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1. INTRODUCTION

Up until recent years the student of development economics was given to think that ind!.lstrial firms ope.
ning up in developing countries would normally constitute a. replica of more or less similar undertaki‘ngs ur:\i:;anted;
few years (or decades) back in more mature industrial socieue‘s. It was also ufken for granted fhat the mdtf:st iorganu:
zation - degree of vertical integration, patterns of subcontracting, etc. : a.nssoclated to fmy particular manufacturing ven-:
ture would also somehow replicate the industrial organization of the original undertaking.

The notion of the “‘technology shelf" stocked somewhere in libraries and archives of univ.ersitie's and
nufacturing firms of the developed world and just waiting to be used by any 9dd LD_C was the standard idea with wh
economists approached the study of the industrialization process of develogmg nations. More frequently th_an not s N
view was also compiemented by the assumption of an almost complete passiveness from the part of the recipient | ¥
1y, as if no domestic adaptation efforts worth taking into account could be expected to emerge during the process of i
dustrial transfer, 1/ '

Very few people would today doubt that such a mechanical descﬁ!:tion of the industrialization proge
of LDCs leaves more unanswered questions than those that it helps to clarify. This is so for at least two different et
reasons, On the one hand, the argument rests on a highly unrealistic perception of what a technology, and its assc ’
industrial organization, actually are. On the other hand, such view of the process does not ca;.)ture rhg very Iaru:_
rences that prevail as between LDCs in terms of economic maturity in general and, more specifically, in tems of aval
bility of domestic engineering and entrepreneurial skills which, in a gradual and steady way, a‘d'apt to the [ocal tl:
ment the technological and organizational “blue prints” received from abroad. We can mtuntwely.peroe_w.e at "
adaptation efforts, when they exist, can end up by giving brith to a new, rather different, and highly idiosyn
“production function”,

o "

1/ Curiously enough such basic theoretical background was common to bor_h, rho. neoclassical and the ,‘

either one of themn “technology ~* was something “produced —hy developed industrial nations, a_nd :H ::l:: :‘u;: ool i

? % *or i g ] iation for its purchase. It is now increasingly ¢ i

tries was a “‘correct’ or “incorrect” selection and no_gom ; 0 Sliieloy Aty gy e o

issed i link of the story, i, e. the “domestic component” involved in eac
s o 7 i 7 it One of the main lesson gained from our recent research
jon of new technical knowledge in any given industryor society. One i i

f}::?:;m of technical knowledge normally carries with it the need for the generation of additional technical knowledge.
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Concerning the first of these topics, i.e. the unrealistic descrption of what a technology, and its associa-
ted industrial organization are supposed to be, economists have recently began to notice that: ..."to the extent that imi-
tation is not trivial, the idea of an industry-wide production set the elements of which are accesible to all firms is a mis-
leading abstraction” and that ... ' to the extent that technologies are not well understood sharply defined inventjon
possibility sets are a misleading concept and interaction between learning through R D and learning through experien-
ce is an important part of the invention process”. 2/

A similar kind of awareness concerning the rather idiosyncratic nature of the industrial organization fa-
bric likely to develop in association with a given industry and, therefore, the likelihood of there being rather large inter-
country differences in this respect, 1s also gaining ground in the profession, After studying the Taiwanese machine-tool
industry A, Amsdem has writen: “..A striking feature of the structure of machine-tool production in Taiwan was and
continues to be, a low degree of specialization and a high degree of vertical integration. The all-purpose nature of opera-
tions in the smaller firms has been very pronounced. Larger firms have engaged in even more activities with are ancillary
to the production of machine-tools. in industrialized countries such activities would typically be sub-<contracted”. 3/

In other woeds: the standard text - book notion of the production function as an exogenoustly-given,
completely-specified, easily-duplicable and internationally transferable set of engineering and organizational rules and
“blue prints” which tends to be rather similar across countries is now recognized to be an oversimplified tool of econo-

mic analysis which fares rather badly when we come to explore the actual evolution of the production fabric of any gi-
ven society,

As far as the second topic is concerned, i.e. differences in industrial and technological achivements as
between LDCs, it is becoming increasingly apparent that, pari pasu with the expansion of the share and complexity of
the manufacturing sector, a group of developing countries - now frequently refered to as the NICs (new industrializing
countries) - is attaining standards of industrial and technological sophistication which sets them quite apart from the
LDCs group in general. Some of these countries have in recent years experienced a dramatic increase in their exports of
manufactures - many of them of a fairly complex technological nature - and are nowadays claiming their initial signifi-

cant successes as exporters of technology under the form of licenses, engineering service, sales of complete plants tho-
ugh "“turn key " operations, etc, 4/

As in other field of contemporary economics some new thinking and a comprehensive body of new hard
empirical evidence seem to be strongly needed in this field if we are to make further progress. In particular, the theory
of innovation yet has to come to grips with the fact that important localized knowledge creation efforts are carried out
in a number of developing countries, The rate and nature of such technological efforts as well as the role of micro and
macro variables in shapping up entrepreneur’s behaviour in this respect should clearly receive priority in any research
agenda concerned with the long term growth process, 5/

2/ R. Neisan: Innovation and economic development. Theoretical retrospect and prospect. Working paper No. 31, IDB/ECLA/UNDP
Programme of Ressarch on Science and Technology. Buenos Aires, November 1978

3/ A. Amsdem: The division of labour is limited by the type of market. The case of the Taiwanese machine-tool industry, Worid
Development, 1977, Vo.5, No.3

4/ Recent papers concerning technology exports by some of the developing nations have shown countries with so different an im-
Port-substitution strategy as Argentina, Korea, Taiwan and India attaining very impressive perfomances in this respect. See: i) J, Ketz &
E.Ablin: From infant industry to industrial plants and engineering works, Working paper No. 14, IBD/ECLA/UNDP Programme on Scien-
ce and Technology. Buenos Aires, 1976. iil Y.W, Rhee & L.E. Westphal: A note on the exports of technology from the Republics of China
and Taiwan. Paper presented at the seminar on Technology and Deveiopment organized by the IDB/ECLA/UNDP Programme on Science

and Technology. Buenaos Aires, November 1978, iii) S.Lall: Developing countries as exporters of technology and capital goods, The Indian
experience. Mimeo, Oxford, June 1979,

5/ R. Nelson and §. Winter are breaking new and important ground in this territory on the basis of an ongoing research programme
which has airesdy produced most interasting results. See, for example: In search of @ useful theory of innovation. Research Policy, 6
{(1977) pag. 36. Atso: Simulation of Schumpeterian competition. American Economic Review, February 1977,
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On the other hand, the theory of economic developmgnt neefis to incorporate ;he hf'acht :‘lrn:tn :’o;r;; ::strh:
developi tions have in the Post War period built up fairly strong mdu?trlal sectors many of whic vadays re
i e cech logical gap which separated them from average international practices and are gradua.lly .gammg
duc'”?g . t_ﬁch:() oglcIad fr:de scenario not just on the basis of lower wages but also on the basis of an indigenously-ge-
i : V:Ol‘ lly-adapted technology. The old “infant industry" argument, as well as the whole debate concer'-
m'?rated and{Of ° na:i ?r(:: r:/otion of dynamic comparative advantages seem to be calliryg f?r a fresh and careful re-exami-
:;r:igoi.r?;:ﬁ;lotnh: previous case, this is a subject which has received insufficient attention in recent years. 6/

The purpose of the present paper is to explore two different sets of questions r_elated 1o the: tec:::tlgf:c;l
performance of some of the largest Latin American countries. On the one h'and, w;. v;'.lou[id I:I;ertec:e :c;::snrjei gty
ing firms i hnology - or production function - which close . -l
not manufacturing firms in LDCs employ a tec ology - n fun e s tecietis, O the
firms producing similar commodities in more ' '
e ot T imi i i the technology itself, but ist changes
i lar question concerning not the , .
er hand, we would like to pose a somewhat simi . e
?J::‘ough time, i.e. the rate of technical progress. Is there any reason to belive t!1at the pace, :ature, e;cr;;ret:i:l; ! :‘5 2
change incor|;orated by firms or industries in LDCs somehow replicate those incorporated by comp

dustries in more mature societies?

Answering both such questions we expect to throw some new light upon variolzs Tt;fedrenttrit:]?;latg::s.r t::
longing both to the theory of technological change of developing nations and to the broad field of Indus ¢

de and Development. .
During our examination of the previous quest-ion‘s we shall make .exte?::re;‘ ::Tooifc;o:\: a:;e Ll::;f::a;:
findings obtained in the course of a four year long exploration |nt<? the econ?;mcs : ma‘;ro su:j e
by a team of economists and engineers. Individual firms, as well as mdustry-wude ;nthe e o o comseauanets
different Latin American countries in order to study : a. the rate and naturet an 3 i i ooy
of the observed technological changes incorporated by selected firms and industries g :
ted evidence comforms the empirical ground underlying the present paper. ‘ .
Sectionl! considers the first of the above-mentioned questions. Convenmf)nal theorgr:‘assi:.‘aLgc :;:mra:::
ted that the answer is an easy one, i.e. that the technologica! package employed Py mar:: :,‘c:::::fy |by in LDGs const
e tIe‘;hni%‘lhand c:\rga:itzi?'tsii:;t::ot::r :: lr::gtar:? :.inf: z;;:;tli’sr:s such view grossly oversimplifies
i rgue throughout thi :
f;:e::: :nr:ia:::ssiix:e:h:ilff:rgas betwein firms ancf countries n..nrning produ?tivity comparisons, as well as growth ac-
counting exercises, into rather misleading simplifications of what is actually going on.

In what sense are we saying that *“production functions' are signiﬁca}ntly different? As.sufme th:i:m w: E

fine “technology’ in a rather ample way so as to include all bits and pieces of techin:jcal kn:\.vl:dge :tri :): ::r:raud ot
ivi i orm
i i i ty, Such package of technical knowledge and in ‘

cating how to carry out a given economic activi : | _ gk
least gthrete different aspects of the activity. They are: a. The design or lspecrfit.:anon of. the_ prod::t :re s:;\; o
production process, or basic technology, to be employed and, ¢. The industrial organization - degr
gration, patterns of subcontracting, etc. - most convenient to do it. 7/

&/ It is interesting to observe how little atention the “infant indn::m;’ ”* ary:mozrt:smm;irm 'ir; :II of ?cg m i
it i X ti i . Sci ky, B. Balassa and others. A we .mh oy
forts carried out during the sixties by [. Little, T. Sciotovs 4 k i
g i ] he relgtion of trade policy to i rategy " Paper
f rd by L. Westphal in: The infant industry argument and r e

.;J:'r I:tmm‘o:af Symposioum on Latin America heid at Bar lian University, Ramat Gan, Israel, May 1980. s of the |

7/ When dealing with the concept of “technology” oconomifrs normally think indnrrr;t of kc:u"nt;' ’; bmmtmbl'
wrongly leaving the other two items aside. H, Pack has recently ﬁrms' in developed md less mlro Wlndumhl h R e e
differences related to the basic production process, but rather by mejor q:‘ffarcna: in rr;rs' e .e.r popy i Aww o, -
fortunarelly, the profession has very little to say in this respect. See his: *‘The capital goods secto rvey sy,
ton, April 1979,
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Policy, an International perspective” University of New South Wales, December 1977 Mimeo, Sussex 1978,

For reasons which are examined 1n Section (1 - and which have to do, among other things, with the rela-
Live size of the market, with the availibilit, (or lack of) a network of specialized subcontractors, with relative factor pri-
ces, with goverment-induced market distortions, ¢lc. - manufacturing firms in LDCs will normally empioy a technology
which will substantially differ from :he one employed by a firm producing a somewhat similar product in a developed
society. The observed differences become all the more significant not in relation 1o the product design itself, but with
respect to the other two items of the stated trilogy, i.e. the production process and the organizational technology of the
productiona operation at large. “Baich-like”’ discontinuous processes, of varying, but relativeely low, dregree of auto-
mation, a high degree of vertical integration, a rather low level of subcontracting, ete, are all ubiquitous features of the
Latin American manufacturing scenario, Contrarywise, continous-flow processes of a much highly automated nature,
low vertical integration, a great deai more of specialization and subcontracting, etc. inmediately catch the eye when one

examines comparable firms and industries in the USA, Europe or Japan. Put it succinctly: the wholw “mode of produc-
tion™ is sensibly different,

Having brought home the idiosyncratic nature of manufacturing technology in a LDC environment, and
the rather important differences that obtain between such technology and the one that is employed by comparable
firms in more developed nations, Section I} of the paper proceeds to show that also technical change in a LDC indus-
trial scenario is bound to be significantly different from the one incorporated by industrial firms in more mature socie-

high rates of tariff protection, acute raw material scarcities, market imperfections, bottlenecks affecting the physical de-
sign of manufacturing plants and industrial complexes, etc. - which continuously flash specific signals to the entreprene-
urial community. Such signals induce particular and idiosyncratic patterns of technological response from the part of
manufacturing firms. Summarizing in a very precise manner many of the research findings obtained during the course of
our research, Profesor Ch. Freeman has written: " ...(Various) empirical studies of technical change in industry (he is re-
fering to those carried out as part of the IDB/ECLA/UNDP Regional Programme of Research in Science and Technolo-
gy) have demonstrated conclusively that firms do respond to changes in their environment by redirecting their efforts at
technical change ... It was discovered that the type of technical change which was sought and introduced varied both
with major changes in factor costs and with changes in the competitive environment. When one plant was the sole sup-
plier the emphasis was on speed of output, but, when competitors entered the market and surplus capacity appeared

In each one of the previously mentioned levels - product design, process engineering and industrial orga-
nization - the firm will normally search for incremental units of technical knowledge or information with which to up-
grade its daily operation. Such technological search will not, however, be exogenously determined as most neoclassical
growth models tend to assume, neither will it follow identical routes to the technological search process that place in a
plant in a developed country environment. Rather, the specificity of each economic setup will provide a definite imp-
rint of its own upon the technological efforts carried out at the firm level, We argue in Section || that the technological
path of a given industrial plant s evolutionary in nature and should be studied as a time - dimentional process and not

mic forces emerging from the specific history of such firm; b. market variables describing the competitive environ-
ment in which the firm operates; ¢. macroeconomic forces characterizing the broad parameters of the system in which

both the firm and industry are inmersed and, finally, d. the evolution of the knowledge frontier, or 'state of the art”
at a world -wide level-,

- Finally, Section IV of the paper briefly deals with policy questions, Having shown that production func-
tions significantly differ intercountry wise and that the rate, type and nature of technical change enjoyed by any given
firm, industy or society are not exogenously given but rather result from the working of the overall economic system

8/ Cr. Freeman: Technical change and unemployment. Paper presented at the Conference on “Science, Technology and Public
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major research findings surveyed in this paper.

I1. Firms, technology and industrial organization in DCs and LDCs.

i i 54 -
Let us start from a rather simple question: is there any.reason on ac.c'ou;n of w::‘zr;oto b::::r:hﬂ:::n 1]—, ;i
o . iven branch of manufacturing productions in a Ll:)C unhze. atec gy o
B e o8 ary gd by a comparable firm in a mature industrial society?, Or,.m other words: is o b
repIical;j)rtihfozr;ieepr?‘:h?tfeman\ﬁfacturing firms producing somewhat comparable goods in DCs and LDCs tend to
son ap ' P
fferent factor intensities of a similar technology?. | | o
Although observed differences in production functnons. as between ﬁrmsf :: e[,)((j;‘ :T: il;‘D::ctr.‘eanicai e
ignifi in some branches of manufacturing than in others - this seems to b.e 50, , e i
e ?Ign!flcant o ared with process industries- we shall argue in this sections that th.e answer Questien
A 'IndUST-ﬂeS . cohmpindustrial spectrum. Indeed, production functions signiﬁcantly duffer as be_tween dnrm o
. negi‘mve i’y acml:s tnz hand, to the notion itself of technology as a package of techmcai‘ mform.atlons ar: ';;Thich
re;son:\;:ge?::téic::utm:t:nces emérging from the specificity of each particular social and physical environment |
:tgiizn tecr;nology is brought into operation.

Let us examine these two sets of reasons separately.

1.1 Irreplicability of the technical knowlwdge package.

The first major reason on account of which we cannot realistica!ly expec‘tet.ii anyai\:l :'lr:r::g::r::s;g
fi s to a package of technical information which is an exact replica of a simi .ar p CKaEppresi o
e ke lse. comes from the notion of knowledge itself as a factor of production. Un like o y t,
plt?yed by‘ SomebOd‘; e.s Jomplete!y specified, i.e. it leaves room for ad hoc solutions am.i unforese'en proce.u;ees no
o fl‘equ'emdy o te. As a consequence of this condition it cannot be entirely replicated. h'lenth'er can |t. easi
lcomplet;::re: eSI:::\tleZ;eagcc;Jmulated through experience becomes an important part of the technical information pac-
y trans :

kage which conforms any identifiable technology.

i i tion theory, i.
In order to explore this point further we shall briefly deal with a central concept of produc ry,
i ibility set. | '
. that of the production posibi ' . R
e Such concept, and its subset of efficient elements: the production function, constitutes on p
»
upon which the theory of the firm has been constructed.

i i iviti i € mbﬂiﬂl'

The plOdUCtiOll pOSSIbllllY set constitutes the domain of all the P.l oduction aCtiIVITJBS which ar I |

[ it: “In the convention unaary e

Y feasible for a g'ven plOdUCEI. As Nelson and Winter put i . 11“ , tio al" pIOd‘UC‘. on Se'tlth,e', bo! nid stm
| ¥ !1IT.1 1€ unkn‘ow and {l e illlpOSSib'EH. I he otion o hat is Kno and lechmcal pOSSIb q

abyss o 10/ T n fw w e’ requires ﬂ|rﬂm‘

esamination.

; . ;s ityis"s
Koopmans, Debreu and others have modeled the production set in terms of activities. An activity

ing things'', each one subject to fixed input - output coefficients, .perfect dlws!b]Ilty_ant:;;c:r;t:r:nr::;rmu
way of do!"_g things 'b erve that an implicit assumption underlying the notion of an activity, is il
o i obsod of knowledge or information - that is, to a certain routine or p.rogramn?;-r e m&;
Is r?.lated o2 certam' it s;s to be performed. Thus, underlying the notion of the productlf)n possibi Itywm piise s
i :’he amt\:c:nical information an economic agent has at his disposal. 11/ Such information :
:;“t:: :Jll;\::eofg:czl;ities known to the agent and b) the routine or programme 1o perform them,

i ibili i iti h too clean. Wi
The problem with this specification of the production posslblltt?/ set is :::ti:t (;‘s)::(; o et
technical knowledge or information is taken as yet another input to the production process,

i meo, Yale University. phicié
10/ R. Nelson & S. Winter: Organizational capabilities in a dynamic m:;d C!:p:err h:n'ri et e 2
presente sectio'n I shall draw rather heavily on this (to my knowiedge) unpublished paper. thors have

an early version of this stimulating monograph.
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specify such input in a dichotomic way, either as being there or not being there altogether. Rather, it seems only too
natural to allow for learning and upgrading, that is, for a gradual and steady increment in the knowledge base inherent
lo any activity in the set, “for a process, not a condition”, as |. Hirschleifer has put it a few years ago. 12/ Nelson and
Winter quite correctly argue that such a sharp distinction between the technically possible and impossible activities
constitutes a legacy of modeling refatively static situations, i.e. optimal terminal points. 13/

The basic limitation of conventional theory for handling production situations in which technical know-
iedge and information become part of the story can now be intuitively seen. The boundaries of the production set can-
not be taken as being sharp and clean. Rather, they should be thought as being blurred and uncertain, Activities might
be known to a greater or lesser extent depending upon the complexity and sharpness of specification of the body of
knowledge itself, as well as upon the inital knowledge base of the economic agent,

its learning efforts, and the time
span along which such efforts have been taking place.

Once we leave behind the neat distinction between the technicall
we venture into a world in which there are differences - small or large-
technical information commanded by any two producers performing th
accomplishing an essentially comparable job but following different engi
an unspecified component of ad hoc technical knowledge “produced"
routine which were not completely specified ex ante.

y possible and not possible activities,
in the quantity and quality of the package of
e same activity, i.e. firms have to be thought as
neergind routines, Each one of the routines will
by its user in order to fulfill all those steps of the

Considered now a second set of reasons on account of which production functions in DCs and LDCs are
likely to be significantly different. These ones relate to environment differences which make it technologically impossi-

ble or economically unprofitable to replicate in a LDC environment the technological package of a more mature indus-
trial society.

I. 2. Differences in environmental and operating conditons as between developed and less developed countries,

1. Plant size and choice of technique

With very few exceptions most industrial firms operating in LDCs are just a tiny fraction - between 1-10
o/o - of the size of their counterparts in developed nations. For example, a “representative” Latin American firm pro-
ducing automobiles could turn up anything between 20 and 100 thousand units per annum. A machine tool manufac-
turer would produce from 100 to 500 lathes per year, whereas a petrochemical plant producing polyethylene would
operate anywhere 10 and 120 thousand tons per annum. 15 Only in very recent years some Brazilian firms seem to be
moving up in order to reach internationally competitive scales. (This is however, certainly more the excpetion than the

rule throughout the region). Industrial firms producing similar commodities in mature industrial societies would norma-
lly be five to ten {or more) times larger.

We shall argue here that such differences in
produced, The present point has been recent|
nufacturing firms,

plant size induce very many differences in the way in which
y made by S.A. Morley and G. W. after studying a sample of Brazilian ma-
‘When we looked closely at the way products are actually produced we could see why production

methods may be insensitive to relative factor prices. It seems clear that economies of scale and technical considerations
dominate technical choice almost regardless of factor prices”. 16/

fly absent.

12/ J. Hirschleifer: Where are we in the theory of information. American Econ
13/ R. Nelson & S. Winter: Op. cit. pég. 4.

15/ Evidence in this respect can be ob

omic Review, Vol. 63, No.2, May, 1973.

tained from various different sources. See, for example: a] J. Baranson: International Trans-
fer of automotive technology to developing countries. Unitar Research Reports, No,

8, Nw York, 1971. b} S. Watanabe: Technical coope-
ration between large and small firms in the Filipino automobile industry. World Employment Programme Research, ILO, Geneve, 1979,
t} J.D. Mitra: The capital goods sector in LDCs. A case for state intervention? World Bank Working Papers No, 343. Washington, July
1879, etc, etc.
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oice for

: highly automated technologies which would normally be the'te‘:hfncﬂog:r’-‘:;::ining o

Gontipuous Ao AELY d country environment, are frequently ruled out right from e

ndertaking in a e o Cf: two different reasona. On the one hand, such technologies “°”“a| yem-
W s 29 e e f the local market. On the other hand, such plaﬂ_ts frequt’-".‘t ¥ &

it PO tr::eolsmjlz;::ciec;|tv which can not be handled by the locally availabie engineering

a new industrial u
firms operating in LDCs.hT
volve a rate of output whic '
body a level of operational and maintenance
and technical skills. ‘

Instead of such option LDCs manufacturing firms u;g
h lower degree of automation, than the one looked for by

"' on || aSp C as:
au a g'Y,

i i indirect labour which will be eco-
i 4. Overall number of workers, as weil as the proportion of d;r:ct .-:IZ t\:::;h o iy be caprured
taching, e ' Such choice will also affect the size of the eFonomles o shc e e G atinese:
by dhe emplov,lrif-- the rate and nature of the various technological changes that
by the firm as well as

te through time. : er different, but also the
" g in other words: not only will the physical configuration of the 2::?.; t;ef :::?e rorend n,a fure GFEEEE-
n ' . : jtution, econ ’
i tal [ labour substitution, : : flow manu-
i rowth (possibilities for capi . n of a countinuous flo
sG] efﬁu:n?ngill be dramatically at variance from those underlying the operatio
nical progress, etc.

ies, etc. - is bol " &
. non- automated technologies, etc. LR oy e
P e a di alftOﬂ'lalei';?Ch in fact is organized along a continuum, we shall try tdo devetli:zous ﬂogw ek el
et dlSlflbUllOf_‘ two polar cases: on the one hand that of a highly automated, con
section by comparing ;

the » |
i ere gl ¥ ha U I . : , - - . | ;
’ ]

se of a continuous flow production unit.
Manufacturing plants of this sort frequen‘tl
wing a sequence or order imposed by the various technica

ally settle for a discontinuous technology, anfi for
s firms. The choice of a discontinuous, not highly

{
o 1. Plant “lay-out -, 2. Type, cost, elc. 0

y are product- specific, i.e. their “|ay-out” is organized follo-
| transformations that have to be carried out for the purpose

N raae thia
i jons i he same and this is what decides
| transformations is always t - !
i i uct. The sequence of technica . i sl
of prtkic g 3 g.'."e? prr:ac:'nufacturing units of this sort the rate of output is usua!ly. ra;herc::Lgc st Treave f’un‘"-e;:m-\sof :
ol 1lav-OUl ﬁo: technologies are employed to produce massively commercialized pr .
that continuous

plant of this kind are:

.

i t design and the production process. o .
] . ally follow one after the other along a “direct” route, thus mi-

. i i atic -
2 Activities and technical transformations sistern o redles the atoligtion ine i balanced and activities

imizi i he production cycle i
izing delays downtime. T _ .
:::e logbe individually coordinated to the level of the micromovement

. . f fir. r n T il In: 7 ”‘”mw
labou abu dance in Brazil; In
'6/ See s‘"wﬁ’ A. Mor I'Gy and G.W. sﬂ"l‘h Adﬂp“"oﬂ by foreign ti ms (o lai } .

ress n n America. The plo‘p’cl’ of overcoming dﬂpeﬂdﬂ"" Ed H, Street and D.
55 Lati i Y. { . JH.
g

1978,
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Handling of raw materials and stocks of work in progress is also minimized. Inventories as well as storage spaces
have to be balanced in conjunction with the overall production "ine",

4. The product 1ends to be highly normalized and most of the e

quipment has a rather specific nature, i.e. is specially
designed to fulfill particular tasks or combination of tasks,

There is relatively little * on-the-job-decision-making”, thus direct labour skills and supervisory requiremts are re.
latively less important than in discontinuous production units,

In spite of its various potential advantages - in particular concerning economies of scale and minimum
production cycle - a continuous flow production. On the one hand, plants of this sort normally involve relatively large
investment outlays, Unit capital cost tend to be rather large if the equipment 15 less than fully utilized. On the other
hand, a stop anywhere along the “fine'’ can bring the whole of the line into a halt: thus, unplanned delays tend to be ra-

ther expensive. On account of both reasons a continuous flow technology can become far from economic in situations
in which a steady rate of full capacity utilization is not guaranteed,

Contrary to the previous picture discontinuous

process plants are very different animals indeed. The
plant “'lay- out”

is organized in “shops" whose order is by no means unique, let alone constant through time. Such fac-
tories are frequently related to the production of goods or services in small runs or in response to individual o
rious different products can be simultaneously produced, and it is now the
one “‘shop'’ to the next moving aroung the factory,
formations demanded by the product, bur rather by

rders, Va-
product the one that has to proceed from
i.e. the piant is not designed following the succesive technical trans-
“‘groups"” of somewhat similar machines.

Frequent features of a manufacturing plant of this sort are some of the following:

1. The capital equipment is less expensive and of a more
us flow technology. There s less need for “backup”
in continuous flow production units).

2, There is a great deal of flexibility in the way in which a given job is being performed. Given that all of
the machines of a certain type can perform a particular task the actual work load is assigned to whatever machine hap-
pens to ba available. Also, similar transformations can be performed with different machines.

3 Transport of raw materials, components, subassemblies, etc. between ‘“‘shops”
part of the production process. It is, also, a significant source of bottlenecks, waiting pe
The production cycle is not minimized and there is am
physical distribution of jobs in the plant.

general nature than the one required by a contino-
equipment (which is normally kept idle for replacement purposes

becomes an important
riods and other forms of slack.
ple room for actually reducing it by carefully re-arranging the

4, Given that the product is not highly standardized, on-the-job-decisionmaking is relatively important,
“Custom-ordered" changes are normally admitted. Workers skills in setting up the machines, preparing jigs and tools for

the job, etc. and in actually carrying out the task, become very important indeed. The same tends to ve true of supervi-
sory skills.

From both previous descriptions we notice that continuous and discontinuous technologies correspond
indeed to very different “production functions". This is so regardless of the actual degree of automation embodied in a
given plant design. In either case a production unit can be designed embodying a relatively high or relatively low degree
of automation, depending upon the specific conditions of a given environment i.e. - relative factor prices, availability of
electronic process control skills, etc. - Independently of the degree of automation, however, we can intuitively perceive

that both the physical configuration and the modus operandi of continuous and discontinuous technologies will differ
quite substantially,

We can now close the preset section briefl
market size manufactiring plants operating in LDCs fre
tion briefly summarizing its central point. Due to |
LDCs frequently tend to do it on the basis of disco
mation. As a consequence of this, both the physical
the machines actually employed, etc. - as well as th
patterns of subcontracting, etc. will all be signifi

y summarizing its central point, Due to large differences in
quently tend to do it on the basic o now close the present sec-
arge differences in market size manufacturing plants operating in
ntinuous folw technologies, and of a reletively low degree of auto-
configuration of the plant -its “lay-out”, the number and nature of
e modus operandi of the firm -its forms of industrial organization,
cantly different from those employed by firms in DCs which operate
on the basis of continuous flow manufacturing units. It is rather misteading to think that both techniques are different
factor intensities of a similar production function, A fairly different, “mode of production” is embodied in each one of
them and strainghtforward comparisons among them should be handled with extreme care.
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d
“Roundaboutness”, skills and further technological differences between developed and less develope

countries . N
i ifferences in size we should a priori expect
L IZS:,:; t:e(;nczﬁnt:?i\;i ;::)ggz:r:t‘: Lwcil:l: dtiofflearreg:t c:)roduction functions and not just with diffe-
o d?\'ﬂOPEd im'jn 19;:0; the 1i::ame function, i.e. different factor intensities of a given technology.
- Lechn'quessen:zrgtih:n we have alooked at one possible source of differences among m;nuflact.ugln:‘ g::ls;:e?acn: ?r::'
; i t of which the technologic .
e atat '.nweﬁsrf:::!l i:o;gsng‘c;nfgéi E:: T::::;S‘::) (E))fe rjg:\?gif:tlic(;?;:rem. We refer to the degree of vertical integrati-
::;:zaf;utrr:egextem and nature of subcontracting employed in either case, | e et 1 Manstactoring
The empirical evidence on this account is scant}t but rather com_:luswe. I‘t H tor:v Cho.se t.o s
. . ke much less use of subcontracting than their counterparts in DCs . i.e. ey. sy
o i b f vertical integration than the one normally chosen by comparable ﬁr‘ms in DCs, 'Lh o
e degree' - ms to increase over time, but not at a very fast pace, 18/. Qun%e on the co_nt.raty, e |-: ef
e :z:go?;:a‘;nr:is:e:ably efficient network of subcontractors to emerge Tnd de:elo; lgtatr;‘: Zi;t;li.:::eb;nlc- Dgs
anufa ven three) decades. In such respe
g‘anuint:e:rr‘ngtie;?zigtr‘:iftii:\z?:ed?fi:'zrnf ?:ctx:fﬂ:::a(r?i: one of En)gland, the USA and, more recently, Japan. 19/
oes n

i i ial f i hown that
Subcontractors tend to grow out of the very fabric of large industrial irms. Our studtu.ess have :r ot hat
m ing f ly settle down as independent subcontractors fo
ici f large manufacturing firms frequent pe
former technicians and workers o : | s ol
i ic of second-hand equipment and technology obtained from them. 20,
such companies, on the basic . o
So much for the empirical evidence, At the conceptual level the subject .Of subconttractl?g fw!:uchtils, oif
course, central to the classical view of the long term development process - has not received a great deal of atention in
]

the modern hteln_"at:;:k has recently revisited some of the basic economics of subcontracting. He shows that, in principle

i i i rginal cost of in-
it is to be expected that a given entrepreneur “will not engage himself in sub;om.ractmg ::I;:: tdl::f :::ngc ety
ter i i | coordination min

inati eeds the marginal cost of externa
rnal coordination of production exc . : . . e d
:arginat cost of internal vs. external production. That is, he will not opt for subcontracting u
¢ G (Pi . Pe) . o
Where: C;, C. - Marginal cost of internal and external coordination of production respectively
P-. P_ - Marginal cost of internal and external production. i
! -
e In other words: the difference in production costs fue to .external, rather than |r;t:;n::,aftr;c::d o
hould exceed the (presumably) higher cost of coordinating external suppliers, for the entrepreneu
shou

the prospect of subcontracting.

is point i i i i ! industry (see noté
17/ Basides A. Amsden’s research resuits which illuminate this point in relation to the Ta’;cwun;z rr:ud;n;;:o; r: ; .963::9'00 %
imilar .nem is suggested by H. Pack when he wirtes: “'‘Despite efforts to foster su onE ngn e
frlvdp;fr'nf:;:;i:e”:;r Zaroducer purchased only 100/o of its inputs extermﬂybwher:n f:r.or:’:’l::e"‘s:::;lm:::z;“ pieneropio o comparas]
: k. Op. Cit, pag. 17. Identical resuits have been found in s oo nmm
iyl o -y s i histéricas y conductas tecnolégicas en una planta meta :
i : A. Castafio, J. Katz and F. Navajas, Eupu- i ye ! Tachnlulm P
;?::JO;:;;::‘;‘: B10/CEPAL/PNUD en Ciencia y Tacnoi;:vgu;dagmc;: :r:;:t Lf;an&e ala; “.:‘. r:l:m!:agcb Mamhw, 078
5 i . g . * - o i ., ;
small firms in Philippine Automobile industry. World Emp. : 'mmc G.1 eneve, e >
ween fl’ﬂ;;n:emmh now in progress mn the metaimechanic industry o:;:menr:na,.ﬁazg ‘l:!n:zzol;,'::c. ;_m:‘vv?:hr'm‘r' E"tlnu .
ing i ji important one at the present time, See in this respect. A. o, J. A
ca:g:::;:a J;ﬁgﬁ: ’:.u;a ﬂlanu argentina de méquinas-herramienta” . Mimeo, Buenos Aires, June :9::.
° 19/ See, for example: G.C. Allen: British Industries and their organization. Lonwmp:;:om:"o: Qr”.hmmy .
‘ in: J. Katz et. al. * vetivity, Domestic .
i ing example of such development can be seem in: J. _ e 3 _
n Remfgg f:d,’gmizpnzxonr‘i pWorkina Paper No. 14, IDB/ECLA/UNDP Programme of Science and Technology. Buenos Aires,

1978.
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The trouble with this general farmuiation of the problem is that 1t does not carry us very far in the un-
derstainding of the actuai problems which underlie the subcontracting decision.
Classical economis teaches us that the cost of external production should in principale be lower than tgat of internal su-
pply in ail those cases in which a large enough market permits to capture the benefits of specialization and dynamic
economies of scale. Clearly this constitutes the core of A, Smith's contention that the degree of “roundaboutness” em.
ployed in production 15 a direct reflection of the size of the market. Large enough markets permit further division of

ses, some of which lend themselves 1o the use of specialized machinery. Such machinery in itself is also an outspring of
the expansion of the market in as much as the existence of a large market induces innovative efforts in the development
of new capital goods. In Smith we find not Just econromies of scale in the static sense, bur rather a mixture of econo-
mies of scale in the static sense, but rather a mixture of economies of scale and "“learning by doing* in a dynamic fra.
mework. His view of the problem comes up quite clearly when he weites: “This great increase in the quantity of woek,
which, in consequence of the division of labour, the same number of people are capable of performing, is owing to
three different circumstances; first, to the increase in dexterity in every particular workman; secondly, to the saving of
time which is commonly los tin passing from one species of work to another; and lastly, to the invention of a great
number of machines which facilitate and abridge labour and enable one man to do the work of many.
Thus, we notice that in the classical formulation the division of labour, resulting from the expansion of

the market, brings about: a. An enhancement of skills, b, savings of time and ¢. the development and introduction
of specialized machinery,

For various reasons such formulation of the problem does not seem to convey the complete story. The
available evidence seems to indicate that it is not exclusively on the basis of straightforward cost differentials that entre-
preneurs make decisions concerning subcontracting. Rather, questions of quality of supply (indeed of stability of quality
standards) as well as considerations of uncertainty in delivery, fare very highly indeed among the reasons frequently quo-

ted by large industrial firms in LDCs for maintaining a high rate of vertical integration, i. e. a low level of subcontrac-
[ing. 22/ 23/

Now, quality standards and reliability are not easily obtained in societies in which engineering and entre-
preneurial skills are in very short supply. The fact that such talents requiere a rather long gestation period is what proba-
bly explains why even in those few LDCs which do have large enough domestic marketx of their own —such as for exam-

ple Brazil or India—, the growth of subcontractors has proceeded at a very low pace indeed nowhere reaching levels com-
parable to those prevailing in mature industrial societies,

Comparing India and Japan, and trying to explain why subcontracting has not proceeded at a comparable
pace, |. Baranson has written: “The following are some of the outstanding reasons on account of which India has not
been able to develop an infrastructure of subcontractors comparable to the Japanese one:

a. Shortage of engineers and technicians experienced at adapting techniques to the available equipment and
raw materials.

b. Lack of Skilled personnel capable of operating the equipment and of maitaining minimum standards of in-
dustrial discipline,

¢ Absence of an industrial organization flexible enough to make room for the efficient utilization of small
firms as complementary to modern industrial complexes.

d. Limited size of the local market and small rates of growth”, 24/

21/ A, Smith, Weaslith of Nations, Book 1, pag. 7.

22/ Questions of quality and uavertainty of supply could be explicitely incorporated into H. Pack'’s framawork. We would then
have a probabilistic model comparing the expected cost of internal vs. externa! supply, this last one weighted by the probability of failure
due to low quality and by the likelihood of subcontractors not meeting required deadlines.

23/ Exploring the magnitude and problemas of subcontracting in the Philippine automobiie industry S. Watanabe has
written: “Anywhere in the developing world, and even in industrislised countries, parent firms in subcontracting almost invari;
three major problems: high cost of production, inadequate quality of work and unrelisbie delivery”, Technical co-operation between large

and small firms in the Filipino Automobile industry, WEP 2.22/WP 47, Technology and Employment Programme, ILO, Geneva, March
1979,

racently

24/ See: Jack Baranson, Manufacturing problemas in india: the Cummins Diesel! Experience, New York, Syracuse University Press
1967, pp. 68-69 . It 15 interesting to notice here that, as economists, we probably miss a very significant factor in our comparative history

studies when we fail take into account the very peculiar “shaibatzu” system which has characterized the Japanese case during its early
years of capitalist expansion,
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i { the fact that skills
Thus, and coming now full circle from the classical argument, we r;oti:cee;h::r::i::zt)ef c:he iy e
- ivisi nd the
; > with the division ot labour a : "
; uon are bound v IMProve wi ; -~ O T ovcs: ewont
and industnal griamza ! well start by constituting a major barrier to a further dw1s;oni3f.1ab(:::e e nith thewsc
| v . . -
P S‘M)rmgel ml;g)sslibiewthat in the long run engineering and entre?reneunal skills \:'ou of!r:yf)ew A P el
- 'perf;(f:ltzepmarket in shorter periods of time —and here we might well bedsf::relzfre T e il Lyt aree
e i i itable network of subcontractors an ;
i xpansion of a suitable ne theref Lok
e bloc:me th:;lleec‘zing as bif a package of economies of scale and specialization as the one y
manufacturing firms ¢ .
i | firms in developed nations. | o | R
e Summarizing: two major sets of reasons force large industrial firms in LDCs l;:,':i?t:hose b
uTmtegralion, 1. with a lower degree of subcontracting, than the c»n:u :al ey R
bl TDECV 3f;lcah reasons are: . Smallness of the domestic market, and, b. S:;ruc B el Tondhs ot
B I g.and ¢ | skills f both reasons manufacturing firms
i i neurial skills, On account of bo ons : it A
enslneerfmg a(ld emcr:lez:aorga.ﬂizational technology which will significantly differ from the one employea by
a manufacturing an

e countries.
3. Other sources of technological differences as between developed and less developed

i nt of which manufac-
Size and initial lack of qualified subcontractors are btlwo o; the r:r;::-.?c:?:o.::p?-z f;_:;t):: e
ind i i i ible and eco!

i i ill normally find it technologicallly imposi : replicits Maee
o [;Dtg: S :::12 in DCZ They are by no means the only explanamfns that can bel fo;.;m:1 ;:emm ot that firms
f\0|°gY em?llloy:rma‘(iy operate on the basis of a highly idiosyncrat‘ic technological par:kaie, ;; :‘ae Zf e et et
. LDCSdW!;l r.lomparable fims in more advanced industrial societies. Other expfllanauonid,er me ¢

; i ons .
2;:?1:: fieri\?ed from conventional price theory, can be found as well, Let us briefly ¢

ubstitution efects | | | ‘ N
S Various different substitution efects play an active role md'ucmsg Esr:n.:._. it?olr.‘[:(f.'::: ::;Z g poncy-i;:‘ ol
i developed countries. Su .
i i hose normally employed in more _ ' - . ‘ A i
tion lechmqqes tha::ion being in this case a major source of relative price d_|stort|ons whuc:’h u!n:; = Oyrr influence techne:
-SOVefm:m Imewe;)f an “autonomous’’ nature, i.e. derive from differences in resource endowm
logical choice— or

O lgln 1€ n 4 T

. . f I l rf

! i i i i caj ita' Iﬂd

oo 2 h lower degree of automation —implying more universal machines, manual rather r:::‘n c:tl::tr“;o:;:

Adml'mes :tc.—- a more labour intensive transport ation system wuthnp the plant,' a l;s:es:‘;:a"able e oica
D B oy, B re all standard features of the Latin American manufacm.nng escenario. e o
ten:nce m?htzosggt;\:stct.h; choice of technique has been, and still is, highly sensible to factor price diffe :
evidence clea

king hereby mentioned.

i ic variables in the analysis of tech-
. . ing the significance of mccra-econafmc ver| e arang
: . : a) A. Canitrot: Method for evaiuating , nie i v ‘
25/;:&:?0?:;%: xorking Paper No. 12, 1977; b} § Teitel: N:,r;f,:r; ;:::r;:g /th(;x/ IJ NMDP o cond. o
nalogy inco sl 34, 1979, Various case studi : ise. Among - ald
i 7 7 Working Paper No. 34, : il ot counmtr present e
tion, distortions and rationing, : o e diftare o Amors them
7, e hat choice of technique seem. ‘ : dlﬂmnmwud - - M gen
s gl Bt o f 1 h / options in the contexto of & prem o
i : efit of different technological op i pladl s ok twcehna . -
e Coﬂ-bfﬂ 78: R. Pearson: Technology, innovat nsfer Iogyk
i i i king Paper No, 18, 1978, R. ' i’ e cement
::_r;e :&m mmdu:t r~yo “?'1;’; + F. Sercovich Design enginu:;ng u.1d c;::::::g ;ﬁrx:u, ; :’ng; s :mm Wormkm
: \rgenti i Petrochemical industries, . 18,
iance of the Argentine Chemical and L hCpow Papers
::::';‘oz:;‘;;,:bﬂong to the IDB/ECLA/UNDP Programme on Science and T;och log s TchdliE
26/ This 15, of, course, the standard case examined by A. Sen in his fammou echniques.

University Press, England.
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Physical bottlenecks and other technical constraints.

The hiterature of recent years, from N. Rosemberg 27/ to P, David 28/, including various different
try and individual plant studies carried out in Latin America 29/, unanimously indicates the extent to which a given
nal engineering design places a set of technical constraints upon potential expansions and plant modernization sche

The examples singie out steel mills and petrochemical complexes as particular cases in which ymbalacend sectio
pansions as well as previous technical choices, seriously affect the ran
firms have to choose,

indus-
origi-
mmes,

nal ex-
ge of technical options from which manufacturing

We can now close the present section by briefly re-statin
pohicy-induced and autonomous subtitution effects, physical bottlenecks emerging from prior technological history, etc.
all seem to play a role in making DCs technological packages —i.e., product designs, production processes and patterns
of industrial organization— far from replicable in LDCs environments. Rather, manufacturing firms in LDCs build up
their operation on the basis of highly idiosyncratic technologies which reflecto the nature and intensity of local market
imperfections, prevailing physical scarcities, factor price differentials, degree of development of the network of subcon-
tractors, factor price differentials, degreee of development of the network of subcontractors, size of the market, etc.
Rather than assuming identical production functions across countries it becomes all the more urgent for the profession

to continue exploring the actual production fabric of individual societies in order to be able to come up with a more
substantive explanation of international productivity differentials.

g its central point. Size, lack of subcontractors,

Having looked at choice of technique, fet us now turn to changes of technique through time, i.e

., technical
progress.

l1}. The “production function” for new technical knowledge

1. “In-house"’ engineering activities

If production functions significantly differ across firms then the introduction of changes in the engine-
ering routine of any given firm will normally involve a certain amount of “custom-ordered" specificity. This being so the-

re is reason to expect firms to engage in technological search activities the purpose of whic

h would be that of generating
additional technical information useful within the plant,

In this section of the paper we examine the evolutiona
would like to throw some light upon questions such as:
major task taht of *

ry nature of such knowledge generation process. We
a. Which sections or activities within the plant will have as their
producing” new technical information? How would the size and anture of such activities be influen-
ced by company0 specific as well as by market and general mecroeconomic forces? etc.

Consider first the question of knowledge-generating activities performed at the individual firm level. Three
broadly defined categories of engineering and technical activities have been previously identified. They are: 1. Product
design, 2. Process engineering and 3. Industrial organization of production,

It should be noted that we are talking about technical activities which might or might not be performed
by formally organized departments or sections within the firm. The same set of technical functions will be present even
if a formal structure is absent, They are carried out by the entrepreneur himseif in small family enterprises and are gra-
dually des-centralized an covered by specialized personnel when the firm adquires larger size and complexity. It is the na-

ture, time sequence of their individual development, specific input requirements, different forms of cutput tehy norma-
Ily turn, out, etc. what we look at in fhe next few pages.

In dealing with “in plant” knowledge generation activities it becomes important once again to separate
between firms employing a continous flow production process as against those operating with a discontinous technology.
Also, it is important to know whether we are examining an homogenous product produced for stock or, on the contrary,

if we are looking at firms which produce “custom-ordered”’ goods or services. Very significant differences prevail in these
cases in terms of stability of product design, flexibility of the production process and industrial organization of produc-
tion at large.

27/ N. Rosemberg: The direction of technical change:
Cultural Change, October 1960. Also: Perspectives on Techno

28/ P.A, David: Technical Choice, Innovation and Economic Growth: Essays on American and British Experience in the 19th.
Century. Cambridge University Press, 1975,

inducement mechanism and focusing devices. E conomic Development and
logy. Cambridge University Press, England 1978,

29/ For an introductary general survey see: J. Katz: Technoiogical Change, Economic Develop
Relations in Latin America, Working Paper No. 30, 1978. Also J, Lucangeli & R, Ciborti:

ment and Intra and Extra Regional
meo, IDB/ECLA/UNDP Programme on Science & Technology.

“El Fendmeno Tecnoldgico Interno”, 1980, Mi-
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Let us ﬁISE COHSIdEI eaC! OI the thlee ‘eCh“iCaI 1I..I|I.CtIOIIS on an I“dl\‘ dual ba.SIS beIOIG bl |||g”g up t'le!

interdependencies.

; ification .
a. Product design and sp-:lf':or answering the question of what to produce the Produc_t Design Depar tp::tmtechnicai
: ' h r 5: f:rmal departmen is not organized within the firm - constitutes theIc:fesn:ii1"?’erem design
désjgn funclion, WACHEXE fulfilled by any given enterprise. The Product Design departmente emp f‘y | product design
funeuor Lhatbm'eied?;gtsz:r;tolwpes pilot plant experimentation, etc. with the aim of attaining a final p
iques —bul e
:;Tcnr:?'ninimizes engineering complexity, input content, eic. he form of ‘blueprints’, formulaes, etc,
The engineering knowledge generated by this departmer}t takes‘t e fo ont has 25 2 standard job that
P f the commaodity to be produced. Also, this tgchmcal depar"_“ AR A
Spec'fymg’dlff:rci:rtn::?:fﬁn?ts of technical information on the basis of which to upgrade, improve 0
of generating |

product design.

—or the
Being respon

: i t by de-
as technical considerations, influence the technological sea;cs efforrnt;:;:ir:ridp?:sur: can
; i col
i nel. On the one side, product differenciation and/or cost-redt‘ncuon needs llrrg::st:‘e o‘t(her hand, newly received
sign person | ‘traced back as underlying the activities of the product design ?efsonnef. I trade journals, academic publi-
pe frelquer‘\l - ion —coming up either from the Service Department statistics, or T ents and'Ior of producing
mchmcal l':jf(:;\?‘al::cc\:.could point out towards the need of re-designing .Spwﬁc e r;ls a: ?hceotr::}?nrﬂcal efforts carried out by
cauons..a: different raw materials or under different physical c?ndmons. Typic d'o o o monmal AHOGT oA T
ther: wit design engineers are:  a. product simplification studies, b. standar 115:1 N of these technical efforts envolve
product dest . terials, etc. As we shall later on see ma . : :
. substitution between raw materials, etc. ineering and industrial organi-
componceimis’ofcinteraction between product design officers and members of the process engin g
a great dea

zation departments.

a Process engineering | ' . 2 how, by hown
’ The process engineering section of the firm is responsible for answeru:: ques't.t::'le;:cand e Ia,b Y fom;
hould Ehe product be produced. For such purpose i has to choose both the equ:;?n nt and e
e e([iCllzII(s)l:)f the crew— as well as the type of raw materials, components, etc. 10 be use p e

—size and ski  SSP ' ; . o )
) I1 also has to work out detail instruction sheets indicating the engineering routines to be ’
lerance limits and other technical parameters to be watched for, etc. . e e
Is is this group within the plant the one that has to study the productlo;\ Zch e oeins ooigment
A ial " ing” bilities embodied i
it wi ut - stretching’’ capa .
i it will explore all potential “outp : ; . e
r;‘(:)\'!'er pos?libie.t}:elsfe,lationship between raw materials and the production process |t?elif. Puloth pJ?fr}L I_tsp.:;awriq:d i
® e na: motion and job evaluation studies constitute some.of the techlnoio:w: se:irgning e galid i
we"' tlmg ; department. There is a great deal of cummulative learning underlying t tad um:'b'n e, e
englhneertmgad Eire capabilities for registering and interpreting technu_:aﬁl .parameter; escrl; illitiges il -2
:V 1'ac:n ?DFOCZSS under different operative circumstances. The adquisition of :t;c ;Zp:mecﬁon e
ey i i ic equipment for
i izati incorporation of electronic :
n terms of organizational structure, ‘ . collection anc tech-
as-lt'iZI lin;orrnatif.:n and skills enhancements associated to the understanding of the produ P
! ,

Economic, as ewll

Industrial Engineering: planning and control of the overall production operation

i irs i [ ing and
A third technical department with a majo'r role on. Lec:?ltt;i ::‘;:trs:: ;2::'?: ;:’Ztén:':t::s:z;] PIEa:;n :q-i "
Control of e ol o o ol production lan sating when cach acton should be performed, n
3:\?:;t::2hine or equipment using what externally adquired part and componen.ts, etc. e oning
Also, it is the Industrial Engineering personnel the one thal. der;ldesi o?is::eentiories etc., Mommr,wu e
th availablé machinery, degree and patterns of external subontra'ctmg, eve I::» " tims, i
::;et:\(i): teshnical unit the one that has to integrate into the overal operative network the func tenance,

raw materials purchsing, quality control, etc.

c.

3 rogi i
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Given the central role fulfilled by the Plannin

g and Control department it has a rather scope for intrody-
cing changes in the engineering routine followed by the plant.

In actual such department operates on the basis of a long term plan, short term action programme and a
controf function which monitars whether the current operation 15 proceeding as expected.

Contrary to the other two technical sections which have very precise knowledge — generating activities
whose output can be explicitly identify as a set of "blueprints", production instruction sheets, etc. the Planning and Con-
trol Department has a less obvious knowledge-generating function but, nonetheless, an important one. It is this section
the one thgt has to Issue --on a daily, weekly, etc. basis~ the production plan of the firm. Far from performing a static

Ulocative excercise this section fuifills a dynamic roie, constantly adjusting the plant's operation to the everchanging sig-
nals emerging from the market place.

Having answered the first the previously stated questions: 1. e. which kind of technical activities are know-

ledge-generating activities within a plant, let us now examine both the inputs and outputs of such activities and their mu-
tual interdependencies.

As stated before, the nature of the production process —whether a continuous flow operation as opposed

to a discontinuous process—, as well as the type of product —an homogeneous commodity produce for stock as against

an individually- ordered '‘tajlor-made”’ good or service-- will both influence the role played by the above mentioned
technical departments as well as the specific inputs and outputs associated to them.

In the case of an homogeneous commodity produced in a continuous flow “line"”’
the production of automobiles, petrochemical products, etc. we have a rather inflexible pr
tly specified production process. None of them can be significantly modified. The prepr
related to both product design and process specification are very detail and so is the overa
ration. A great deal of “ex ante' technical effort is put into balancing the production line
diez required for such purpose are very precise and come ri
degree of pre-specification of the production routine the amount of preparatory work for each position in the “line” is
rather farge whereas the actual working time involved in each one s relatively less significant. Time and motion specialists
programmers, and other such skilled personnel is employed in order to specify ex ante each activity,

Contrary to such picture,, discontinuous technologies —frequently related to the production of goods and
SEFVICes in response to individual orders  tend to be organized in “isles” or “‘centers” ratger than in “lines"' Such pro-
duction areas organize around a specific type of machine, lathes, driils, etc. The production of airplanes, shipyards, as
well as the ubiquitous activities of stamping, forging, machining, belong to this type of industries,

In most of thesse cases the product is not tightly specified and admits ad-hoc changes. So does the produc-
tion equipment which, in general, is more of a universal nature than in the previous case, Production planning is done al-
most every other time a given product is produced. There is significant scope for reducing the duration of the production
cycle which is now highly dependent on the amount of time which is employed in “'transport’ operations as well as wai-

ung in between “isles”. Contrary to the former case ex ante preparation time is relatively smaller than actual working
time,

~as it is the case with
oduct design as well as a tigh-
oduction engineering efforts,
Il planning of the plant’s ope-
and the time and motion stu-
ght down to the leve!l of the micromovement. Given such a

Keeping in mind the present dichotomy between continuous
take a new look at the “in house” knowledge-generating activities. It can be i
ly describe technical departments will have different responsibilities and will f

and discontinuous technologies let us now
ntuitively perceived that the three previous-
ulfill different roles.

In the case of a continuous flow plant product design “blue-prints”
lled aout in great detail and on an ex ante basis. Almost each and every other part, component, or production subroutine
is treated with equal thcroughness, Both, product design and process engineering efforts take a very different form in dis-
continuous process industries. Following what engineers call the “ABC method"" careful attempts are made at designing

some 20-300/0 of the total number of parts and components which belong to a given product design, leaving the remai-
ning 700800/0 of the total list of parts and components relatively less attended. 31/

as well as production routines are spe-

31/ Parts and components of & given product design, as well as the respective production routines, are classified according to their
relative weight in total cost. It is then observed that only & small proportion —usually less than 200/o of the total list — accounts for close
to 80o/o of total cost. Those items are classified as “Category A’ and are the ones that receive the most attention as far as design and pro-
duction methods are concerned. There is a second “Category B* usually conformed by an additional 200/0 of the totsi list of parts and
compaonents which absarbs yet another 10-150/0 of the product’s cost. Some of these items, but not all of them, receive individual atten-
tion from the product design and process engineering teams. The remaining items, —a rather large number, but accounting only for a m-

nute fraction of total cos— is called “Category C*~ —nuts, bolts, screws, etc.~ or rather

Standard versions of them available in the market
unsophisticated “in-house” designs, are employed in this case, See: Introduccidn al Estudio de/ Trabajo, ILO, Geneve 1966. Also: Tools

and Manufacturing Engineers handbook. Me Graw Hill Book Co., U.S.A., 1949,
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Also, the Industrial Engineering department of conltim‘zous and dilsaoT-tm:.ous ‘f:;nrt:;:r:;ytz:t;:rt;\;;edgf
it ' he latter case such office is responsible for |ssu:ng a Machme. . oa. ing gl me the purpose <
e In‘ t izi iting periods as between jobs and capacity underutilization emerging fro e =
e lhal_ o mmlm‘zrmg o ofgcominuous flow operation the production “line" is balanced ex ante, the probeuzlne
oorlk s Sl‘amm- & defmrl:ct)tr:e begining, and no such similar job, i.e. Machine Loading Programme, needs to ; ses.
cy‘:Ilel l; Ta?::’lacf;igaiher{;resem seCtion I;:t us briefly consider the mutual interdependencies between the previously
at all, Befo
d technical departments. N | |
cribe in most real life situations the design of a given pro@uct, the subst:tupon (;f or:; c;::; ;na;?‘réa‘lfif;rv ::\s(an’;rlz :
i i is far from independent from the way in which such product is Lo .e p A e
oo D.fDdUCtlon. o f the production process —speed, etc, are strongly correlated with the prod'uct 5 qu ;, y
K paramezersonce IE'I'hus it is frequently observed that “in-house "-knowledge-generating efforts ;emar; !
o gene.ral z?rhorm:duci desig;m engineers, personnel from the process engineering dePartment, anddmem rsn !
e SVDUF'S i p(r)fﬂce interact rather strongly jointly to develap a new product de.sngn and/or pro uct:gnheoﬁe
. ?rOdUzll';: Prt?:rr:\r;?ly one of the three departments will take the lead of thehte:hnolog;‘caarl‘ gs:e:;cl:heeff:rr;;n\:fz amtcion "
po . : i tion method or a ¢
dependifig ) ?h:\ttzrs;::n:egcbhe ec':)t:::n:u:ea\:ozaodd:;: iz:ae;:tr(:izzesful technology generation normally involves a
S::::icrggne?f%:; ftroem all three of the above-mentioned technical offices of a given firm.

" ration process
The last section in this paper examines further the nature of the “in-house’ knowledge gene P
likely to obtain in any given firm or industry.

2 An “Evolutionary” metaphor of the *‘in house™ technology generation process.

i i iti i e throu
Firms. marketc, macroeconomic systems and technologies are dynamic entities which chang gh
1] 1 ) R
i i | interdependencies. .
i for a frequent re-stating of their mutua . v
Hme an¢ thefﬁfﬁ": tc::“brieﬂy Iocc‘)k at them from the perspective of received theory before we pre.sent :fra:tsuia; :l;:iemed
. “ : or .
bal metaphor describing various aspects of firm behaviour as far as “in house" knowledge generation e
al me
32/

A. Firms, | - s
Research in the field of technology has clearly taken a microeconomic _strand ove;r t:enl:s\: 'c'ine;zrlgeth'iow =
i 10 the firm has now given way to :
N ich technological change i1s exogenously given . f : ‘ fegp ineory B
par.ad'gn " wh:‘; have an en%ogenously determined “‘technological search path Van'ous different aufh?r.sn o
e cornpar":nined what an “optimal” “search path’ would be like under conve'nttonal profit n.'u}xnr:sm fceived e
Ceml.y-e rrssiﬁving that the direction of technical change will be in accordar:nce wn.h facto; ;cercn:;: e ::vation Sy
ot ‘c“e‘:ueur Assuming technical change to be exclusively of the cost-redus:mg variety ar;‘ he-mfe o o one
:rt‘;rerr:mtier‘(lPF) 34/ given and constant it is not surprising that con;pames.wc:u:;ls I:ugslt| :l:pite B e e
i i from such efforts equals margina : ;
irecti o the point where marginal return . : ‘ ¢l that there
filfec_llﬂn L;gt tlo be IF;arm from this sort of modeling of the innovation process,l yet a fair numt;er of :r:;eﬁ:: < s:mpﬁons
" :1:an a36." Furthermore, different authors have pointed out the rather stringent nature of som
re . , diff
which underlie the basic paradigm 37/,

i i 5@ i th technical knowled-
32/ | should be noted that the overall rate of technical progress lrremed by any grvenhe: ';::p;:; :::;::e; ::1 ot g
nally to the firm by equipmente and raw material suppliers, as well as teci e el of
it gener:tgd ?:::‘!arrm present section deals exclusively with “in-house’ technology generation part
own technical staff.

" N 7 i ] tion. For example,
et fmh:"’:ﬂ':de of the 1960 has been rather rich in research efforts concerning the rh:;ry(of ";g;?:i r’v:nf‘:::moul, Aol
S Ahma: ‘?r/rr";n efhe theory of induced invention. Economic Journal, Ju;r;}:gfs, g:' r.: :rn:;‘my ; ;:epmvmuﬁymmﬁmd o e o

g ; f ] it Journal, . In e " ! b d
T he theory of induce innovations. Econos_rmc 7 : i o o
s .%ropo:g?f:;;n’;;rs ha:: been interested in the dunamic extension of the no:mg of ;::u'c:dsgm;(ft_ﬂw . r‘n'gm poier mmw
co:ntn :,:o h to induced innovations. Economic Journal, December 1974, as well as L. ::rL onone r'h et research
m;;;& ,iw":y" Yale University, New Haven, 1975, have been some of the outstanding contri e s (T ar il wwon
P 34/ The concept of the IPF (innovation possibility frontier| has been wfd t:’y CI; :’::r:n i:novan‘on oy shaory of d :
nalitical tool with which to explore “induced” technological search efforts. See: Induc
a istribu-
tion. Economic Journal, September 1964,
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gicas en una Planta Argentina de Maquinas-herramienta, Mimeo, 1980, A similar pattern emerges from a case study concerning a Mexican
chemucal firm, See: L.A. Pérez & J. Pérez Aceves, Andlisis Micro.

de innovacionss. E1 caso de Furfural y Derivados. S.A., México,

Leaving on one wide the standard profit maximization metaphor other micromodels of the search process
have been discussed in the literature, Nelson and Winter de not particularly quarrel with the idea of ...
fit being a good first approximation of a firm's ob
mization" 38/

“the quest for pro-
lective, but rather with the formalization of behaviour as profit maxi-

They argue that .., "maximization of profit consequences of choosing any element”. Rather, they prefer
lo assume that at any given time firms operate with technologies as good as any they know about, but taht they dedicate
rescarch and imagination to searching for better things to be doing™... in particular, it must not be presumed that the
process is so effective that the full set of alternatives can be explored cheaply and quickly" 39/

Mach and Cyert 40/ as well as N. Rosember 41, have argued that the search process is *

Le., My primary point is that most mechanical productive processes throw off signals of a sort which are both compe-
Hing and fairly obvious. Indced, these processes when sufficiently complex and interdependent invoive an almost compul-

sive formulation of problems. These problems capture a large proportion of the time and energies of those engaged in the
search for improved techniques’ 42/

problem-oriented*’

None of the previously mentioned authors, however, gets into details concerning the type of engineering
search cfforts likely to be carried out by manufacturing firms under different micro and macro circumstances. Neither do

they specifically have in mind cases in whiche market distortions, physical scarcities, protection, etc. are as extreme as
they have been shown to be in most Latin American manufacturing industries,

Gicen the above we have considered it useful to begin by presenting a verbal exposition of some observed
patterns. We feel that such “'pre-theoretical” approach might clear up the ground for future theoretical efforts.

Industry and individual firm studies seem to indicate that an “‘evolutionary sequence” tends to prevail as
far as *in house” 1echnological search efforts are concerned. Such sequence appears to begin with search efforts in the
area ol product design, being followed later on by process engineering search activities. Third in the sequence, and in ma-
ny a good number of years along the line 43/ production planning and industrial engineearing search projects are conside-
red. The above mentioned sequence seems to be significantly affected both by micro and macro variables such as the size
of the firm and its rate of growth, the diversity and sophistication of the product mix, the continuous or discontinuous
nature of the technology, the extent and type of competition, the level of engineering skills available in plant, etc.

Let us examine the sequence in some more detail. The very first thing a firm must have is a clearly defined

product with ewhich to approach a given market. Most products produced by Latin American firms are not new, i.e.,
they were previously produced elsewhere by firms in more developed societies.

By the time these products are bought into production in any of the Latin American markets one, two (or
even more) decades have aiready passed from the product’s first world wide introduction. In the meantime the original
version has gone through a number of “maturity stages” which are associated with: 1. Design simplification, 2. Stan-

dardization of production methods, 3. Dissemination of technical information, both among producers and consumers,
etc.

35/ An excercise of this sort was also examined bu the present author. See: Importacién de Tecnologia, aprendizaje local e indus-
triahzacion dependiente. Fondo de Cultura Econdrmica, México 1976,

36/ See. for example, the note by W. Nordhaus: Some

skeptical thoughts on the theory of induced innovation. Quarterly Journal
of Economies, 1973,

37/ See, for exampie: R. Nelson and S, Winter. Neoclassical vs. evolutionary theories of economic growth. Critique and prospec-
tus. Economic Journal, December 1974,

38/ R. Nefson and S, Winter. Firm and industry response to changed market conditions. Institution for Social and Policy Studies,
Yale University, Working Paper No. 788, May 1979 (Mimeo/

39/ R. Neison and §. Winter. Op. Cit. Mimeo 1979.

40/ Cyert, R. & March, J.. A, Behavioural Theory of the Firm. Prentice Hall, 1963,

41/ N. Rosenberg: The direction of technological change. Inducement mechanisms and focusing devices. Economic Developmenr
and Cultural Change, October, 1969, Vo.. 18, Part. |

42/ N. Resenberg: Op. Cit., 1969, Vol. 18, Part. 1.

43/ Two different studies of individua! firm technological behaviour in the context of Argentina showed that it was only at s late
point during the second decade of production activities that both companies could confidently handle industrial organization and produc-
tron planning questions of rather large technolagical implications. Both firms could tackle product engineering efforts much before that.
Among the series of IDB/ECLA/UNDP studies the reader can consult: J. Katz et. al., Productivity, Technology and Domestic Efforts in
Research and Development, Working Paper No. 13, 1978 and A. Castafio, J. Katz & F.Navajes, Etapas Histéricas y Conductas (Tecnold-

econdmico de las Carscteristicas del Cambio Tecnoldgico y del Proceso
Working Paper No, 20, 1978,
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On the other hand, “case [1"
by the existence of manv small undifferenc
differente branches or the Metalmechanic se

describes an enurely opposite situation
ated competitors. Such si tuation has bee
ctor, Residencial construction, etc. 47/

» I.€. a starting point characterized
n shown Lo be a fair description of

Both “models” do, in due Lime, evoive into situations of an oligopolistic nature. The case of the protec-

y abnormaly high profits, 48/ That of the atomistic un-
differenciated competitors is somewhat more complex. We have observed that either a financial and/for a technological

advantage determines that at some point in the market's history one of the firms outgrows its fellow competitors, even.
tually becoming a market leader.

Technological search efforts are clearly influenced, both
arkel s compettive almosphere. Protected monopoly has been se
gical search efforts of the “outputstretching” variety than to cost-red
By the time the monopolistic advantage evolves into an oligopolisti

efforts, as well as 3 relatively stronger interest for cost-reducing innovations, are likely to develop as well, Contrary-

wise, vther things being equal, more competitive environments have been observed to lead to cost-reduction technolo.
gical search efforts as well as to product-differenciation strategies,

, in their rate and nature, by the dynamics of
en 1o be relatively more associated to technolo-
ucing and/or quality improvement innovations,
¢ confrontation, product-differenciation search

the m

Summarizing: There are reasons to expect product design search efforts 1o develop at a rather early stage
i a firms’s history. More competitive environments are likely to induce a stronger drive in this direction. On the contra-

¥, monopolistic market situations enhance the search for output-stretching innovations rather than for quality
improvements and/or product differenciation.

Obviously we should not take the above-mentioned "trends"
alwavs, and as 4 matter of logical necessity,

leading monopolistic firms into output-stretc
efforts, Cases can be found where such “
by various different individual case studies

in a restrictive way, as indicating that
firms behave as hereby suggested, Similarly, there is nothing compulsory
hing innovations and more competitive ones into product differenciation
tendencies” do not obtain, and yet our generalization seems to be supported

C. Macroeconomic variables

It can be scarcely surprising to know that firms react to changes in macroeconomic variables by modi-
fying their behaviour. Magnitude of the change and company’s degree of perception seem to be rather crucial in deter-
mining of reacion, 49/

Consider the tollowing list of observed behavioural relations:

a. An increase in the cost of new capitai e
nterest or of a currency devaluation, etc.
neously, the advantages of output-stretching

quipment —which obtains, for example, as a consequence of 2 higherate of

induces entrepreneurs to Postpone maijor investment decisions. Simulta-
technological search efforts are enhanced,

Conversely, subsidies to capial expenditure —such as, for example, those that emerge from a cut in taxa.
tion, or from the granting of an import license at a preferential exchange rate —increase the internal rate of return of a
given investment project, thus reducing the likelihood of the firm adopting an outputsstretching strategy. Socially un-
justifiable overextensions of the life cycle of outmoded equipment, as well as equally unjustifiable unticipated piant
scrap decisions have both been detected during the course of our field work. The former one can be interpreted as a ra-
tional private choice on the face of the observed relative prices of skilled engineering |abour vis a vis new capital equip-
ment, 50/
b. In the same fashion as above, a rapid rate
policy actions refated to aggregate demand man
entrepreneurs and therefore induce optimistic in

of demand expansion —obtaining for exam
agement— will most probably induce favo
vestment programmes in new plant and equ

ple, form various different
urable expectations among
ipment. Such expantionaty

47/ See: A. Castafio, J. Katz & F. Navajas, Op. Cir.
48/ See: G, Vitelli, Competition, Oligapoly and Technological Change in the Construction Industry. The Argentine Case, Working
Paper No. 3, IDB/ECLA/UNDP Programme on Science and Technology, 1976.

A model of this sort has been recently presented by R. Neison and S. Winter in:
No. 834. Institution for Social and Policy Studies, New Haven, May 1980, Mimeo.

49/ H Schwartz, from the D8, has recently examined the subject of perception coming up with a very stimulating monograph on
8 topwc which has thus far been given much too littie attentron b

¥ economusts, See: Perception, judgement and motivation in decision
making. Hypothess Suggested by a study of metalworking enterprises 1n Argentina, Méx:co and the United States Mimeo), Washington,
November, 1979

‘The Shumpeterian Trade oft revisited”, Working paper

397




[ i i b|€
b ness climate w v - i rie m klng it more proba
u i " ” rEdUC" {he “kellhood of sea orts o h O p 1-s hll"lg va y, a
Sl - ll I n Searg e rt i the Itpu tretc t
!he erection o €W DIOdUCIIO 13.C|il|’.les.

h ir r n th O ()1 me— (o] h I I ron 1 f|UenCe pOf‘l ﬁrms'
h rate 1)1 nterest —if m |5 as a athe b4 g n u
{ i L n as uch as it Ep € € :
. . behav'OUI . A“ increase 1N [he rate 0‘ I”te‘est, Oﬂlel thl“gs bEIIIg eqlual, can be EXPecled to i”ducel Sea'cll
p annin mat eIS‘—' ‘: ,‘ | one faw m ||a|5 a“d COI!IDOIIEI T.SI,
i suc » ]
| I g Il a a 4 more de(,“ale man emen f ny f te Sl

d l ff t ole In t’eIEIIII n ng Ehe (’ rection (Ii Seai(',ll ‘() Hwed l)e a g.\'ell C',()“Il)any. Sheilered
ar s also seem 1o i) ay ar i i i “ I )
f tern m h ﬂ”e‘ notn els I y Ipel Iell;t uhs“tute or -stre ||‘l|| Innova-
- | I I n [ f ‘he Inn‘lle!.outPUl stretc S
1] S

i f G.D.P., the
i i i t, the rate of expansion o ,
warriffs, the rate of interest, : ST
o Slacers i i i ic technological aviour.
” Ofther f[e_ a;uriill?s‘;dtit to capital expenditure, etc.— will also c;nﬂuehr!ce Ef{?ﬁ?iﬁuabimy s
o eorfiEanne j should he mentioned at this point. ; et
on e i i ining, etc. of the labour force. Second,
T oo ic efforts in education, retraining, ; el
| | chwidus comy i es to R&D expenditu
R e ot i ivi : h efforts, such as tax incentiv
i i individual company's research e " _ pendin-
iy ey i i .) in technology generation p
L e mea;t{re;:rflicipalion (through universities, public research laboratories, etc.)
re, direct public - - |
i technological natu
il o influencing firms' technological behaviour is related to events of a scientific and tec g
set of forces influen i : o 1o ™
P; :;nka::f\g place at the industries knowledge frontier. Let us briefly ex
B

D. Movements in the technology frontier.

i “science-based” industries which

is frequent in the field of technology to hear abou.t the vexlstem:t:j ot; ;:::1 :E:::tside fofess [1.6, 50
d It:n:)ssc inqwhich .. latent productivity evolves over time at a raFteies;:" 53/ 54/

- deﬁnefu:zlamemal physics or biology, etc. resulting from research at universities) .

vances in

i & ice” frontier and the ease of imitation —.b.oth: technit.:ai
legal— of t?\oe“:a.ptiz‘layngfi:;?:i:; :::::;;g;?fa:: ecrut:?:: :sr:z:'.ltcseofffthe :::n:Eztt:iitei:‘::tt’r:;;e'h::r:u;)srter\;ea:I::eg ::r:1 :::lacc': e|::
e i i ing the fact tha .
Zustrlizr:-:l"\eerre :T:::‘:Z tgelr)neazodn:z:scliisc;:s,th:n:t;?t: r:rgzzzfrg:asiiz antde;g?r:;):::;iz?fg:tc;c::: ;hfi::dzﬁ el::::l:i:;:;:vt::‘\(
s P . c ndam "

;eexibre a:‘:)t:hrfr:tf:r:;aﬁ?;:ti?;lt:nsc;g::::;itzaa(:i-::caz:‘ii?tgi:: f):I)y l:ake p(ljauceti:}f:e;l:n ;ei\:g‘;gfigisa:]tzgste :; :zeb:rriag::::

;:O:;::t :jeSi:i ::Ve r?ear:zdir:rc]l?c:::sr kt:\tattefsr:ql::r::teish:::::e;:v?tzn :epi::roguced both in the equipment —which is of a
22:??;;:&: natr:aere and in the organization of production.

aver nier 1 23

J i d A. Canitrot, Op. Cit. 1977. e
. 7 J. Lucdngeli, Op.Cit. 1978 an: ‘ o rocont yeurs o N
o e 1 o St e ! e o T
A iable. Various different firms under :
i itive value of such variable. Va ol id
o‘: Y "':h:’e::::';r?;i‘;:::;: that the production cycle could be reduced by as much as
the text,

52/ Al st 8vel rhgr overnment —bofh of the nd le velo, world — re. 1y invo. in h vy ﬂb‘idn"
mao. very o g Id l‘p mfy involved in hea
d'!'v‘loped 8 55 de! p.d
( pendy ] i t fact that ma
tion Qf R/&D ax, diture The decision of mfe”‘”ﬂg in the kﬂaw’m‘ market is a clear re lexi
i . lear reflexion of he 1 rket forces can

i f new technology.
i location of resources to the creation o

expecred to induce en adecuate al ‘ . 5 .

o 5;;‘; i i 0;;. c!l""n:iso?" effect which needs to be mentioned at this pomr. and ':h‘;frh’zoz::‘f;xn; racm”y
; o o i ol equipme ram. mf
e e in Micro, nd electronic Process contr P i
‘ : L F sachtu? f ing i r some of the advances

metepmAnnen 3 0 "mmzf«;;d:f :;:,fferam as Foodstuffs or Textiles, m«{: makazzdff' 1::;:':::; :;, ek be
il withwgrur"l um:;:tbro,pcmrmm into the production fabric of “non science-ba 3
the “science- sec
found in other areas of manufacturing.

398

“In-house” technolo

BY generation activities will no doubt reflect in various different ways the relative
distance between an industry's teg

hnology and the basic knowledge pool from where such industry draws the scientific
and lechnological principles that underiie its operation. An example in this respect is the extent 1o which mechanical

engineering firms producing, say, machines tools, have been forced to introduce changes in the skill composition of
their product design and process engineering departments in order to “catch up” with the rapidly evolving trend into
numerically-controlled machine tools which seems now on the making in the machine tool sector as a consequence of
contemporary developments in the electronic front, 55/
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A final word on research methodology. Ou
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the profession still dwindles as far as understanding

nological search strategy. Obviously

tions tirms address themselves to. Company histories, as well as

rces, significan-
tly differ across countries and individual fi

probiem is of f

r discussion of previous pages has shown how complex the
the four intera

field of technology. Further exploratory work in each one of

needed in order to overcome the pre-theoretical stage in which
technology-generation efforts,
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~~  Biblioteca PLACTED

Los documentos que integran la Biblioteca PLACTED fueron reunidos por la Catedra Libre
Ciencia, Politica y Sociedad (CPS). Contribuciones a un Pensamiento Latinoamericano, que
depende de la Universidad Nacional de La Plata. Algunos ya se encontraban disponibles en la
web y otros fueron adquiridos y digitalizados especialmente para ser incluidos aqui.

Mediante esta iniciativa ofrecemos al publico de forma abierta y gratuita obras
representativas de autores/as del Pensamiento Latinoamericano en Ciencia, Tecnologia,
Desarrollo y Dependencia (PLACTED) con la intencién de que sean utilizadas tanto en la
investigacién histérica, como en el analisis teérico-metodoldgico y en los debates sobre politicas
cientificas y tecnoldgicas. Creemos fundamental la recuperacion no solo de la dimensién
conceptual de estos/as autores/as, sino también su posicionamiento ético-politico y su
compromiso con proyectos que hicieran posible utilizar las capacidades CyT en la resolucion de
las necesidades y problemas de nuestros paises.

PLACTED abarca la obra de autores/as que abordaron las relaciones entre ciencia,
tecnologia, desarrollo y dependencia en América Latina entre las décadas de 1960 y 1980. La
Biblioteca PLACTED por lo tanto busca particularmente poner a disposicién la bibliografia de este
periodo fundacional para los estudios sobre CyT en nuestra regién, y también recoge la obra
posterior de algunos de los exponentes mas destacados del PLACTED, asi como investigaciones
contemporaneas sobre esta corriente de ideas, sobre alguno/a de sus integrantes o que utilizan
explicitamente instrumentos analiticos elaborados por estos.

Derechos y permisos

En la Catedra CPS creemos fervientemente en la necesidad de liberar la comunicacion
cientifica de las barreras que se le han impuesto en las ultimas décadas producto del avance de
diferentes formas de privatizacién del conocimiento.

Frente a la imposibilidad de consultar personalmente a cada uno/a de los/as autores/as,
sus herederos/as o los/as editores/as de las obras aqui compartidas, pero con el convencimiento
de que esta iniciativa abierta y sin fines de lucro seria del agrado de los/as pensadores/as del
PLACTED, requerimos hacer un uso justo y respetuoso de las obras, reconociendo y
citando adecuadamente los textos cada vez que se utilicen, asi como no realizar obras
derivadas a partir de ellos y evitar su comercializacion.

A fin de ampliar su alcance y difusion, la Biblioteca PLACTED se suma en 2021 al
repositorio ESOCITE, con quien compartimos el objetivo de "recopilar y garantizar el acceso
abierto a la produccion académica iberoamericana en el campo de los estudios sociales de la
ciencia y la tecnologia".

Ante cualquier consulta en relacion con los textos aportados, por favor contactar a la
catedra CPS por mail: catedra.cienciaypolitica@presi.unlp.edu.ar
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