd instrumc::nts 
into purposGft<l · '' .indiroct '' policies a"ld instrurnents for 
science and tochnology~ 

(c) Contextual £actors. '£hGse are :factors that cannot b~ 

adscribed togov8rnmcnt polic~QS'f they are a consequence 
of tho country's past history, .·cultural and social fea­
tures, resou!:'ce c·mdmJ:'K.mt, IJOOgr.aphy, etc. They are 
modifiable in the long r.'lli1, but for the purposes of 
this research they must be consid.ercd as fixed. Their 
effect on science and technology fu.."'lctions and activi­
t.ies ;f.s 9rir::cipally th.:tt of putting constraints on their 
modificat..:ion; that in, to·place limits to-the effects 
of explicit or ;i,mplici t policies and instruments. 'l~ey 
may r.efcr to broad mC'.croecon::>mic, cultural, social, etc. 
aspects, as \'lc:LJ.· as to tho charactcristic'3 of enterpri­
ses, resc:arcl1 ins.t:!. tut:::ls, etc. , ~\rhich are the result · 
of the count.ry 's c:volut:Con. 

Explicit and im?lici t S&T policies and instrumc.;~:t£s 
may act diroctly on -:he 'dependc:r:t vari:J.JJ:co, but usually ·th.qy 
do. so through varim~.s insti tutio:ns that are in charge of 
wielding :them. The inst:f.tutional setting .r1ay modify or distort 
in variou!3 ways thQ =:m~.ssagc!s" they transmit, thus affecting 
'the ·magnitude of th8 ~cisult:.ing cffoct U1)on. the dcpcndenJ;: vp,.ria­
·hle, and the effect::.ve:.:1css of the instr·"t1ttcnt. Contc-:;xt.uaJ, f,i'}c­
tors also have ·a dc:finite influnnce on the institutimi·at· · 
setting and the -way it '~'•rorks. 

. c 

The "dc;:"lend:bnt varic.blos" in the exercise arB ·'thor;e 
fundtions and actiVit..ic·s · r8lated to sc'icnce and technology. 
wh:i.ch have to do ,)icch the production, diffusion, and transfer 
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and utilization of .science .::md technology~ For <'1na;lytical 
purposes they hnvo .::;er;n divid(;d into three .. groups 

(a) 

(c} 

. . . 
those on tlw demand side, that have to do \'lfith the; 
h;chnologica]_ behaviour and the technological decisions 
of product~tv.:::l upit;s; 

those· on the." su.Po!_y_sidc:: f that .have to do. w;+:t;f. the a.c­
ti Vi ti<JS in. th.;:: £';C:iOUC8 .. ~nd tec!1nology ·.system pr.op.::::r 
that. llave as cn<;l. procucts m::;t.,r t'cchnologiqal knowledge 
and variout: scientific and technological servicos; 

. ' ' ' ;.. t ' ' • ' "' 

those · in ... W'ha:t ma.y be: terined 'the 'f linka c area'~, that 
have to do with::: l.inking of' :the product ve systen wit:h 
domosti<: and fbr£~ign sourco~ of S&T kno\.vledg~. 

2. S&T Functions and 1\ctivi ties (Dependent Variables) 

'.i.'clcsc ar·a the functions and activities related to 
science and tqchnology, which hav(J to do with ·the produqtion, 
diffusion, and transfer and utilization of scientific and tech­
nological· knovHodgo. 'l'ho three main groups to be considered 
are~· the demanJ Side; r the supply side, and the linkage between 
the two.· 

. Suc~t a classification comes naturally from consider­
ins t!1at sciont.ific 0.nd technical knm-Ilodg·~ is an imr>ortant 
input for the production of goods and services and that produc­
tive units g::..m-.1::::-atc ·c. derr,and for S&T kno~·,:J'lodgo which is sa tis-

.. fied from local· or foreign 3ourc·~;3 (demand s:tde); that there is 

.· dom,;stic production :xf scientific and technological knmdedge, 
·some of ~(1hich feeds ix.~.to productive units {supply side~); and 
that tlte flow of scismtifj_c and technical ·knol¥lec1ge bcbleEm 
the producers and th~ users of such knowlcdgo takes :.place in 
many cases through interrrlfH1iary structures and insti tntions 
(linkage area) . Instru.:J.cmt:s fot:. sci(;nce and technology policy 
should act upon thf.~. fun~;·':ions and activities o:t; .. thcsG tl.1ree 
ar<3as in ordc;r to ,"\chi.;;;vc s·tated objectives. .· Thct' following 
diagram illustrates thes~ rC::rnarks. (See Figure 2. 1} 

·' 
'i'his Jia~;ram may be taken to re:prescmt. tho gune;ral 

situation in a country for all productive:: units and scientific 
activities , but. a similar s~.etc~1 rnay .be ;nad,;."l for. .industry or 
agricultun:: i or for specific industrial branches. .In this 
case \'lO \:WUld b8 esp..,cially interested in scienc·a a."1.d technology 
policy problems for the branch in .. quostion. the vort·-':lx "produc­
tive units" .~vould comprise;: all those in the branch; the-vertex 
;'activities of' t.:he scientific and tec:1n1.cal system\'[ .wcnild take 

' \ < ' • • ' .. 
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Government policy institutions 

Pol:fdles and instru:a:.;nt:s 
whi'ch affec·t 'demand for · 
and utilization o:F b~cJ:i,­
nology (d-3mand sida) 

Pdliciesc and instruments 
which.. affect the production 
of scientific anil tac~1nolo-
gical knowleiigQ (supply side) 

Technplogical 
beha~ior of 
productive 

units 

Outside 
world 

\' •' 

I Policies and 

/
, instrll.file!l,ts \ihicl:l 
qffect fThe activi- . 

ties that link supply · 
and demand (linkage 

area) 

rn_~~.' Activities of 
l<.ll the scientific ---. -®.' J!l ® and tcchnic:al 

... ,. ..... 
1
; system 

. 
dlutsida 

'•Torld 

!XI® Activities of the tXJ t-(--
1&1 ® linkage area 

j,·· r 

Outside world 

:!?IGURE 2.1 
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into accou.'l'lt those '""~lich arD diractly rc:l'.want to t..he produc·· 
tivG unit3 of the branch 1 and. their futur2 d·:JV·2lopncnt (on:; 
may also include in tJli8 vcrtc;x otl1cr scientific activities 
that support the formGr one~$) ; • the acti'li tias in t.."l.'J linkage 
arc~a t>~ould be tilos·.;.l that hav3. to do :~;itll connccting th<:.;: !:>ro­
cuctivc units of t~1c bnmd1 ~nd t."'le F.\ctivities of the scienti-· . ' 
fie and toc:anical ::;ystcm,. as ;~.·roll as sourc<..:lS of foroign to::~cil-
•noib~ rrolevant to :it. So:me !GOV("!.rmrtem;t poli-qi~/'3 J}ffoct;;i_;~.lg 
rtnd' •oroductidn, diffilsi(">n, and tr~nsfc2r. :and. utilizp.tion ,of . 

.... "' ' 0 - ~ \ - - - - •• - ~- • • f - • ~ • •• • • -

kn~rladgr;: .. in ?the .. branch "may be of ;'ln :i-ndust+Y'"i'~l,i.do Ptqtfur,c 1 

h,-thiltJ ot11ors·· :may th:;;; 'soc.:;_cific jto it'~ · ···· · 

This stati9' pictu~·l r.1ay giV•2 way to another repre­
sentation that introduces r:. broad cause-to-effect chain I as 

I ' 

shm>~n in Figur.:.:; 2. 2. 

. : ~ r ;" -, 

L . k,. f t. I ~ t. . t. 1 1n . age _ unc 1ons ; an.:t ac 1 Vl. l.e~ 

~mologic;:tl dcvi:lonHEmt 
f'· ' . ducti vo; units 

!./i. 
/i 

- - -c 

Dcm.:"\nd for science 

and technolQgy 
., . c r ': 
~ ... 
•• {\ J 

·:. '.' t·h 
. . f 

. .. . - .. '":· ...... ~L .... _:.·:.· .. --·· . __;__;_..._· ~~· 
J~ocia}'";~tl eco~c dcvdopoo~~J--: I --

;.: ;. 
'. ·.' 

Bahinu tnc diagri':\rn lies the belief that t~chnologi­
cal developrnent needs scicmtific and technoloqical knmdedgo 
of tlle right kinds in i ord~t::r t.o contribute to n<:ltional deveion­
m~nt objectives . 

. f\S far 0.3 Sciencu an·~ .. technology go, all activities 
and decisions connected \4i th it may be taken to hnve thc3 
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following main outcomos~ 

r• in productivr~ unit:J; "technological dr.:;velonr.:~nt"; 
- in the activities· of the· scic:mce ,;u'1.d tcchn.ology system, 

f'tho oroductiG:m of, s·cienti f:ic e>.hd · tc:chnological kno•·lledge 
;qhich is relevant to th·:o: oroductiv.::: systcr1 11

:. 

- in. the 1ink::lge arfi!.'1, "ret;ulation of tho transMission of 
scientific and toc.1nical kno~.,rlodge from local: and foreign 
sources to orrxlucti Vi::J units for ournosos of tc~chnoloqical 
develo:9ment'ii. -

These three outcom(.:!S '~e Mav call ''resulting varia­
bles·~ and note ti1at,. at loast in orinciole, they rnay be sub­
jected to so1"10 sort of quanti fihb.tion •. · 

. 
7:'1orking backwards from the rc~sulting variab in 

each area it should he poss.ibL:.:; to i'deritify other variables 
of more specific character, that mcybe acted upon to obtain 
the d2sired outcom.::. This process of disaggregation and of 
finding out what variables (and t'-10 activities, functions, and 
ducisions t:hat have to do wi.th thcdr handling) contribute to 
thG. desirod out'comc T requirc.s. some sort of theory to explain 
how actions uoon a certain V'ari"'iblo mt'lv influence the succeed­
ing . ones in the. sequc,mcc leading to the desired outcome. 'l'hese 
i:nt~rrelations f:',ay .be (:J.a:sy OJ:" !1arr.l t0 uncover deoending on 
the nature: of the cutcomc and rosul ting variabl8·, and on the 
complexity of t.'le not•\l'ork of variables and influences loading 
to it. Furthermore, it is not poss.i,ble to conc(.;;nt.ualize the 

. whole chatn of infl uencos ~s a trc,,1€ branchinq backwards from 
the rcsultfng variahl(..; or outcome. Acting on a C1-::rtain varia­
ble may iJ"'lP+Y si9-e cffo.cts 0:1 other variables and thero may 
pe f...:;edback_s along. :time, making tn.e 1•7hole n•3twork of· reactions 

. a complex set of influences and countor-·influcmc<.:!S. 

Ono of the kc:.;y featur3s of the n:search approach 
in the STPI project, ia tho attempt to deal lA7i th this complex 
network of interactions f" Tv~1osc eL::!"lents are policios, S&T 
variables, effects c-.n ond varia:.>les, oolicy instruments~ etc., 
~lithout. ;f..nt;roducing -)V'::rly siiiolifying assumptions. The idea 
is to attempt a systcmati zation .. of th.eso interactions, main­
taining a rocasona.ble dogroe of comploxi ty that l1:i.ll render 
the results. 'of the research useful in practice. 

For the: purposos of the. research, an attenpt shoulrl. 
be mado at making .;;. list of "dcp'3ndent variables •:, in e.J.ch 
of the .thr•..le main areas, in o~dpr to study caU$al chains. from 
policy :to P:ffc<:)t and put fort!i 'partial oxplariatory hypothesos 
that may be useful to policy-maJwrs. Howevor, to me1ke a list 
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of dc:.:pcmdcmt V3.ria~';L~s within cC~ch of tbc .. t'.1rC:(! grounings is 
not a simple tiling, 9:P.d. cmy a priori, "lttcMnt. q.;t a __ co~}erent 
t;.,axonorTy, ,is open to· :~ri£.iqu.:." It i'1 pos~i·:)lC 't.~1at a.satis·· 
factory. taxonornical ~l'lssi ficat.ion r-1ay b8 on'J ·or· the; important 

·. by-p~oducts' Qt the nrojoct, of particu~ar infarcst,for policy­
: rnaking ]?Ur;"OSOS.. ;\t this sfaq,·; it ip nossibl.e only. t9 provide 
:- 39JJ\G b~oad stigq0.stions to t~:-1<~ n<Jtio:aal tcnr1s, -. a:t,1d to. loot 
-·forward to ;:m l.?xclvm•:):: of idc:as and 6xperlqnccs:o · .. 

' . . \ . ':· . . . 

2oL )..;Gnand Side~ Productivr~; Units 

!l~(1G rr:;sulting Gffc~ct· i~: .idt>ntified as ''tct::hnolbqi­
cal devclop:rn.ent'1 of productiV(~· unit.s ,· c. comnl<!X "vn.ri~blc ; 
clos8ly linked to coacopts suc:1 as 'innovation:;, "technica.l 
progr<2ss·i• r · oitec:m-icc=;.l advance' , - otc. 1\ttenpts have beon r:tade 
to· :"}Ual'ltify it. (tl1rough: meas~Irot:tcnts of productivi:ty;· produc·­
bion function charc::.:::teris·tics; i c.~tc.) ; although· at nr•3scnt·: 
there· is ho sattsfactorv ~,rav of doinq ito ., >' J 

.· .. -~ ' 
;,, 

. . vr;':la.t do-~~s ' tc~chnological devolor.>!!·3nt ;; . a.t ·the. pro-· 
ducti w;. · uni. t lcvc1 d.l:ponc~. unon? . ~,,.,.o P1Z'lY poin.t nut to· bro 
groupings of major variablc~3 und~i.;rlying it.:-· th(: introduction 
of nc~·-1 knmrloclgo, exnres::;cd· a.r: ·the [>demand fo,r t·.::lc::mology".!, 
and tho assimilo.ti0:i:1 <1nd irrrorover<'~ont nf existing technology 
\d thin the product .. i vc unit., r.-·rhich N{;:; nay call the :;absorption 

<bJ5 tbchnology"' ~ 

. (a) D'anand for Technology" This rofc;rs- to kno~·Jledg;:-J. ~,7hich- is 
·~ ' needed for:. nc~~ (for th<3 enterprise) 

products· anr.:l o--::roC0SSCS i '·7hit;;;l1 r.1ay. originat-3 fron doncstic or 
foreign soure0s, n.nd "~ilhich · :m'1y- appear in di:seMbodir~d form 
(pro!'rictor1 and nr:m'"'pro?rietory, in.c:luding knb~l'llc:dgc suopliod 
by S&'l' human resour.c.:!S) , or a.s enbodied technology (princinally 
.~:.:i!quipMc:nt and c:J.pitc'll goods) o · It xnay be fruitful to braak 
down ti1is hDading a:ccordinq tb th8 source 6f the t~chnblogy 
demanded; 

(i) .jJQ!etand for Dor:·..;:stic .. TocmolmJ~l:'• This may come: fron the 
firm it3o)lf, (rosearch 

and dr:J'velonmc!nt activities) , or fro!':'!. the purc;vm.G; of· 
researG:~ and rlevelop~n,:):":'lt acti vi tios ·'lnd their results· 
from outsids thQ f.irm. Tnother sourc(~ is t<-~chnology 
\tlhich exists olse\':here in the country and is rr~ade avai-
1-;;_ble throug:1. ·' dif.fusion" r not involving compensation. 

: ! .. " 

. (ii) . Derit;md for Foreign 'l'Gchnolngy. The sourcris of Vlhichi 'J:Tlay 
" . be for"~ign· firms and· inG·-
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·titu'tions that· sell proprietary and n<:m~pronriet;.pry 
techno1og~j-',< technical codlnoration :anc't assistance from 
:f€i:teign' gove:tnmants;, or international agencies, or the 
stock'Of ftre•.:dy. available knowledge which can be, . 
tapped t~rough the li teraturo, personal contacts-~· and 
visits or training a~road. 

· 'To ha'ndl8' m:;w: knotlledqe and its incorporation into 
r::p•t-odut:tion, the piroducti:ve, u.'lit \1-ill: h.ave to make a number of 
. dedisions whicW· wei may ct'tll'· te:chnologi<.cal decisions .. ,Some of 
,·it;fihm',are clearly 'COnco,rnod \·lith·£he choice. of altern.§lJ:ives 

abotlt' the source of new knowledge, the sour.ce of equi'@rncnt, 
and the use of such input~. • Others ha.ve to. do with the build­
ing up of the firm's capacity (technical and design groups, 
a'dministrati vt~' 'organization, information) 1 ; _to" Q:KQ.rt s~ch choices, 
t'<f £adapt· foreign: ·ter.hnology . (a ·very importa,nt activity because 
ffi"'f': the''cbnt:r·::Libutrt~on it: makes .. 'tmvards the <J)'@tima1 :u~e of foreign 
t.eC11noiogy -andt .. ·of 'itthe way! it can link foreign technology to 

'_;ddmi3G't.ic:: ecientifi'd ::and tod1nolog.i,cal actiyjit;teS,): 1 • and to in­
;'·co~ol?ate e-ffre.ctively~ new.•. knOTvlatlgG! il1ttO FU:~P.4:Uctiol). The 
~L'at'f.li tUdi}S of• decision-makers ·towatds ·te~h:rw:lorfi.cal .innovation 
' oozr.;r~:±iuta ''_>an .trnpdrtant in.tc;ptedient in the ~.,ay: :'at..?lcisions are 
Dfiade\ c · · · · 

,, i'. 

q:dJnWqo~pt~0~ 1 ~bt:. Tecfipologi~ ... '±liis -~ s6t of act1'v±'ties is 
. . . . '' Ai¥~9tSd t1~·Tar({(,~~~- <:'-ssimi~a-

tJ.on and l.Inprovem-::nt of tccnnology·whJ.ch the ptba:uctJ.ve unJ.t 
'· .. h~~ ~}.l;'cady incorpot:;ated, and comprises i t~ms ~uch. as the 
follo~{~~g: · ·· · . · . 

:_:_; --· .• ::;· ;: ;· ,: f~: .. ,.. , : t-'!·-~ ;._ .. : .. _~~ · -·, . .i- ;- ·J .. "<rrr'~__.- .... 
,~c. P,rc:,>duct:t,pp rpsea,rch., Plant,~·gp'\:,it~li~at&on;· product develop-

. ·,. · ment.! th~- ~~arch for m~p9f~·~vi'i9y~t:ioris ~ ~1~~- :adoption of 
qualJ. ty qo~t:rRl, st~n~afQ.~:~r: J;.r()~le.-sho?tJ.n~.'~nd other 
such technJ.cal actJ.VJ.tJ.es .. ~,.;J.thJ.n· t!1c fJ.rmt,;'.· · 

· 3: : :·-, ·r · 

~ .. ~~. Pur.chase of scientific. ap~1 t-eph;1:1p:J.og1ipa~ servi9_es direct­
ly0 linked to prpduc:t:.i:~ie. actiy~t,ies ~l;li'cl:i. may 'cbme from 
the scientific and techhologi·cal· sy'stem or from foreign 
sources; 

iii. Informatidn::•about practiws ·in other: .. f,irhS obta:t.ned 
through the dirf·fusion orocess. , · · 
' } J ,-' 3' j _t ~ (": !".: .. · r:>': ,·· 

It may bd:r.r,ross£hle to go .hackwards from.:..theSte: main 
variables to various types of activities, functions, and de­
cision points that have to do with the~, but as mentioned above, 
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at· tha general ·level the. exerc~se may,not be w.an;aq:!:<rd in the 
initia1£'stl:age-s · of<the -PJ:'!'Oject;···. I~o'tiJev~;, nat.ipnal, teams may 
find•it .. us~f-ul to analyze.tl}e s-truct;.!lre-.:t:h.~t ip. curtemtly 
being employed by the ·C>ECD in· :r:esea:r:c~ about· innov:at.~on. * 

2.2 Sunply Side 

Ill j:1:ai§ ;cas~ the, reslJl~inq vp.riable ... or outcome is 
· · thc;vsupply. -06;-r;cicntif{c and· technoJ-og~qa~, !l:l)ovvl(:;dg~ r~l.~:yant 
' to·the produot:.ivl3 system~ . H_e may:;d:i,.st-ingpJsh t+¥e~ .. -,grmlJ.?8:·_of 

functiOnS ·and a¢ti~~i.ti·~S behip.¢1 it~ .gcn~_rCJ.tf~il~- 0_1: .. tC.Chnc).l
1
Qgy 1 

$.Upply~ of scicmti.f~ic and t.~phpol,Qgical_ servis:~Wr~ ·.and :suRP-tX' 
lo,fr'scientific: and:; tecb-.nological ski,lls. . · .· - · 

. . " ' . ' .,. · ... :. .• ;·_ j 

(-a) 'i'he· genarat~,on 0j3 -tec:hnolpgy· WOlJ,ld refq,r_; t;o,the; _l3¥,:i,.#,mce 
and·; ·technology .functions and ac:t;i. vi tie$ .Q·f o~gaf)..i~ations 
which.·p<roduce->~scientit:;i.c- _and technolpglc,al".lt~Q;<v:leqge. 
l,le ·kno111 .·;;_h9;t-) ·;thes~. institutions shoi.il4 b~ J,nagp. :mar~ 
~·ef.fa.cient~~ ~that -they :s.hQul_d· Q~ given ~s ·FI!uch,:s~libi:X:i ty 
.as possible;· ."tlllat they .. -shoul;q b_ei. _or:i~rtt~d. to;:r.:tP~: nP-eds 
.of sociOO:CQnQmic~·dpvf.i)lpprn3n:t-, etc, •. ·.-'J'l+erc a~e. 1 ,a- n:Umber 
of ·parametera; an~: _rte~~f.?.iPn~ · af~:G#:i~:: "t.hes~. ;i.sj~u~S, .. s- and 
it is upon ·these that a 3tudy of t~e influence o:f,.J?olicy 
instruments should be focused. There are al::>o the 
Jssues re<lated to _the organizat:io,n and :)uilding up of 

, ·scientific insti~ut!-ons ~r~ __ The t~·-'d __ q_ro.up$ ·6f'lSsues >may 
: ,re_qui~(;{'di.ff~reht ·tr~atments. · -

.L . ..' .; ·. . ~ • '1: • t·'~ - · " ·.···,; !'. , ., ·· . .; ; 

. (b)'rsinflar re'mar~<:s cart'· be 'made >~..rith'rega;:t>:ls :1:6 the supply 
of science and technology services , ~-11hich · a'li:lr-OW-Iih~ 

_pr9ductive system to use more efficiently the knowledge 
;:<ienerated_ by ti~~"S&T system 6rpurchaS'dd>.frotd foreign 
. 's·ources •. Ths:Ji:f"·services also refer to'the'·a·ctivities 
:that :atio",r tl1e m=~dud:fon" 6f knowlec:lge· to ·ti>toceed more 
efficiently •. ' " ' '. . -. .·- ' r--' 

.-.. ;~ 

*lJe' have refrain~t:lrfit"Ol!) U{3i!l~t;-tpe, CCJ.tegory O,jf,, .:~~pnovation" as 
a dependent variable $inc:e,.wf:.l !.eel that i; dgp~"not discrimi­
nate enough for o~1r purposes, :t·t is too broad and dj_ffering 

• · interpre.t-ati~ns-:of-.;Lt FlllY· l>e adva;1tCed. · 
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t49t;_ .SJJ;pp].y human res_ouz::~es, t~1-,;th th.~ sk;irlls )ili.\e~~cl to 
> qa,;py .~;mt. the spectpJm of, ~-~f.L' .rfunqtt~s,1 "and _El_ptiy<tties. 
J,l:~lis requ:..ir.tts going bt'ly,<>n\J thf.t -gene!l'·ctlL .. training :gi:ven 
.?Y",·ti1~-, t:t;aditional Etd~ationa~ldJQ'fo.tEint.,_ :'Jo .mayj ~n-t!on 
-~~ e?CC1~trp).:es the activ,itJes of._gr~t:J?1;e:sic:hoo-ls. 4n.c . 
. ;:~pi;enc~ tc~.M enginee:r::ing, vario~ t!ra.i:p.J.Ag J~r-og:z;am~:n for 
'researciiers·; and continuing educatiQn JS:Oh~i.i:')'f:O'r:.-angi-
neers. such activiti€fs .. are of great i'inporl:ance if 
science and technology arc to be effectively promoted 
an,·l put at the scrvic.e of national·.object~r · c ·· : 

i -. 'f ' ) ' .·'.f.R 
_ -~ , ,,.., .. , •.• _ ~, J.·\. d,~J:,ailed description of param~~ers al)~1 dec¥.~-~ons 

is beyond b1e .scope o~1 the pr_esent guidelit;')es. .P,{lc;'l prtf>j~_pt 
team may atternpt to v1ork with an e~~ploratory list which could 
b~ ~l·EiZ:,P:sl and q~SR;I~'-~d.: Hit:;. oti1er tearas •. 

2.,3' ;-, \ti&nkag3 t.1'eai ·· 
.·r:c::r.o····· •·· · .. ,· 

·, ·· 'l'he ·resultihg va:rialJle or·:oatcomi~ is 'the<£-ac·i!li-ta­
tfofii:ah(lrrregulatlion of the trartsmi·ssiorFof::gcienti:fic- andi tech­
no.fbgi ceil kriaw ledtj,; to product:l VEij 'urii ts • '' ~ ·lctr'b thee Jft:mc-

.: !t' bi-t>n!J.·' and activi-ties whit.!h relate :.the n s uppt.iy·" ::srel?:t :~fi't~V those 
of the- "demand'" ·sitde, and ··a1:<s·u.ch provide ,the chhline-tl:f.'· tfr"'trough 
\11hich technical kno•,Tledge ·cratttflb<:l towar~s' prqcllicti!-i.teHS!bt!fvi­
:ties. On the other lrand, they also channel the) <fuiman'ils''1l>fi the 

':·,pirod®t::fve systa'fl'. •:tH-''· the 16'cal or foreign c:;ourtw.~~t~ k'nrnlll.tedge. 
:; :.):) .. ;.;~, _:.fT' .. ·_;r,\ ::-'. . 

.u ·:-.£ t'The activities refated to such v&r.i,ab1'es care tHose 
;t>lf ·exteti'!'fton services, engineering firms, orq:~nizS:tit>ns ;·for 
control of technology ir.-tt)'orts, industrial infd·i:'Mation'·'systems, 
etc. Once again, there are functions and decisions · a~mut 
choice. ·of: alternatives: and the building 'up -bf c:{cti vi ties and 
irist.i t:u"tldris. ,, - . .. , 

l.l.r.! ; f_~ • • --.._.-: .,)·~ .... _ ;· I 
.,). Sources ·p'f ~nf.l~ence {Inqependent VariaiJ.l:~S.J: 

_I ~- f ' ~- _. • :" , ' • ;_ :')IlL~ ~-: -; i t; \ ' 
. ·: . r_..Je s!1ali no 1 examine one by o:q.e ,the t:1r~~ tY<pes of 
sc>;~~ces,ro'f'influence t;.o be cons;i9,ered in ,tne cou:t:~ ot'.r.~esearch, 

,,,.9~'f.tng mol;'~ attentj.on to ex:>licit polici~s and tl1erif..;_af?l=}.'_es­
pondent instruments since many of the concepts that refer to 
them tifll be used t:1rougout the guidelines, an(: in particular 
>-Jhen examining the other so_urces of i'nfluonce-·. 

: ·, :'···:;!··· '. 

'.i · .. r (' ~ ~ .·: "':../ J ~ -. ;. 
.. 3,.1 E!ffi.licit Science. ;anr'' 

This category 
that have a definit(~ and 

, ·} _ . ·: .. : ~ .. : [:L-) :-:;·ffl():) 

'J.'l£!c:1nology Policy, and lJ.:;r ,;t!1J5S3Y"ents 
. (Lf f!()i:J 

referg to ~olicies and instruments 
explicit purpose to orovoke an effect 
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on scie~ce and tech~ology function3 and activities. The pur­
pose originates in' a policf". exptessed in documents or state­
me~_ts"_pJ YFiJ.""t.i,ng cl~9',I'~~s 0 ,.pC!rPtati ye .. ,po•..rer ~ n·A J?cOl;icy may 

.s9m,$tJ£,es: p,av~::.~., al;ect ~f£~91 .0~. -th~. d~~ens'~'ilt .v~u:l.able it 
:· h;~s b.~~i.l'"' P:E!$~gri~9 ·.tct il1J).ue.nce, . bu~e· mor~· p,f,tem,. 11:, .needs an 
instruw~nt _whiqf.l:~-~-9~$ thr9~9:h·,~n orgimizat>i,'pt1al ,structura and 
a 's,_et -~t"'·"pgerat·tql;l,~l. t:ne.clja~~srrtp .• ' · · -

· 'l'h.e, -eortcapt. ·of .~"Pol ioy: · Ins:trurncnts" 
':i. ~--}~/'f) -:l"(-' !_'"!h. ·-~·- :"•, f'1 -~:<.. :.:;_.;t. : _; '- -· : . 

... -,_ .· r Be:t::'ause tlte 'rescfarch in S'l'Prt focuse~'"oh.'-the issues 
related>: :to" .t~~- ®sigl'·f· and operat'tto~'of poltci :inst;ruments, it 
is necessary'-: to define more clearly these concepts.* 

t· ::• : ·.: ~·- ·; ;:~··~ •.:,.~J-' ; ~ ~".; I t • ·., f~··' , -~ ' • :. - , .·:>~;; ,·' . • 
~ ~,_ . An _.e.~plJ.cJ..t scJ..el).ce, .anA techno ... ogy .J10lJ..qy .is a 

.,,+i tt~n; st'ate8e~ J;)y a high .. leyer'L. governnent_ of,~~cial o;: ips­
ti tution (such CiS a. t1.inistry 1 .or t)le Planning Seqretaria,.t). ,_ 
that deals vli,tJ1 an' '·i.ssue" in B&T~ it expresses a purpose .. 

:.: (effects to be n:r::odu...:::ed Ur.>On S&T variables) ,. and may set objec­
tives, defi:ne desired ot1tcomes, and establi:sh quan.t:itat:i:ve' 
goals. Policies also contain cri ter.~ <.(or ·chQosing among 
aitetnativ.es' with rl:!gards to:'th~'performance of S&T functions 

·.·.and· activ!i.-bies, pro'\#f"'ilingi::g:uidahce for· decis.ibH n~:f!ng •· · ···. 
;rAlthough poli'cies ref.a1+ ;pri-marily 'to orientatiohs set by. 
go\T~::ffp:nt.1~~fi.cia~s', ~~~. ~c:untri:s. wher~ .•. tllei J>ri vclte s'eh~t·or 
has~,a::;Sl.g'rrJ..fJ..cant 1.nflu~:!nce·1 pol1.c1.es may~ ·a;tso be formulat1ld 
by.' t"'bp~esentativeB of·· the l>ri vate !lector. The, .. lis sue dealt 

.'~rliili;·rl:lt~Y.:be vety spcdific, referring to sone paj:;ticular, pU:r­
. pOS~f':bri: '(}eCiS·~bti tO: !Je: taken and thef bri terl:a, 't:\SSOCiatedY~'t:b 
:',it 1 or ~1:-( may ~be of gene~ral n~F:ure ._L' ·. , 
{.~ · --~· ·.·tr·~'-:·/ :f_ .::,J : _--!:~~r-~:y·r ,.._ _ ,_ . .,,_. _ . .. 
. A pol:.cy.'"n&~t~ rem!fn·ra' main ·retoo:r'i'cal ~·tate:irien~: 

,. i:f: ·no means are P,ro'V!.idbd 'td irnp!ernent anc1!.<rea.lize· its poten­
ti"'al e'ffect.·' To do' this 'a nu:tnberitof thing.s l"'lay b3 needed'/ 
and'' ,,.,e .sha1l ihcorpchrate• them under the term ihstrument j or 
policy i.rir>trument.. A policy instrument consti tuueshthe' :!Hat 
of ways ;~~means used 1·1hen pu'.:t.ing a given ool.fcy into prac­
tice •. r~'!:- n'1~: ~~~o;: :~e c.pn::;J(;e~e,d, :~s t:nr. act~a~~~ation,.._o~f i:f.he 
capab1.l1.ty to 1.nrh,ence decJ..sJ..ons ·that· those J.'n--charge of:_ 
*':t;:f.l~atJ.t1g,Cf.q~; i!;tffile;nent~ng p;ol,~.p~es,,havc, ;and use with the 

·~·--~~·-·~,~----~--

. *lUtltoo~t>rthe definition! 0f'·1htl .instrumentrrfs made hel:tte ih.! 
COh~Ctf(!n·. \·Tith :eJ.rp!li~Ci,t~ .. oli'i-Cies, . it iS ·ff1Ually applicable 
for implii:H. t !pollbi'E!s' an ui·hdirect· iristi.ruinents" (see Sec-
tion 3. 2) • ' .,. 

" 



- 1 C) -

p~rpos.e of \a~ieving th~:i''r ob)ect:i.ves and operationalizing 
t~ decision. -~ri teria set'~:~in. tp~,J~Qlicies. l\_ ~<?..ience a:1d 
t~chnolc;>.gy poli~y instruif.1¢rit w6\l~g: be one ''J!}ere the Nays and 
means' or the actualizect'','S:~'l)~';:;ilit.+~s' incl-q,l,i,e ';'?s a signifi­
cant component the ~anipul.3:t.fon of· S&T va'ric3J::ilds 0 ··It may 
also be, saiq thqt a ''olicy_.~nstrumcn-t;:, is .th~t _i:(c;ich attenpts 
~0 ~a~~; indf.v~¢1u':lls a~d in~lJ tutions. to _make ;~?,~i~iQ~S. .. follmv-
7~g- tn~ .rat1.on~l1.ty. d1.ctate~ 1 by collect1.ve O~JbCtl.v~s ~:. It 
l.S ~A~ cqnnect1ng l1:'1k b~~\v9,en the purpose exe:r:essed· i:.n Ci oo·­
licy and the effe-ct that rs· __ sought in the depehd~nt v~r.tabifes o r .; _'_J :f"~!J_ .' l r--...... --~ 

. . A polic:l instn1ncnt n.ay be direct. ~vhGn it refers 
e~pl~q~ t+Y .:fro G &T _ fun'?;tions . and_ 9,-qti vi tic~ .~<;~:it r~ay be. in';lirect 
w.1ep t ;;iltbo:ugh rel:err:J,.lig D:t1.:mar1.ly to poll.Cl.es, funct1.ons, or 
acti~~ ties' oth~l;:' t;hCl.ri' sci :mcc and tc~clmqibgf, it has an impor­
tant indirect e'ffect. on', S&T function'·; arid' atfti vi tics, through 
\•lhat' vTe !lave calle.c'L r.siae-cffect.'s '1 Si ';'irn.nl:U::ations". 

'.[ i (;.f~ ·r_; " . . } ;., .•- . · .. ·.~ . <):); ' 

l'.n n in~t'i-u:n;:nt ~; is a· c~mplex ent{t~/, an c. ~v~''§h~ll 
take t9 cpmprise,,<;>n~!. or more pf the fol:-lmvin~r :i,Jcms · 

(,1) ]'!, lc.ga;t device~"", \'lhich. n:iy. also be callc!'dj the. ~;l~gal l.ri3-
.. trumcnt", 'l'his ernJ:>odii~s th'e'nbiicv, or 

parts of i't' i.l~. t)e fo.rr.l 9(_a l'm,r, deere~, Q'r r~gul'afion: ·For-
: .mal_ agreerncnt:s and co.ntrc;ts:~i:{ may also be c(:lps.;i.·~~nr~~ ·in this 
category. , 'l'h.c importanf· t!}Tng is tl.1at a !$?t.f.l.Y-' d~v_ice goes one 
step beyond a "policy" by 'stipulating obliqations / rights,· 
~'¥wards, anq pena.l tics connrrcto;d vri th its bc.i.ng obeyed. The 
pOtential e~fE~ct of tlw. :rJOlicy is then on its way to being 
actualized. ' · 

. ' . \ 
(2) An organizatian::lJ_, stru_E_ture, that.j.s ;?_ut in c,:1arge of. irn-

. . nlcrmenting thp. pq.l;icy. Under 
thb term. "organiz:at·ional structur,:;;>t. :'.i 111e may JpGlude; .·.·· , 

. ·~; ' . i 

i. One or more ins.~i tutions; a nolicy May bo imnlcirnentec1 
through Ofl:E; rjr morr:; qxisting, insti tUticrhs ,, Or a new 
one may comE: intc :Jei..ng. This may be th'Oug11t of as 
the "hardvv-c:~r::~". asrH:;ct of the organizcitrional 'structure. 

' . -:_ i , . i ~. : . : 

*~:1a~:arc-:! using the 'i.'lorr~s ,; leaa-1 device" as a trap~lation of 
:the Spanish "dispositive> lcgcl" or--?'d:~sposic~R~,_legc;\.)~'1 , '~._rhich 
·/refer .torany ·legal or forrr!alized agrr:Gement. th"i1 parries pres­
criptiVe :weight, is imposed by some ~;<;iuthority,_ ~RR;r~s sanc­
tio111ed in· s·ome ~Ha~r bv the SOGiety -vrii'ffhinr,which i:t' is issued. 



- 20 -

ii. 'rhe proced.ur3s 1 methodologies, decision criteria and nrc­
grams that may span one or more institutions" These are 
of an admini~trativo and technical nature, and specify 
tne steps that must be C~r:t:f.ed OUt-'in proc,assinq or COJ.'!l­

bi:fiing pertinent infornation for the.purpose of apnlying 
t..~e policy. They may be considered as the "software u 

aspect of the organizational structure. 

Often, S&T policies are imnlernented through organi­
zational structures which already exist for other policy areas. 
For instance, • a lmv allm;1ing the free import of· scientific equip­
ment would j1l1ttirally be' implemented through existing import con­
trol mechanisms and institutions. 

( 3) A set of'onerational rn2charlisms, which are the levers, or 
means, . thrf?ug~ich the organizational structure finally imple­
ments Ltfiei decisions, arid acts itt attempting to obtain theLdesired 
effect on tl:le variables the policy h~s set out to influen:ee. 
They would correspond to the: capabl..lity of enforcing the decision 
arrived at in accordance to poi:tcy ,·!'·producing the· desired outcome 
or applying the results of work prepared.* 

Throughout the analysis of an instrument it is inpor­
tant to keep in mind the "actors" or key decision makers \"ho are 
directly involved i'n the design and use of a: policy instrument. 
An instrument doe3 not act on its own, and responds to the Hill 
of ~he policy mal<ers . and. decision makers using it. 'l'his • concep­
tualization of "pDli'cy1t~' and II instrument11 may be· seen morer;•clearly 
in 'Fig. 3 .1. Three'- simpler c·ases are sh:d!,~h' ilt Figure:J. 2: 

r . ! . ,: . 

(a) nq l~gal devic(;::. The' instrument is made ·up of the couple 
organizational structure-operational Mechanisms; ~i 

(b) 

(c) 

no organizational structure specifically involved~ the ins­
t!mment ris made up snlely of t~1c legal device qi;ld,, its. action 
takes p1:ace through existing·social and institutional struc­
tures. '!J This situation in.g~neral will be .t~1e case of cor­
tain across the board or non-discretionary instruments; 

no instrument 'is provided to imnlement a oolicy; the effect 
is obtaineti 'sct~ly by means o:<- exhortation ana. persuasion I 
actin~:f'thi:·ougp cultural and emotive mechanisms~ Naturally 1 

>a' danger~ b~dsts that the policy will remain dead letter. 

*A higher degree of consistency is n~e4~d amotlgdifferent opera­
tional· mechanisms if the same effect ;i,~ .. -<l~F.lircd through t!le 
use of different instnunc;nts.;, To. assu~,.~'qch,consis,bpncy 
(although this is 11ot often used) ".t:w.o· ,or.'mox:e:: ~nstruments may 
share ti1e same ope,rational m~.qhan,;isnh' whi.ch"would convE?y ·(and 
at the same timecowbine) decisions ·made by.different organi­
zational structures. 
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POLICY 

OPEI:..O~.T[O­
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Jj F F E c T 

Statements by high level 
qovernmont off~cials or 
reproscnta:ti ves of the pri­
vate sector. Generally 
associated t0 top level 
governrnent boiiies. 

Lav1s , dc~crc.;es , rogulations , 
bylaws, contracts and for­
~al ar:Jrnemcnts. 

Individual institutions and 
organizations. Procedures 
& methodologies they employ. 

Acti V(~ly vmrking mechanisms 
that I~\a.kc~ t:1e instrument 
function on a day-to-day 
basis. 

:;TRUC'rURE--OJi' A . POLICY INSTRUH:SNT 
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Policy 

Legal devices 

Organizational structures 

Ooerational Mechanisms 

b.CTIV!TIES (Dependent Variables 

(a); Policy-oriented cluster of instrUMents (too-down} 

Policies 

Legal Devices 

Organizational structures 

Operational mechanisms ~\ 

EFFlTS FUNCTION OR ACTIVITY (Dependent Variable 

(b) : Function-oriented cluster of instruments (bottom-up) 

FIGURE 3.4 - CLUSTER OF INSTRUHENTS 
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· Firiall:y? ""e'~a;{ ;rxnd tnc· case (:!."igur::.: 3.3) in '>~hich 
a policy decision is Jll·:3.de· 'lt.ti thin an .i:nnividual institution or 
organization that do' . .:!S not havG a :broad policy r:•.aking mandate. 
'!'his is an imuortant case s;i.ncc ·it cxcrnnlifies the situation 
of nolicies made in a pice.,.:.-rd fashion' by decisions of state 
enterprises, individual g<~~i.prnrn.::mt.· ·~gencies, and other orga­
nizations, wi tho~t (or in spi t'J. of) an ovorall centrally guided 
policy. ·· · · · 

. Qth-.3-r .. -,z.i tuation-&· may be rcprc:3ented us;tng the con­
cepts r:m have outlin•.:!d, sucl'l as thi.~ two cases pictured in 
Fi,gure ;3 .;4 .;· · :rn (a) •.•78 find a nurilier of instruMents tha.t 
intend 'to orov.okc different effects on account of one (com'Jl:Jx) 
policy 'statement on one or mqrc issues, such as a: d.avelonment 
plan. V::Je may. call this a pg]icy·~orionted cluster t;~:l: instru­
ments. : In (b.) ·various insEr~mcnts, t~rhich obey several ·poli­
cies, ~11 have e:Efc~cts• .on onq variabla. r·.re may call this a 
f\l,'nctiCin-.orl.en~ed cluster O""f":instruments. These t·Ho extreme 
situations ape relevant to tne present research s~~ce the 
fi·rst cluster: corresponds to ·the 'ltoo-down '' studies I \-Thile 
the second cfustcr corresponds to the "bottom-up~( ~tudies to 
be; .undertaken in Phases 3 and 1. 

~ , . ' 

~1p Description of an Instrument 

.Using the conceots and diagra.ns put fOr\'7ard above 
it ;is possible to describe and analuze S&'l' policie_p and ins­
tz::uments of' div•3rse nature. Such description should also pay 
aft:"mtion to the :policy lovel at ~vhich the instrument origi­
n&tas and the type of S&T function or activity it, :attempts to 
in!fluonce, 

l•7e feel it is not re;tmrding to prepare a complica­
ted clast;?,ification or taxonony to help in this task 1 beyond 
the three:. categorien suggest.c:d earlier for examining S&T 
fui'1.Ctions and activi tic:~s. Instruments may be classified 
according to whether the coupla r>olicy/i-rlstrurnent affGcts the 
demand 'side, the supply sidG ,; or the linkage area. This may 
be crossed vl!ith tWG categori<lS according ~tO the policy lnvel, 
i .c:. , 'i:lhethcr th3 policy originatc;s in a, governncnt body that 
has a broad policy M.andat-3, or in a particular organization 
at a lmver .level 1. ('l.vhich may ·not. belong to the Gov "rnment, 
such as a prpducers' association, a large private enterprise, 
or a rGsearcl~d.nstitutc). Figure 3.5 shoHs this two-way cla-
ssification:.. . . 
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·-. ,~ ~ .. "-r: . ~sdrncr .cxil:Irlrhc_'s mziy:·,-be gfven for cadi' cell in: rt.1-:ts• 
Simp,i.e ¥a:tri~ ,' ·k-~dpfng in nfn:d. ~iliit ccrta!in '-•,oli'cies Wi•l'l.J _[ -
affe'q;t;.,~ r;I::.L\rol),gh: t.h~l:r' ins~ruMent ·cluster)- md-re than ·one '.tif. : 
rth~.S~'t';!?.4~9g~o~i.E:i.s qf furi6t;oip a:qd'act:iVities. , ,:-~: . · 

Higitl.Hevcl policies* 
v I . -

< '. i- :. . - _) 

''OT l'lrtiolcs or secbions in ''fundamental'' ).mv:s, indust.iial~. 
pt0rndtion laws; ;dav~lo?tnc;.nt: plans. . 

(2) Science policy statements, for instance, ahoul.the budget 
for R&D" 

(3l·1 Pol~ttes~·ancl' legis lation• on t~cb.notogy tranpfer,,, . tcpl;lp:;.cal 
· · ?oo!Jerat!i:on· agreerm:::mts with n:~her natior1~. · · 

1', t" ,· • ~"" 

. ,·:: .C~ '\."'- 't ·: . • c 'r -'* -

L9w,, le,:v;elpolicies.*'* .• 
·~:}t~~; t __ ~ ;·:::.--.;:·, !_-! ("\ -,.~ .. - -··?" - ' 

--{fl,}, .. Pqlj.,Ci~s and diJc'i,'siqns' of devalooment banks·~, stab:~- enter­
.. ". pr'ise's aria agencies r'' deci:sioris -about 'adrnihistrati vercnccha== 

nisms and about operational control::;.' :\ 

(5) Decisa:ona'·al:rout ·st·ate :R:~D cpntr11vts; d~cisio~ __ P,Rqu.~ grants. 

('6) Deoisions made by-offices, in charge of ,-.int~rnational tech­
nic~l coop::.rati-bn .:• 

, , ~- , , . The a.i.=itl.'nction :bot~4ccn:the two L:!V•3ls may be ·-useful 
wh;ei;J.. ·.ta,~p~ifyi~g the main policies ci.nd ins·t.rurnents' that act on 
a l;>iian.ch o'£ industry dr on the vlhoh~ .fndustrial ~ sect·or~ 

-~- '•- · i . ". ·-: ; . ,- · .:: • -. - - r 

.... .Other cri tori a for classifyin~f'ins·tr~ments ,is 
vvhi1f!lei-; tqey have a discretionary o~ rion..;c;iiscretionary ·char~.c­
ter~ ,Th~ fopner i:;.volvc an individual' decision bv smne ad!1i­
n~~ty(iti ?Q~;~\li:llofi t:Y ·in' thcc;~r ,· ~pplica~fori, w~i~e ~·fn the l~tter 

. q.pp,J,l.catJ.on follo,,:::: automat+cal.ly from a: defl.nl. te, ·rule, Wl. thout 
the possibility of discrimination. r:>iscretitmary instruments 

* These may also be callcH.: "first. 1\~Vi:?l n or ""Macro" policies. 

,*,,.. Thef.Jf3; .~ay alsp be, 6il}lcd .. second levo 1" or "micro" policies. 
:. ~ ·o' ' 
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require the existcmc:c of. an administrative capability and 
allmv- focusing on individual productive units, research ins­
titut~s, <:::tc., in the i"'fpleJ:!lcntati,on of ~ol,icies .. On. the, 
other hand, they ·give·· the opportunity for ipterferences 
arising in their :.1pplication (bribes, arbi ti·arinesses, etc.) 
Non-discretionary instruments affC!Ct S&T functions acro::Js 
the board, wi thou.t allowing di.stinctions' aeeorl}i'ng t6 the . .:. 
particular situations of the G.iffqrent entities affected by 
the policy and the instrupent. ·~!icy· requir~ less ·of Jan <t>:t~a·­
nizational and admi:1istrative infrastructure '.f()t ·their a??pli­
cation, and ~qducG the possibility of intorforenco by int8-
rested parth-::s. · · · '· . · · .. · ·· •r·• 

., It is. possible to enlarge. thc set of criteria by 
"'hich to classify policy ins:e:rurnonts ~ inclt,.dingc:cz..t.eqorios' 
such as "positive'' 'or "negative" instruments y·dependd.ng on 
v1hether tl1ey arc aimed at simulating 1 encouraging, facilitating 
and inducing, or '''hcther they impose rc-s:trict:ippp, 11 .Rrevent 
taking actions, prohibit certain activities, etc: ·Ro~:fever, 
t~e set· o~ cate-gories :,p:.·opos>Qd abov;~. f3~10Q1d- }?,:rqyJ.fl~ill,·fuf~i­
Cl.ent · ba:s.1.s for tho work ;Of. t:J:l~:: ,qountry. prQ.Jeqtr, t;q~s'!'r v1h1.ch 
could ;:::;laborate on thG:J!h · · · · 

Evaluation of the Performance of Policy Instruniehib:st:·:. 

The assessment of the performance·· of:ca!f· j:nst~.;;nt 
of S&T pol3.cy :ts a rather difficult task, but ah' attempt 
should be mad~ to characterize poU.cy instrum<·.:mts, or clusters 
df ihst:ruut;;::nts / accord!f.;ng to their U:Seft:~,lness in implementing 

··certa'in polic::i~As. As 3•oon as i>le raise the issue I a ser:!.9~ of 
comnlex piroblcms. arises J' Should ,;an .,ins,trumcnt be evalua.ted 

- - ' ' - " ' . ·-·. . l . ' ' ' . 

independently of the policy it is associated to? Is there 
a group '·t5'f, instruments better sui ted to a set of. policies, 
'purposes~· :or·~stx.9,te-gies than pthelrs,?; • Is there.,an ab<:olute 
measure of. the· ~if..fccti veness qf .an in·stru:ment, ·or should v1e 
·attempt ·to carry out. compa;rative analysis? Once again, .. this 
:i.ssue ··cannot be resolved a· 'l;)rior:i .p.nd in a general way· ~9r the 

·prb'ject, and eac:h ~:earn must exani.nq this issue in thR. c4:.):ntext 
of its own situation. 1'1ttempts ·to provide a coherent solution 
to this problem can be: made only during the comparative analy­
s:ts' in phase ·5 of the,.p~oje-9t. 

···,_' I!o~tl~~ver·, the~~r:(a .. x:e. a f-'8}'1.· conc,cpts: .an_¢t, tentat.:t.v~. 
definitions that r-1ay provide guidance to th.,;) · national 't~arns 
in their own anc.lysis. Ultimately the decision to use one ins­
trument or ar•other in the imple:::n·3ntation of S&T policies should 
depend on some evaluation of its characteristics along the 
lines suggested below. 
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The scop0 and. ~cific~.;ty of an instrnRlc:nt refer 
to the range of S'T flli&Ctions ana activities it affqcts, or 
the :tY!ill2!!3 -::>f teqhpplogical decisions it can inf).:uencc. 'I'his 
attribute of an instrurn<.mt could also refer to· the· slzo and 
volune of the functions and activities it affocts. li.i1 ins­
trumi.':n.t ·w~uld hav~ , wider 3cope tht" larger thf":! nuMber of S&T 
funcl:2oris and ac:ti:vi ties i t·ifaff~cts.. On the. 9tl'l:?:J; hand, it 
'voufd be· a 'V(el':Yf s]:.K~'~:i.fic :i;ns.truo.rm.~ if it. is, ¢!e.piqnep )f:.O affect 
one j particu:la.r·.,~&T :fun.9;t:{-<.:mi fcqu.s-ipg on so1:10 detcrmin~cl. group 
of enterprises, agencies ,,·er rese.:u:c;1 institutions" 1 .: 

The coy~;::r~ge of an in·?trumcnt 'l:tJOuld be . ¢to fined; as 
th\3 ab:501UtG nUllh~'J~ 1 0:>:' thC :;Jl'O}?tlrtiOD 1 0 PrQgLUCt.iVf! UJ).ij:.S 1 

government agencie:;, resoarc:1 organizations, etc. 1 tb.,G\1;:J>i t is 
capable of affectinc;. ':i.'his concen·t nay b•..: '~xtcnded to consider 
sid·3 effects and .LJ.;:_'"llircatitms .:··· ~~r~. oqui ty ar;l1· instruiTnnt 
\<muld refGr to TJh.:.,t:-;,p-rc h.?).s tl1>::.: ~·aneTmp~ct~. o;..-:1 all units that 
have similar char;;tc:i:!;!r'li.st:;i.cs. 191p.d· tv:hicb it af :'acts. P.i verse 
situations 1 Gxcentions, loonholc;s ~ etc:. 1 T"Jay gi v::; rise to a 
situation in ich t~1e instrument cannot iJc ann lied '·li tl1 
fairness in all case<; that lii:h;~ siihilar c:1arac·toristfes. 

The efficie11cy of an in~trun::mt 1'10uld be the rela­
tion pet' . .Yeen the effort ( admini.:strati ve, financial, technical, 
et¢;.:J:: §inc! tha effect::;_ ,that rorml t froM its use. Th~ c!~fort 
may"·include con3i<'h.:~ra,tfon5 of quantitative character...:, such as 
cost involved in it~; anplicatio-:1, or qualitative 'cllcf'r-acter 1 

such as expert.ise nc"eded. to onerab.; it. 

Oti1er par'lJY\Ob~rs to ovuluate the nerformanco of 
policy instrum:mt:> may ·.ncl m5c ·t::.h8 fir•'\(~ laqs irivol"';rr::.'!d in its 
application 1 t:w flcxibi lf.ty ,,,i th ~:-vhfch it· cGn bt:! used (meaning 
the possibility oT-:.-i:):i)lying it. or not according to t~w circums­
tances) , the amount of infornation rcauir.-:;6. for its appl!tbation, 
the dGgrGe of sta:Jil:!. ty of ·t:1e instrument (I'1G.::ming t:.1c df?gree 
to whici.1,. -~1:::, 'Pt:cservc;r:::3 its pr0"?0 . s in thq lig~t of contex­
tual changes) ;' an,:: other nararoctdrs of simi'lar natur·~. 

' ' ' ~ / ~ :·. { e- ,~ ' ' 

Of p?l.rticular irmort:.ance? is the concc~pt of! e ffecti V<?.­

ness of an instru:~Y.::.nt, rqhich n;fcrs to the likelihood of ob­
taining thc_:·i:-'l.esir:::d .:resul·t; that is.,,i':r,'')l_<3;p;\enting t:1e policy, 
obtai.hing th'~- dcsin~·d' 'outcome:, af!d 'a':f=:i::::ct}irig ·th~~ !Jr?.ha,r:i.our of 
producti v2 uriits, '1nits in the sCienc~1 and tochno1ogy systc:-.1, 
and .\l,lli.ts .in. t;.~>~ lirJcaqc area. Ho,·rcvor, this nay be a rather 
diff~9.':l+t ~r:h:9,o,9si ticn F bepauso instruments do not function in 
a simplo;. 'linc~ar ~1ay, and tl1ere 0xist si effects '·!hich corrt­
plicatc the assessH'If2•nt: of an irls'trumcnt 's effecti vonoss. This 
points out th~t it in necessary 't~o take into account the effect 
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of the _ins-trument, not only qn the. ·funct.tf.:ms and activi­
'ties it. \~as spec:ific'ally 'ddsigncd to iri'flU(~nce; but also 
'on otllet variab .:~md 'en: the effcctiv-enc~s -of' other ins-> 
er.umen ts as ";,je 11 . 

. Another problem that arises in the evaluation of· 
:the 'effective:1ess ·of an instrunK:nt is tha·t o£.ten they are 
'd8sigried to · infl u~ncc more ·than one S&T funCtion and .they 
tnay acnfcve 'th.i~. ~.Jith varying d(~greeS Of S:tCCCSS. ·1 ·Therefore 1 

it nay be 'ncces·s-a~-::?y to· examine the effccti veness ·of an i:ns­
trunent as c). vvholc, considering th(; sevGral S&T functions 
it should affect p 2md· cvGn · sidc. efft;cts it has on func­
t.ions and activi tics i~1 ·fields Gther e1an· science· and t.och-
nology. · ,,, 

. . Throughout· the disctnsion on oerformance Ne have 
talked of an "instrument" in singular, but these concepts 
may also be applied to a "cluster of instrl!lJ'!\Cnts". .. 

Exampl(ps. o.f Instrument Description 

Hqr•::; we present bri·2f analyses of thrc~e very dif­
ferent J?olicy instrum.:mts. : note· that in tho third case 
"policy'' is c1ofindc1 .at t:~c .icvcl of an indiv.idual organiza­
tion that do.;::s nqif ;~luVG:I a 'broa,d mandate for pol;i.cy making 1 

and the legaL 4cv.ice i13 a -PO!.ltractual arrangemen~-~ · 

Case 1. Disaggregation of imported technology 

Pelicy issue:. ~~cessivc imported technology in new invest­
ro.c5nt, projects, !lluch of·. it in turnkey plants • 

. PQlicy purpose. 

(a} to increase bargaining oower 
(b) .to identify comnoncmts for local production 
(c) to facilitate technology ?.bsorntion in the 

productive ~nit. 

· ·,:t;.a.gal d:::vic8 ~ one or !:lore. r;Jgulat:.ions, such as~. . . 
· · · , . (a) prohibition to import tuJ;nk~y p,lants 

(b). model contracts \~.ith suppl:i..~rs 
.. ·' ' ,• ,; . 

; 

. Organizat.;pnal structure. a sneciRi. GovQrhrnenJ:: ~ngineering 
organization to·. han,dle all. large'' investment 
projects,,. 1tli th the::: csupnort o:l: a net\'mrk of: 
other institutions.. · · 



- 31 -

, Operational mech.~nism;; ~ . 
(a) apprqva1, or not, of a o::rtain contract. 

-ZffQC.t ~· improvc:rrtent of bargaining oo·,mr. 
(b.} cUr.2ct q.ction t!'\:!fOUgl) enqinenring acti vi­

tics. Effect: ldcril n~rchasc of inputs of 
goods and services, not nrev,iotJs ly bought 
.locally.. · · · · 

(c) . t>)chnical support, find advice~ to producti V0. 

~nits; ~t1nulation to enter?rise for disag­
gregation. Effect:. faci li tab:! technology 
~bsorntion~ · 

r!:'inal '~;ffoct ~ i~1':'rovc,:nn,·p~ts' in the. i;npoi't;ation of technology. 

; ' ' i. '' . ' 

Policy;· 

. Legal devices 

; · L · 
'Organizational structure 

Opcrational mBchanisms 

E P F.E C T S 

Case 2. State res~(;lx.ch contracts 

Policy issue" lack! :Stf .,rose~rch and a~~velopment orient,Jd 
to''m.rds/ dr.;volopment problems. 
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.:.( 

Policy purpose;: 

Ldgal device~ 

(<:J) . ~ t 
:01.0!•.10 e socially useful. :;?,&i). in ,'3x.\sting 

.,~._,. . ... •' ·.'- . 
.. 3Cit';!J.1CC ·SVGte::'1., \ 

(b) rn:::orootc ,t!i.c expansion of '\.&D capu.ci ty 
(c)•solve s:qcg:i:,fic.nrc;>blenG 

(a) general la~wit~:)JOrms insti tutinr: a system 
of rstate. rosea~ci1 con~:racts 

·Organizational· •;tructure., . , 
(a) Department of I1.;ipistry 
(b) R&D office in a statG organization 

· (c) .. So~cia:J_ orry.3.nizat;i.on . (liko .. FIHEP, in Brazil) 
(d) tf1e structured proc.:~dure-:; ·for~ · ·' 

- getting contracts goi~g 
- controlling nrojcct's advance 
- evaluat!ng final r~sults of 9rojccts 

' J j • ' . "" 

Operational mGchanisms 
• ! ·(a} finition of topics for R&D and terms of 

r,::;fer8nce ! 
(b) s0lcctio~ of R&D contractors based on esta­

blishf!d priOtrities and using orocedures of 
",~rw organizational structurQ. 

(c) ustablishment of·. deadlines and budgets 
(d) R&D contracts 
(e} !"Criodic rcviov; and control of projects 
(f) final o'\raluation of results of projects 

Final effEjct; 'l'he proDuction of speci fie knovvlodge oriented 
to~:J(".rds the clarif:i9ation or the solution of 

·;Certain proble:ns Q t 

Structur·~ "of the Instrumcmt 

PoLley 

Organizational 
Struct.urcs 

Operational 
i!echanisms 
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Case 3. LinkagG science-industry~ analysis of the t•scrvicc 
of technical assistanc,:= to industrvr: · (Sl\TI) of th·.~ ~~.etallur­
gical Laboratory, AtomJ.c Energy _Commission of' Arge~tJ.na 

Policy issue~ li ttl::i use by indu~try of r ... aboratory ··s · capa-
bilities. 

Policy r.>urpose; to supply industry ~·rith R&D and technical 
services in arc;as in which the Laboratory is 
active. 

Legal device.~ agreement wi t:1 the !v1etallurgical Industry t~s­
sociation setting up Sl\TI, and-establishing its 
purposes and byla·4s . 

Organizational structura: s.?\.TI- and its technical. staff. 

Opefati'onal nechani.sms ~ 
(a) informa-tioN to industr_f 
(b) traitdng f.6r industrial personnel 
(c) ouhlications 

J, r• 

(d) visits to industry 
(e) organization· and executio_n of "technical as­

sistance, tec:1nicai scrvf6~s, !'and R&D through 
contracts ~ : i i" 

t ;, 

_Final effect< (a) a roorientation of the Laborntory 's S&T 
ncti,vi ti,es to\<Tards inclust:ty needs 

Policy 

. . Legal 
device 

Organiza­
tional 
Structure 

Operational 
mechanisms 

(b) the 'sup_piy of .:;ignificimt S&T inputs to 
industry . 

. -------: 
I t 
I I 

~---- .... .J 

' ' ,-----. 
I 
t 
I I , ___ ,.......,_..;.. 

L_j (organization's ovm policy) 

I 



- 31 -

3. 2. Inplici t scienc~; and technology policv and. its instruments 
. . . , ·... . · . . . .· ; . . .. ~VtiL~ 

r·Iany p,oli'Ci:es· and .decisions. at d·if;~rcnt l'iiliuis which 
ar~;.d~S:;i..grt@:i ~P.:)vro,9c}!~~~ €,(£ects .. ~n;~·· :var-i~~~s: :tl:a~ do not 

. be:long· ·to .the ·.group • of S&T funct~ons ·and act~ v1 tJ.es, May h.av~ 
unintended effects upon the .latter. None of these an: aimed 
at in the policy~or ·decision; a~..rarenes¥,, of them i3 dim at best, 
and the causal mechanisms through which they operate arc usually 
igpored •• 

It is per11aps useful to cons1dei .bm types of unintcned 
effects, according to •tlhethcr the effect is potential or 
whether it <\!Ctua.lly takes place.. ~J~ mqy call the first iJ'1'1.nli­
cations and ·t~1e s:.:.;cond as side effects.· Iraolicatioris refer to 
''/hat' may happen t..o set functions and activ,ities as a result 
of policies and decisions in other areas, and the testing of 
any nypqtheses about tt1.em (for in::;t;;mcc, a nm>1 law or policy) 
-v1ould require relying 'oh op;_nions a11:'d other non1..:factu~l evidGn 
ce. Honce any verification of hypothesps about ~mplications 
would be of the ~~wak kind .. Side e.tT:;c·ts r,~fcr 1:-.o i·That has 
actual,.l.~ h.appened,' .~o. -that ··act\i~l b~ha~iour may be studied, 
giving a strong vcri-ficat.;i.,on bci,se.d, on factual data. Of course 
it is not easy to dra•tv .<3.. 'Ti.ne b9tween both types of unintended 
ef.fects ,, . and in some''·C:~scs .:the st:,q.dy of .side effects ~"'lay rely 
·on. abundant emoiric.al ovidc·nce, while in others only bits and 
pieces may 1:>e found. · However 1 the c1istinction is· a ·useful 
one for the purpc.:;ses of t 1:te research in STPI. 

A \vide away o:(: polic~es'_.:r.J.ay .hav~· side effects and "implications 
, on S&T variables. .fi,;::; examp],.e, it is possible to mention: 

-High level policies: 
Articles or sections of "fundamontal 11 la\vs 1 industria.! 
promotion. lq.~·ls 1 general and SE?!qtorial development plans, 
international agreements (particularly in commercial natters), 
budgetary decisions at the national level, decisions about 
wages and social se~urity, etc. 

- LoW level. pol::.:cies anc1. de cis ions: 
Credit system, foreign exchange regulations, characteristics 
of investment decisions, foreign trade decisions (particular 
ly about import: permits and j_mport tar.i. ffs) 1 manipulati.on -
of operative controls for the rcgulatic::;,s of industry, etc; 
purchasins, decisions by State enterprises, purchas'inq de­
cisions by large 9rivate entcrnrises (in particular those 
of foreign ownership), and in general, decisions by Govern­
ment agencies with some autonomy in their behaviour that 
may strongly affect S&T functions and activities. 
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This. identification eay be ~1;;lned b~r using a c:wck'" 
list based on I.rmex 2 of the Jonl";s roport, wl.1ich is renro­
duceC:. here, noting that some of the i tcnr:; incln~::}d correspond 
to ucontextual factors" rather than to impl·ici t S&T oolicies. 

!\ st.udy of the effects on S&T of innlicit policies 
throug:-1 di v'~r'Je organi~a:tional structures ahd onerati ve con­
trolK r:-tay follmJ a sirni,lar ?attern than in the ca-;b of expli­
cit Sf.tcT policies :md instruMents. ':'he s(.:;quencc policy-legal 
device-organizational ::tructurc;-ooorational ~c;.chand .. sn may ~)C 
described in each case. D. si:::nilar classifica:tion·employing 
th.H six[ categories· of the pr~cc~din('r section· nay also be used 
for implicit S&T nolici•:.)S and side effects. 

The .::malysis of implicit nolicies in general lm'ls 
{on industrialization, on mining, on foreign invc,stmcnt, etc.) 
si1ould lead to uncc.wcring tho main irmlication.s. or. side effects 
for science and technology functions and activitieso The 
first step 'N'ould !.Je idc.mti fying those policies! oriented .to 
areas other than S&T ~.:rhicl1 could have nn important iMpact on 
them. lor this a certain understanding of· the ~·Jay the science 
and technology system functions in the nat1on is required, 
·~xamining .its :place in relation to the eceonomic, social, and 
educational systems.* 

Once the set of nolicies Hith ootontial effects on 
science and technology: f~nctions and activities has been id(m­
tified and ordered according to t.':lcir lik·Gly degree of influ~n­
c~:.: on S&T 1 · it is possible to proceed r,V'ith a detailed analysis 
of each. 1\lthough the forn and content of lar1s ~·Till vary a 
groat deal from country to country, it is oossible to ~uggest 
a general outline ·for exbracting the inplici t science and 
technology policies. 

'i'he first task •vould be to focus on the articles and 
clauses that can affect science and technology f·unctions in 
<E!nterprises, gov..::::rnmcht agencies, rescarch or~Janizations, uni­
vor,:;iti"tls, etc., dnscribihiJ ticir possible effoct. The second 
stage would be to put togeth<Jr th;o l:mplications -of different 
clauses and articles referring to a single issue~ or S&T func·­
tion, assessing th.cir effect by taking them as a t'ihole. These 

*This would !,)e t::w result of phase 1 of the research. 
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r:PLICIT SCIE!.:C:s r,y··•;~ICY - ryolicies indirectly affecti!1g 
scic~tific and ts~1noloqical 

,..acti:vitic.s. 
cr ~- ._, _I ', • ' ( •'_.' '.' I [ • 

~lot, Econo:mip. ,(,rrh\3.ri.ly dir.:;cte!d to t.~).C! functioning 0{ ·t.lw 
ocononic systan) · 

j ! _.: :·· 

\~· _;jfinar.1cc · { cre,~.;~_;t:,,-<.i,nt::rost r:atns) :, _ ., :•. 
·- fi;::;cal {t.a.;-~aL~r:m, ,•·Lchang::::. ratc'3,. c:;{Qh~t:.gc ·<2ontr;0l) 
.,.. ux,tcrnal <-rac..L:. (tariff and non-tariff .1-)ar::ric~rs) , r . 
·- internal t_ra(i:.) (.pric·.;~;;, ,, •r:-ta.rkcJting,. ;gov:::_rnmont nro.c:::urr3men t) 
.~- wagGs anci. la.-;.Jo:tr GOI'1f>.\~D,ff-a.tio'1 ;;olicies . 
- · foroign Lrnr~;.,;.t~:-.':.m,~,: cpmpenc;ation, anq. nati.on3.lis.atiqn 
- •3CO~OFtiC dc·v::: lopr:1.:.:;::<1tt -c:'IO.:J.ic:i..•-::,'3 
- specific indL~trial policies 
- specific agrL:·.l).;'+.:l,:J.rc..l, poliaic)s. 
- legal rand g0~1:3rc,;.l. instrurents ( ·'· :. 
- polici~s 'to'tl.a:rd3 r8gionaJ., d\:!V<~lQpi"\ent. 

·-·;r·,: f'r 

:· ··.': ..... ·:o(~u.cati~~Jnal s-~/St~.m . .-~<~:it .. ,er.acy,. .:pr.i:m~ry ,. s.oco;nd.ary, voca--
., · tjoonql r · ,.J"I::'C .• , ·~:<;lucatio:Q.).. · .. ·: ·. " . . . 

.... · ~1ig~wr · eduoatiol:li '5'0licies ' (~nivep;J{~.tos J'; ,trai:t).ing j_ns-
ti tutcs 1 nanas-~ncmt training, ")Ost-d0otoral trai.ning) 

·- fellowship nolicics 
-, industrial :trai:n~ng and rrotraining, JcJchni.cian traininq 
~-: policios for :thO· u~~c of :•f.;;xrcign nan:?9\:78r 
- policies tov;r:<]rds. c~ig.J:::u.t.:j,.cm 0f Drofc?sional::> 
- policir.)s tw.c:;rds · r:Jn~t;r;.iat:ion of 3kill ;d nanpo'IAJ~r 

·- 'polici3S :ttel.'lt-:..::d:}:.o n0:.;:~ilitv of aualif.icd. p.::::rscnnel 
-, poli~i(!'!S fo:ji· tl.·H;; ,flrOl'iOtion of h\:6{ln r~;.}OU:Jj:'Ces: J· \ 
.,.. · s·alary st.:ructurQ ;anCl rr.··?('lt:ds,. noPiliJ~~L! 

c. Cultural 
. ·-:· 

•• ' 1', :. 1.• 

-,~ rnechanisr:> tE? "lOd,.;i. fy t;~1-g ·, g~m :::r;al va.1~-~ ~trqctur:-)s, 
oJJ,at;.titudcs; nGr;::ls, ctc.,;in,cluqing t:·v.~ nosition qf 'vorrtcn 
,,,::;: pQli Ci~c'l!S t.Q"..;ra.:r.•-:;_3 .n.odc) rni f~ a ti.OI?- -, i:lnC~ t:J c~mologi cal c::1ange 
- !{ populariiJation, of 3ci~nr;g. :pnc1. "l!.r.~chnology ; _., :. , : 

·- -policL~:3 t<:iYiUtrds r.:odi fyinq t~,-.<:i! structun~: .pf sta:t;.us aad 
,: J?r,.:::s !:i:!:J'~ 'o'tlo.r3.inc; procecj.ur<::s :1 n-::chani 7iffif3 ,. ·.3:tc. , 1 

d. Physico~ecol?gj._£ 
" ;'.' ; . ' :. 1 . 

- .,oli cies for t~1:~ ~~~xploi tat ion "lnc1. ~r·-:;scJrvation c:.f 
natural resourcGs 

~ policies towarrls '.mvironme:'lt control, pollution 

e. Denographic an~ social 

health carG 
- nortality rates 

population control 

- incom2 nnlicies, distribution o 
Of inCDJ:rK) 
policios to~rlarcb incn;asing 
r·wcial r~obility 



uob:mtial <Jffccts or imnlications can th<.Jn be put together 
. across a Singh; !rJ;_., or SCV0ral of 'them, and .also .aC'rdss va­
rious S&T~ functions and activitic;s to identify the overall 
implicit 'oolicy. · 

1·fuen oxanining the i:mnlict t policies contain~:;d in g'~­
neral lat>'ls'' (0':10 of three situation:::> f'.fl.Y arise v7ith rc;gards to 
th-:; conh:ht' of t:K iffir\licit po'licv 1lncovGred. 

f • . • 

(a) 

(b) 

•rhe implications of the policy aro so· obvious and 
clearly dof:Lned t~u:~.t a conclusion r::e.y be arrived at 
as a result of _the analysis. 

The 'implica·:::i'dns of the nolH.::v for S&T functions and 
acti vi tics are not so cl2~ar and obvious, and t.hcir 
defini tc impact ''Jill deDr::nd on reactions of tho enter­
prise, govc~rnmcrit ag:incios ; · research institutes , etc. 
'.rhe spaci c and ·actu<il content of implioi t oolicy '.;rill 
have to bd dete'rroincd throuqh <~mnirical · itrial vses, and 
the maximum that can be don~J is to formulat::.· hvpotheses 
·on. the ::::ffrc;ct 'of th18 lhvl b?irig analyzod. 

·fc)' T~1c! law· lo.=tds 'to t:ie idt3ntific;:i"tfon l')f one or more ins~ 
''''tan. des of ifl tdrventiorl · bv rrovmi:nment aqeneiGs, and t'-1.:.: 

conten·t of implicit policy· 11 depend on the ~,;a}' deci­
sions are madG by govl;n1.rnont offi"'CL1.ls. To uncover the 

··implicit con-t.erit of S&T policy( an analysis of such de­
ci~ions is in·order. 

· J:·!ote · t:1at are, talkl.n<J .about "inr>llcations '~, although 
it is clear that if· ::;Mnirical' data ·,;,Jre available to corroborate 
the stat:c'!mcnts sp.:.;lled out in th<~ ir:rr:,licit policy, v.rc would ro-

. f;~r to tl·HStn as s:(:cle effects, 

I:•. similar nroc.~dure could be follow;.;(! ''Ji th rcgarrls to 
dcvelonmcnt nlans: 'In t 1:lis case 'it wouldibc possible to make 
a direct comparison bc:t'~.'leen implicit and exnlici t nolicies 
arising out of: a 'lingle docuncmt. . }i. plan, generally contains 
objecti vcs, policic:s an.d stru.tegi~s sp::llc:d out clearly, such 
as in 'the case of rJcmeral devclo!Jlment nlt:1ns, ino.ustrial dt.3vG­
lopmcnt r;>lan.s, mc1npowe.r plans, etc. The procedure in t~is case 
could be as . .follot·Ts; 

(a) :Su:m:lnarizc the plain objecti vGs, pol,icics, and st:+ategy 
elements pf t.he plan, 0xam;i.ning e.ach of t.:1e:m 'v.ith rt?­
gards to their iml?act on S&'l, functions and act.i,vi ti0s. 
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'Deduce 1'17lw.t. ·~:ou1d .S~ required in torr:1s of sciel1Ce and 
technology functions ; an:ci .actlvi ties i..n. ord6r t.6 be 
abl-:.l to {ullfil thti ol)jec'tives statc·d~ to qorn!JlY :~·.lith 
t:tte policie3, or to follmv the strategy.· •rl'tis 'would 
.le~d to an .. ,t(}cnt::,\.ficat~on of tho ?rc-roquisi tes, from 
tlJ~ point o:f. vic>.;;. of sc'i·-~nco and . chnolog:y ~ tha.t arc 
nacassary to car:ry .'out thG ·t;>:lan" 'l'he yJJ:}Qlq s.et o~ 
pre-requi:d.tes 'rlOtlld com::titutc tile inpi.tCit'··s&T policy 

,}::ontainGd i.,n tho.nlan" 
. . '.-' ~ ' ) . ' ' ' ' ! .\ ' . 

Summarize tll;i''c6n;potH;:nts of. ttl~ .Pl~~l · fcfting expli= 
ci·tly t.o ·>cicnce' anu techno1orry I ntittinry t!1CM .in torms 
of the f:i&'l.' funqtiqns and activi tie.~, d~fin(3c1 tn: the 

. l;'C Se 2.J;',Ch .•... ,·. 

{d.} Comp,ar.~ tho J,mplfcit and' e::::plicit: compon~nts of f:&T 
poLicy. in 'the. plan, c;xarr\ininq 'vhether they are coherc=mt 
and there a corrr.-:;spond~ncr;; bebmen. the t•1o. 

]':, plq,n .py. defini'tion'· con:3iSt:J. of statOf:1GlltS ::\bout 
•,qhat is to be don·~, and 'thc:re:forc., unless ~Te are :l.n a proc<:Jss 
of assessing past pc:~rformanc;:; in. comparison t'l'j.. th ~l~nned ob­
jecti vc~ I e it is on1y, ,?oBsibl-.; to' d.~ri ~~~ i:pplicati9nS ~' and not 
sido e.ffccts, from shch an analy'sis. · · · ' 

... 
. ·, If the study of imr'Li.cit ':)Olici .. !S '·"?re focusin•J on 

speeches, white D3.p'::rs ,, specific l>;;gal regulations, or ot!1er 
sources of implicit policies, a differ<.:mt· treatment \"<lc)uld Ge 
required. 'Fhesc t.'lllO cas0s r:a.y :oreyide an orientation of the 

. r~earch pr·oc,3dur(;;s that nav, pe f(Jllm>led . 
. (J'. 

'I':te l1ncovcri~g of i~plicit nolicies v:hich sign1fl.cantly 
affect 8&'1' functions and acti vib.os t•rould also lead to icl·mti·· 
f¥ing th1~ poliqy ;:i,nstrumcmts acsocia.tcd to them ·qhich could 
i:;le used·~·- ind.irc.ct instru!n,~nts' to :Lmplmncnt S&T nolicies. 

3~3. Coritextual 'F~ctors 

.rllhosc ctrd, as:pccts of· .t!1e·_ socie-ta:l·- sy~tcm ·thnt .. capnot 
be c .. 1ang~;;;:d in ths short ·:run, as opposed to policies .whic'i1 in 
principle may be rapidly r:'loclified. rh3 suqqc.st, as an opera­
tional line of de~arcation, t~at if a c~rtain characteristic 
may not be changed signifieant.ly durinq t11~ peri,od .Qf a pla::·1, 
say· four or five years, it should be. ·considered as a contextual 
facto'r. I . ! .· 

'rhe contmci.·.ual factors that interest us are those that 
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a priori ar>poar t·~; have aone effects on scientific n.nd tech­
nological functions and activities, eithc;r directly, or indi­
rectly through t:hcir influence on th;; orqani2:.ati<;.mnl struc·-

,. ture' .to i:lolcmen t POlicies. r.:..'he eff:~cts. can take the shape 
·'C>f con·straints; and. limitations to v~hat an explicit scientific 
and technological ?Olicy nay attenr,t to do or achi~ve 1 or 
they may ir:tply· drav1badcs and obstacles to the way the organj.­

. zational struct.u::~::s fu.::tction,. thus having an .tnflucncc= on th·3 
effectivoness o£' instruments. 

· .~>iany cor:.:t2z:tual factors carry a nc~r;;;~.tive connotation 
t-1hich is typical· of' underd0velonr1<:~nt, ::me!. one of thQ airls of 
:a. development oroc.;;;':;s is to c~·1ange the111 in the lqng run. For 
exam?le, •it is possible to point out tl10 l{lck of· pressures to 
·perform S&T functJ.ons and activities in undcn;dovcloped countries 
as one of· tile chRractcristics· of th(.;. S&T systeM arising out of 
contextual cohdi t~.on;;:. 

-
In most un-1erdevelcmed countries· th:3 '2xisti.ng .. econo-

mic structur::!! creates ttl8 or .no pressures .tor· t})~ aoplica-
tioil. of acientific kno11:lcdgt~ c-.nd improved te9hno~ogy. .. Under 

·. these CirCUffiGtanccs the SCOpe, ill .practiCG 1 for exp1.0i ting 
modern science ani' t·3Cl'lnology is severely restricted. T!'1R 
limited: grmvth of ··::iGnes· observaJ:; le · ip ;(thesq countries must 
:be considered· as stemning from a lack or .iAfldoquacy, of any 
social pressures or d<~mands. for science ~nd:, t.c.!chnology, Nhich 

· inust in turn· be dj_rectly. n~latcd to the SQC;ii:'!.l .. struotures and 
the organization· of t.he economy. The ·full: po:tent.ia,.l for in­
cruased product-ion and irn:oroved productivity ~,.lhich. technolo­
gical change allov1S can bo oronerly exl1loi ted only in the con­
text of structural changes in the economy.· In other ~vords, 
the possibilities of a-Y)plyinq sci~~nce and ne~,, technologic3S 
are contingent uno:1 .the scone. and efficiency~ of general devi3-
loprncmt policimr, signi cantly changinr] unfa_vourablc social 
and economic stn1cturcs" 'l'h2 d::!r·'~a.nd for scientific knov1ledge 
and improved te::c~mology ~..;hould emc~rge as a conscqu,mc•~ of the 
overall dcvE~lopment :Jrograr'1me .. 

In t_;rrrt:-, oE th(} t\'lo D1ain productio'1 sectors, agric<ll­
turc .;md industry . this cntn.i_ls changes in thc.::ir intersecto-
rial relations, <"l.nd cha.n in the orsaniz(.ltion of production 
within each scct.·.Jr. 1\grioalt.ural product±;on needs to move 
f:~rom scmi .. ·s:.lbsi:.:;t:ncu to a: flclxiblc, increasingly S!)ecialized 
organ1.zation, ~1i ~:h inc.pJasod land yield~::; cmd .. labour producti­
vity,· able to meet the Nidening nutritional ngar,ls of a gro~:11ing 
-ur!:ian as -r.v.e 11 as i::.h<~ rural population, t.o nrovid(;; raw mate­
rials for industry, to !)rovi-de employment opportunities 1 and 



- 110 -

to offer an increased• export contr.Jbution. · In, in41.lstry, ex­
pansion ffiUS't be ~.CCOffiPanied by producti VO emp:loymept and 

· grm11ing incorr.1cn; r' • t-:·i th the ahi li ty to; compete in internatio­
. rial markets so a;..; to allovJ incrc~a~.>ing m·:ternal trade while 
al3o supplyin,-r dor::;c:stic dc~mand. 

,···.; "Industrit3S i-.n, t1.,n.d·::;rdev!~lo!)cc1 cour1tri-es h~.ve· -·,_40v;clopcd. 
·largely behind p:.:'·:>t.<:;cti vc }Jarric~rs :in market:Y of ·lir"''ited size. 
'l'his has resulted .tnevitably in small scal\ii; plq.ntsJ:>Tith vary­
ing degrees of cost ine:fficL'ncies. r·ri thin this d(:welopment 
frame; tecl.lnical ,::.:tjustments in the Droduct mi){ or nroduction 

· technfqu0s are of limited advantage, Iri the abst;)nce, ·of com­
peti tiori, there ?.rc~ no conunercial incentives to reduce: p:r:-oduc­

'tfon costs or inorove· consum-}rs oroducts.. Import substitution 
···is oftien justifi(::u e.s e:. means to· reJucc foreign· deoendcnce, 

incraase · ·employm::mt, bc:.lance: .indust!,ty a~d agri.cul tur.e, and to 
strengthcm balano:: of payments. But· indiscriminate· ~nd c:;x­
cessi ve irnport substitution and protectionist policies can 

···result in ~,,..asted n:'lSoury:;ces and ca11 have other highly detri-
. mental. technological sid0 effects. Tec'1.nolog1cal imporvements 
cannot' be 'expected ~tithout a rational indust:tial ·?olicy fra:-n.c. 

, f.:..· number of· C;"iaractu<Jristics of the existing.· economic 
system in Latin lunerh::an. countries I and their industri.al sec-

' tor ~n particular, \vl:ich are largely a result of. tpe histori­
cal process of economic dr:;Velopment and industrali.zation, and 
~1ave · irtolications for science, c.nd technology·, cap.; also be iden-
tified. as contexh:;.al factmrs. , 'I'hese are: •. " 

,·• 
~ TedhnologicaL·dualis~ 
~ Excess capacity in r.tany s~ctors of. industrial activity 

Defbrmec:. 'l?rice formation rnechanisns· 
.;. 'P'.rr.;:domir:ance of foreign investMent in certain sectors 

• of •.ecohoni c e.ctivi ty· 
- Conservatism ,;ind lad;: of innovation .in loe.al entrepre­

~ ·, neuri-al groups 
- :Ugh unenpl,"'~y:r'lent 

Large inoqt:.al:i.ties in income distribution 
... 

'J.'hese characteristicf3 may be taken, to be sismificant 
ccntextuai factors that' li'mi t and condition the effect. of 
explicit S&'I pol:i cy and :instruments" >iany wore cont:extual 
factors of an ecor~omic 'nature may be add,~d to .such a list, 
for instance 1 size of th<3 national economy, dcnnendence, on a 
few CX;:)Ort items, unavailability of a • . .;ide range of qfficient 
technologica.l alternatives, chronic inflation, large ,rAliance 
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on :ifor0ign technology 1 land t~nuro na.tterns, small size of 
many enterpri3cs, oligo;:>olistic and monoqolistic $tructurcs, 
unfavoura~)h~ salarv structures and characteristics of la­
bour lcgisla.tion, dcfic.i.ont col.".munications and .;Wz.ri<}alion, 
etc o' i ~ ftJA./'11111 o/J 

Other :ceh.want cont·31:::·t-.ual factors may be briefly men-
tioncd~ 

,.. Cultural~. ha.bits of c1lt.ural dependence; ties of scientists 
to the int;e:cnatioaal !1Dhlork of scicr:tc;~ 1 unfavourable~ value 
structhrcs 1 .atti t.udes, ;:norms,: •;tc. , $UCI1 as disdain for 
manual la]:}.Qt:~r, hw.manist.:tc a:1d anti~·scientific _traditions, 

. attitudes t.O\>lar,Js \'7 C':'~.::n' S . lab(')Ul; 1. structure of status a:td 
pre:stigc, ete. 

. . ' . 

·- Social and. demographic: low eduCational lcvols, _internal 
anc:l external b::ain drain, deficiencies_ ,in the educational 
system, poor labour mobility, unavailability of skilled 
manpoHer, 9oor ~.cal,th, ovc;:rnormlation, strong :.ural·--urban 
migration, structural·unemployP'lent and·undercm-olbyment 1 etc . 

. .;. , Political and i_ncti tut:ionnl: n::-:tiono.l dmr0.lon:ncnt object.i·­
, ves not '1ell defined; unal!Jarcnoss of the potential role of 
. scihnc8. a11d technoloqy in eteveiopment, habl:tual· lack of 
'poordfnation be":ween policies emanatinq from various first 

! ~- and Second - level Sources 'f heavy' anft slON decision r.1aking 
'procedures,; excessive n~d-t6.nc; slo~v and co:rn:plex c·ontrol of 

... e_xpendi tures; ::::orruption; poor control· of the i!nplementa-
.; tion of· Go7ernm~~nt policies a.nd dc,cisionE.; fossilized ins-
' titut'ions :::.nd i:~echa~1isms tha.t subsist ~·1cll after they stop 

, .. being useful; '-tt:~:':ficiehcy of public administra.t'ion, etc. 

- Geogr~phica)-, physical, and ocological~ lack of certain 
natural resourcc:r::; poor tr-3.nsoort and com.municll.tions vli thin 
and ~,,7i thout -:.he couiltry; c2cological · t)roblefi1s; climatic 
factors, (;;tc 0 

.. Contuxtu/:::L fac -:ors P.akc; up l:Jhat :may be called the 
''~11vironr1en-;:' fo:l':' ~3cicncc anc technology in ·the country. 
Some of btem ma)r -.:Je taken t.o be "in~;ariants", in t!1e sense 
th:at _they cannot 3vdr bo chang-ed, or cannot be changed signi-
f "c· ""n.tly· ;n· ·a •re · 1-,...,-,q' ·n·..,ri o· ...::~ -·- ·"or inotanc·· "' ""'1· ze of= the '' ..... ~~ - ...L. . . :'J' "'.,"J. __ __ .. \ .... --_ '--~. ..L .• _..J.._..._, l:;;!, :':). -· • 

. ·country, lack oi: n c:itrc-al resourcc~s, clin'!.'1te, hiqh · dcmogranhic 
gro~··!th, certain cn:-.t1.J.ra.l patterns -·· and thus signify ·_:perma­
n,eht, or quasi-permanent, r~:::;trictions to ~'lha.t an expl'ici t 
S&T_ policy may db.. Others· r.1c.y be changed gradually in the 



·course of rn.a.ny ·y . .::,-,).·3 (Japan) or ctuickly ·on account of a r;;­
volutionary uphea.,.·al (China) . 

'~h'"' point to be made in the research is that ·each 
country tean Fl.ust identify and ;:>oint out clearly ',·lhich con­
textual. factor.3 arc· of r<=:!levance to the fo:::· ... nul.ation and 
irr'rolemcntatiO:L of · &'J..' oolicL:~s. 

The negative influ2ncc of many contextual factors on 
wnat an ex~licit S&~ pblicy hay achieve has induced some 
authors to believe -'.:hat a nroner regulation, control and uti­
lization of sciencr:" and· tc:;chnology to further d8veldpment 
objectives is n"ot faasiblG unless vast structural changes 
are effected in the first olace. · It is to :Jc: ;,wpcd that the 
STPI project vTill tl"trm: light on this issue, and shm1 'vhcther 
science and techno] ogy policy and its instrurn.r::;nts ha.ve a sig··· 
nificant place ir .. c:1anc;ing underdeveloped societies, through 
gradual and cumulative action. 

'!'here are in p~inciple ttr;o 9-P:oroaches for t~1~ study 
of our subject matter. One \vould be to start from policic~s 
•tracing do\•llf its effects - the~ "to~)-d0'4n a approach -,.and 
the other to start from the effects tracing back thb ·sources 
of influence behind i~ - the 11 bottoJr:-up•: approach. Both 
approaches are cor".ple:m(mtary. The first is useful for exanin­
ing the effects of existing or inb:mdod policies .(legislation, 
developncnt plane 1 and practices of govcrnr:K-mt agencies) , and 
if a screening of key policies (explicit an4 implicit} is done 

·for a particula::- branch, or even for the Nholc industrial 
sector, a c• resul t:mt" policy may be derived. This resultant 

. policy t•louJ,.;l cxprc~ss the conbinGd effects of th.e key policies 
·.on S&T variables,. acting through the existing institution-"'1 
setting and within the constraints imposed by.the relevant 
contextual fctctors, 

The secon'l approach seeks to. apswcr more specific 
qu,:!sb-ions .about t-.h0 s.m1rces of influ(~ncc acting on a single 

· •·• '·
1·issue ;: 1 "vari.o.ble", or "problem. area" of S&'l' funF~ions and 

· activi.ties. For -::i.nstanc8 .• t·Je ?lay be interested i,n, '·lhy state 
enterprises in t.h<~ meta.llurqical indust.ries buy -t1-leir cani t.al 
equipMent predomin~mtly from foreign SOUrces; .. Or \'.Thy the 
whole of the modern indus·trial sector ·tends. to usc· capital 
int~nsive technologies,. The bottom.,-.un aPProach vmuld- 1-:~ad to 
identifying ;:he influences., both externai- (noiicit2s, inr3tru­
ments, and context) and internal (technical canacity, infor-
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nation availabl\3 i d:c::cision patterns, influence of decisions 
that do not j.>trictly refer to S&T matters) t.o the nroductive 

, 1,1ni t tvhich prove ~:p be siqnificant. This knowledge v~ould 
'-oe: df use to improve the· situ.?..timi by modifying .. ~xisting po­
licies 1 introducing nm'>l' j:)OliCi8S.f • rer:-t.OVilig CQfi.Straint:S:~ ge-
nerating nev1 i.nstruments, and so on. Such an analysis '-'lill 
also give a good icL::a a:.)out the degree of con'gruence of the 
various poliC}:' in3tr:u;:nents and decisions whibh einanat·e from 
diff.:::rcmt sources 1 what ~-re lvr1o calleCI. the "function-oriented" 
cluster of ir::;trm1:mts 1 and hence about the "resulting effect" 
this cluster has ox: the variaJ.Jl'~ under study. 

·~Jc have x;c;fe:J.:rod above , i.n our exam!)les , to the 
'"demand side . of, Sq'i' I :.:, • e. I 'V'h?lt 'tak(:)S. Place in nroductive 
units; ·but simiJ.ur ~examples may bq. gi vc~n in. p~garcl ,to 'urli ts 
in the supp;Ly sid::~ and tho- linkage area. . .. 

In order :to ·avoid spr:\ading c;fforto too thinly, the 
;repearc11 tea~ should fo.cus .on a fcvl important polir,;ie,s .and 
-their inf):tru.T\len,ts and on a fvw issued ,n;latcd to S&T- func­
tions and. activities. To a certain extent thi~ :Qq.s bogun 
through the . ch,oi;Ge of a few branches o,f industry in e~ch 
country·,. put :it may be necessary t.o ~estrict tho domain of 
inquiry even.fu:rther. 

']Jlle s~~q,:uP.nG~:;! of research unc1c;r ei thcr of the two 
approach~s wo·1ld l;le:~ (a) identification of ··.)resumed. causc-to­
.ef;fect links.;: : {b} formulation of hypotheses about. the effect 
(~ign and magnit~; ) of policy variables (explicit O!i ,impli­
cit) on dep(mdent.· S&T variables, as ,.,ell as hypothese;, .about 
the effect-iv~me,ss of ·~~xplici t S ~1T policy instrumGnt?, and 
(c) verit'ication { "v1eaJ{n or r.stron<J", as the case may ,.be) of 
such hypotheses. 

In some cases it may be t.mough to consider the inter­
actions betwe:·::m source::-: of influence and S&T variables, 
without intrcduc-i.ng' into the nnalysis the internal charactc-
.ristics of the decission urii t (productiv~. unit r ,unit in 
supply of technology f unit in t.he linkage area) ·'!t1hose '1output" 
is being studied. . This i·s tant('lmOunt to considering the 
unit as a "bL1ck bb;;;; which. receives an input -.~ the policy 
acting through an instrumrant within the constraints of the 
relevant context:1al. factors -- ar.d produces an output, nanely 
the variation in thn sign and·magnitude of the S&T variable 
under study~ 
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'l'his ··aay. brc a u~::~eful simplification \'?hen the resear­
ohol:' is interasted in ·the :1ggregatc~ effect of the policy va­
riab.lp. on many decision units t·akcn together, . and these units 
'aro not too large aad haver similar characteristics, so· that 
a certain deg:r:ae of l1caogenei ty may be assumrid. · 

. , . HoWe'-:e,r·, ~·f.1en dealing with '-·large units \'!hose particu-
lar behaviour· is of.· special int:erost, or t.'/hich are in a mono­

. polistic or pr'econinant situation i:ri their branch ·or sector 
. (such as a ·large State ·enterprjse in the oil and petrochemi­
cal field or an 'acrricu1tural rese.::i'rch institute that· han.dles 

··a large share of i:-esearch in the agricultural· sector)· i"tt may 
be useful to look e.lso into what hapnens inside the unit 
when it makes decisions related to the "output 11 in which 
we arc irtterestec:. · This requires an understanding of the 

·."internal it chaiac·te.risfics that, together with the· "ex:.ternal '1 

influence· of the policy variable (s) , may allow for a betb::'ir 
explanation of t1lc effect on the S&T function;:; and activities 
u.~der study. Hence th'e· "blac:< bo:;'" should be opened as much 
.tis necessary for t:.he formulation of be·ttcr, more pd,llerful 
hypotheses: · 

Policy· ··' · Instrument ..... · 
:· -:--- . ._..,.., i ,, 

Contex-r:.ual 
··Factors 

rartially opened 
Black l:lox · 'OUTPUT 

In:t2rnal. Charac·- ~ -r;:ffe. c· ·t · .i: '9Y • , 1 
,r .t:. O.t,· var~an e teristi.cs 

Decision Unit 



: · In tJ.~e ·casK~ of a nroductive unit, the' internal cha­
ract;nristics i.n \i:lhicti we arc interested are those aspects 
of· .. ,its "hard•.lfa.re" ~phy3ica2. and lnlrnan :resou!"ces and their 
,organization) ·c:.nc1 H-sofh.rare 1.

1 (procedures; m~~thodologies v •. 

;de cis ion·- rules 1 n·oti vat ions behind( these) tt:at seem .. to be 
-.~specially ·relGv&nt bo 'ho·~,: the unit rr..akes th.:: ·s~t of tochno-
lo~i<:::al clec±s..2.ons that ·constitute l~hat. ~-1e :nay call its 
"technolog:~ca:i. beh :1\y~·.orc'. VievJGd in this light F the effects 
d£ ,!.policy ·var:~ili~l~E" on .. tho u:ni t 1 s S&T variables· {the' ''6utputs" 
i::ri the'"'bove graph)·.may tak~iYto be as equi1Valent to the 
effects cf pol! cy ••;:;.ria'l:l3S on sel,.zcted aspects··of the unit's 
technolo'}ical bc~h<:~vior, acting t.:1rough the relevant "internal 
characteristics·:. '.a.'ue main advan:tage of this opfJning Of the 
black box •.is . .'that· j_ t. may sri ve ~:he .. r'esearchers ·.a better idea 
about· 'i'Jh.toh c iL":ernai characterir~tics ·to modify, through 
other policie~-: ~ .in orcler to perrr.i t e}:isting or proposed S&T 
explicit poli::y to obtain t~10 .desired effects • 

. !i par.3.llel tn:atment to what. vle have suggested in 
the case of prodiJ.cti Vt;.~ '.mi ts may be applied to units in the 
supply side and in i:he linkage area; those large units that 
dominate a sector 6:..: brancn·:,vould need ·an analysis of the 
.interna:.'.. c::1aract~ristics that:. condition their .vrtechrtological 

·\' .O::behavi .. orn. ·' · 
·,. "t 

·, Hence, there is a; s·trong case for the study of tech­
nological b'~:d:tavior 7.n :the principal types· of units )of eae.h 
groupingJ ,,Due to t:.1e emphasis of STPI on the in0ustrial sec­
tor, a.'ld 'in 'vie~i of the conditions that :obta.Dn in most off the 

: participatJ!:ng countries, it vmnld· seem appropri-ate that ·S1.1ch 
studies shduld concerttrate: 

in the case 'Jf the productive sector, in large state enter­
prises 1 on (.ccount. --·of , their actual or ootfmt:ial role in 
some of t.he ::>r-~.~Kipal p:coducti ve branches: 

·· in th..:J casE' of thrC> srnply 3ide, in largo industrial research 
insti tutior::.s 1 

in the cas 3 nf ti1.C:! linkage a:r-ea v in large engineering 
consulting a:t)d c:l'3s".gn rms 0 

These studies of technological behavior could also 
be an importar.t i!1::.nt for:- some of tho caso studies to be 
undertaken b~r t:w (::ou;:1try projec1: teams. 



·. 1;\nothor i;Mportant areq, £<;>.I' .;speci fie research vli thin 
S'l'PI is that referre<J, •to c.::rtain r:COTI)plex organi,zational struc~ 
tur~s~,: or insti;tutions v that a,re entrusted vlith the e:X~.cution 
of many ·qxpl~git 3&'.f policies ·by means of diverse qpe.rational 
mechwisr:ts. .'l!b~iotY ctlso behave frequently as pc>licy-makers ·at 
?t.;tower level .. Thcy,meri,t a careful description anQ. analysis 
qua organizati-onal strl,lcturr.;;s. .Ari.tong the:r1 v1q may. mE?nt:~on: 

.. 
(a) ~O:fifis:;es in . .,;arious Ilinistrios .in charg<; of forMulating 

. teci1ne>lqgi.cal policies, and of controlling thefr im-
;: :plementation. , 

(b) ·tOrganizat.:ions in C!large of formulating science. policies 
(in: th.;; .st:.c:ict. sons•~) and controllinq their irnnlementa­

. tion, ,suph. as. Science Councils, Resea (Ch Councils.; ·etc. 

(c) Tho net:~4ork of organizations in charge o.f promoting 
and executing scir:::ntific and tGchnological activities, 

,inclpding. University laboratOJ;ios,. research institutes, 
\3tC:.; , 

Finall v ,· thore are certain activities tpat are 
carried out v1itt the pari;ictpation o't ;.· t<lide array, 6j: p;~rsons 
and institutions fox: thE. purpose of defining policy 6qjectives, 
policy in.strum:;nts and programmGs of action. Noteworthy among 
them is th.e activity of p,reparing scientific and technological 
plans at the r.ation.al, s~ctoral, or .regional levels. Such ac­
_tiv:ity is wort,hy .oi study on acpount of its actual or ,Poten­
tial, importance f9r- the whole s.ubject mattgr of STPI. ~~is 

·. suggcsJ:.s ttvo, typE;s of studies~ (a) normative studies on ·t.he 
methodology of, and t.he organization for, scientific and·. 
technological planning in less developed countries, and · 
(b) ef1}pirical analyses of. tl)e sc:1-er:tcc and t~chnology planning 

px:-oc(i;;Ss in th? countries that parti·cipi"l.t~ .in STPI. 
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III .. :.. The· rosearch nhases of the STPI project. 

It is hoDed thnt -tl:F.:; noints contnined in this mcthodolo<Tical 
.. Ol:l~:Jlir..,e ~ill be c0•7er~d by ec.Ch country· tean, in order to 
a~s~rc maxJmum. comparability o'f results. · Thu:s, the present 
outlir,e represe,lt's ·the. COMnOn rG3earch effort 1 though naturally 
differe~1t tcarn.s mc..y 1·:ant to exnlore other ib:'!ms not specified 
hero. 

It has been aa~oed that snacial emphasis •Jill be ~ut into the 
study of sciei..,~e a.;,-.id ::.cchrwlogy po1.icy instruments in certain 
branches of ir J.uGt~_·v . in o~:der to concentrate research efforts. 
The list of b1. a.ncl;lU::- -chosen hy th0 different countrir-'s is 
attached. It has ~lso been a~reed that case studies ar8 to 
be made o:: ce:L·L,in ).nsti tutions ancl. instruments of nc.rticular 
interest (see atta·~t~:.:d list) 0 •. To maximize the outp~t of 
res.;a:::-:ch efforts, i·': is recorru-:-,cnc:led that, '17henever Dossible, 
case s J.::udic,s ::;:·.::>t:l<1 . ?e fc .: to the s..:~ctors chosen for study. 

Phase L B:ick']rouY1' ,. 
-. ---- -----·~_...__.,__ .!' 

(a) Jl.. description o'!:. the country's socio-economic systf~m. 
Its evolution :i :1 t.he past i :i_ ts ·trends. Descri.ption of the 
ecohomic a~d strustur~~ 3spects ot:ihe industrial scctbrs chosen, 
\<Ti th eMphasis on tc}clm61oqical aspects. 

(b) l ... des(;ri.p·tion and diagnosis of. the country's scicmtific and 
t,echnolb·gic:tl, sysC.citt, and its relations wi.th socio-econoMic 
devc!lopine~1:t objGcti ves, evolution in the past' trGnds. Parti­
cular ern.pha.::;is should be put in t:1at pr.trt y111hich is of relevance 
to the zc::,_~t:or~-,; chc28r:. 

'l'he outnut of thL: nha3e ,,.,ill generate the csscmtial backqround 
inforr··,ation t'o orient th(• '<Tork in the later phasos and to in-

. terpn:t. c:.nd asse:-,ss ~he rc~sults vTi th a view to comparison between 
countries. 

PhasQ 2 I~naly .::is ·:)f ins-truments ~ ide:"lti fica·:.::ion of effects 
arid :fonmilat:icn of l•ypot:hcses. 

This phase will i~antify the rn~i~ sources of influence that 
aff~ct' S:&T functiar:"J and acti vJ ties, focusing on the most impor­
tar.t fo:.:- d.:)tailc~d ;:.t.lc1y, and t?xnn.ininq tho Main tynes of effects 
t[ley p::ocluce. qn !Jc~.e.1.ce and techp.ologv functions nnrJ. activities 
(the depenc:en+.. ·-ar:·_;::-.hies}. I'hcr~~ t.lill also be an anaTys'is of 
the organizational ~;tru~t.ures t!1at filter, transrni t and mediate 
·the sources 'df inf]_n-:)nC(. over the s&T functions and activities. 
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To study the effect of tn.e throe types of influ·~mc8s th>J 
follm.ring <Jequ..:ncQ is suggcsb:"d. · · 

1. Identify .the pr:l:n'c:ipal itc;nts policics-instrum8nts und~~r 
each of: th.e thrc"q headingf.l· that r.1ny be cxpoctcu a priori 
to p+pQ.uce s:·cgnificant (~ffcct.s on science and technology 
functions. ::~nd a.ct_ivitics .--

L 

-3' •. Fon-;;n.l.late hyp ::>theses ... about tho eff,.:cts" ''This should be 
<lone 3.t t..;.:vc le·ml::; ;- · · · 
(i) qt a gor1eril.l 1cvGJ.., that is, for the \1\lhol<J ind\,istrial 

s~c-~or (and otlle.r areas if dcsirod); 

(ii) -:tt 1 of tho industrial braf.ches ci'J.oscfi for 
sp(!cial st'ldy. 

Hypotheses sh~>uJ.d nifcr to tho 3ign and magnitude of the effect, 
and in tln caso elf coxnlici t sci~::nc0 and technology policy and 
its instruments;- t~-:(:y should also .-leal Nith the 8ffcctivcness 
of the :i,nstrpl~··nt • 

. 1: CoJ_U~ct ;.r:i.deac~ from various sourc,~s, including opinions, 
ti.1at May ryi vo S'Jppo>:t or corroboration for the ''general 
lGvc:l :• hy~.)othcscs. 'l"his may allow a screening in o·rder 
to .r.c:tain tho.se hypotheses that seem more plausible . 

. Eypo"::hcQ~Y;; at._thc level of i:~1e industrial···branches are· 
'to· be tosted t~>.rOl.i.{1'h empirical· studies in nhascs· 3 and 4. 

I : '!";' ," ', - , •· .• , ·• 

5. <·Jit!'l the r'(,;sults of tho precc.:ding point:, it is now pos­
sible to fori."'.UL,_tc a 1'resultant 1

' nolicy that expresses the 
comb~.nec1 act:o.on of the di ff:crent effects on S&T at the 
gen.cra.l lqve.i.. o . SuGh a r•3$Ul tant policy r:.1ay be checkad 
la,tcr \vith. tlH..:: results of phases· 3 and 4, as well a:s ¥lith 
o-ther . fnfornat:ion thc.t. nay COi"lQ UP during further r<e::.:;earch 
v10rk. 

Phase 3 •. · Testinq of Hypotheses ·at the Level of· Productive· 
Units 

Wi.thin the Shd'Ist.;~ial sccJ2ors choson, and· in a represent.ati ve 
sample of proJnc·;_i ~p:; units in .each sectorc . 

3. f Verify h:{pOtl'~~ces :Ju{: forth in noint 3 fii) of Phase 2. 

'3. 2 .. Identf f7 qnd dcscribG a nurl-:ior ~of main issues. that have 
to do r,;r" th. :.:hr:; tocllnologiGctl behaviour arid deciSions 



of t'11e pro;.mcti vc units. Sorn~ of these issues rta.y be of 
specific iJ.ltcrcst. ·to b1e nroduct.ivc unit, others of rele·-­
vanco to the co·,:mtry 1 s development objectives o Trace back 
-'the .f;:rc·tors tnat influence Guch issU(~S, du3 to tho three 
types o'" ca.u....;es mcntioncc.i. .in P[wso 2 o 

3. 3 On tl1c basL. d;f;,. U1c t: vidcmce collected in 3 o 1 an(} J. 2 for­
mulate the "re~:\it.:':·catl.t poliri:y'1 t:;:::rt exror8sses the ··::Zornhined 
act:ion of f'.1e: d;;l.ffcrcr.t 2ffects on th.e t.ec:mological beha­
"\Tiour and ck!cisions of .c::roducti ve units' in the sectors 
under st.udy. 

3. 4 It L:; possible t.o · .iir:k somo of the case studies listed in 
the rn:oject to bl'~ GP.pirical '-vork of ..-,hase 3. 'I'hi'J CaS8 
cf s:cato. ert<t':C!rr1± :·_,ues -~-~ 11 cL;o.r one~. and, it should also 

" ·' i' •' 

be p(f)Ssil:::l.G ·tc.., ::.ink +:he~ study of financial insti t~ttions 
cHlcl 'axport f):t'f ":1otion Bc~c;1anisrr's. 

Phase L;, 'I·,:;sting o:r: Hypotheses and C:=tsc:; Etudias - Generation 
01~~chr1'2"1~.:)Y ·.~met Li:'.1Kag0':4l th :l?roducti vc UnJ. ts 

Cbnsit12:o::- (a) ·thG E'::lin soient:i.fic and tc~chnical insti·tutions 
th~d:: ·Supply technol·)gy· and. S0i.ViC0S to i:~Hl producti VC units 
ir1 -~h.c ind·,_:stri<~ -~ s..:':l!to:t'D cho::-;cn 1 and ,(b.~ the main insti tu­
tiorJ.c-: ·::hat havQ teD r\o:~·J:i.th the ,diff't:lsion an(l t-ransfer of tech 
nology from don·~st~.c ancl foroiq!l sou·l.--c,:!s to -~~hose productive­
units. 

101 Verify Lypother;::-:>.-; pnt fo1:th :i.n -point 3 (ii) of Phas(~ 2 

4.2 J:dcnJ::Jfy o.~v". c.c,·-::c:.bc: c. n~r~}x:~:· of :main issues that have 
~o do with thn ~~~ivit~as of the institutions under {a) 
anrJ (b) c".bo,· .~. :):):c:(_; o~ tl··oso :i.::;~~ucs :may be of ::mecific 
iLt.2r(~8t to .:J:11~ ,_: •. 1tj_·tut:on, ot.he!:'"s of n:!levance.to the 
coun·::ry 1 2 ~_.c;vr?.~' :-o!nen-t:. ~)b~L;ct:i.vc!S. Trace back the factors 
that: '.r:lluc"lc8 21 c:l'.c ::~ssnc~s, d1'.(! to the three tyucs of 
cause3 l!K'!l.t··· ~.on:-:<. in '!!h.-:'_!30 :2. 

4.3 On i::i:::::' r-:"12:~3 of t.he uv::_C~'::.cc~ :.::olloct.::~d in L1ol and 4.2, 
fu;-:-"·,,_plc:.-L<:.; i.:l1e ':.~us·,·~: t:.r.~:rlt no~.icyn ·:.::1(\t exDr~sses t.he 
co>tLJin-~d ~~~...::-.ic:l m• ·-:.1c aci.:.L,itic~s cc t.h(:! institutions 

t1 ,., ~ Lir'l}: Jc!to {:a.se ·j ·~:,·· 1io::: c~f ~elc~~:::t~c;t:l in$ti t.lltions of types 
(a) 2 .1d (l:·) c.!;o· ·8, of :.:.:J.r::·::t tc·.\:io~1s tha-t formula·te and 
iBplem.~)nt ;;olj_r-;_; es a.nc1. nrogrC<.::mtos for the scicnt.i fie and 
technolog~cal s~stem; ru1d of ?lanning procedures and 
m·~tJwdologio.s f·-.,r :Jcienc•2 .s.nC::. t(~chnoloqy. The case studies 
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listed by partiq~pant countries \11hich ftlould be considered 
an;~ 

....... Industrial rcscar9h institutions; research units t.Ji thin 
enterprises; 

- Standards institutes~ 
- Consulting· and eng:Lneering organizations; 
- 'l'Gchnical assistancr; and cooperation organizations~ 
-~ Organization:3 for tho control of technology transfer 

:.and foreign investments; 
- Science and technology Planning procedures and methodology. 

Phase 5. Country Rcport_s ?nd .Comparative Analysis 

(a:) -The results o'!: t.he \'lOrk oerfor!n':;)d under Phases 1 to' -1 Tllill 
allow each country to. prepare: a report l<rith emphasis on 
t.'lose aspects that 'lllill pormit a fruitful comparison bet­
ween the various particinating countries. 

(b) z. .. final report o:f ·the Project may then be prep11red, by 
conparison and integration of the results of country studies, 
togeth(.::;r v1i th the ::results of studies performed by consultants 
and other relevant information. This synthesis should all0\<1 
pqlicy-makers to know about the imnact and effect of alter 
native mechanisms .. 9,nd instrurr:ents 'for implernanti:tg s,cien--

··tif:ic and technol_ogical policies .in a variety of conditions 
of underdevelopmunt. 

r . 
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Branches of· :Indus'tr:I Ch<;:>scn .i:>Y the·. Participa~·.ing Countries 

I·tqni<i.· ·. 

Oil and. petroch<:'mica1.s 

Meta1working, ca~ital 
goods, machine tools 

Iron, st~el and meta.llurqy 

Food :r;>roccssing 

Electronic' equipment 

Construction 
. ' 

Ship building 

ElGctric pm.;er 

Transport equipment 

7 

7 

5 

3 

2 

2 

1 

1 

1 

Coumtr:i;es. 

"racntina 
Bra:~ii · 
Egy;?t 
Itoroa 
l\1oxico 
Venezuela 
India 

I; 

Argentina 
Egypt 
'·taccdonia 
f1cx:ico 
P~~ru 

Venezu<'~la 
Nigeria 

!'\rgcmtina 
Brazil 
~1.acedonia 

Peru 
Kor3a 

~lace doni a. 
Ni<J!::lria 

Kor·~a 

India 

~Ja.cedoni a 
.Nigeria 

Peru 

Brazil 

Argentina 
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.Case Studies .Chosen. by Participating. 8o-q.nt~ies 

Case Stuqy ... 

Industrial rescarcl1 
institutes 

State Enterprises 

Scienct1 and 'I'echnology 
Planning. 

Engineering;- Design and 
consulting 

Technical assistanc·.:::J 
and cooperation 

. Financial institut.ioP.f3 

Technology transf,:r 

Standard Jrnst~tutions 

Export promotion 

no 
L; 

8 

6 

5 

3 

3 

1 

1 

c. 

Countrios 

~1accdonia 
.Z'>r.gfnti~~ 
Brazil 
Egynt 
Korea 
~1cxico 

Venez11ela 

··Arg::;;ntina 
pra~il 
flex~ co 
Peru 
Venezuela 
In diu 

Venezuela 
Egynt 
Kor0a 
Peru 
India. _

0
, 

L o(vw .. '0 

Go.lombia 
~-lacedorii o. 
l'._rgr.c~ntina 

l'iexi.c.o 

Egypt 
]\"rq:.:ntina 
Venezuela 
India 

· Colonhin. 
Brazil 

1< ·I· 

:"cbi 

Hacodonia 
Nigeria 
Kor2a 
Brazil 

Mexico 

·• -

I.· .. : 
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rJ Gui.,d~li.n~s . to;i · ?.ha.:?e ·1· 

Th
1t:. 'purpo,sq of roscarc;:p~ under tH.fs phase is twofold. - In the 

··first pla.q~ it. stioul;d, proyid3 a b'ackgraund ·for ti1~ rost of 
the study. Secon~ly, it should sunply elements for work 
j,n ohase 2 .by ffi'lk.i.ng a first identification of explicit S&T 
policy ,9nq ;i.~s' .irts't:ruxnents ~. policir::s in oth~r are'ils that 
tnay~ l\~vp, (9r hc:rvq l'ia'qt. unintended effects ohcS&T 1 ·organiza­
tional, ·:t:rq.qt:,u~c? _p('pat~icular r::l;;':'ance _because ?f. con­
c~.rrtrat.;Lns doCl.G:tOn pmu.:'!r, and very cspec.:;.ally the d1.vcrse 

. ~6<f:i,~ta,l ,.pharact2.~:i'E;tipf3 . that make un the context 'llli thin 
the econqmic system and 'the S&'i' system ''lork and interact vvi th 
each other·. . Th:us,·, the f:irst :>ha::;c ·should not only be seen 
as supplyinc{ a ba.ckdrop to thb project, but also 'as an acti­
vity t}lq.t ':'~Till natur,ally load in·to the second phase of the 

.. project. " ';::.'he di vtd~ .. :p.g p~in t bc:!-t:~'ieen prrase,s 1 ·and 2 is not 
spa~p;. \'l.Ork in th~.· f.;f;:;t OfiG will lead na:turally to involVe­
rnt.:;nt· in the s,~cort.?. b.rH;, .and ~?ltUrally the 'neople. \.Yho 1are 
to be mainly in ch<:rge df ·t.J:le s(.::icond !)hase should also nar-
ticipate very actively in ·the first one·. · "' 

Nark is to bo concentrated on the country's socio-economic 
system, its scientific and technological system, and t!wir 
relations; other societal systems should be covered not for 
their own sake ~.m·t, only insofar as they are relevant to 
the underst~1.ding of the tt,vo ot:1er systems and their inte­
raction 1 and hence much less cteta.i.l is ~~xpected in their 
analysis. .. 

A historical pl~r:;pective should be introduced into the 
analysis in order to understand better how things came to 
be as they arc at present; but emphasis should be put on 
the analysis of t.he prescmt situation, and of the trends 
that may shmv up. 

In order to conc,.:!ntratc r"~search efforts, and since the main 
focus of the STPI project is on industry, it is this sector 
that should be the main focus of the~ analysis, narticularly 
\'J'hen the ore sent situation is looked at. lmd in order to 
open the way for research in phases 2 to ~, special effort 
should be devoted to analyzi'1.g the historical evolution and 
the nrescnt situation in tnose industrial branches chosen 
for special study, of the S&T activities and institutions 
of particular r.6~.'3:Vance to them, and the relations between 
both. 

The follO\"ling outline shouhl not be taken to be an enumoration 
of steps to be undertaken sequentially, but rather as a broad 
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checklist of tooics that would apncar to be of relevance 
to most country studies, and whfch May allo't•.' fruitful; 
cor:\parisons anong countries. Coun'try teai>ls natura"!iy 
t-muld include other it.em.S· that>thev feci. to :tY2 i!'1.norta!1t 
·for com;Hetiri~r and ~:roun:dirig ·off ·t.he analysis~.:·· · 

It "is to be hor(~d ·t:h1at the' -i:nforr.1a:t:.iort no-c~ded to· nrepare 
phasc·~l is_ alread~{ · avaflable tvithin ·cacJi country, and that 
fresh ,research of the d.ata.--gc-rter.etting typo will' not b:~ 
·required::::. This may not 'hQ! :tr·uca ·in· the cas:e: .of the··<::t.nalysis 
of the~ pr,3sen:t sitU,Gtti,;on Of thf:'-; SCien.ce .. and··techmYlogy 

· s·ystertli in such a· caSEY ·the · cou::n'tjry may ~need ~;a :broad· su:rv''~Y 
of. t~e quari~itattva type t;lhich ·!:m-ould nrefetahly not:;lcad 
orf to· a protractrJd anr:t cos'tly :·fu11'-blown inventCD.ry ;;· 

t • ~ ~ ,.-.. : '. I . • . ) 

·:F'inally, :_if. 'should be recogniz(~d t1"la:t .. any analys·is :.iQ·f th<.; 
type Phase 1 intends '~o cvoke:··i$ bound· to1show different 
int~rp.t·itati6ns of hiatoric·al procesSe"S 'and ~present' S'i tuations 
aceo~~iin'~'J: to the· .ideology or tb.e "school'} of !the pe•rso!l or 
group , that· takes up the task. r l , 
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1.' .' ,' ',, ,\.,\,• 

}3ASIGuOQ~;6:I~1E J'O)} THE.··:R~POHT ON PEIAS;::1 l. 0? 

··.THE STP I 1 ·-p R6JE'cT . '. '· · 

1. Description the rn.3'in ci~ciractciri'stics' Of 't!le 'truman 
and Economic Geogr:unhy o:l: the Country . (Size population, 
: > -., .. · -1 · • r {, •·.. · (' " · · ,. _ ,.,. ' ~\ r· .. '· · -, ,·- ·· + ··- ·-- .- ·: ·, , • 

diS'tributidn 'of natu'ra·l resourc'es; 'geo·g'rnnhical: regions, 
.,etc. ) . '., ·' 

.' : . - : ::_; ~ ·; ~- ' . 

2. Brfef'Ci~;~crio~ion of the Pchftica1 ··and Economic evolu .. 
ti91l. qf t:.r~. cqt;t.}1trx" . s,~~~~e~ in ,~he, rr8qss~ qf develop­
ment, outl1ne c•f the ma1n· econoroJ.c T?OlJ.cres :foilot·led 
during the loSt 30 years 1 rirf:C;S; Of :<jrowth 'of the dif­
,fe,:z;en:t ~sec.toxs of_ ;th0 economy { ev:olut,:i,on .· qf qf;lJ?loyment, 
stiucturd tif' foreign 'trade;' etc.· · . · ' · · ' ' 

__ r. :., · · · _\ _, .· . _; . -· , · 

j .' ' ~ovdrnnt~nt:ar struct\ire: ,·' 

( ~) .. Division of ooN·ers between the e_xccuti ve, tegislati ve, 
.. 'an9: :, j?dfciary .lJ.:r~n<?ne~,\ ,::·· . - '' .. ' 

(bf'Desdri;tion'of 'the sistqm for passinq L'11,7S and general 
regulations . · · ' '' · · '· ;·) 

(c) · D~gf6e ·of d6sdt&~~qna~y ~pm~e:r:- Qf·~~9~Eftrymdrlt aqenc~es 
\H th r~;gards to .':>y..;laws, decrees~ anc! 1nternretat1.on 

. , ·v?f legul i.m.;,t~lf!lents. 

(~) , A~inist~a~t y0 _ st,ructurr: _of ~the ~n;:r;~E~ment, descrip~ion 
._-; , 8f k~y 1_!-q .. ,n.f?t:-rl~s ~, o~t-l~nc ·of rna;tn '<;Joye::nm~nt a<JencJ.es 

and the.l.r ~unct1ons, iiovernrnental dec1:S1on- mak1ng 
, j';Qc;o,<:Ju:t.~s, . degreo _of )?~~t~cipation ,~~.:the ~i~ferent 
. sectors of the nopulat1on in governmE!rtt dec1s1on-

• ,•) .--- ••• - u ( j . ! • • ·, •• ,' • ., t • • ,• 

· , .IP-aking, 2tc. · 
.;·:,_' .. 

(e) Structure of--the political system/ ro18 of nolitical 
. , p~rties, ~h;!Ct(Jral proce~ses, etc~ .. :; 

'1·. .'1A;i.n,j9cia1 f(3-atures. . Population growth I urban migration, 
•: st~n<f~::-ds of I~Y~P,~ and '-'th~fr e,y?lution 1 __ ~ocia~ ~lass 
· structures and· t.!'lc1r relative pm•u:;~ I. l~bgr mob1l1ty I etc. 

; ' ; .. '(.· -'. ;_ 

5. . ?~:t;"::t.~;t\lrf-:r.<Jf :the, educat-ional_ s_:r:sten,, l~:t~r~cy. ~ate: 1 • 

pr_opo:rt~blf of,_ s_tud;aJ)tS ·· ;Lh t)i._Q, -;:;:9h_ool. sy~;to.m, · dcscr1 pt1on 
,,()f._ the .t:ln.J.v0:t:-::ity s~stcm, .. di'stribut,ion·-·pt·.:students by 
~- ·d.is~ipl.f:~-:'! 1 .,-~he l?,r~~n_ dra1n problem, •3tc ~ ·. 
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6 o Cultural·. ?at terri. and· their ovblution'. I]'1nact of nodern 
t'--}clmology upon society,. value structures, attitudes and 
norms, narticularlv '·V'i th n.~qards to manual labour, in­
dustriat activities, and science and tr;;chnologyo 

· .. 'i~:·;' pescriptilon 'o:~;.! t:1c':inci~st!;':Lal sector... ·" 
' } , {' .:· . ·;, ; . •-" :· -·r ~. ' , •,• I . ·::· .. _;. ~ • ' . ·:: ." , I . - :- . ; ~- · , . . f ·. 

(a) I:mportanc.;.i of the industrial activity ~o:r:: :t:he national 
8cononyo 

{p};,-~ela.tiye, i:-r.1.2Pr;t;~~c,e of t~12 ' .. ;n:;anch,ep chos€1n. for study 
·, .· ia t.hp_ indusifr,i~J.<-9GtCtor ;<':~IyJ., tJ1e ,~.a;tipna+; ;c,conomy o 

';\' ';. __ ~ .. ,_-~'.~-.1! :·1·(.~- .... • _. ·:~) ·-:.; r 

(c) Ou"tfl~no ... of th,e l)isto:cr.ica1 <:;volution of -.the, 1.soctors 
chor;en ,for f..:tucly,"- ,, ·· · -· ''. ····· 

(d) 

(e) 

·-- ! 

Classificat£6n of on~cr~rises a~cor~lng.~o tho origin 
of capi tal 1 and to l'.:>?het}::l~r,uth,ey :ar~: s.ta.ts..,., _ pri yatcly 
owned or nixed enterorises, cooper.::,.ti ves, self-managed 
o~g-?;ni.~_a,ti.ons , ot,c:1" 

; .:l.i :_·!\,. i 
Hain sourc~..~s of financinq for industrial dev,:;lopmcnt, 
.par'l:;iclJ;~arly .in t,he sect.or:s. t;.h,qseJl. ,f,or stu9y. 'structure 
of trw syste.:::1 :f. or capital acc1,.1.muiitrio.n. arid its influence 
on indus tri :tl grm-.1th 0 , • 

-(f) . ,B;ior o~tline·;_~f .'-'fhe .. ~ourqcs .o(to~l;l:n<;>iogy i used in the 
sectors chosen for '3.~~?:¥·~·: ; . 

: r:- !~-r~--r 1_" .. ·',' . -~i '. ("'!_ i .r . ' . ":,' 
(a). ::H\illl}an X:?l30u:r;q~s .... Tho ,highe:J7 · educ?tic!! system, nurTlber 

,· o:l;,,s~:qc:il(m~~ -i11 technical, professions,, appraisal of 
t.hcr.g~aJ,.,i ty ,,:9f student-s and.tb~achc~rs, evolution of the 
student population in defferent techn,i~al fieldsv i~nor­
tance of the education abroad, relation of the subjects 
to study t.9 .np.tional .nec~s, • a.tti t;.~qc9 , ano !poti vat:.ions 
of foreic;n :tril;tned. gradu,atqs ~ .et<;::. ·· , .r · 

~b) JJse of hi:Jhly :qua,l,i.fied pO,I;"SPn!fel .• ·. J~mployment of 
).graduat(;!s :r .• ;Jistritn;:.tion of prof2ssioQ.p.ls~ in industry, 
.go"V~.riilnent .. ar~cl science, .w<v;e qnr1 S'llci.ry stJ:'uctures, 
care'cr possibilities, inportance o:F 'part~time e!"l.ployment 
for .. scicnti!i.:t·$ yJ~{:Cr 

' ' ·:· •.• · . • _;· .-.. '! :· -~": ,: 'd".' ~; ' . ' ·. ' ( .. I-•, { : . ; . t <· ··, . •·. i •.• 

[q.) ,Fin~nctai.r,r..e~(?;ui~cs,fQrv,sc'i8nce ancl t~.chnology. 
Gross expe:p.di turc in sqip.J;lpe .and t~chpology for the 
\-.Thole cot.m.try, percentage~·· of the· GNP in· comparisO!'l with 
ot.her countrie3, expenditures in science and technology 
services. '·lain sources of funcls (government, university, 
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prJ, -yqt·;,. __ f;o.+;e.ign, s~t.c.>, . ,.\J~_cs _of,: 1;:11e , fung~ according 
:to C'f~i t9l ;.c~rt~ ,9~rr~n:~:: ~~~;md~ t,\lr<?9; ,~r(~q,~dO\'ln. of 
current c;,:nondl.tures ~nto nasJ_c res?grql)., ___ ~appll.ed 
resea.rch, <hwelopment, and other sci(~nc'e'and techno-
,J9f~Y •. aqt;_vi.t.i..es_; br,~a~<;<J.q~:m. of . CtJrr.ont q:~:o.,qnd; ture9. 
·. l;>y m.:Hn f!.t~i~'s . .Qf aon+1dat.ion; ~t.c; · · · ·' ~ 

• •, • • ,; , • <,__, :. I ' ' ' .. ' ·• '·~ ; ' . l .<.: ·;: • 

'('c,l) ''fia:1.1'1 is~u·'~s 011· tcchrioto~·~ 1 t±:~nsfer ~ .. ex~e'nWft:clres 
-~' '. iii nt.edhnclQgY, t,_+sn~.i;a:t ~ a~d':tli(~i( ·x:,;!J~tibrt' ~8. ~otal 

.,+9~.$4rch ~q .. ?o,yt.~lopmol11;: ~xpenditlires, 9i,~,i;:.rJJ::Sution 
~Ql':. m~i;n J;:>ic;n'icl),qs :of insJ1J.f.}t;l7Y,s 'impori;art\cc;(o:(}~if'lti-
- n;,i.'f.Jona+- ;cox;pcit?.tJ .. o.ns(~. f:ri'b<;>+.tl(;llCe o£, :}.Jdenci'tJ.'~ agree­
irieht.s and pt: t:he :iJ\i?otf p~ c-1pita+. gqRds, ~(;!cl1nical 
as::;istanc0 from. other ccn1ntrfes and from international 

c:Org9Ul.},zat;i.9~-Sii I .O}:G,. 
'" . ' .•.. •, '·•'' .•• ; . -'..I.'' 

'~,~J. ', ;rn$:t;~fidd:·'6ap~cj_~y ~0t ·~ci.¢'Jqe ~·an,d -\.e'bh'rioiqgy~ Basic 
e data. ana brief aescript;i9n · o~ · ±n:~~; ~,~tJon~ ---~JtAt per­

form research and development, human resources, funds 
physical assets 1 otc 1 related to resc;arch m::g9-n~r.:ations. 
Use of the install·"1d canaci ty in research an:a· develop­
~nt • . -) ';_ 

-..···:>c ·!_:· ·-; ... _;-·: r•:._.: ...... _ ,'1 ·.' .. !1·;··-. __ i,, ; . '·1, ··('(1_-. ~-f-1 !:·:·.;· __ :'(~ -~-·-

.~ :<.fl ~.O.e_: e,~YiJ~on~y,pt .· f9r .s.~i¢.~ce. ·, $}19PRft 't;(.~~x:;tye~ by res ear 
. ChCrS 1 firiaricial probiemS f adminiStrativ~ .. <iild bUrOCra­

tiC problefo:l.S, Structure ,;md COhesiOn of·'the- national 
_ ?..s.i.eB.~~fif: ~,OI;Oml:j~i ty art1:::;t,ne. t~nre:!lf'tf9n~+.19ienc~ 
s,yst~m, .. ?pC;L.H~ .. recogni t,lon .~ _ J>re~t;:lgo, ,fl;J1.drstat;us of 
,r~searG~c~~ .. ~ ~~cqqpitj,on .. 6f t~~ vallJ9. of t¢~~arch by 
government; irk1u3tries ;' f nnGI( va~fi::rq~; §f>sic:l.i: droups I 

outline of the imuqc~ of science'and of scieri:tists •· 

{g) Linkuges bct'l:-tean thG science system and society. 
Survc~y of extension activities p analysis of engineering 
design grou~s, contacts between the scientific insti­
tutions and the users of their ~·lOrk, popularization 
of science, etc. 

(h) Importance of scientific and technological activities 
in the govornmc~nt ana producti vc sectors. Level of 
conciousness attained by industry as regard the imnor­
tance of roseard1 and development. Performance of 
science and technology activities by industrial enter­
prises and by govE~rnmental agencies. 

(i) Organization of science policy. Decision making in 
science and b::cl1nology matters 1 brief description of 
national research councils, universities, ministries, 
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and othor nubltc agcncios.. Particination oF scientists 
.and of us.:~rs .of research results in··_thcY _:pOlicy making 
nr6cdss ~ ··;· · · · · ~ ::: ·, 

.... i i~>~::: ... 

. ·t~) ·:~~~~ex ~issUEH ih science and 'to6hndl()(Jy. d~ycdo~meht. ProbleM 
"· ... areas of i:nnortance .in th_e develon:m'ent' of· sci-ence and 

technology (e ,;g. ··trarrsfGr ·• of b3chilo1dgy;' ~productivity of 

1fpse~rc;h ..• ins~it~i;:io_ns, ~~-~~tion, o~- rr;;sea.:r.:cr~ ;c:-nd 1q~vclopMent 
.. to the ,.t>l:annJ.ng i1roc~ss_, _ ~ntc:r:a.ct·1on _bet'!veen · techrlology an<3 
")em?Ioy_lJl~nt; .,';'E.\t~·ici·pation ()f ·.l.ndt;~~frt:Y in· ¥e!se'arch and dcve­
. +,opmerit.·, __ ?.t~ ;) ... ·cri (ic.a~ '.~~a14'a~·~-'?h' __ ?,,f'~t'he_ rd,le of science 
al)d tech,nol,ogy :i,n the' qcv·:loprnent '·'of' ·Lthe' fcount·ry, and re-
+~,y.~r\cc, 9.~_tq7 Rer. :i~fsue.s. ~-iri91~fr<J~t . . ~:····-····' .: __ ' 

''lo ~ ·11arn' :.obstaclBs for 'ths··:e'ffi-·Sfent>·runct'foriiriri 6f the ~ci8nce 
and technology system and i ts'Jconff'i:!:::hitfOri•~''t·cvdcvelopmcnt. 
P()Ji.<f.:i,.~s, .. _(;l.nd, 9l;>j~~.tivcs f.ot' s~iencc and ;~e:chnol~gy that .can ne' deri vee!' fr'drit these~)'; •1"' ' •• r•r:. ' . '; . '' • 

J~;_r.:-T . 

·.ruhmxEs .' · 
_·' ~. ~ : .- J - .• > • • ., •• 

r ·:; ! 1'-j ; ,_- .. ~, .... _c· : 1 •·• , ••• • ,., :.. c .. !. ;. ···. .· ... · '· . t ( ·· ·. · · . . -. - · 
lL .. Statistical· surrimar:J regardi'ng the structure of ·the economy, 

of industry, a.nd of t:1e branches chosen foi· ·s·tudy, quantita 
~j.ye 4e~criptio:n of the_scicn~e and technology system, human 
r¢.smi~9~~~-.:.·e_·¥c'.'t_· ; . '·:' . '.~f. :• :.··-- ··:-:_-1_ ·_\_.-·· .. :: ';' t.) 

- ·". ·.·.. ~) ; :.r~r _i-:-.. ;"J .. 

rr·:er:···,~- P:r:-in9ip~l :l:egal''dispositioris·;te~ardin~:·.:the furlctioning and 
6p~:t:"a~:n;n1 bf · tne · scien9e ·anA· techriol6gy ,-system, as well as 
the''.·orgkm~z€d:.ion: of. structure. fat science' ana •technology 
p()licy, r;t.~k.iilg an~_ plahni.~g'('. ., ' · · ·· ·· ., 

' . . - ... ~ . . .· 
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v ·' GU!DELii\fES FOR P~l!·}~E .2 
. r -, 

· Ph:d.t:re 2' is <>7mco·rncd 'Jith ·the i.d8ntiri•c-atioh atnt 'des-­
bi::1pt.ibn·. of :ther· fhr.;.n main sources' !of· 'inf·lus~:d~:~.J.:-.:.. exolici t 
:s&'i' policies and. U!~'ni'r ins·trU.fuents, · imnlici:t 'pb[ici•es th·at 
hav•~ implications and side ,;f:"'ects on S&T variable*-, ana·· con­
textual factor::; -- vvllich condition and limit the effects of 
the: first 'two: '?ourc~.s ·on· tho S'&T v:ar'i'ablcs /' ''"•.! ·· 

.. '. . .. '·:.:he identification should tal::.e. 1 into·· ~c®un't the' ·sbcc·-
: ··t:rutn: of soU:l:'cus. df inf'1'U:enc6 that af'i:ebt: s&rr·: in t~le. indu·-;trial 

Sector, cind''nil!Poi'i1t· the' key' sourcos· of influcmcc 'th~t 1~ay later 
:on. be· :studi'·~·a •in more· q.etJiiil,. con'>':fder:inq bart-ichlarly~ thE! 
: D·rand~1Gs··:>so;tc'cted for ·study by the·· countr:{. teams . 

. , -! ~ ~. i. : j·· ~ ·- ··' . · ' . L . · :·}. , ·· ·: ·. ~· !. •·.· ,'· , : , 

'l'he s·tudy-·'should att.enmt to iaent-ify the ?riricipal po­
liciGs and their instrumcmts ~-;hich act today unon S&T (histori-
6al studi-es:/· :.$'\lCll U:~4 thos,e ~jeihg donp in consultant stuflibs 
for Chi,n~, ~~· ~aoa~;,: ~ay als~· be ~ad'? bUt: i~':muC:1 :~~~s~ depth). 
It should' ndt be d1 ffl.cul t, 1n }Vrindl. nle, to>do th1s~ l.n a h~ss 

_ Ci?vcT6ped dountcy llhcre· science· and t'cchndlogy ·polic~t is not 
'. too 'e'laborate as yot" · · ' 
··, .' • • 1 • t' I 

"'1_ . ·,. , • " ·~· r .. f. . . . ~ . • . . . . '· r'· -·, • .., . ·":' 

·.. ..·. · Dcscrir.ttion should follo"" the p~ttorn: i:ndioated in 
·soct'ion TI' o£''t~1CSC GriideliHes. Hational t<3am4 may''aiso find 
exar.tples in tne fca~ibflity studies pn.1pii'lred'·~y the Peruvian 
and !i.rgcntinian teams and pr:.:;sentod at t~1o Barbados m•.Jeting. 

; l .. 'sam~ 'countries .inay' \'lis\ to carry the res<.:;arch a fc~v 
st~ps· .furthe·r,. by'I;s-tud:y1n~- the ::::ffr.:;cts of thoso. key' sour~s 
o':f' influence on S&'l' at" :the general· 'l8Vel of industr'l .' Th~ next ,-\ i \ - ' . ' ·. -. ' ' j .• • ~ .t " ' . '. ( . ._'. ;· -_ (-: '~ ' _- '•' 

sections uescri;;e tnc mt~thorlologica.l stens th9.t'·are 'recommended 
for carrying out t:n . .:; exercise. This descript.:.iori may ;efiso be 
valid for that part of resc~o.rch in Phases 3 :::~.nd tJ t~Hlt deals 

, :i wfth tOp-ciOttln sttidf~g. , ; . . . 
. • . t ! 

1 > StUdJ: of the Effects of Sources of' Influ8n:c:~, lon S&-1~ ·::':'ariabl'JS 

~7e refer to tirf; conceptual frar'.e,,iork in :part II ti·f the 
present guideline.s, and in particular to the matrix shovm in 
:E:',igur'a .1.1: ':'fhe 'nurno~e of the·exercise.is to usQ the too-

. d~~/;approar_::h in t~1:2· research, fror.· sourer.:; of influence to S&T 
va'tiable. . ;Thi~-:; is t'o bo donG by fornulatinc· hy:r>othes1es about 
the ~ffects: that the 's'ources of influence (indeoendc:hit varia­
hl~s) urovokc on the"' S&T functions· anc. acti vi.ties . ('t1dpendtmt 
-\rariabies)':/- To do this lfle should ent({r the matrix from ·;the 
left, byf <ittdnfifying 'and de,scribing the maj.n inde!?endcint' varia-

'-·' . ' . _l- ( . 
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bles that may be .:Jxpected. a nriori to nroduce effcacts. (here 
the results of P:~i 3.!'1e 1 ~,Jj_ll be useful) an(l the d(3T1oiicl.cnt 
variabJ::?ls ·each t.ho former nay· affect.. '·Typothescs nay 

. theh: :be formulatsd about· such ·2ffr;.;ct~, ·Obviously,. no.t all 
the subdivi:stons o~ the; MRtrix• nr::.f::rl. hov·:~, a.E hypotheses tacked 

; .. ··on to i·t.' 

(a)fat .a gen':;ra1. l;.;vel,, that·.is ,· for .th~. 5rl~1olt: of industry, 
· ··rand the· actTvities in t:;.e ·science. svsteM. and. tlr:.e .lU:tkp.g~ 

area of: direct ·relcvaJ:m:: t·o.. industry.i;··.hovleV'e:r, Fi'tltnC .. Of 
the' .partd.cinatini;p countries> ·may also '.llicsh to·· cover. other 

areas ;of Gt:onor.ic ·activity,., .•such a.s · ag·ricu.J.. ture ;'O:rd.nii'ling 
and other narts, or t:1e totality, of activities in the 
::science sy;3tcm oroper and th~ linkage· rarea, 

(b) at the specific le.vel of .each of the ipdustr.i.al; ;;ec;t.o;r.> 
chosen for special· study ,.:::and of t:l-tc ,ac.tivi.ties; ~of t~e 
sciencd· sys_tep. pro>J.~.n: and. tl12. linka_ge arrc~a .of d;i.t:Qct · 
rel(~'Vance ·tb mhos~;; secto·,tJs. · :,lany 'Of tne · hynot:.leses:.i:n 
these sets •.vill be particular cas~1S of the hypotpes·~S, Set 
in (a) at the g·cmcral level, but it is to be hoped that 
a greater·:degr.Je :of.· nrr~cision::.~Nay ~e; attained in their 
iforrauiabi:om t~'l'an .. d.n tho forno.r case ,· s.i.nce . they;·uar)?:t to 
be sUbj~pted ·to careful. ·empirical' :testing i·n: Ph9l_ses 3 _and 

- lly?otheses •should·refnr to t~1e sigil anJ .. m91gnituds: of 
:tlU.lJ<effect I :and In the case:; ~:lh:ere the· ±nda:pe,ndont· VA.riab.lc 
is an cxulicit ~.;;T pol:ioy,··d:n~trum<Jnt, · also to the. c;:f:ifi.:Pti ve­
ness of .the' lat·t:er •. They ~.!vould atbJmpt a'c· quantific;ation 

~ whenever pos~>ihl(;!. 
r .. i . 

:Iypotheser.:; under (a) MB.Y nO'J be .subjectc;cktq·.JH::rutiny, 
by collecting an:l appraising ovid.<~ncn fro~ varj.our.:; sources, 
~including o:r:>iniori'c,, tr1at nay .ryivc them su?por.t ·or cq:r;rob.ora­
tion. This may allow a scrc.:.ming in ordr2r to retain those 
:h.ypdthnses · t!..t1at. seem rnor''} plau'3ible •. · 

' i .; . 

'I'huF results of. thi.s screening \vill produce ·a bqdy,,of 
•hypotheses about the· •~ff0cts. ·on;scicnce· and technology,,_of. 
· G!xplicit and implicit S&T .:policy and instrurrt' .. :.n1ts, . ~~d of con­
t~xtual·:factoJ:JS" b.n e:.caroination ~.,rill undoubtedly show mapy 
conf·licts an:d cont.radicti.ons; ·\.,hich are a.n:dmpcn::t_3.!!1t (o.:utcomc 
of' the exercise.. Since an ·;idna r.;DcL.,."ifts oJ:.wut s:i,gtn an.d. <r1r"::.gni­
tooe of. the cffuct3; ·.it .fs ·rt0'.'f. ·pos<Jible to constrw::t ~vhat: may 
be termed a '·resultant 11 S&? policv that ~'lill cornnound the 



- 61 -

· ro££ects. undt~r <:;c:.c;l .of tll~.: .r,ain st:hdi visions of tile S&T set 
of functions ancl "tct;j.v:L'ti9·S.. ·,i1~is .. rdff_u!'tc1ntChoil:cy. may !Je 
expressed in t;1·8 form of ·a n;~lN' set of' 11ynot:leses ,- and "'these 
fiJa;~,the:t:l" ·tu.rn n.ay b~ ,;>J+f'Jma:d.,zpd into .a lil'tli tqd _p.urober of 
:s·t~t,em~C::nts t:1at lTtc;l.:if. pi,:! pf g·r.~c..t;, usc . fpr .?olicy ··:-ml<ers. Such 
Jg~.ll~~al •.Statements;·; .,ij.n'q;.,th0 S:~f :Of hyrot{iCSCS tri'\fl't);,rn~Jtc Up 

<·t+1e r t"0:S.lJ). tant pg:J:.J~y ~ ,J4ay .be . lt.\ter c:.1,'7'c;k95i: · ~:·dth . 1;:11~ . r~~sul ts 
'·Qt ~ha~es 3; c:md. < 1 ,q.s,, .\l1r~ll .as .ifii th 9ther :in;t:ormatidn that 
. ·may .. rcmil~:j\J.P ·durin9 · ttirther r~~·e,u:'ch · i\idt){. .' ·; · ·· ·.' 

::.:~L ~ } __ ; ;. ~·-!·-- : • ~- -·- :.: .. ~ :.; '-.-." •.. : .. J:~.-- . 1- .• :_. • - -- .-, • 

Finally, the r0sulta.nt~~S&T .. policy n'11:i~/ b'c 8katnihod as 
regards its offQct on social· a:h:d ecbrto!ni.c d6v;jlci8fnch.t ,.l'by 
SJ?el..ling,:Qut." ~t3 :i~!(,li~<?:ti?Jt9 ~9Ji tll,fL lq.~~e:r. •.. ~ucl;. 9~ ex~r­

. c~~e.t~hpulsl prq~;'lfllY .. bc!.lc;f:t .. fo;r tl:;lc ,tm<t o~ t:J::ln. !lrOJed:, 
.. \OnOo ,t<ae .. results. in~ . .Plil.ases 3 .. and.1. are ori' liahd. · Tn.e uscful·­
n'7~s!;f1!i, thiS,, is •. o~yio~~~ )J;nbp·_.i_t;;.~~9,';1'1~ ,.t:h~n ~~>~-~eally pos­

''e.l.b;t~. to ca~a;-Y. v.u:t; a, .vc.:r;f.~.apl8 .. n.l,ann~n<J .. ex~rc'ise ·that would 
' , • .,_. :>-J . " • •. ' - .• - • ' I_ • { : ••• • - -- - - ·t· •·l- •. > ~ . · .. ~ ,-. 

·.st.art f,~om .dev?-lPPIDGl1t o);?<i,~c~i.v;c~ an~l: tr'c;l.99,. b5tck· ~usc-effect 
rf!l~ati.qmships. ·to arrip~ ;q,f;:.~ tl,1~~· ,e~pl.iCi~ $:§tT·o p'8;li,~i:es and 
instruments, anCi tl1e rnodi'f'icdtions to iM.plic·it'; St.iT· policies 
and instruments, that -vJould be required in terms''i(:)i these 
:(0I:t}cctiv~s, . t.?ll:~i:D:8 ,~:t;l.t:tf1r MPPp.rtt cont;ext~a:).., fac;t,q~s:! f_n1sti tu-
, t1.:onal, J~:f,:7ttJ.ngs 1 etc.,. " · · .. J • • ' · • • 

·'-' ·~-· .i J ' 1 I j.' . • " .) 

n'I1;Qi:s tasK look~- deceptively silmTo:le .O.Iilr .be·i:ng outlined. 
"Havirtg iddntific(l a'na· dc;s.6'ribcd. ·:the vard.ous ·s-ourc~s that 
~~a-'~'tt9'rf·~ma,¥ ~a:r_ere~~ects'on :·science· and ~c~hnoi~iY vari_a­
·l$1 s, :t,he · qu3st1.b,n · ~s- to trace such effects • a.ndr_.p,ut fortn 
postu:f~tes and hyjotheses :te·lat.i·rig to~ the!'1.• · · For.)j;nstance, 

~-Je rnai_ take an OXpliCi t T"ol'icy ,·that:' •PUts a hQi'\'W:Y · tax on the 
'im'tJQrt 'of Certain CaDital g0ods, 'With the .pllr'OOS@f;Of dev~lop­
ing 'local · f>rodL1ct.iotl in· some, high-technology i t9:m;;. ~-Je "'ould 
trace through ·the "'";:ty this f,l6!Licy• its implemant~<a, i.e. 1 des­
cribe its instrument (or instrument cluste;r)aqcprding to 
the outline we haw~ suggasted; identify thH deoendcnt varia·-

, .. blc;s oij. which'. it' wil1·::>~ct· ·('say·,· the .selection of!,·so~rp~s of 
c~pital eqtiiPm8n'i!' for: th'2 branche.!;.:of,·.industry·US,:j.ng them) I 

and 'make hypot.1.1Btica'l ·sta·ta:munts · ab{l)ut· the s.ign and magnitude 
o:f the effd~ct, and alYo'U:t the .~'ffectiveness o:f the. instrument. 
such"hypothbses nay be made at the general lc;v·3l<Jf the 
whole industry, and for each -of the branches .~Thi.c{l have been 
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selected fo:r do~afic;d''~tud~; in thG' latter ;case o:n.•J would 
:·~tt(:nip~. a _11i'gndr: de9.re.e .oi r>rec;Lsfdri: 0 

. Evon in 't'li,S ari'?·=n::cntly simnlc· cxarn>jJ:.e· many.' ?r0ble~ms 
may ,sqon ,be Q;Jt?>~:~VCd, :~)CCamic~; ,a ··complex dl'lai'n Of effe.cts is 
Got in r::1t;:>tion, wh:::-m the instru.rnent·· acts. · 0.r:t.'G! vuay of l:ooking 
a~ ;i.t ;i$ 'I;:.P ~ij.y til."\t ()fl. raiSi!)g the valu~ dfi .. ')d<:~rtain inputs I 
managcr.1cm t de cis ions .. :ir1 ':the .. Pt6di.lcti V>J! uri'i: ts · r,;f il ltie affected 
so that there -:;,rill be a: shift~·- (no"i"big? h<ot·r··quick?) from 

, fQrOign impo,rtS j:Q; qOJ''1:2StiC prOdUCtiOn • 'rhiS vlill 1 in time 1 

h"" ~~ - --~· 1. ,,·;....,-.. :···'·'' ~!..--••. ,. -~-
~v·~ s.e,v~r,a .. rlf9,<,.;J;,GU~:"' ~:~11s .. , . 

{a): 
1In thp .. shQr·1:'-.. runi , t\it. '(i'$e,: :fn ;P':ticc ri'hy;cau73e < the .. firm 

.. ,to lean tov1ards loss : capi tal~•iinte~sit"y· cf:':J.t:heir .. invest­
·~Pts •.. Qr t1.1G fi:rm may look 'for;llard' tr<!J-' a: .. ~ ra·i~e ·in the 

(b) 

. ,:Pri<;:~s .~of" t ts. ;prodilcts~r: on accoltnt-· of.k both [ hiqhe.:r .price 
.. a~d~l,~s$· e,f,iiciq.ncy · oe 'n.at.torial equiprro.e:nt. :·such 1 .typcs 

O,f }:).q~?iViOr ~~ave i'ropact \iron dnd ·variabl~S Of economiC 
~vcl4nr~Ei:nt. ';'(:.Jmploynent' ariq rate of' i:'l'flatironl: in this 
case;) ..• ·'· · · · · · · ·• ·' ···. · · · · · ':· .. ·.;Tr,:· 

t'., ......... 
~ l 

• -- - • · -~ i: :: ; ~ j· ·•._ · : ~ • ·": -'r _-. · ,. . • • . _ .. _ • • 

Sunpose that loc'al· mariu'.tactu·rin<J is not .\-tel:L .. developed 
as- yet for this nart.icular type of ef'!ui:pment .r ·. The firm 
caqnot any.l,o,nger just order from a catalogue from an 
overseas· ~u?Plier ·whose costs' 'and qual!ity arc familiar 
and trusted. One may:hypothe'sfrze that the fi.t:m's tech­
,nical st;aff ,vr.illl~ave to ta~.:e un responsibilities about 
setting up 'technical s~ecificat:.ions for would.;:;.be local 
suppliers of equipment, morco•J?I', it. will. have .. to locate 
such suppliers, help them "-?ith their technical production 
p'i:'6blems, f'ollmr up· t.lleir 't'lOrk, l'ltake a coptrol of the 
quti'lity of deliveries .• · This wouid be; a likely ,~t,f,ect 
:i'f· certain otherrrco:nditions obtain, su.<;h as a·.· fbrl•mrd 
looking· mana.gt;r1Gnt, certain. minimu~. te,y.)mi.c~1 • C'a~ci ty 
to·<start f.romi · a firM which is: not-r srv;il'L, ctp·. • :;+f suc:·1 
favdurable :Conditions ;(\'<lhich belong to t.,'l-t~ fi'riri 'itself) 
do·not. obtain,; the .reolaccment of ;fpr.pign, :equi!l13'l(:~'nt by 
·nattortal ·equipment may mean a ponp.ftY) £orr _'the ~irrn .in 
terms rof ·cost and. quality r. sa;ve i;f; ~C,tion ;is ta}!;ep by 
an c>Ut'siide Lfnstitution. , · ·· · · ' · ·.. '·, 

(C) Tnere <are ev!i·d~nt nmorcussionn of the ,ii~n,$.i bdhavior 
: '' uporC'th~···loccH producex-s ofi e.quipn~nt ,.;·;~h.i.dh ~-\1~:1:-d have 

a lfisfhbr . demand> for thei,+ produ,cts .. ; . 'this 1n.' t\ltn may 
push· thG latte·r ... tc ··make, itech.rioi0g.ica1 .. i.m~rove:meqts, par­
.tft:ularly·:cif · J;Qlp. ·.yr<>v:idc~l by· th?, C:li;?:nt . .'f;r.ms' and/or 

:by· other •1:nst1 tut1ons •: 



1
<.·(CC1 .. '.> .· .. todal · · · · · · · · ' · . producers may mar~:e a: demand to· the scientific and 

.(o) 

technicQ.l ~ystem t;or l:mowledge· to help them meet tbe 
users' t:echnica,l,, r9guirer1ents; or ~~ey may look for fo­
reign teqhnologies :through licensing. · 

' • ~ ' .: •. , '~ t < 
, I 

. :'( ';• 

.The existence of. a tariff barrier may make it nr6fl.tablr.Cl 
. for f.or(.lig!~ ca'?ital,.' to install a loc~l subsidiary., for 

· tl::\e loe~l r:ianufad:.ure of t!1e equipr1a:ht. The implications 
of this c<?\lrseof_ action should in turn be considered" 

... , .. )#mce, th') full eff0cts, of t;his policy are not easy 
t.o trace ·• Tpere 'vill be a. first-order effGct, ·or d'i'tect 

, ifnpi:tct;r p.pon>. m~e eas1 .. :I.y identified function or· acti·i.fity I as 
\'1<311. i;!S .h.igh.-"ord·~r cffcct;_s tlithin _'and ,,Ti thout th0 ·H.rm:' that 
t~ke, place:., pver; t~rne .· Oh studving·,' a recent tnr.~asu'r7· many of 
these eff,.;)cta have' not' yet had time·· to 1"1anifest tnerns~1.ves 
and \'le would then norG ·· ?roperly' speak :about ;~.iM?lidi'tions ··, 

, ].3ut e.ve!} in t11:e PFtS§! of long-:-standing measun'ls., it is not 
·.,.simple. to .trade. through the not;1ork of effects. 
•'' '- . ' . . ' ' . . 

.. . . . .T21re .analy~t ~·. lla.~ini;r made ,an· 6f~ort ·at identifying tho 
·n~t~ .... qil< of. ~f,fed:s,.'may't~1en summariz'e hi-s· 'belief df';wnat 
happen;~. <oi':roaY, J;1a:pp9r) .. :i,n_ i=;he forra of :a? hypothetical' state­
mqnt ,,. -w;hi,qh.Jn Our ~X;i:rm:Pf~ rn.:ay be th~s ~· 11 'l'his. policy 'intended 
t.b 'nrov:ok'e lbcal manufacture of equinmcmt X •. ' '~'··Je ·nynothesize 
tl1e follo'.ving effects~ st·ath firrni:f' will on tb..::!··~ho'le continue 
to iro::Jort the equipment· since state decision· !na~arts have a 
tendenpy to total. sc3,fe,ty .in their. investr!l,3nts *; nri vate firms 

. o~ l,Ocal .and fo.r.c~igri papi t.ei~ ~..rill ,t;,end to. buy locall;t but 
. oply in :a vf'-~~" qases .W,il~. thcx act ury.;>n. the .supPliers _to. make 
tnem prodU:C~ ... bGtter equ.xp]ne'nt,- t:;upplJ.·ers ca:pnot expect nelp 
;frprn the Sc.fepC(~ a114 te¢JinologY: syst~m sinqe· there'is' littl•.; 
capacity related to 'the ma'hi.lf?~db.ire of this type 'of>equipment*; 
suppliers '~~>Till t:2nd to buy licences abroadi one Or tt>/6 foreign 
man:1.,1factur~rs .may sc~t :up .sbop it:t tl:l.e country, , t:hrough ne1:1 
,inves.t!:l.ent, p~J,rcha.sG of' a lo<;:aJ;. ·firm. or a· joint venture with 

. . . ''! '·.:-····' 

.· * Note that U1e constraint nrlt by a ;cdnt~~x:t'ual facto.i" is 
clearly identified. 
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i.t, the f.inal eff,;.:cts upor1 I':'l.ac;o economic and social varia-
.. bles, will_ b(. s'uc·~ and such. As to' the eff~;ct.i veness 'of. the 
.instr4.I!}~rtt, it may b'e ~air1 'that it has attaine<l·i·t~ purpose 
of 'lodal manufa¢tu:r;ing at not 'too'·m\1Ch direct costl! (in 
handling the instrument) but' that 'if all thc.effects are 
.cons.j,.dered, it. is not clear vvhethert~w measure by itself 
h'as.' beeri .~ gOod on·~H~ ·, Once he has verified' 'f!lin ~reposition 

.. ' '' • ' ' . ". ! ' ' •. " ' . . . . . . . . .. . . . .. 
thi;},_ anall'sl might . ;cr.:;corinticnd ;' ' 1

' ~'ieas ures of . this sort should 
j,n the future_b~_; ado~tcd 6nly a:fter a careful' study of t'-lt:dr 
implications~ al'id 'coru:~ti.trent. mea'sures should' also ::be taken 

~-~o ,assuro ;i. ts.. b•2st :59cial irnnact,. !iiW~h as a scheme to help 
tech:rlically · and financial1y·.'eqtliome~t. nariufacturcrs r.vi th 
their techrioloqical· imorovcment ,' ahcf a stiff cont'rol of in­

. ve~tment. decisi(;)ns' by sta~G. ~n~ernrises that ~Hll make; them 
. purchqse the. loca.l nroduct.'1'. · The analyst iS'. nm,r sn~aking 
Hreally about. an ideal '"functi.on·"'orieti:f:.8d 11 cluste:i:- of<instru-
,J;nCnts .to act. upon t:1e s&T yariable·. · · · ; · ., 

It. should be, n~tc;d that. to, ·spell out sitch ·a hypothe­
sis the analyst r:nist hav(·~ a go6d knovlledgc' 'of n0\'11 the econo­
:rrti<; ;;ystem in the., country, (lCtual.ly v10rks, of h0111 firms are 
bound to rca:c.t (\•7hiqht gc-r~n0s: on :nuMe:J:ic;:>us factors and varia­
bles specific to ~.:he Jirm) , of ho~v the ·sci.ence and technology 
systerr., and the link.;;igc area function, of: ~vhat constrafi'l.ts 
arQ-,:put ·by the .. coilfe~t,. Thq ~~search tipclertakcn under' Phase 
;~ will tl1er~f,pre, be b;f'~_great rblcv3.pce to national' temas 
.when, wox-king <i:n th'is ·part of .Ph as.:? 2 ~ 

~ •, .1 : ' '•.. ._: _. . ',•' 
. • .. r ..• :.1~0~\3. typ~is bf. hypothdt'ical staterrients·r dhtained 
.th:r;-o~.~;h 9cduct;~i:m./,ma:i. }Je accpp,ted as they stand x,\lithout 
the n~ed r~Ol; .ES:n:l!),i,rical ,test~11<J·· _' ':['hese ~>7C May call "•conclu­
,gions 1',. pt:her t:yt>es~. which s'tem f:r;om d8ducti ve and inductive 
. J:easoni,ni],. qh'l :.n nocd of. verification and may be considered 
'as 11 hypo't;~1es~s-" " * · · · ··· ·. · · ,-' - . ·.· . - -

~ . ' ... ' . . . ,. . ., 
·. . Hmvevc'P·~ ·the tQsting· of the latter tyne· (;)f 'statements 

. _,J '. . - ; . ;'. .·. ·r .• · _, . ~r- . - - - . -· . 

may have va:tyiwj degrees of' cohclusiverrE:~S13. ~J.Jt· on,;; ·'<:!xtrene 
v1e have l'ihat we may call 11 hypothcses about implications", 
which refer to policies that h.::JV(~ not yet been in operation, 
or ,have bee:q operating .only for a short period; here there 

' • • L' ,._ i '. 

* Recall the analysis of implicit policies in section 3.2 
of part II. 
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ar~ no actual eff.::;cts to :)e looked at I and it is only ~os­
sible'to·corroborate.the hypotheses by asking personscand 
l.nstitutioris that rtay'Le affected by ther\1 ah6ut how they 

. are bound to react. This corroboration: b'€lsed; on opinions 
'arid anticlpated r:Ja.ctions we nay term tlweak 'l ~ ' j'._t the other 
extreme _t'/e may have nhypothcises about. ac!-~aJ.r.~ffects" which 
m(ly be Verified by analyzing actual· behavior, 1nading·to a 

. '"strong a corroboration.: !nterr,mdiat~~ situiltion8' may' give 
rise to \•Teakcr or stro!1ger corroboration. of course, it may 

})(: impossible to V(::rify Cf;:Jrtain hypot.hescs about actual 
effects if 'it is· nOt possib1(; to gain • access to data about 

··actual behavior; hdre -bcrh'ans some ,.,ea.k co'rroborati<:>n J;!lay be~ 
too1-:'cd for throug~ opii'li·ons or the examination of s~·condary 

1 so'urces.' . 
,: ; 

Wt~ hnVC ref,:l"rred up to UO\'l to explicit 't>olicies and 
. t'neir instrUffi(::ntS 1 hut •t:1e iJ11TJlicatiOnS; o:n'(~ Side effeCtS Of 
. iihpJicitpolicies ~rray bf.: treated in .. -~:I siMilar 'fna~ner> and 
g;tve ·rise to conclusions anr:.- hypotheses: of,-: s irlii l.ar nature.* 

; (. < ,, • • '·' ' • • ' • 

_J: ' Ir('t.he case of conb~x'tual factors, we <may als0 TJUt 
forth hypotheses about th~· ·constraints and limi thtions they 
place on the effe'dts of policy variables,. either directly, 
or through their influence on•institutional structures. 
However 1 it seems unlikely that any strong c0rroboration may 
take place· by: anal;Yz-'i:n~:f actual influences,. since by definition 
a contextual facto'r ciiriliot be changr~d in th.cl: !i3hort or rnediurn 
run.- Contdxtual irrflub':ti.C'es "are· thcre'1

, so to say; they do 
not .·suffer: rapid c!1anges>that ,._1ould easi:ly .uncover their 
effects~ Two tv·ays• :of ;·~\lcaku corroboratibn seem ·onen. ::J The 
firs~; one~ .i·s ·taking:· d · hi's_torical ·j)orspectivc /-lookintf'nany 
years hack t.Q so.;~c·l').m-v s-lo'"' 'Ohnnges in a certain• ·contextual 

• factor has· influcnc;:ed the effects. on certa:li.'tl:·;:S.&T ·vari-hbles. 
''History,: historians· a're fond of saying, has 'fts~: us·es1r·:f6r the 
'futuro. The proplem>is t:t-.:at: fuost·of the'cd'tlflt'ri·e:s:'fn'lSTP:t: 
·have a ve~ -_s-hort history'. ct.n:'s.cience· .an-d'ft~chfiulbgy,J And per­
haps -the;- tl.ID(:! S=F_?d.n \1\fj •. '}~l not·be enou'gh to :tiflrow· s·uff{cl.ent 

1 s . r _(;, r "~- ' , •. : ' r·;· --·~ .: i . . r- . .• : . -~ . ·. ,. ' ·-~- ' j r; n c:! -~ .t :·: .. [ !. _[ :_1~ .. 

*!'he a::on-ort '''l'echn.olog'.f policy imnli'cit iff th'Cc~ iMUst:d:.al de-
.velopment:_ p-;}.:a:n,. t:he General Law. of In'dus.tri'es! and: th~ Gene-

' ;;ral :Law of-_dslihing in :P~.1::r.u" ;' contains< :a fil:trnbe.r· O'f' exaMbles 
cof ·co?clus·tons and hypothes~·s. ~(ab6~t implica·tions· 1rfa·inly) 
-'that .• 1ave come out'. of. the ana.ly.si,s' ce>f 'qoverm'1ent ":'f61ieies in 

Peru, and may be help:ful' in :JUi:CI:illg the work of. the· country 
teams. 



- 66 -

'li'ght ·about: the: t~ff!€ct3 on· it of slow cha.n.<:rGfs.j in -contextual 
'factors. The ·sc:c'ond Hay is to rely on o::rSiili-ons about' r>o­
s:s·ible react'ions ·to· hyoot·hetical qU(!Stions .like~. -t'\;JOUld uni­
•ve·rsi'ty scichtisb:>. bo more interested'j_:n 'irrorking ·in nat:ional 
probletn.s if th~y '.vere · t·o ·take their advanced·.uegrces ·at home 
·and: not -abroad?~;- Such que.st·ions-~ not easy ·to phrase 'f ,,Tould 
nabirally :fbllO\.Y from tho hyf)otheser:; \·Jhi'ch.· have' heen · formu-
lated. '_~, · · : · :. 

:.· .. , •'':: f ,. 

j .· However/ i.Jne• of·. the .advantages of· a. comp.arati ve pro-
':fect1 'like' S11P!·;is 'that. vie may· put forth. hypotheses.· to' ~Je 
·test~d cross-'Seci.:i.on among countries., sincG· differanc.e.s in 
fcon·b~Xtual factorS \r>lill be fC)t.Ind bet'\.•Teetl tfhi:; TJctir'ticipo·ting 
countries. Eeno", from the various outcomes of the' natio­
nal reports, to b(~ obtained after Phase IV, a number of cen­
tJ::•aJ:, 'c}uestions' ·about tl1e influenc.e· of conte:Htual factors on 
sbiBhce arid tec]Ttibld;y · may be ';:iUt· rto the te.S:t• 'in· Phase' 5. 
·nope fully 1 the. 'corroboration nay he "s.trongL'l_,fotr some .of 
'ti:fose q\ies't'ioris. · ·on: ·the.· other hahtl, the expbrien-ce of China 
(to be stuclied by a consultant) ~rill be of great value at 
this st~gei.·sincc itr· may·.shm•ri~rhat can happen ~.rhen a country 
willf'ul'ly rdscidcs· to 'change' rap.idly what other:'.cmfnbries 
con'<Ji.dc·r a.~·~ contextl.ial··f_act'ors n·ot a:m.enable:(to -~apid change. 

'Yt;_< ; .:-: j (.t'! j ···;. i ··, • r : ! ··r l ~:·i J .ij;_) _ _;. L·J -~! . 

. . . ,·,·, .. Let us no',-/ refer to' the various•·tets b'f hypot.'leses 
'that' should be· gene:r1ated .' • · He• have already.· sta:..t.E;jd tha:·t,; for 
·each s~ource ·of. influence' conclusions::~and~ hyrmthesas··should 
be' formul~ited ahotit their ·effects 'U:nbn '$.&'D V.a!Jti.ables: -Under 
ithe three headi:rilis ofr 'demand ·side; supr)iy·s:ide \mc1 lt.rikage 
area-.: · Such hytJ'oth{ises /':as ... .,e have eri.Cieavoti'i'ed to sho~'l.·, will 
ori1.y~ -t~rel.y 'bfe1 ·simple artd 'unitli·rectional, nnr . easii:y ai"lenia­
i::ne''to' qu~ntification; ·:they. "'d.l'l. tend to be' co~;>L~.x state­
~erits' of; caus·e~·to.:..effects. ' :. 7c 'are riot .~1:1te're.stt:J.rir !laving 
:an exhausti va ,set of. 'Ayootheses ·that cover 'a'+l ·catises' •and 
all' effects·;· i1o1' is~ it- ~ossible tbthink ·of ·s<~uc!1 a cbhnrehcn­
·sive .se-t.' ·.The ~-ain 'shothd be~ t8'cbvhr t:he' nrincipal ·s6urces 
o'·f itif.luence ,' and for :each, the plrihcipal ~ffects or· frilpli­
cations. On the 8ther hand i once research is under way 1 the 
int,~rchange of inforr'lation b~tween nati6na.l teams-~ p):',iinarily 
throUgh tln~· Field Cbci'din:atbr'·:t Office, 'May lead to''formu­
late hypothnses ''about·. the abtl:on$' of simi1ar source$ 'upon 
'si·mila·r·: variables.' r·, fr'h!Eli 'would~ indeerl· be a very desi:rimle 
thing, s.incei l.t ~"'oo1d 'hcii(Jhh~n'·<the'. value of: the );9ompa:tison 
exercis'e to' be· 'unoertakt?.h'··:tn P:h·ase· s-~' · · · ···-
, ___ :. '-~_r c·. "~". j j . . ; r ~ ·:- ~ ; fJ 1 · :"".l .. :: ; •.J · . i. . 1 
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' · · l:.t this stage we should hav'e' a des.qriptioQ- o h,ovr 
the principal explicit· policies, 'l!mpli.cit.: pold.cics q,ndr con­
textual f·actors act on: .. sr&T· varia1:tl;es·, togetheli~:lvi th a,. set 
of hypot!1eses at 0c.neral and specific· lcv6"ls ''·:about sign 
and magnitud8 of the effects, and about the effectiveness 

.,o:f instrument's in t.he 'case of c~nlicit :policy. 
':.. -· -.. . '.· 

. ·· · ,.:." The g~~neral: 'hypo.theses should no'"' be subje~.tQ<l: to 
''cor-robora·tdc:t;l, as·far,_,as thisis f'Qssible with thelle:lrP of 
· 'e~iiting<d.ata, opi:ni:ons, and ather ~1em¢nt:i: .. ; Ne .sJi\g~st 
< 'f!ha:t t1:tis be done at' this time 1 for ·two ·.recu:~onli3:10· Or;te ; is the 
intrinsec value Of find].ng out i10vl Valid the hyr'Otheses are, 

·and ,the: second because 'the excr.cise·,:w:£.,11 allmi a much better 
planning: o·f a<±tivtties · in· Phases II. I and:!~V, particularly 

· in :.what ·regards the ··preparation. q:!; ·Cll~c~l:l.~ts, questionnaires, 
riad other methodological: instruments. ·' J;t. may also be said 
"fliat\'thi:s' ·general '·type<of corroborat;i.o~ may allo~>l to refor­
·:mulate more carefully the··specifie· hypotperqes to be tested 
at: the micro ·1evel·. ,'. . 

-~- ' ' 

) ,: 4 

· Let-us•now see how t.his.scrutiny an4. verification may 
take fb'lace·. The research teapt, on pren;p;;l.~g the analysis 
of efi:fects and fo.rmulating .Hypotheses,· w~~l already have 
amassed a certain body of evidence in their favor. But it 

··is . .tl:0\'1 ·a question: of~ casting, .the net wider, of collecting 
·?Ubli'shed ·lnformati.on and approac:1ing ~eo-r.~e and institutions 
with ·q-bestions framed as pr0cisely ·as. possible. Though t·7e 
can hardly suggest a set procedu;re ·,for t,.i1is stage, \ie may 

· 're'fer' tl>' a promisTng. technique~ -to set \l.Prroanels o:f }:now­
: led9'eabie persons to-· ,whom these questions· are put, so that 

they may be able to give their opinion about the validity 
of :rtost of the hypotheses. This 'l')ancl \·7ould also be import­
ant· in bringing to.· the attention -pf the team various tynes 
of recent infon'!lation that nay be of help. 

l.' :· . 

'Onde this is done i . the team May screen the hypotheses 
'and retain those that ,seem mo·re nlc;iusible; ,. lGavinq the 
cot'i:bboratidn of' more precise. :and detailQ:il hypotheses for 
Phases 3 and 4. 

' '·"'Fha ·results dV'f th(; nrev:i.ous,,.stcps ,lN"ill have produced 
• ·- ' • ' • '·' '- • ·~· • • ' • ! . 

·a body '·of hypotheses; to,;which hi<;rl~ ~p;la'!;lsibility may be 
attached, about the effects on S&T of explicit and implicit 
S&T policy and instrum~:mts, and of contextual factors. 
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1""...1 exil~fg~tion will uncf6ub-teclly snb*'--¥aii6uiL co~nflicts 
.~pd'; q<;?R.t:J=if,<H-J?'t;-i..opsr~ Wtli~h . f\172, :an ,impo!tan~, p1.,1t_9ome of the 
~~qrc;q;.c;- rr./?ll;tp.~ •. f.r). ~ue0 exists about !3i~ cind-'~agni tude of 
th.e _ef,:fc·c.t.s.; ,,(t': i3~'noV? pos.sib'l·~~ t;.Q: '6}:>n.st_rix'¢t· ~qH.tJ.'t(;may:·: be 
~rme.d: as a, i':+esult~·t" G'&,T n6lic'v tlfat·:~rilJ.:t cofu)Wyttnd:r the 
.e'fJ~~-t.sl:p;e:·~ll ti;.p' sO,urchs 'of influt:;mc6~ . . . ' 

- · ··· · · · ~-- ··' · ·-··, · .• -· ·.: -. ·-~ ·· ,> ·._ : ·: ~--t~: : ~ ~ _,_,:_f-'>' r.r·---, _·: .t_~> 

·ro 't}ive. ~n; exhfuple ;; ,.,(~ rcpro'dtc.._~· a··~ahl6:; abobtl·tlle 
-~r.~~f::~ pf, the ec;::onam;ic }?yst,em. a~¢1 gov?r~I'n:ont ec;9nomic poli­
c~es .. on' the, .. S&T. SY:$\:e~1 in 'L.;ttih '1'\.""q'i9.rica~ .... 1Vi6st: ot the charac­
:t?r~stics 'shovvil. in this. _ta!Jle ~ .. muld .seen to have: a' negative 
,irrip~ct cm .. th.e' cteyclopirient ·.or· domestic ·techhologidlf~·oapabili­
:ties:o .--Tlie::re&,u.ltant' .. ·~6ii~Y midht-,.l:ie ~~~~rcsse:~~~:~~r ~~~,lov1s g 

'' '_'-. ·oamdstiC:JJcientific. arid tJbh.tiiCai capabi­
:li:tieS,, dcf .~o't 'rieocr to be 'de'v1iloptia heYohdr ·a 
peptain ~~lJ,~murn. ·':Che ;g;datr:fr b~~f~ _otf 'techholo­
g,ical knm~~:+~.oge to . 'ejtr}loy_ed ·in 'r)ro,ducti ve a c­

. t,t v:i ties F~q\lld . bq , imt?~~~dr.:. ;q~t;~S-~:a~·~y ';!rbrn 
the countrJ.es ~'There teChi\ology J.S most. ad'V'anced, 
even if this implies hiqlter cos't:. 1-'Th~zief'ore I 
only th,e strictly necessary P&T_activities to 
9?PP6t;t s'uch 9i9d\1.9)t;iy~. ,~cti~i tie~. (:nar~icularly 
:tnose, o,f. a ,fOU,tJ.nEf 1"\9-_tu~,e,. ~.-vhl.<~h dq~·~ot 1mply 
re~earch, wJ.ll be 1,1nd~rtaken c.omestJ,.cally. 

\! 

._·· .· Tl:le. larg~t. ente~nrises ~ .. ·particula'rly ;those 
as.sociated \;,~ th. fo.r~ign. fims; ·'are the orl:ly ones 
that should, use .S.&T :t,nputs interisiyely~ ; 'All 
other en:terprises _ ~Otj.ld be be~t(~r 'off· USing tra-

. dit~¢nal proquction, I'lethods 1 ·even ;if they are 
obsol~i,:o·,. ang should not try to 'introduce S&T 
r.~seaiRh~ , :. : · , , ;: 

_, . ·. F..pterpris~s · should Be protectNl' from foreign 
competition arid rruarantees should.be qlven th~m 
t.."l.at th,ey 'vill yield. benefits o It is· irrelevant 
'itlhethc.i. they.' enn).oy: or not technoldgj_es, \-Thich 
are adr¥JU<:l.t.~' to lo_cal conditions·; ···\;!hat 'mat tors 
is. to' stimulate <im·trennincuriaF ac_f:!ivity; 

'" .. -' .'' t ~·' ·~ .... ~:·, [".t ( ·• 

'l'he production. of goods. a:r-d. services should 
be oriented tot!Vards .the .satisfaction of the 
demand from the. hig_her incp~e brackets, to which 
·the proqtiqtion of .the mos·t. 'd.yria1nic industrial 
br~anches. 't.ii th' hig~' scicmt1 f~ ¢: ··~ont.e~~ <:t s_ 'directed. 



TABLE V.l 

SOllliE CHA.Rl~C'l'ERISTICS OF 'l'HE ECONOMIC SYSTEM AND OF GOVERNMENT-ECONOMIC 

POLLCJ:-ES --IN LAI:IR .A.UERICA AND. THEil' _;I:w;>A.C.'J'. 9~. THE SCIENTIFIC 
MlD TECHNOLOGICAL SYSTEM 

Characteristics of 'the Economi;c ~system 
and-of Government ,Economic Policies 

• • ~ f • 

·ImPlicit• ·Irap-act of the. Sci~ntifi.c and 
.. Tec.hn~logical System ___________ . _____ .;.;,..;... ___ .....;_..;;...;..~ ____ ....._ ____________ ___, __ . 

Characteristics of the Economic System 

- Technological dualism _ . 
(a few advanced firms coexisting vli th 
a large nurr~cr of backward ones) 

~- Underutiliznticn'6f eiisting capacity 
(excesive capital invE.:stment) 

- DaformeC. price fo:t=mci:ticn mechanisms 
(protectionism, oligqx: lies, myopic 
price controls) , 

- Predorainance c.~f foreign investment 
(p-a·rticularly in· koy .dynamic sectors) 

Gross inequalities in the distribution 
of income· · ... 

- Only .a small. number of. firms' are· c~pab_~e 
of absorbing modern .te.ch!1ology arid hence 
potential users of thekriowledge genera­
t~d by scient if i.e and technological ac­
tivities;· Tlfe:ise generally.~connected with 
foreign corporations •. 

- No need for doing production research to 
increase level of output, production can 
be easi·ly expanded. 

- Entrepreneurs have no real incentives to 
reduce costs and ooerate more efficiently, 
hence there:· is little •1omand for: scienti­
fic and technological activiti~s. 

- Need for scisntific and t:;chnological 
activities~. particul.J.rly .I;"esearch and 
development, are satisfied 'from abroad. 
Only routirie:activities are performed 
locally. • · 

. ~· ·.~ndustrial .ac~ivities .. are orient~d towards 
· producing goc;>ds for a,small segment of 

the population with high.income. Techno­
logies are geared to producing a large 
variety of goods for this population seg-
,.m~nt ·and imported for- this purpose. 



TABLE 5.1 

Characteristics ~f the Economic System 

- C::mservatisr,l of lccal entrepreneurs 

.... - .> 

·~ i.a;ck ,_::;f vi:::.bl.;; techm)logi.cal alternat:.ives 

Cha.racter.istics Gf dov·err..ment Polici~'s 

- Cr~c.it. po,lici.es biasp··~ t()Wards capital 
equipment, ·'1arti cu.larly_ when· foreign .aicJ. 

0 :in:'l credit ;::.r;a j'nvolved ·.· r 

I' - Fiscal incE:.:.ntivE s geared tm·rards !?romoting 
!. addi.ticnc.l capii al investments (tax credits, 

tax exF:.:lt~pt.L<.. _ls , . e_tc. ) 

- S·-:Jcial polir' .. es which make labO.r expensive 
(social sec·1.rj_ t; , unemployn;ent funds, medi­
cal bcm::~:fi~s-1 .c tc) 

- OVE::rvc..lu.:lt:.t. ... m of exr::hange ·rates (making· 
. impcrt~ ,9heaperJ 

- Tariff brir~ ..... ~.;;rs and'protectionist me·asures 
arE":·taken: C.f part of an import substitution 
indust:.r±aliza.tion strategy ·· 

- Continued 

- Distrust fer local scientific and-technolo­
gical Qapa.oili ties, preference for '\'lell. : 
known and proved technologies (generally·· 
foreign)~ 1 Risk capital for new an~ advan­
ced technologies are not available. 

• • / '• ··- ~ or·' . ·, • 

- Long:;-.t.e~m capita.l-iptel).sj_ve ipvestments are 
pnf~.::r-red, partieJJ.larly when funds are bo­
rrowed from state s6urces. 

·- Unsui.table tephnologies developeC:. elsewhere 
are importee a;n.d used in C!. differen·t c::.mtext .. 

- Capital-intensive te~hnologies are preferred 
ever capital-saving o::':' labor-·ut>ing technol:G­
gies. 

- Invest1uent in equipment. becomes more attrac­
tive ·than investmeht in working·. capital· to 
enlarge the labor force.. . c 

'I ,. 

- Demand for capital .equipment, !machinery .~nd 
even intermed-iate pr.oducts· is· oriented 'q,;d::':"' 
wa.rcie, _parLicu1v..:;:-ly t.mvards de,ielo'ped · 
countries. 

- Importing fore ig·.n . machinery and equipment 
becomes a>ct1:=q,ctiv.:;. 

- Indiscriminate protection_ makes i:nef;&;i.ciency 
profitable and reduces-effective demand for. 
scientific .and technolpgical activities_. 
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Capital intensive nroduction techniques 
should be orefcrred over labour intensive tech­
niques. Incentives must be given to entrepre­
neurs for strong investment in machinery and 
equipment, even though they should not be fully 
utili:r~ed. I>~achin8ry and equipment should be 
importGd whenever possible and therefore there 
is no n ... :Jed to promote the development of labour 
intensive techniquGs adapted to local conditions 
throug:1 S&'_' research. 

Perhaps no 'Jovernmcnt official "-'OUld accept that this 
represents tho policy of his qovc:rnm<::mt. And he may ?Oint 
out to certain policies that would seem to correct the set. 
In Peru, for instance, the Development Plan 1971-75 has a 
chapter on technological policy with various statements 
which would attornpt to redn~ss the situation. In this spe­
cific case tho explicit policy of the Peruvian government 
shows contradictions with the imPlicit technological policy 
derived fro:rn its economic structur,::; and from the characte­
ristics of some government policies (for instance, explicit 
policy desires to develop labour intensive technologies but 
there is an implicit obstacle to this possibility). The 
exercise of contrasting explicit and implicit policies 
cannot be resolved exactly, nor is it possible to reach 
deterministic conclusions. The implications of many impli­
cit policies are G'.eri ved through rJ.educti ve reasoninq and 
are not easy to v•:::rify empirically. In a similar way, it is 
difficult to knor,J what the real effect "1onld be of ';;xplicit 
policies \'lhich some times are not impleJ:llented pro~erly, or 
just remain on papc3r. 

On account of these difficulties it is proposed that 
the resultant policy should lx~ ;;-;xpressed in the form of a 
new set of hypotheses which thenselves may be subjected to 
corroboration - as far as this is possible - through the 
sume procedure of ;)anel discussion Ne have referred to above. 
From such an examination it !':li"l.Y nmv be possible to summarize 
the resultant policy into a limited number of stater.:tcnts 
which may prove of great utility to nolicy n.akers. 

Such a summarized resultant policy, Nhich has been 
obtained through work at a t}enera1 level, may be checked 
later with the r~sults of Phases 3 and 4, as well as with 
other information that may come out during further research 
work. 




