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Some O~oservations on the Economic Fraewor!. for Optiu
 

LDC Utilization of Technologyc: Abstract
 

This paper attempts to explore the relationships betiween the choice
 

of technology and the problems of rising unemployment 
and worsening income
 

It is addressed mainly to the issue
 distribution in the developing world. 


of whether or not, given present constraints 
on technology choice and out­

put mix, developing countries can be reasonably 
e.	pected to be able to 

c difficult choice between 
escape from the straitjacket which seems to force 


employment/income
the achievement of output growth, on the one hand, 

an.c 


on the other. Two kinds of c-:idonce are examined in
 distribution goals, 


a more endoument-sensitive
 
support of the contrary hypothesis, namely that 


growth path can yield more output, employment 
and, possibly, a better dis­

the same time: Lhe historical experience of a small
 tribution of income at 


"deviant" sub-family of LDC's and cross-sectional 
evidence from a larger
 

number of country cases.
 

The paper first analyzes the mechanism of technology 
transfers from
 

rich to poor, distinguishing between the process 
o' ;orrowing from a shelf
 

of international technology and the domestic technoloby adaptation process.
 

the changing. relative importance of these two processes in a 
Se.condly, 

out, -s the typical labor surplus
time-phased historical conte :t is brought 

from import substitution through the export sub­
developing country moves 


The empirical record of historical Japan,
stitution sub-phase of growth. 


con­
along with that of contemporary Korea and Taiwan, is e::amined 

in this 


It is found that technology
the macro and micro levels.
text--both at 


assimilation, especially during the export suistitution 
phase when
 

relative price signals are comparatively less distorted, can be extremely
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important in terms of both output mix and technology change. The same kind
 

of evidence on technological flexiility seems to elerLe t hen we loo: across 

scales within countries still generally under import substitution policies-­

but where the impact of such policies varies by size of firm. 

The paper points attention to the major specific manifestations of
 

industrial technological fle:c-i:ility at the machine and plant level and 

briefly discusses the importance of R & D expenditures, government infra­

structure, educational strategy, and type of privete sector organization
 

for optimum LDCas additional dimensions of an adequate economic fraiiework 

technology choice. Finally, Section IV summarizes the overall findings
 

of the paper and presents conclusions for policy of relevance to both the 

technology borrowing and lending countries.
 



SCME OBSERVATION, ON THE ECONOMIC FRANEL'CLK FOR OPTIMUM 

LDC UTILIZATION OF TECHNOLOGY
 

Gustav Ranis* 

end in itself.The "proper" use of technology is, of course, not an 

The growing concern with the subject emanates, instead, from its possible re­

levance to the increasingly serious problems of rising unemployment and wor­

no need to
sening income distribution in the less devel:ped world. There is 


even reasonably "successful" countries
dwell at length on the facts before us: 


i.e. growing at 5 to 6 percent annually in real terms during the 50s and 60s
 

have been experiencing increasing rates of unemployment and underemployment, along
 

with growing disparities in the regional nnd personal distribution of income.
 

Non-agricultural sector labor absorption rates, i.e. the ability of the commer­

cialized portions of non-agricultural activity to provide efficient employment
 

has been low and falling--to the 2 or 3 percent level annually--increasingly
 

unable consequently to even keep up with the growth in the labor force. 1 For 

the world as experienced ratesmanufacturing alone, developing a hole annual 

of growth of output in excess of 7 percent between '55 and '65, while the rate
 

Vhen we view this record of the
or labor absorption was just about 4 percent. I 

past along with the existing backlog of underemployment in agriculture, the 

likely incapacity of ag_±c.ulture to be able .',i"hold" its own increments of
 

we can safely
population efficiently, plus the overall labor force explosion 


anticipate over the next decade and a half--regardless of the extent of success
 

in curbing fertility--the dimensions of the mounting pressures for labor ab­

sorption on the part of the non-agricultural sector are painfully clear.
 

*Professor of Economics and Director, Economic Growth Center, Yale 

University.
 
1David Turnham, The Employment Problem in Less Developed Countries, 

O.E.C.D. Development Center, Paris, 1971.
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The part of that same historical record we would like to concentrate
 

on in the context of this paper is the apparently ever-increasing capital inten­

sity of LDC's industrial sectors, taken as a whole, both in terms of output

1
 

mixes and the technology employed for given mixes. 1'Vhat is more, unlike in
 

agriculture where most people have increasingly come to accept the realism of
 

alternative optimum scale and input combination, depending on varying endowment
 

conditions, the belief continues to be widely heid that LDC industry is subject,
 

in nature, to more or less fixed proportions statically, and to the march of
 

All of which, of course, seems
ever-increasing capital intensity dynamically. 


to support the notion of the inevitability of a conflict between output and
 

employment objectives as we look into the future.
 

Fortunately, however, a little thought leads us to the conclusion that
 

this conclusion is unrealistically pessimistic, at a minimum because we know
 

that there exist a number of mature technology exporting countries which differ
 

from each other in the capital intensity of their latest technology--not to
 

speak of the possible choice of alternative vintages and of the possibilities
 

of substituting and adapting "on top of" any given set of borrowed technology.
 

Moreover, there exists evidence, mainly from a "deviant" subset of developing
 

economies, which indicates that the aforementioned generally dismal LDC record
 

on output versus employment generation may be misleading if not interpreted in
 

its proper historical perspective. Such evidence of markedly differentiated
 

performance extends to the nature of the role of industrial technology change,
 

including at the micro level, and strongly indicates that that role is not fixed
 

in nature but is subject to policy actions, both within and outside of the
 

developing world.
 

IThough there exists an intimate relationship between what is happening
 

in agriculture and industry in the typical LDC, in terms of the supply of wage
 

goods, industrial real wage levels, and migration patterns, considerations of
 

space force us to concentrate only on the industrial sector here. We are thus
 

also slighting the customarily large LDC services sector.
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Section II briefly explores the technology transfer mechanism, first
 

in the abstract, then in the context of post-war LDC deve'lopment experience,
 

Section III presents empirical evidence, from the "deviant" subset of LDC'rsu­

both at the macro and micro levels--concerning the potentially different roles
 

technology transfer can play under different historical and environmental
 

conditions. Section IV is concerned with the policy conclusions which may be
 

dsrived from our analysis.
 

II. The Technology Transfer Mechanism
 

It must be remembered, first of all, that, unlike in the rich countries,
 

technology change in the developing world is not an internal quasi-automatic
 

and routinized process generated through R&D e;tpenditures allocated according
 

to some public or private rules of cost-benefit analysis. Rpther, it is, at
 

least in the first instance, an act of borrowing from someone else who has al­

ready incuryed the costs of trial and error, from conception to laboratory inven,
 

tion to commercial innovation. While the Pearson Commission and others referred
 

to the fact that "only" 2 or 3 percent of the world's R&D is today spenc by the 

LDC s ,, I think there is no one who would really recommend that the poor countries 

could afford to shut -hemselves off from the accumulated knowledge of existing
 

Industrial technology and start inventing at~i innovating de novo. LDC expendL­

tures on R&D are, of course, positively correlated with technology change but
 

this does not by itself prove causation nor that they ought to spend more in
 

this direction. Katz, for en:nmple, found that, for Argentina, the rate of growth
 

of industrial output, (a proxy for "learning by doing") explained 01 percent of
 

the so-called "residual," R&D only 6 percent. It is thus, in the absence of
 

contrary evidence, quite natural and appropriate that LDC's spend only .05 to
 

1Jorge M. Katz, "Industrial Growth, Royalties Paid Abroad and Local
 

Expenditures on Research and Development," Papev presented to TEA Conference
 

on Latin American Development, Mexico City, December 1971.
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.5 percent of their GNP cni R&D, as contrasted to 5 percent in the case of the 

developed countries. As ue shall see below, it is much more relevant to inquire 

into the composition of LDC expenditures on R&D, as betueen so-called "basic" 

and "applied" research. 

One thing is amply clear, i.e. the very co-existence of rich and poor on 

the same shrinking globe presents many interdependencies, advvttages as well as 

disadvantages, to the poor countries. Among these, the existence of an inter­

national technology shelf which incorporates E11 ;ercions and vintages of human 

productive experience to date--both on "how to make;' a -iven commodity, as well 

as on "hat to make"--probably represents the sinale ,iost dominant phenomenon, 
I 

at least as far as the LDC's current use of technolog> is concerned.
 

In excamining the nature of the technology flows from rich to poor and in 

assessing the contribution of these flows to the problem o[ LDC performence with 

respect to output, employment., and income distri!jution, it is helpful, moreover, 

to differentiate clearly betw(een the initial act of ,orroving from the shltf and 

the subsequent act of doestic adaptation. 

Borrowing implies taking something off the shelf and attempting to repli­

cate it more or less as is in the recipient country, using essentially the same 

processes and combinations of factors. Theoretically, of course, ae we have al­

ready mentioned, there e-:ists considerable choice as to wfhet is borrowed in terms 

of from which country and what vintage, but such choices may, in fact, be severely 

circumscribed either because only a subset is known or because the LDC iL other­

wise constrained by its own economic environment and non-econoraic preferences 

or those of the technology lender. Thus the 1950 vinta:,e U.S. technology may 

i Theoretically, ciuch a shelf is composed of all possible ways in uhich 

a unit of X can be produced by different countries and at different times. The 
most capital-intensive choice might, for example, be U.,.. 1972 machinery, an 
intermediate choice, Japanese 1972 machinery, and a yet less capital-intensive 

choice, Japanesu*1950 -.achinery, etc. with virtually an infinite number of 
theoretical possibilities available. In the real world, as we shall see below,
 
only a portion of such a shelf may, in fact, uc illu"iinated and an even smaller
 

portion feasible for borrowing. 
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not be considered "shiny"' ,,aough by the recipient; moreover, it may not be 

even if the blueprints could be found and dusted
 physically available for export, 


on the other hand, the 1972 vintage Japanese technology may not 
be importable


off; 


are vith another advanced
 if the recipient's main trade and/or aid relations 


Regardless of how large the visible shelf and how constrained 
or
 

country, etc. 


unconstrained the choice, it is this act of technological borrowing 
which people
 

in mind when discussing the technology gap and technology transfer-­
usually have 

and which is usually blamed by those who object to the use of "inappropriate" in­

dustrial technology.
1
 

There is, however, a second important dimension to the technology trans­

fer mechanism which is usually given much less attention, namely 
technological
 

adaptation or assimilation. Such assimilation basically means the ability to ad­

to the often radically different factor endowment situa-
Just borTowed technology 


Since we are discussing a
 tion by means of a secondary innovational response. 


to capital poor countries, this adapta­process of borrowing from capital rich 


can be expected to be in a labor-using
tion process, .f it takes place at all, 


The borrowing and the adaptation may, of course,
 or capital-saving direction." 

be going on together, i.e. c's part of one entrepreneurial act; in fact, there is 

between where the LDC bo'rrows from the shelf
likely to be significant interaction 


further reductions in the capital-output ratio "on top of"

and the potential for 


to maintain a distinction between

the import. We will, however, find it useful 

the shelf" maylit should, moreover, be noted that "picking something off 

an extreme not be quite as simple as it sounds. A so-called turn-key project, 


version of technological borrowing, may try to duplicate all the inputs in their
 

finding itself in a totally different environment,
familiar combinations yet, 

be forced to operate much more inefficiently. The more capital intensive the
 

import, i.e. the further removed from the total cultural and economic e-perience 
shelf efficiency and the efficiencyof the recipient, the larger the -ap between 

of the initial transplant. Such X-inefficiency isilikely to diminish quasi­

automatically with time.
 
2 Some of this may be what textbooks call "substitution," i.e. relatively 

more labor and relatively less capital for essentially the same production pro-

Some may involve reorganizations,
cess, in response to different relative prices. 


which are more in the nature of innovations. We are not concerned here with the
 

theoretical niceties of such distinctions and will call anything which achieves
 
of capital) wi, tout sacri­a lower capital-output ratio (or a higher productiivity 

fice of labor productivity, a capiLal-saving innovation.
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when analyzing optimum LDC
 

utilization of technology.
 

The reason for this, in short, is that the two component processes of
 

these two important types of innovational activity % 


technology transfer are likely to play a substantially diff,rent role, absolutely 

and relative to each other, depending on where a particular developing economy
 

finds itself at a particular point in its own historical development. Most
 

LDC' s entered what has been called the import substitution phase oi development
 

after World War I.1 This period is characterized by the attempt to restructure
 

pre-independence or colonial resource flows in the direction of national develop­

ment. Given the customary absence initially of a str6ng indigenous entrepreneurial
 

class, as well as some oL the necessary economic and social overheads, the import
 

substitution regime has typically concentrated on capturing traditional export
 

earnings, through exchan,.e controls, ond redirectin, them to the construction 

of overheads in the public sector and the expansion of import-replacing consumer 

goods industries, either in the public sector or, via import licensing and 

tariffs, in the private sector. At the same time, domestic resources, given
 

the inflationary pressures cused by deficit financin , increasingly overvalued 

exchange rates, the tight rationing of credit (as well possibly of such other 

scarce inputs as cement, steel, etc.), wert! being redirected to the same growing 

industrial sector. The well-known distortions of relative prices resulting from 

such government intervention in a number of crucial mar:kets helps pull resources 

into the hands of the public sector, for social capital construction, on the one 

hand, and provides larger than normal profits to offset larger than normal 

risks for the country's "led.lin private sector entrepreneurs, on the other. 

Specifically, import substitution policies bias both the initial borrowing 

choice (in a capital-intensive direction) and reduce to a minimum the volume of 

1 Some) e.,. ln-Latin America, substantially earlier. 
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The
 
labor-using assimilation carried on in connection with 

that borrowing. 


price of (scarce) capital is kept artificially low by 
a combination of over-valued
 

tariff structure, low interest rates, accelerated
 exchange rates, a differential 


the price of (abundant) labor is kept artifi­
depreciation allowances, etc.; 


cially high by minimum wage legislation, pressure 
in behalf of fringe benefits
 

and higher pay for night -x:ork and against differentials by age 
and sex, social
 

a number of workers basis, job security, plus large
security taxes levied on 


With economic signls thus severely distorted
 
severance payment provisions, etc. 


in favor of the use of capital, most private sector technology borrowing takes
 

The public
or modern end of the shelf. 
place at the most capital-intensive 


sector is even more likely to select the latest technology since costs normally
 

play a smaller and prestige and other institutional constraints a larger role
 

here.
 

one's technology borrowing, i.e. at what
Secondly, since where one doe.; 


"distance" from the social-cultural inheritance and elperience of the borrower,
 

to adapt, the technological assimilation pro­
undoubtedly affects one's ability 

to a minimum during the import substitution phase of
 cess is normally held 


development.
 

the policy of heavy protection
Finally, and most importantly, as long as 


foreign and domestic competition provides entrepreneurs 
with assured
 

from both 


(or them to exercise their
 
and large windfall profits, there is little reason 


It is well known that
 
technological ingenuity in any particular direction. 


the
 
businessmen are prone to "satisficing" rather than "maximizing" 

profits; 


difference between 50 and 60 percent annual profit rates 
just looms much smaller
 

a more competitive environment.
 than the difference between 10 and 20 percent in 

1Even in India, a 7.arge rel atively domestically oriented economy, with 

a substantial domestic engineering and machinery producing capacity, only
 

.12 percent of industrial technology has been of the indigenous 
variety during
 

the import substitution phase.
 



Under import substitution the large established firms are able to sit back and 

relax once they have gotten their licenses, loans, or permit3, while small or 

new entrepreneurs have difficulty in achieving access to resources at any price.
 

Given the aforementioned relative price distortions plus normal expectations of
 

a continuation of the present environment with, if anything, rising relative
 

wages, there is little reason to bias technology in a labor-using direction.
 

In short, with borrowing capital-intensivc and adaptation virtually absent, 

LDC industrial technology is likely to betheavily labor-saving, and increasingly 

so over time, during the import substitution phase--in spite of a large and 

growing overhang of idle lI.Lor. Similarly, the economy's output mix will, if 

anything, be shifting in a more capital-intensive direction as new industries 

are built and overheads constructed--usually financed by the continuing export 

of traditional raw mterias and primary products. The aforementioned heavy veil 

between market and shadow prices of both factors and products, moreover, permits 

little change in the output ,i:via trade. The major change in such mi-: can 

take place only through dcmestic demand pattern chan-,es, as per capita incomes 

increase with continuing consumer goods import substitution-- all of which makes 

a further contribution to the increasin,, capital intensity over time of the
 

industril secLor. In .hort, hen the end of primary, i..e. non-durable consumer 

goods, import Fib;titut~on has been reached, we can expect the industrial sector 

to be more capital in~ensive thin it was at the beginning, both in terms of 

output mix and technology.
 

Small wonder, therefore, that our first look across the LDC's during the
 

1950's and 60s yielded such pessimistic conclusions with respect to the problem
 

before us; for it is a fact that most of the deieloping world, especially Asia
 

and Africa, has been engaged in a more or less typical import substitution
 

pattern during that period. This pattern, moreover, while it has become
 

fashionable to he critical of it, may well constitute a necessary response to the
 



initial shortage of domestic entrepreneurship and overhead capital. The real 

'hoo; long." ' Once the end of "primary" import sub­issue is "how much" and for 

one, withstitution has heen ieached, LDC~s usually have at least two choices: 

the help of their no- mnture entrepreneurial capacity, to move into a more market 

via a gradual reduction of theand labor-intensive industrizd export phase, 

"hothouse;" two, to try to avoid the (inevitable)temperature in the industrial 

such a transitiun" by coatinuing to import suostii-ute in "secondary,"pains of 

goods, capital goods and themore capital-intensive areas, e,> durible consumer 

processing of intermediate goods .the -ncire procss continuing to be fuelled 

searched out prioary product exports. Huchby traditional, as voll as neiiwly of 

from orimary di:ectIy to seaondary import ;ubstitution afterLatin America moved 

the 30s: Africa is largely Atili in tne primary phase; and Asia: presents 

mixed picture, as we shall sce shortly, 

here then, and as emphatically asThe main conclusion e wish to reach 

possible, is that the ~eneraely pcssimistic overall historical record of LDC's 

with respect to employment and income distribution versus output performance, 

including the apparent inability to use labor intensive technology and output 

mi.,es in an efficient fashion, is heavily conditioned by the fact that the vast 

majority of the countries under observation has been (and today still is) engaged 

areeither in primary or secondary import substitution. On the other hand, there 

a feu countries which, at the end of their primary import substitution phase, 

To the ex:tent that import substitution is likely to be a necessary his­

which don' t have a very strong and diversi­torical phase--especially in countries 

fied natural resources base to -ount on-one could, of course, distinguish between 
"good" and "bad" forms, e,.g. the usc. of tariffs veisus luotas. But such a dis­

cussion would take us too far afield here, (See thc vuthor's "Relative Prices 

in Planning for Ecoromi( Developnen:," in International Comparisons of Prices and 

Output. D. J. Daly, editor, NBEr., Columbia University Press, 1972.: 

ZFor the gro-ips .favored by the direct controls re-ime, i.e. large scale 

industrialists, importers ond civil servants whose windfall profits and power 

(as well as supplementary incoiae-) respectively, :.ould !e threatened thereby. 
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moved on to export substitution, i.e. the fusion of naturing entrepreneurs with
 

large supplies of unskilled labor to effect a shift of the country's production 

and export structure from an essentially land to a lKicr fuelled basis. 

The achievemen:; of tl:is transition perL ittin &Cheeconomy to function 

more flexibly in response to a changing endowmenc picture, could, of course, 

be materially assisted by a change in the predominant put'ic policy pacLoae, 

as we shall see, and the role o. technology, b~ti: in terms of the borroa'in: and 

adaptation processes, e made to change rather drastically. Our aim here is not 

to "praise" the choice some countr.Les made at the end of their primary import 

substitution phase and to "conden" that of others. No two countries are ever 

alike in terms of their. initial structural conditions, and we recognize that the 

socio-political situation is customarily much too coiiplicated for any simple 

judgments or prescriptions. Ve nevertheless do believje that, in order to 

properly assess the si. nlficante of the rather ne~ative overall LDC record on 

technology choice, an e::amination oE the experience o.f ,ome "deviant" cases, 

both at the macro and micro leiels, is likely to prove ino-tructive. We turn to 

this now and hope at the sarmie time to be able to be responsive to at least some 

of the "special case" or non-transferability arguments .?hich are often raised 

in this context. 

III. The Empirical Evidence
 

We intend to deal only vith the contemporary Korean and Taiwanese cases 

(along with some attention to historical Japan) in any detail--and that mostly 

at the micro level. This is both because macro economic changes in these economies 

over time are by now, pretty well knoun and because the relationship between the 

overall economic environment and changcs in the 'irole of technology can best be 

documented at the micro leiel--a,; least at this stage of our understanding. 



The beginning of export substitution signalling the end of the primary 

import substitution phase occurred in Taiwan about M5, and in Korea about four 

years later. With industrial entrepreneurs now sufficiently mature, both societies 

shifted to a new policy packagc entailing substantial readjustments in the major, 

previously distorted, relatiye prices at about that time. In both countries 

the curbing of government deficits and inflationary pressures permitted markets 

hypothetically to resume th-ir normal functions; and devaluation (accompanied 

by liberalization of the import regime) plus interest rate reform (i.e. higher, 

more uniform, official rates)--as well as other displacements of direct by in­

9 
direct controls--permitted such markets to function gain in practice. 

Agriculture and e ports were no longer discriminated agoinst. The veil 

between the economy's renource endowments and thai: use vas gradually bOein­

lifted and a substantial broadtening of the d;:velopmrent base achieved by har­

nessing a much larger proportion of previously divenfizanchised peasants and medium 

and small scale entrepreneurs to the effort. Consequently, the generation of 

output could be accelerated because of--rather than in spite of--a shift to a 

more labor-intensive production and export pattern, boti; in terms of changes 

in technology and output mix. These, of course, natu:aily go together in a 

more competitive environment. Successful sales in thu international markets for 

industrial goods requires the use of a more appropriate, i.e. endowment-sensitive 

technology and, in turn, makes it possible to alter the structure of a rapidly 

growing total export volume. 

Trking the Tai.an case first, the major policy changes, including devalua­

tion and interest rate reform, followed the end of primary import substitution 

IAny change in direction of an economy, and in the facilitating policy 
package, does not, of course, ever occur from one year to the next, but is the 

result of a rather gradual evolution. 

'This time, however, in contrast to the colonial period, subject to the 

government's naticnal-development oriented guidance. 
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in 1959. The results: in 1952 tran4tonal rice and sugar constituted 7L, per­

cent of export earnings; by 1969 this had shrunk to less than 5 percent; labor­

intensive industrial e.:ports, including text.iler, wood products and electronics
 

grew from 5 percent to nearly 70 percent of total exports (themselves groving
 

at an excess of 30 percent annually) over the same period. Industrial labor
 

absorption rates of 3 percent annually during the 195_ -5' (import substitution) 

period accelerated to more than k"percent annually in the (export substitution) 

1960s--so that both the relative (from 5%percent in ]9'53 to 40 percent in 196C), 

and even the absolute number ol workers in ng.riculture could be reduced, and the 

pool of the underemployed :'mop-ed up"--in spite of substantial population and 

labor force growth. Ue should, moreover, note that tihe distribution of income 

(as measured by the rat.o between the percentage o! -otal income received by 

the bottom 20 percent -elati,;e to that received by the top 20 percent) also im­

proved substantially as between 19.3 and 1'6L--undoubtedly as - consequence of a 

substantial increase in the labor sharc. i Taiwan's domestic saving rate, a 

respectable 10 percentc in '52-'54 shot up to 35 percert by '(.7-'69 and her growth 

rate--with much less Iore!.fn capital contributing--rose from 2-3 percent to 

7-8 percent annually.
 
2 

A similar general pattern emerges for the case of Korea. Devaluation
 

in 1964 and a doubling of interest rates in 1965 laid the basis here for a shift
 

from import to export substitution accompanied by dramatic changes in output mix
 

and technology. Here also labor-intensive industrial exports, including elec­

tronics, textile- and footwear, amounting to 15 percent of total exports in
 

IDavid Turnham, "Income Distribution--Measurement and Problems," S.I.D. 
Conferencd Paper, Otta,.a, Nay 1971. 

2 Differences bet.een the two countries .hich need not detain us here, 
are spelled out in the author's "The Role of the Industrial Sector in Korea's 
Transition to Economir Maturity," Korean Economic Planning Board Papers on the 
Third Five Year Plan, to be published, Summer 1972. 

http:Iore!.fn
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1.02, rose to 80 percent of total exports--themselves growing at more than
 

35 percent annually--by 1968. (Small scale manufacturing exports, the most
 

moved froI 10.6 percent of the total inlabor-intensive part o-!. the spectrum, 

in 1963 to 31.4 percent in !b). Industrial labor rbsorption rate by that 

time had risen to 7 percent annually and the percentage of the labor force in 

of the
agriculture dropped from (UGpercent (in 1(55) to 51 percent (in. 1968) 

total, as well as absolutely. A comprison of the aggregative savings and growth 

again supports the finding that aperformance of the economy over the period 

more endowment and technology sensitive development strategy tends to support 

simultaneously both output and :mp(lcyment objectives. The domestic saving rate 

as 195: ::ose co nore than 10 percent by 1967which had been negative as late 

and the annual growth rate, a mere 1 1/2 percent luring the last half of the 

50s, to more than 9 percent over the same period. 

The Japanese h.:;torical case of overall s:uccessful development is too 

substi­well known for much communt here. Suffice it to say thot her own import 

tution period, beginning ,ith the Meiji Rcstora*:ion in 1868, was relatively 

of the century changesbrief and mild by contemporary standardsl By the turn 

in monetary policy as vell as in the ownership of directly productive activities 

to private) signalled the beginning of export substitution, accom­(from public 


panied by a suitch from land-based raw silk to labor-based silk yarn exports.
 

whole we note the effect of the increased impor-
For the industrial sector as a 

tance of labor using technology and output mixes, as reflected in the decline 

1Due to limitations on Japan's tariff autonomy imposed from the outside,
 

as well as the unavailability of the full arsenal of interventionist tools
 

perfected in the 1930s,
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the rate of industrial capital deepening, from 2. percent annually during
in 

1892-1900 to 1.7 percent during 
1900-1906.l
 

In all three cases cited the overall favorable economic performance re­

corded was due .inlarge part to the different role the technology transfer mech­

anism was capable of assuming in the export substitution phase of development.
 

Not only was there a chance now for initial borroving choices (from the shelf) 

to become more selective, but--and more importantly--for the associated labor­

using adaptations to assume much larger importance. In a more market-oriented,
 

were now faced with the need to employcompetitive environment, entrepreneurs 

the economic calculus rather than putting their energies into the pursuit 
of 

those little slips of paper which guarantee windfall profits under import sub­

of what is produced or how. Once the changingstitution, almost regardless 

endowment could be reflected, at least partially, in more realistic resource 


price signais (interest rate, exchnnge rate, inter-sectoral terms of

relative 


what amounts to social optimality could be ,rndunly approached in the

trade), 


course of the technology transfer and adc'ptation j-rocess.
 

The importance oi" output mi.\ chang;es permitting; abundant unskilled labor
 

new

supplies to be massivcly exported for the first time in the form of indus­

trial exports can best be (and has been) demonstrated at the aggregative level.
 

But the considerable, and necessnry, companion piece of substantially enhanced
 

the micro level to which we
technological flexibility is best demonstrated at 


In this context we intend to again rely mainly, but not ex­shall now turn. 


examples from the same "deviant" subset of developing countries.
clusively, on 

detailed analysis of the aggregative Japanese performance is beyond 
the
 

See, however, the author's "Factor Proportions in Japanese
scope of this paper. 

Economic Development," American Economic Review, September 1957 and "On the
 

Empirical Relevancy of the Fei-Ranis Model of Economic Development: 
A Reply,"
 

American Economic Review, September 1971.
(with John C.H. Fei), 




Taking the Japanese historical case first, this time, we have evidence
 

both of considerable selectivity in borrowing, i.e. as between the latest
 

available Western shelf technology and of a very substantial adaptive innovative
 

effort. In cotton spinning, for example, the latest Lancashire spindles were
 

almost invariably imported while, in veaving, which lent itself to a more de­

centralized cottage industry type of organization, non-automatic looms were
 

usually preferred. As the U.S, Tariff Commission put it:
 

the price of the automatic loom is more than twice that of the
 
plain loom, which, with the additional expense involved in the 
importation from the United States or Great Britain, made the
 
total outlay too high in a country where the interest charges 
on money were relatively much higher than the cost of labor.
 
Japanese mill managers have, therefore, hitherto preferred to
 
employ more workers and to forego the more labor-saving but
 
more expensive machinery, in contrast to the situation in the
 
United States there the high-priced labor is economized rather
 
than tho machinery.

1
 

Another account, relating to the production of printed goods, is equally in­

structive:
 

Recently, a Jap.!nese manufacturer of plain linoleum decided to
 
undertake the production of printed goods. He dispatched a re­
presentative to the United States to purchase the necessary
 
equipment. The representative was familiar with the modern
 
linoleum printing machines, printing several colors at one time
 
and turning out as much as 15,000 square yards in 9 hours, but
 
he considered it too expensive a piece of equipment, especially
 
since his labor was being paid only about 50 cents a day, and so
 
he sought out, in an American plant, an old hand block printing
 
outfit. It was not for sale Its parts were lying about in a 
storeroom of the factory. Some of them were 40 years old, and 
the whole outfit had been discarded 15 years before. But the 
Japanese representative purchased it and had it shipped to Japan.
 
In the immediate outlay of capital he saved money, for he pur­
chased the old equipmenz at the price of a printing machine or
 
even below the prices of a new hand outfit, but he installed in
 
his plant equipment that could only have been ,-; sposed of as 
junk in the United States. He started in Japan a new industry
 
in a stage of technical development that had become obsolete
 
years before in the older industrial countries.2
 

The Jaranese Cotton Industry and Trade, U.S. Tariff Commission, Govern­
ment Printing Office, 11ashington, 1921, p. 116. The same study reports that a
 

shipmen-t of imported automatic looms which arrived, apparently by mistake, 
shortly after the turn of the century, had been found so difficult to operate 
that, after removing the batteries and warp-stop motions, they were instead 
run as plain looms. 

2John E. Orchard, Japan's Economic Position, New York: McGraw-Hill, 1930, 
p, 246. 



Japan clearly did not :ish to borrow the latest technology, possibly ahead of 

i' ttlere existed ,,iahleher entrepreneurial and other endovrtent capacities, 

suci z, choice might inhihit the potential for furtheralternatives--especially if 

adaptive technology response in a lbor using direction. We thus have evidence 

of a good deal of pragmatism in technological borrowing and relatively less 

evidence of prestige-distorted choices. 

previous R&D e,)endituresNevertheless, leaning heavily on the results of 

in the advanced countrics (i~e. ,hat Veblen calls tr in' advantage of vein' a 

late comer) and, in spi te of (or perhalps ,ecouse o - thc sug)stantial tuo way 

of Japanese and foreign engineers, most of the technological borrouingtraffic 

late vintage vooa.icty isi is in today' s LDA's. The really im:iportantwas of the 

(and are) to 5c found, rather,areas for technologic] 2le:,iihlit, thus were 

in the technological osciiaiiltion sphere. 

It is perhaps usc.:eki ;ii this conte:xt to dif'crant.iote among three types 

of labor-using adaptive technolo;.y clainge: that relatin' to the machine proper, 

rclati.n, to the Lnter-,:'chinc 2:i;-hin-plant productionor core activity; that 

ard tha;t to the total produc­,i
process, or machine-pe'.pe--al activity; 


tion process, includin', orjanizational variaFincs Iy plant and stage of processing,
 

or plant related activities.
 

Uith respect to core or machine-related capital stretching innovations, 

the simplest and quantitatively probably most impo-:tant Japanese example vas 

the running of imported U.1. and U.S. machinery at rates and speeds substantially 

in excess of those used v)road. For example, once tiec Lerosene lamp made night 

work possible, spinninl could ;)c done on tw-o, sometimes three, shifts dril>, 

with but two or three rest days a month. This meant tLlat the average vor' 

week per machine was two to three times that encountered in the country of 

origin; and, since physic,l depreciation is much less ',.liportant than economic 

,-achine twice as intensively does not wear it out twiceobsolescence, using a 



-17­

as fast. This heavy use of machinery typical of the lDth century Japanese in­

dustrial sector meant that the normal gap between the physical and economic 

life of a machine was substantially narrowed and capital was considerably 

"stretched." 

Moreover, there vas in evidence a related speed-up of the very same 

spinning machines thus permitting substitution betueen labor and intermediate 

input quality. By running the machines at faster speeds and/or by substituting
 

cheaper raw materials, i. , raw cotton--and mal-inF- un for it by increasing the 

number of women to handle the resultant increase in the number of broken 

threads--an additional major savin,: in capita:l could )e achieved: 

Certain differences in the industries of the two countries are 
impottant rnd rutt be noted. The raw material is essentially 
different. Though the Japancse do use some American raw cotton, 
the bulk o' their cotton is from Indian zid is o shorter staple, 
more likely to breahage... and requiring more iajor to put it 
through the machinery. The yarn spun has much !,ore of the 
coarser counts that require more labor... By aCdin, more labor 
it is run somewhat faster than American practice...All of 
these factors are in some way related to the cheap labor policy. 
They are there oecause the labor is cheap.1 

Japanese spindles w;ere equipped vith a 7/8 inch instead of a one inch front 

roll to accommodate the shorter staple cotton when operated at higher speeds. 

For these several reasons, i.e. differences in the yarn count and dif­

ferences in the spced of the machine, as well as differences in the number 

of shifts, we find that there ;'s a very mrked substitution between capital 

and labor in the cotton spinning industry. For example, Orchard reports 

that a competent Japanese spinner working on a 20 yarn count operated from 

300 to 400 spindles, w:hile an American spinner on the same count yarn tended 

from 1,020 to 2,6LL spindles, that is, between 2 1/2 and almost 7 times as 

many. As the U.S. Toriff Commission reported: 

1John E. Orchard, op . cit., p. 367. 
2 1bid., 
p. 367.
 



In order to distribute the fixed overhead charges in the way
 

of high interest and depreciaition costs, and to earn the large
 

needed to pay a normal rate of dividend, every effortamounts 
has been made to obtain the largest possible output from the
 

Nachinery is tlerefore run
expensive equipment and plant. 

almost since their inception the Japanese
at high speed, and 


mills have been operated night and day, employing
spinning 

two 12.hour shifts (22 actual uorking hours) for an ,erage
 

of 27 days a month, 1
 

thL rvergc Japanes'e spinner is 
Here again, given z,tand,:r count of ynr:n, 

on the some machine . .hilz thu Auerican counterpartas. tending 240 .pindls,seen 

a 1932 weekly man-hourB per 1,000 homo­
tenda nbcut 1J030 p...'-loe. AsI.at'.: 

from 20.& in Japan to 164.0 in 
genous spindles of' the oame 4uality ranged 

2
 

the United Kingdom and 143.1 in the United States.


can be told with respect to cotton heaving.
A somewhat similar story 

Once again,
 

the high cost of mill construction is considerably 
reduced if you
 

consider the hours during which the mill is being put to effec­

tive use, So far in Japan the wheels have turned round during 

20 out of 24 hours, hile in Europe only L hours are being wrke4 
hours per
Effective working time in England is less than 3,. 


week, as 2 hours out of theselare devoted to cleaning; this is done
 

in Japan Fter working hours. 

"in weaving staple cotton
Again, the U.S, Ta.riff Commission reports that 

weaver seldom operates more than two plain
the ordinar Joapnesesheetings, 

some assistance in supplying
looms, while the Aterican weaver, with perhaps 

Taking cotton
fresh bobbins. licrma.lly tends from C to 10 plain looms." 

Tariff Commission concluded:
spinning and x)eavig to-ethe:, the U.S. 

tends about one-fourththe average Japanese spinner or weaver 
looms usually assigned to one person

the number of spindle:: or 
in an Amer'can mill, t comparison of the total number of 

_2. it. , p. 99.
The Jaanesu Coti:on Industry and Trade, 

2The World Textile Industry: Economic and Social Problems, Vol, 1, 
Geneva, It37, p, 201.International ?-abeu7 0ffice, 


3Arnold S, Pearse, auan and C.ina, Cotton Industry Report, Inter­

iicster Cotton Spinners' and 1inufacturers' Association,
national Federacion oj 

Manchester, 1929, p LOb
 

4The Japanese Cot~on indstrv T op. cit., p. 100. 



persons ewployed in the two countries to operate individual 

plants of similaL size, and, vie.,ed morc broadly, a comparison of 

the total number of persons employed in the whole American 

industry, per 1,600 spindles, with the number that mould be 

required 	on the similar balanced basis under the Japanese con­

ditions, confirms the general relation observed, that the 

Japanese mills re:,uire betw:een three and Tne-lalf and four 

times as many operativcs as the American, 

In the case of silk production, vhich, together with cotton, made up 

more than 70 percent of total Japanese industrial output about BOO, we . have 

similar evidence of the ability to innovate in a capital-stretching direction 

on the machine proper. In rav silk, for example, the Japanese employed more 

than twice as many girls as did the same reeling basins in Italy. 'uite early 

in the game it is reported that a "modified technology" in silk yielded P 

capital-labor ratio of 26, a. capital-output ratio of 1.45, as compared vith 

technology. 
2 

the "'nadjusced" lrge-scale
1.06 and 	4,22 respctiv ,> for 

Turning to ri:achine :rn-:.phLral activitLes, ucli of the inter-machine 

handling and transporting is done by hand En place of mechanical, human 

conveyor belts y:e:e devioed, ]kcCi\ing, packagiry,nd storing was done by hand. 

The same vas ttue foi Lhe handling of interma!diate inputs required, e.&., as 

Orchard 	 again rcnir t; 

at onc of t.o I,i , "t., . L rs'y for 
the liniig of the Curnaces is carried doni C:oma a nearby hill­
side o- the backs of ,,omen At the plant of the Tokyo Gas 

Company, coke is put into kegs by hand and then carried by 
coolies, some of them wo.nen, to the barLcs in the adjacent 

canal. Coil, even in the la.rger Tokyo v.lants, is unloaded 

by hand and carried in baskets to the power houses. 3 

In sum, the quantitative impo.:tance of this ability to substitute labor for 

capital in activities 1rijphe.a: to the machine proper was apparently quite sub­

stantial. Very often such activities vere nachine paced in the Hirschman sense, 

i.e. while they might have looked vasteful to the untrained hiestern eye, they 

were, in fact, paced !-y weil-.sp:cod machinery as part of the same production 

line which contAined large numhers of unskilled laborers. 

lid. p. ., 

2Katsuo Otmika "Technical :Aoice and Technical Progress in the Silk In­

dustry," unpublished Hitotsubashi University seminar paper. 

3Ibid,, p. 255.
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A third type of adopti.ve technology change of uhich much use was made 

in historical Japan is of what we have called the plant-related variety. This 

is often characterized 'y the co-existence of different: historical stages of 

production in the s~rae industry. Raw silk production and cotton weaving re­

present outstondin; c;;zples. In the former industry silkorm rearing and 

cotton production were handled mainly by farmers' ivs in small home-made 

sheds, extensions of the rural households. In cotton ieaving, most of the 

yarn was "put out" to faria Ituseholds, with individuLl looms dispe.sed in farm 

houses and vorksheds. But even in the more modern factory-style spinning indus­

try, preparatory and finishin- processes were carrieC out largely at the cottage 

level.
 

This rather remarkhle survival of domestic industry on a subcontrac­

ting basis must be e1p ained largely in terms o: t c.. complemen­e:ploitation of 

tarities between many small lbor-intensive oper;:tin,; units and the large in­

dustrial management units. The traditional merch'cnt ,m.iddleman, as a representa­

tive of the sub-contractin, unit, served ns both r pplier and market for the 

goods to be worked up do-estically. A specialization of functions as between 

workshops, even as between the members of a given family, developed. One-roof 

economies could be achie'ed in this fashion, i.e. by using cheap labor in 

cooperation with old-fashioned machinery rit the wor!kshop level, while 

economies of scale could be achieved in the financing, purchasing and merchan­

dising stages. 1 The continued relative importance of this household type of
 

enterprise is quite remarkable; cottage btylc industry contributed more than 2/3
 

almost o0 percent in V..5, and retained substan­of industrial output in Ii7L, 


tial importance wcll into the tventieth century. Not only lacquerware, pottery,
 

l"Soinetimes even ! single part is not completed in one shop or home 

but is shaped in one and painced or plated in another." H. G. Aubrey, "Small 

Industry in Economic DeveloPment," ";ocial Research, '7eptember 1951. 

http:adopti.ve
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porcelain, sake, fruit and fish canning but also such nev consumer goods 

coming to the fore over time as bicycles, electric lamps and rubber, were to 

exhibit the same characteristics. 

Plant amounts to more than 50 percent of total investment in plant and
 

equipment in most countries. The ability to utilize households for putting­

out operations and thus reduce expenditures on plant undoubI:cdly amounted to 

a major kind of capital stretching innovation. By deploying familiar lut
 

improving machinery over lar-,c numbers of scattered mini-plants, large amounts 

of unskilled labor could 1-e deployed in both direct production and in satisfying
 

the resulting increased deriand for transportation and handling activities. 

In this fashion, Japanese entrepreneurs were able to, first, incorporate 

pure labor services and, later, domestic ingenuity and skills, into their
 

industrial production and e:-port bundle.
 

The Japanese thus combined some discrimination in the process of tech­

nology borrowing ith a very substantial amount of technology assimilation. 

The latter capacity seems to .e substantially assisted not only b\ the relatively
 

free access to resources Oy dispersed decision making., units, at relatively 

realistic prices, but also 5y the ability to train up the required additional 

supervisory personnel through both within-plant training- and less formal 

learning by doing processes. At least in textiles, the need for a continuous
 

supply of what might be celled an adaptive engineering capacity was supplied by 

the establishment of applied engineering schools through the pooled efforts of 

a number of textile firms.
 

Turning next to the contemporary Korean case eL the micro level, there 

seems to be less evidence of much conscious rejection of the latest shelf 

1 Gary Saxonhouse, unpublished Yale Ph.D, Dissertation, 1"71. 
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technology, although a good deal of thought vas apparently given, subject to
 

existing aid and other constr'ints, to the choic ')eteen late model Japanese,
 

German and U.S. machinery. Vhen it comes to capital stretching, assimilotion,
 

however, examples abound, especially in textiles, electronics and plywood
 

production.1 With respect to the manufacture of sil':, for example, the core
 

activity contrasts a ratio of one girl per tw:o looms v.ith one girl per .C 

equivalent loos in contemporary Japan. irr'eaction to now rising wages in 

Japan, Korea is tzakinL ovcr the lover nuality y.r spcectrum %.,heremore girls 

can be employed to mahc up ':or the .rfErior qualit: of thr raw, material. In 

cotton weaving, one ;i>') Tacnn 2 10looms 3 CL-. LC-1s ed ith 1: in Japv; 

in spinning the contrast i, bctuee; 60" and .60- spindles, Horeover, Korean 

machinery is run for 3 eigi t .houi ;hifts daily us aontruzsted !*:ith only 2 such 

shifts in Japan- Periphei'al to tl.. i:iaclincs proper ,. maY note that the 

contemporary Japanese ut.-. of i conveyor beit system, for example between the 

carding, illing and comLiSg opcrrtions, is replaced y human hands in lorea. 

In the production of olyuood wohat at first apl[cars as production pro­

cesses very similar to those carried on in the U-S,, ie, fixed proportions, 

in fact, turn out to be cuite rlexible--interestingy enough mainly because of 

the greater machine speed combined with much more labor-intensive repair methods 

used. In the United States, deiective pieces of lumber are cut out automatically 

by machine and discarded. In Japan, defective pieces of lumber are cut out by
 

hand and tha section is discarded. In Korea, defective ,ections are cut out by
 

hand, the scraps saved, and the defect plugged manully-. Here once again a
 

lower quality raw.:nacrial can bc up -roded ao an eruw.vrlent quality output
 

through the ap,)li-ation o.' chcap lzbor, Consequently, overall we found tvice 

as many workers per u'iIt of capital cquiDmIent :n (orca, i.e. 12' workers are 

engaged per equivalent ca:ita! production line -s contrasted wYith 72 in Japan; 

1The help with i.rean plant ,.ntervia.-s of Professor Sung Hwan Cho of
 

Sogang University, Serul grrtefully ackrowled:ed.
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worked a 22-hour day as compared to 20 in Japan.moreover, a Korean line is 

At the same time between 10 and 15 percent more workers are engaged in inspec­

tion, repair and maintenance of both materials in process and the machinery
 

in place.
 

In electronics, machine-related or core-type adaptations are most
 

prominent. In transistor assembly operations, for instance, given wage rates
 

in the U.S. (in the same
10 times lower than what equivalent operators get 

firm), the machinery is run at physical full capacity, i.e. sic days, three 

shifts a day which is 20 percent above the U. 3. equivalent. Moreover, certain 

cre usually done by handspecial operations such as feeding and packaging 

on the assembly line, instead of automatically, In spite of the greater use 

of labor, productivity per worker seems to be hijier due partiy to the faster 

to
learning process (it vas repeatedly stated to take -t Ieast two weeks less 

greater dis­train Korean girls in asseiambly :-hrn Americans) i)uL mainly to the 

on the as.,embly line throughLout. For example in one
cipline and attentivenoss 


firm the difference in spced of asa;oemblv on identiccl ecuipment yields a
 

30 percent differential in output (from :1 units pe-. machine hour to [ 5) 

and in a die motinti.n:, pr'cesss I;t rizes to more than .I.0. percent (from 112.' 

units per hour to 21:)). These greater speeds o2 operation, either due to
 

faster machine or operator pacing, are once again accompanied by putting addi­

tional girls into more intensive testing, inspection and repair efforts than
 

pieces ore not thrown away butis encountered in Japan or the U.S. Defective 

repaired by hand. Similarly, ith machinery itself vor!:ing at physical full 

capacity, considerably more manpower is allocated to the maintenance and 

repair of the in-place capital ecuipment. 

Uith respect to other, plant-related technological assimilation, the 

phenomenon ,learly resides in the area of subcontracting, bothmost important 
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domestically, and internationally. Domestically, subcontracting to local equip­

ment and parts manufacturers is being increasingly practiced, especially in
 

the electronics induotry; sometimes, as the e..perience. of several companies 

indicates, it takes t o to three years before the domestic subcontracting supplier, 

via a learning by doing process, has become a lower cost producer than the main
 

plant or import alternatives. chile such capital saving innovations, mainly 

via the reduction of plant and large, scale urban overhead requirements, are 

not yet as wide-spread in ]iorea as in historical Japan (and contemporary 

Taiwan), they are marke!Oly on the increase in a nui.il:er of other industries as 

well. Internationally! of course, rcceptiag a sub-contract for the labor 

intensive phase of a i.ulti-stage and elseilhere technologically demanding pro­

duction process, is a potentially very efficient \'ay of harnessing virtually 

pure labor services to the develcpment process. Bonded export processing 

schemes, consisting of: tcriff free zones into uhich often under subsidiary or 

subcontracting arrangements with Japanese or American firms, raw materials are 

imported and then rec:;ported after value in the form of cheap labor has been 

added, have proven to be most helpful in this content. Such arrangements 

nox: yield more than 20 percent of a Korean export volume which itself, as we 

have noted above, has been rising at annual rates of between 30 and 40 

percent during the past few years. 

Firm interviews in Taiwan yielded evidence that, assisted substantially 

by the establishment of thie Kachsiung E:,port Processing Zone, a similar type 

of technology assimilation process has token place, mainly in assembly and 

fabrication processing stages. For e;xamiple, in a lar,*e plastic factory plant, 

while the continuous process (producing resin for PVC plastics) showed about 

the same capital-labor ratio rs parent company plants in the U.S., the ratio in 

was only about one half of the American lrants. 1
fabricating 

IThe help vith Taivrn olant interviews oF Prolessor N. R. Chen of Cornell 
University is gratefully acknowledgedo 
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The use of labor is most intensive in electronics assembly. While
 

parts are mainly assemled ipith the aid of machines in the United States, 

this ,,ork is performed by iwomen uorkers in Taiun. According to the genervl 

manager of one major electronics firm, the amount o2 labor used in assembling 

one set of television in the T;aiwan plant is 50 percrat greater than that ini 

a plant of the parent company in the United States. In fact, most of the 

electronics firms intervievcd were making efforts in one vay or another to in­

troduce lbor-intensive methods. Uhile the capital-lbor ratios in this industry, 

like most, have been risin:,, globally through time, the largest electronics 

factory in Taiwan has .:perienced an increase: of ca:p Ltal by nine times and an 

= increase of employmient by si:teen times beteen P, . and 196';'. Throughout the 

electronics industry, copital-labor ratios ,.ave appa:'cntly fallen during the 

60s. 

One further conclusion derived fton 'thc Taiwan plant visits, and con­

firmed else.Ahere, is tha:t the clos;er the production process is to the raw 

material processing stage, baclkwrd tie the forl.e. linka ,es, sz.;ler chances 

capital strctchin- types of adaptive technolorj.crl ci ange; the closer the pro­

cess to the finished product sta,ge, the greater ar" these possibilities. 

It is sometimes asserted that the experience of Japan, Korea and Taiwan 

is so atypical, fo:- reasons of size, as well as special cultural, educational 

and geographic feaztures, thct it is not relevant .:--or LDC's generally. 1.le do 

not ish to dispute the irasic point, i.e. that 1ai',e countries, like India and 

Brazil, clearly facc a so:evbat different problem in terms of their much smaller 

possible reliance on tr-,de to help achieve major changes in output mi:: and 

associated changes in tch/nolo.,y. Fvery LDC is clearly different in many other 

essential dimensions ,':, ell, such as its human versus natural resource endow­

ment, its political structure and the stage of devel opment it has already 



reached--includin L, here the z:forementioned choice it mc-,y have already made 

(possibly difficult to reverse) as tn uhcrn to .-ead at tule end of primary 

import substitutiun. z, a the collected toI Nuv.rthclo, at .Lw.imuia c';idence 

date casts serious doubt on the supposied t::anny of tha LDC s use of technology 

and seriously underes -irates the potential inven.-eI-'cnes of indigenous anzrepre­

neu.&hip if the CcononiAC cnv1ironmc,,.t cmnn ba c:hn> 

To make this po.r:: ,.-d .a: the sam-2 time L, t 1.east partially respond 

to the adherents of t:c "special case" po:itior.; lt us, therefore, before 

tc e,: 2r,.m other countrics.concluding this a.citio., relr za:i: xnai:plcs 

Unfortunately niou m.ny h>',v,PCa ye: adopted '-h -ull !:olicy package associated 

.ith e:port act co'ccive to yieldin- tia kind of evidence wemcub.titutionl 

are after. But severa. h'..,e under takcn parti:l ialn:cs in their environment 

uvience of tew'bnolo icai fl.x-ility ihich is believedassociated vith [artial 


c,
to be instructiv- ane v1.ii bc L iofl,, iferred 

One such ,, ... pp. i. ovided. hv T.ca ac an no one w.ll.: . t :an are.-

confuse vith Korea )r Ta:i\..ni, durLn:; Ihc :ir. t de, ado. c- the 60s. After 

su*i,;t-_cution policies--withfollowing a more or 1cis l:ss.al 5et of ±n,oit 


towards
more or less cl6ss.ca co.se,.,uan':'e: ;n per o nc ..- Pa!iston moved 

a more outward lookin, cn'ronment, includi~gq throu'; a de facto devaluation, 

import liberalL-i Lion, and aclju;tment (in favori . 'yculture) of the internal 

terms of trade around I. :, As a conse':uence, at C11: ;--vc-.tive level, the 

saving; rate rose from 3- porcent r L95;: tc ' en.: in iD66, the growth
 

rate from 1,2 poe rfl to , oeicenf rni thoe ,..:th ,a:' of exports from
 

2.5 percent to L:3 percent. i,[orc irpoa..t. s r consequence of the, vd­

mittedly only partian (r-.cv.. to -Xrc: 'a Tcivan) ;noc to e:.:port substitution, 

1 The authov, in fac,. ielieve:: i'hat . qypo ogicrl approach (i.e. a
 

different framiuvork of an:lysi foi difernnt LIC ,L- ami ies) is necessary,
 

and a good deal of the .,ork .);- thc! Yale o t C:_nter reflects this vieu.
 

The subject ir again, 'o..e.,-. too broad to bo rac.:led here.
 

http:cl6ss.ca
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rose -.. percent 

for 60 percent of the t. in l,4 ,cr.mppared to less than 10 percent in the 

1950' s). This re,.tructurin{, x.,s .aaterially aid: I .hait, to most observers, 

vas a o: a othcr industries, 

noii-traditional exports by : botN.:een 115U and 1964 and accounted 

surprising grcv.t'i cngo" Ieering )d s 1all-scale 

especially in the PLVjZJb. A lea~ t 'c.-rdin to on study, this groxth vas also 

associated \vith goo dc.ai of ,dap.iv t-.chroloria1l ch, nfe, especially in the 

construction of lo.2a tu1a V1:CA,7:, ,s nd other lght enginlering products. 

Another cempleu "s ry:, mu,.h .sialer and thus. from the beginning, 

more open economy in vI.cl. a ;u ,s'ant ',Il amount of technological flexibility 

seems to be in 2vidence, b.l :t tu, horro-:ing. le e*, i-e, through the use of 

old equipment, and i:t the !:ssii;C'rtion leve', especially in ;" variety of machine­

peripheral activities, Evcn i- Ind., v h4 ch ha:" on]y recently, Ind vith con­

siderable hejitatioa. movc c :i- thu dr,-Ation o, .ireclization, evidence of 

capital-stretchin- crr, be louni. Oza:mj. f ,::c:mrne,reporLs that a Japanese 

glass company oper :rins an Tn(,iaa ;,u siitcy was ,W-) to cut p .lnt size in half 

and triple the nur-i:r of v(rrc:. (rW at.vc to Tapan) h .cruse "sheet glass is 

manually cut, tO Lranport of :a.: mncar:is .L 1ili the p"-nt and the crushing 

1a;,o:.. 3 

of coal are not ,utomitcd ,, )(% n.me I by 

Finally thc e.:p,,rienc of t.c. Me:-icr. Ehxport Proces:u n- '.one, specializing 

to date minly in e.icltrl:.cs ,ssLmbiV, -nd Lu:tilTs i : relevant. W1hile Mexican 

industry generoll, is st.*1 livin,. under :or-hocL import substitution condi­

tions, the Northern ordcr "dur:r.; (about 300 U. ., subsidiaries and 150 

1Edwai'd H, mrI,.,rinf" i.echuro!.9s. Choicc of Techniques and 
Economic Growth Yal. h.). i Di.i:oc ction' i :L-rc res , In spite of what has 

happened in, and to Pck._.on -!.nc,:,., ivy rT :.o '. !urco oi political de­
cisions, the ex,. a'e' -ncc V ' ea .:aai§ s v.] i, fo- our purposes. 

" For furtha1 del i_1: Q'au,ote' ci.-.:, 7Ka.iTal iW:clnt in Renynn rnnufacturing," 
Yale Economic Grow'Iii CunLer F 1 .iaul axv !7. 

3 Terutomo Ozw.wa, ':epor. oi. Japanm : Tr-.nsfer of Technology to Developing 

Countries," UNITAR, m.:no, Aury- .97G, 

http:Pck._.on
http:i.echuro!.9s
http:e.icltrl:.cs


Mexican firms) have been facing a slightly less distorted set of price signals
 

and perhaps more importantly, pressures to be corapetitile in the U.S. market. 

Plant intervievs here clearly indicate that at is occurring is an early arid as 

yet incomplete ver:;ion of the Korea-Taivan story. U.S. multi-national cor­

poration subsidiaries, for ex.=ample, are normally established with the single 

1 
purpose of taking advantage oi the relatively low I.ie.:ican wage rate, uith 

little initial technolo' change contemplated--in fct!, resistance from head­

quarters to tempering ith the ,oaffcient lest the ,:uality of output be adversely 

affected. ifter r ye.:r or o (6 to (c ::nths in ;orc./ ... an) local managers 

often perceive additional u,:,ys of reducing, co;;Ls Jy uf;ing the imported 

machinery more intens:vely- 'I-i.s t.e,,the form of .:i:'cre continuous use of 

the machinery includ.7- : . uit'l e Khiftin, and 1e ni a:.achines remain in place 

much longer than in the Uo'S, This in turi! is cc-,rpen;ated _or, on the one 

hand, by much more att:ention being paid to re:ani- ml ::aintenance activities, 

including the re-locin,_ nnd adjusting o achine tool5 in the local mochine 

3 
shops. Local subcontracting, though still constraired by the absence to date 

of much Pncillary indust.,:ici activity near the border ond high transportation 

costs elsewhere, also increases v:ith time, especially %,ith respect to packaging 
4 

and other simple components,4materials, wire 

The Mexican Border Program illustrates in an even more extreme form than 

Korea and Taiw.an (due to the miore extreme proximity factors, at least as far 

as the U.S. is concerned) the growing possibilities of an international system 

of subcontractin by process, in accordncc with differential factor endoments; 

IAs well as Section 8L7 of the U.S. 

, 

Tariff Code vhich exempts Lill but 
value added abroad from U.S, duties. 

2Occsionally :.,achines no Jonger used in the U.:'. 7,c exported to the sub­
sidiaries.
 

"As an aside, it is int-erestin:, to note Lhat iler,co earns more than 
$2 1/2 million arn:al]" fr"i the w'pair of U. . office i-.,chinery, T.V. and radio 
sets.
 

The cost effecti;,eress of such procur--ment, ircluding savings in trans­
cportation, has tc ove -coi ' tha loss of th:: U.7, tariff xvaiver on U.S. components. 



this extension of the division of lbor by commodity principle provides a larger 

scope for adaptive LDC technology. Japanese synthethic textile firms, for 

example, do their materio.] purchasing centrLlly, let the dying. and weaving be 

done in Taiwan, the yarn knitted in H1ong Kong, and then handle the exports to 

The leather for a U.S. baseball clove manufcturer isthe U.S. centrally. 

tanned in Japan, the stitchin; done in Korea. Bot> Ford ond G.M. are currently 

considering the construction of ; South,-East Isian car v7ith different processes 

to be located in Indonesia°, tle Philippines, islayria, Fingapore and Thailand. 

Philips and Volkswagen have, or snc time. been e;:perimenting in this field 

the close associationof the international d,.vL'.ion oF processes vhich,.iron 

between output miv: and tecmiolo.y, tcnds-to -ive furthe;r najor scope to icdi­

genous technoloical ;silation. 

Dynamically, we zay note, e.g. for the U.,'.. and Japanese electronic firms 

time, from simpleoperating in Korea and Taiwan, , tendsncy to :ro,,e, over 

assembly operations to adding process~n,,. stages both foru,'ard zind back.ard as 

local skills improve, -or exam.plc, froi-i tran:3i,;tor a-ser.,biy to cutting the 

silicon wafers and precision welding, on the one hand, to thl fiLial finishing 

processes on the other. Another tendency vhich can !e detected -within any one 

export processing zone, Ls w Al l; oking accors %,onesof different maturity, 

is the inclination to transfer relltively low volume series or processes first, 

i.e. here economies o.' scale play e lesser role, as ell as to keep the number 

of style or model *ariants to a .inimum--and later, Ias ch.nging capacity permits, 

to gradually expand in both directions. 

The amount of spJatial flexibility multi-national corporations have shown 

in moving their irocesse: -.bout -i a gloal scale is also quite remarkable. 

The U.S., Japan and Hong Konp, for e; rmple have reacted to sustained Japanese 

wage increases in recent year:; b, oving textile, " leather products,
 

electronics and plastic footwear operzitiona t, :ore. and Taiwan. Similarly,
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Singapore has lost its unskilled labor-intensive processes and acquired more 

skilled labor-intensive ones. Such fle-ibility includes changes in the selec­

tion of commodities nd p rocCsses relevant to p;irt[cular commodities at a 

fairly disaggregaLed SITC level.
 

As we ha-ve pointed out repeatedly, the vast s.zjority of contemporary 

LDC's still find themselves in the grip of an import substitution policy regime-­

some for good, so!:n noL so g.oor! reasons. Since %,c cxpcct-. q more endo-ment 

sensitive type of environmr1nt to be a neces-sary (if not sufficient) condition 

for the demonstration oR the flexible use of technoloTy, ;as part of the profit 

maximizing calculus' o di,,ecrsed decision making uni t,, e arc someuhat handi­

capped in our effort to :,hall yet additLonal deviant" country eidence. 

There remains, however, one othcr are-:. of invcsti., ;.tion*, i.hich--vhile v.2ecan 

only touch upon it brief-ly--provides some additional c.pirical support for the 

arguments of this pcper. And that is cros ;-sc.ctional evidence :ithin the indus­

trial sectors of given countries, hy scale of est,slishment. 

It is well know.n t i-,G;t in countries uhject i'o the usual distortions of 

import substitution, such distortions fall unevenly; on large -nd smrll firms. 

A low interest rate policy, .'or exasple, usuilly merns thct large scale firms, 

as prime borrowers, !et the tightly rationed credit at official rates, while 

medium and small scale ;'frms do net, and have to either do without or borrow at 

substantially higher rates. The sane holds for ir.mports, usuvlly nvailable at 

official exchange r:ates to the lar,c well-established ;irms v.ho get their import 

licenses, but available only at higher prices, oatc- resale, to the smcll and 

medium firms. 1.1ith reLpect to labor, it is the lar e firms who feel they must 

(and can afford to) pay the hi:,hest w;:ges, hile othe:: s cales will be content 

to stick to the le.lli iiui or even evade the ... isl;Lation altogether. Since 

a distortion of relcti-e prices, in other words implies a direct rationing 
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system, the small and medium scale firms who have to work their way around that
 

system usually, in sum, face a set of signals closer to equilibrium values. If
 

we should then be able to uncover diffferential behavior in terms of technology
 

choice by scale of industry within the same country, our argument is further
 

strengthened.
 

As it turns out, the phenomenon of so-called "industrial dualism" which
 

we are now talking about--including as one of its manifestations the expected
 

differential use of technology--has been documented for a substantial number
 

of countries. The results almost invariably indicate that the medium and small
 

terms of the intensive use
scale firms are substantially more "efficient" in 


of scarce capital and the e:ctensive use of abundant labor, as reflected in lower
 

Many of the same studie; show, either
capital-output and capital-labor ratios.
2 


as opposed
directly or by implication, that real industrial economies of scale 


to those caused by unec:ual access to resources) are often exaggerated--at least
 

are not dominant. Not only are
in industries in which continuous processes 


medium and small scale firms thus facing a more competitive environment and
 

forced to make a more careful, i.e. endowment-sensitive, technology choice
 

innovate and adapt in a labor-using direction
statically 3 but the incentive to 


1e.g. for Pakistan in Gustav Ranis, "Production Functions, Market Imper­

fections and Economic Development," Economic Journal, June 1962; for Mexico in
 

Mexico 1950-1965," unpub-
Saul Trejo, "Industrialization and Employment Growth: 


lished Yale Ph.D. Dissertation, 1971; for Colombia in Albert Berry, "The Relevance
 

and Prospects of Small Scale Industry in Colombia," Yale Economic Growth Center,
 

mimeo, October 1971 and John Todd, "Size of Firm and Efficiency in Colombian
 

Manufacturing," Research Memorandum 41, Center for Development Economics, 11illiams
 

College, October 1971; as well as for other countries, in the U.N.'s Industry and
 

Productivity, annuals.
 
2A similnr phenomenon, incidentally, has been found to hold for LDC agri­

culture, i.e. a more intensive use of land on medium and small scale plots,
 

e.g. in India, Brazil, Colombia and Pakistan.
 
3For example, G. K. Boon found that of 88 meta-lchipping (core) orocesses
 

used in a cross section of rich and poor countries, almost 50 percent were
 

sensitive 	to relative price conditions as well as lot size, ("Optimal Technology
 
see also his
in Metal-chipping Machine Tools," May 1968, Stanford University; 


Choice of Techniques, El Colegio de Mexico, forthcoming).
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dynamically is equally enhanced. I In short, cross sectional evidence, by scale
 

of operation, within countries still under import substitution tends to further
 

support the basic notion that changes in the economic environment ire essential
 

for an approach to che optimum LDC utilization of technology.
 

iV. 2onclusion:3 for Polic, 

Some of the major conclusions floing from our analysis may now be 

briefly summarized: 

1. 	 There exists only a limited scope Ior LDC choice in technological borrowing. 

The choice of fro,; ".hliom to borrow and uhat vintage 5eems to be narrowly 

-constrained, 	 b3th by a lack of infcr-maclon, by prestige factors, and by in­

stitutional impedien'-'s attending the :ransfer of capital. On the other 

hand, there cZistS vet>) GUbsta.....ia-. scopa for te-chnological assimilation, 

i.e. 	 indigenoU.s, innovations of z. lnbor-using vriety. 

2. 	 The potential for adwpti,,_ technology change today seems to be most pro. 

nounced in core and macnine-.Feripheral activities,, as v.ell as, if to a lesser 

extent, in plnnt-related activities. In the course of such innovations,
 

most 	often unskilled labor is substituted for machinery, but sometimes also 

for 	the quality oZ the raz,material input, The types of foods subject
 

to 	such fle,,ible use of technology include te:xtiles, electronics, metal
 

working, non-electrical machinery, food processing, tires, tubes, leather
 

ioreover, the Galenson-Leibenstein type of argument to the effect that
 
loxer employment tomnorro--due to the lowerlarger vige bills today ,will yield 

savings and capital accumultion entailed--have not been standing up too well 

to empirical tests. :mall farmers and industrialists seem to be among the 

highest savers (see alo a number of U.N, studies on the sources of sAinns as 

well as G. Rcnis, 'Investment Criteria, Productivity ond Economic Development: 

An Empirical Comment," ..uartcrlv Journal of Economics; Alay, lc62.. 

2 For example: in addition to the already ciLed substitution of short for 

long staple cotton in Japanese spinning, Baranson finds similar examples in the 

pulp and paper indistry, i e., the blending of short and long fiber pulps, and 

even in petroleum ?:efinin;, -.;here domestic crude iii;:ed vith imported renders 
the 	use of a smaller scale plant efficient, 

http:GUbsta.....ia
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and vood vorking, among others.
products, rubber and plastic footwear, wood 

The ability to 	,dapt seems to be related directly to the importance of pro­

the sales price, and indirectly 	 to the im­
duction costs relative to total 

portance of quality over price considerations in 
mrketing. 

in output mi, e:- using such technology3 Changes in adaptive technology and 

set of relative fa:ctor: and commodity prices which are more sensi­
require a 

This can he best observed by con­
tive to and changes.endowment endoument 

(as theyof industrial sectors over
trasting the relevant behavior time 

as well as, to some
iraport sunititution to export substitution)move from 

scales within - country. More realisticlool(ing 	 industryextent, by across 

Ie n necessory but not sufficient condition for 
relative prices appear t 

output nnd employment
softening ol eliiniating the jDC conflict betueen 

cum income distribution objectives,
 

into an 
4. 	 The ability to quic!-l, conv.,et relatively "rcv unsltilled labor 

wor'I seems to bc borne out by all 
efficient disciplined industrial force 

'h.rd working" orean and Taiwanese -irls 
the evidence, In fact; not only 

superior productivity charac­
but Mexican as 	 well apparently exhibit labor 

compared to thcir I.,S. counterparts in exactly the same
teristics when 

does ap[parentl inhibit fuller resort 
operations. 2 One constraint which 

supervisory
to labor using vdaptation.i, however, is the scarcity of skilled 


a
personnel, n.g. for night shift:;, aS 	 well as of problem solving type of 

adaptive engineering cap-icity. 

"Selection if Production Processes for the Manufacturing
See W. A. Ycomiin 

Subsidiaries of U S,..L,aSeu iiliti-,National Compnies," unpublished D.B.A. Thesis,
 

Enterprise in 
Harvard Busineqs School, 1 a 1, as quoted in Raymond Vernon, 'U.'. 

e . ' .n fhe Gap Betv.een Rich and Poor 	Countries, Gustav
Less Developed Cuuntr - s

Ranis, editor, klacilili n. 1 7.'.1
 

2For example, the Iecitronicf: Control Corporation reports that one girl
 

per Oay on the same equipment
3'50-" unitcin its Matamoros.. b:exico pimnt prodices 
pe" dly in itu Eulers, Texas plant. 	 Less chatting,which yields only 250.) units 


fewer coffee breaks, cnd the ver-prvscit threat of the 'reserve army" outside
 
January 1M72).
 

are the usual explanations offered, 	 (Business V.eel, 
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5. 	 Adaptive research and develop:ent--uaually carried on within the machine 

shops of LDC plants .ain focusing on endowinr. machines with . larger pro­

ductive life through hea ,y maintenance, as well as the insertion of small, 

labor usig1 devices 5nd adjustments-- seems to ha.e had the highest pay-off. 

Basic research, carried on mainly within LDC universities and government 

to have smallerinstitutes, on the other hand, seems had a much pay-off. 

Our interview evidcnce thus supports the findin.:; of Iatz to the effect 

hcs .c(.n associated with thethat "the lcarnin:' c'" the decade of the oOs 

presence o., a signiiicant local technological eli'o-t, more than vith the 

permanent reception o" kaow:ledge from :,broad, add.J.tion l to that received 

' 
at 	the be-innn, of oera.tions 

6. 	 Export processing zones have apparently served -,a; v.Lective trcnsitional 

devices for countric, ,!,ovin. from Lmport s-ul sti.tuJion to export sub stitution. 

Export processinu !ncrmics gener.1 organizit-onal and technical talents to 

.,.oods--..hilc domesticbe 	 imported--.lon, vi.th capital and intermedi.?te 

entrepreneiuri: :-l-ur-.tion is s till goin-- on in !.:osL of the econom). Then, 

as value is added In the for:, of mciinly unshilled labor before re-e:,port, 

adaptive domestic engineering ingenuity plays an increasingly important role 

in both cost reductions for a given operation, as %,ellas the adding of 

processes and the 1roadening of the output (or .iodels) mix. Some of this 

totechnological "learning by e:xperimenting" then secis to spill over the 

that onerest of the econor',y--roversing the usual historica.l notion had 

being able to e::portto "cut one's teeth' on the domestic market before 

competitively.
 

to play a larg:e,, though by no means
7. 	 l-ulti-nationl corporntions seem ex­

clusive, role in this ne'.: process-- focused intcrna-tional division of labor,
 

1Jora It Kat, op cit., p 24. 
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including the utiliation of tariff free export processing zones. This is
 

probably in large part due to the fact that such companies have more global
 

information and control of specific markets. T:is is especially relevant
 

since markets for intermediate goods arc substontially less well organized
 

than those for primary goods, on the one hand, and finished goods, on the other. 

These conclusions lead one, in turn, to a number of suggestions with 

respect to the policy setting, both on the part of the technology borrowing and 

lending countries, most li!zely to result in iproved LDC utilization of technology. 

T king, first, policies vithin the control of the tcclhnology borrowing LDC's: 

1. 	Technology change cannot be harnersed effecti',ely to tile simultaneous solu­

tion of the output gunaraticnieloysent/inome redistribution pro'blem if 

macro-economic polic!.es continue to seriously distott imajor relative price 

relationships in both '.to".ind output mrl:etsL. All the policies ,hicl 

render capital a:tifici;:ily cleap .qnd labor crciicially expensive--as well 

as many policics whiciE distcrt the rel atonship ,.mon: output prices (e.g. 

price controls on somt :onsaimer goods, su- siclies on some capital goods, 

and exchange rate,, whicl, discriminate agiinst e.po-ts)-..all have the effect 

of seriously inhiit)in. tie earch for 1a1bor-inLen:iv(? technologies and 

output mixes. Nilel ct oE mnried improvements in This general environment, 

while moving o to "direct actions" in inducing a more aporopriate use of 

technology, will noL vcr':-..certainly not h re:wiett to the pr.ivate sector. 

Any substantial iovc tov,;irds i better use of technology recruires facing up 

to 	 the sometine. polil:icaliy difficult decisions rivolving at least gradual 

liberalization at the, end of tae primary import su;:stitution phase. It is, 

moreover, important that niy such policy trend, even iJ slow, be consistent. 

Frequent bacl-,nid-forth oscillations between a more control and a more 

market-oriented environment carus: too much uncertainty and probably yield 

the 	worst results,
 

http:polic!.es


Capital inens.ve technology choices r,y veil "dominate" in certain in­

dustries: 1 labor intensive in others, But unless. the "game" is made 

fairer, nev mediuiu .nd :mcll scale entrepreneuri .,tout previous access 
2 

to resources cannot Crlr-n: i:heir tec-hn.Lological in-enuity to bear. A fisca 

:ottage industry (e.g, indials khadi)
system Nuhich arti:Lcially subsidi,es 

is as wastelul cs cnc ",,ic.i rubs;-di-(,s Aib, technologyo industry (vfrtuall'y 

every LDC) ; neithier path K; !ikel> L,. encour'.', : thc use of modern but 

labor intensive .ec'noiog7. 

respect to the , uo!."c sector, thu piessures oi domestic competition
2. 	With 

since many public enter­and trade. of cou:c, .perat. '.ess fos efull: 

prises a, A, 'ci.-L, o:,:ur. c-,nt-in ,ou1i c :icit:; "in 	 Ie common good" and 

i. in ron-ti :Nlcd cmm.dti :.Nevertheless the use ofmuch ofheir jtut 


here. lly wDCCirelative
hen marketshadow pricing ":Cu]d -e ,,or\ ely £c 

price sinal tiu to be distortec Nuc., czin ,e done, for example, 

offer a relativelyin road construction nd public housin;:, botL. -f ;'hich 

ide rae of .ecnolo y choice. But realisticclly, r major problem to 

rane case when the public sect-or does use socialbe overcome, even in the 

are often employedrate of return calculacions, is that such calculations 

1This point is made by Pack -nd Todaro, aaion-. others. 

eruilibrium prices, e.g. thatUe ore no sugg-esting that a fair gare means 
their s,adow price levels--.nor

real vages could or slhould be brcught down to 

that most LDC's hiave the administrative capacity to effectively subsidize the 
much as 

wage bill--only that re:ll va,-es should not be :lloed to rise very 

long as a labor surplus persists and i-eal interest .:Les should not fall as 

long as there is I.n e:zccss demand for :_redit, 

3 Even the goviets., especinlly in uhe productLon of light machinery and 
vays of adaptingsuccessfully dcviscd efficientengineering goods. see .o hz've 

' " (-e; for !-mpe, DvLd Gr,niciz, Develop­n	 "Economiclabor using technolo- : . ­
r.Iv-is The Csc of So,,.ict ic l,-vorIin-," Quarterly


ment and Productivty 
1.12. 1:57, ) V,,blic sector in.chine-paced labor intensity

Journal of Economic;. 
construction, Iiou4:in:, and other public works

is in evidence especially in zorO 


in "Lndi;: and Pakiotan --einiorcei concrete is poured by
 
projects. For example 

p:ith a long chii" of vorl:evs p assing thc cement from
linking up -; cemet iii:.cr 

ready to cool and harden.
in plac, just before it ishand to hand; J.L is put 

http:inens.ve
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ex post facto, i.e. long after the political decision to go forvard vith a 

project has been taken. Perhaps the choice o.1 technology for a given pro-, 

and shadoi ' pricing should, in anyject bundle is somex,,hat more "open," 

be recognized that case, be 	 pursued vlhefncver possible. Ho.,e-er, it m.ust 

and other institutional considerations play o perhaps even largerprestige 

private sector. E1:iasis on reducing, LDCrole in the public thzn in 	 the 


on the rich cotMtries, puti alongside the
"technological dependence" 


aainst other forms of depcndance, might help overcomefrequent protests 

. he:Ith:. deonstration for the privatethis tendency, hille serving 	 as 

sector. 

an essential ingredient3. 	 A more realistic set o price signals, uhile thu 3 

on the part of the LDC's is, hoxiever, notof any improved use of technolo,,y 

enough. There do erist potential bottleneckis in the form of supervisory 

ijersonne!r, 

fuller use oi unsi..led labor reirative to capital--especially vith regard 

and adaptive engineer p already referred to, whlich inhibit the 

to multiple shifting and the introduction 	 o, ne. labor-using machine attach­

seems co e capable of solutionments. The supervisory personnel problem 

through the elicitin, o; especially gifted individuals from the unskilled 

With respectin-plant labor ranks, usually after 6 to ( months or a year. 

to the appropriate ;ind of engineering skills, hoidever, both the Japanese 

and the Taiwnn cases already cited lead to the conclusion that special 

possibly supportel by the very companiesindigenous training pro-rams, 

likely to benefit, siould be encouraged. iany plant officials expressed 

the view that the vrong krind of e,;perience or training often proved rorse 

than none 	 in this regard. 

4. 	 Closely related is the question of Research and De:elopment. Ie share the 

Ucison, careful consideration of the difficultviel of Richard ' 	 o, after 
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issues involved, finds "the arguments in favor of ;)uilding up o strong 

LDC basic research capAbility unpersuasive." Aside from the trial and
 

error costs hich are in large part zavoidablc--vith ,mainlysearch costs
 

having to be 	incurred by the LDC's--there is the .:,uestion of the critical
 

minimum economies of scale involved in the b-asic R&D production
mass or 


function in itself. Yet it is interesting to note that, in spite o* the
 

previously referred to relatively lower LDC e;:penditure on R&D (relative
 

to GNP or budget), the percentage allocated to basic research is substan­

greater than in the advanced countries, :.:i.nce this is undoul.tedly,tially 

in large part, due to the concentration of R&D in government and university 

institutes wlich tends to allot: res'earchers cuessiv.e freedom to set their 

ox.m standards 	 (freriuently unduly irta:ive of their DC "frontier" colleagues), 

of indus:r" qupported ap,.lied reoc.rch institutes seemsencouragement 


thr Chung,hun Electronics
warranted, Some sucl, .nstiudes i.ncliding 

Institute in IndiaDevelopment Co-poration in Taiwan and Tie Leatha: Reerch 


seem to have been qu:;te succesful The So-,iets also have apparently
 

,

realized that research institutes neer.1 to .L dr,,. . into doing at least some 

short-term applied v:o':h for industry-,-.aihd compensated for it in relation 

to results--if they are not t-i beccme increorin;ly irrelevant. In addi­

technologytion, for specifically defined industry purposes, e.g. adaptive 

the sponsoring. of international in­in footuear, elictronics or tOetiles, 

stitutes, along the iineo of the International R1ice Research Institute in 

agriculture, should be ci?.ef,:ly onsidered--p:eferably in conjunction with 

efforts., :uch institutes could
country-specifi. ad.:ivc research 

l"Less Developed Cuuntries, Technology Transf.er and Adaptation and the 

Role of the National Science Community," Y.ale Econo.,ic Groth Center Discussion 

Paper 104, January .,7 .. p, 2L. 
2 "Science Policy in he U . SS. R.. OECD, 196'.-, 

http:Transf.er
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substantially reduce the dangers of wostuful duplication, with each LDC
 

exerting its oun efforts at devising a cap.al-st-;atching shoe technology,
 

for example.
 

5. 	 The establishment of eo-;),,rt proces: ing zoncs, espe.ially dui-ing a transi­

tional period en rout: to :imore generally !i er£alied economic policy 

package, should be enccurrgcd and Linc Ceszaay over1head facilities and 

customs arran;cmen- pL-Vide,1 by governn.ents. 'The 7i tiude towards the role 

of multi-national coiporz:JLons in 'fis *cint0-.t shiould be as pragmatic as 

possible. Ther is ca:1tYier.ie eis:ence tha- s<r:,e T-reign firms e:,hibit 

considerable tecnno.og.ica, y, ,ore th<in domestic publict,ro[ 	ably :(eiii 

or private fiir,..rt .. os_ at :iceiniuial sltac: On the other band, most 

such companies also sifier fr iisome of ttic Jtaai-kjLcketing associated 

with fixed centrol mcina;ciien, ru..es, cw. -)n .looal nterest rate and 

break even point."--r!e, 1in uch :'e,:tirveiy enmovr.ent nd technology sensitive 

firms as and Vor avv.n suid especia-l!yPhilips Vclhs ,aggen. ,s,iarii, if 

admitted into z:com1o-{:ah;]v *r.-ecLd d'onestic .. , thus sometimes 

exhibit inflc::ihk L'.- ,ur on t,_-chnoicgy, in :,.iLion to their collusive 

.market sharing. cnC -expor and )tho-, "an sc,.i'" ;eliavior. Here rgain 

,e have an armiei.t fTo: taci the nic:o- ecio:.v;.-c environmunt as r prime-n! 


instrument for rteurin' -.Jm' of tht.e nuati "' uhilc :aining some of the 

positive, effect, of :iult. national coiotion vity. Justx as vith the 

larbe-scale priv:trd .ti- licm. ,.uch of the !o-cIalied anti-social be­

havior w1 d.J-',pj.a i :c Thu '-es >r,. o . conp:K--. tiv forces in an export 

substitution-ori en-i c.i. tirn-en.. 

In additiol nL L;, ' c-v my i:ight regulate- ccursc, i."er",r en :,%ve to such 

companies' pra2cticai:; J.ncludi;q- the r ..ax royl :y, echnica1 assistance 

payments, the use o.1 e.pc-t prohiKtic:, :lcus-s, The tioining of local 

http:ca:1tYier.ie
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managerial and supervisory personnel, as .ell possiily, the move from equity 

control to licensing drrangem(ents over time. (',.ome of the features of the 

Andenn Group's Treaty of Cartaena are relevant here.) But ihile ic re­

cognize that this is-sue is a highly charged one politically, LDC's should 

also 	be aware that sui)stantial benefits for technological flexibility, 

including via the inte'national division of labor Ly process, can flo from 

this form of foreign capital Such cor.panics do have a better opportunity 

to scan resource endowmients and markets on a vJiol basis !nd to move 

quickly and fle:ibly to take advantage of thin. ow:!edge. It should, 

finally, be noted that, in contrast to the inflo of foreign public capital, 

private investuments may be less tied (at least l a illy) to specific countries 

of 	origin and less 1Likely to insist on financin only the in-'rort content of 

projects--thus l...ss prone to artifi.cially n'ancc industril sector import 

and 	 capital inten.ity. 

6. 	Few LDC's nevertheless .ill want: to rel- too he'viiy on the foreign m;ulti­

national corporatLion 'or t:eir capital end technolo:y imports. Increasing 

participation y domstic L'rms of all si.es i. therefore a political as 

well as economic neceilty. Every such ii:a cl,:.;irly is not in a position 

to 	be up-to-dnte en tlc: :nternational market conditions., resource endov­

ments, and trade channe., including obt:Lnin:, the necessary "illumination" 

of 	the technologry slcif inc of technology assimilttion possibilities tried 

elsewhere. LDC gcvernxentn- should, therefore, consider taking on some of 

the 	social search and in.Formation functions, perhaps through the establish­

ment of specific industry-orientcd information service centers. 

Turning final ly, to acticn, vhich ran be taken :'y the technology ex­

porting, rich countries: 

1. 	There exists, it seem:- to us, a transcendert al anC primary obligation on 

the part of rich ccuntry aid donors, as v'll :- the multilateral institutions, 

to make discussion of the macro-economic policy setting, central to the 
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LDC technology issue, c central prrt of any discourse between donor and 

recipient. This is not to say that caid sl,ould, or could, be conditioned 

on any specific steps to be taken--but it is to say that failure to discuss 

the importonce, the i-ethod and the timing for a trzinsitien to a more en­

do.ment and technology scnsitive regime at the rp~ropriate time may ,el 

render all other' vell intentioned "direct actions" substantially null and 

void. There is no ;horta:,e of awareness of Lhe dimensions of the problem 

in most contemporarv LPC's, nor a lack of awareness of the direction policy 

must take if a continue,! conflict betwecn _,rovtl , and employment cum income 

distribution is to jc a,:oidcd. ,e-vcrtheles, thcre exist strong political 

as well as other o;.SstacJC~.; to ibraliza'tion ".:it-in every import substituting 

LDC. On the one hand, ir: ;czil_ private irr 1 usLriol interests are loath to 

loose their windf1ll profLit,;, just as civil :r.'nt:; may be loath to let 

the market disi]acc so:io of their pox:e- (,nd inc:,.i(27; on the other, tech­

nocrats may sear 'c,'enue and forei.n exchen :,a .o;- ; if tariffs vere to 

be reformed and i:,ort control regimes liler;:?ii.d. 1.ith respect to both 

these obstacles, -eiporcry "aid balloonin-" can .,-e hblpful in the rerlm of 

gentle persuasion as vell as in making such transitions in policy package 

practically feasible. 

2. 	 Not only the, quanity but also the quality or cor:position of the aid package 

is likely to be important in this context. It is difficult to discuss the 

distortions in favor ot capital intensive technology when one's own, albeit 

marginal, contributior to the total effort substantially contributes to the 

same distortions. .e are referring here to the w:ell-known effects of aid 

tying, projects-cnly and minimum local-coat-f:;.nancin, biases of many 

donors.. Such policiea- induce import and capital intensity and reduce the 

scope for technolo :.crl .s::imilat:i.on, Propram or sector loans, on the 
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other hand, prefcra';ly untied and with minixum Lransaction requirements 

removed--especially if linked to chanes in tbe LDC's oun policy environ­

ment--have a much Letter chance to help in the dir:ection of letting the 

"technological chips" fall where they may, uhile permitting vital indi­
1
 

genous innovational juices to flow. It cannot be emphasized sufficiently 

that rich country credibility in regard to the present mushrooming concern 

with matters of technology choice, employment -nd income distribution will 

depend in large part on the ability to put one's -id packag.e ulere one's 

mouth is.
 

3. 	 bith respect to rided pu,1ic sector projucts, cost benefit analysis, using 

shadow prices fo capital and unslkilled lor . ll as possibly for 

skilled nnd technical personnel, has r role to play-- subject to the afore­

mentioned caveiats on tLhe ;'ctual use to w;hich projecc analysis is usually 

pun-- and the :wr>-:...:orc important caveat t:~t sclving one's conscience 

by partial c,.uili".rium ,tenuion to project. only tould represent a case 

of seriously o)ac,,. r:iI -tent.on, especially to theconcreteness. Ilor. 

technological cdc:cc. itthn proiects. c..,. diifee;:nt-sized tractors end 

different carth-n. in: e:::v.tion d ro.ccn-,,,nc:uction techniques is 

indicated. Even crude -djust-ients by the use oi- sladox. prices could be 

very helpful in !.oih project. and technology selaction. 

I,. Efforts should be m4l to influence the be•l o forei;z..n private inves­

tors in the scie: dir:ection o' technological flc.::.;a.ility. For example, when 

D.C. corporation.; apl ior investment Luaranttcs, either of the multi­

scope for decen­lateral or hji1at:erl] (crg- OPIC) va'iety, evidencc. of the 

tralized su1)sidi;.2'd: Cciccl'sion,,.ng on technology and output or process 

iProject loans throu,.;, financial intermediar.es can be used in tauch 

the same vcy. 

http:intermediar.es
http:ciccl'sion,,.ng
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mix could become ouc of the criteria; .t :i miniium multi-national corpora­

coursetions coulJ be made 	incrcsingly :ensiA..i e to tiese 1ssues in the 


1
 
of the negotiations.
 

5. The success of ID cfcrts in broadenin; participction zind softening any 

existing 	conflict betwuen output -nr employment cum distribution objectives 

related :o the ;trencgLui of competitive forces domesticallyis intimately 

L:ocin, entrepreneurs toas ell as in the interntioil .;irkets.-th±us 

optimize, instead oi mercy satisficing, in portant dimeision of the 

,

extent to which tii.s ,t-- i : -. .sillc, of co.,. cc, 1tas to do ith the 

extent of rich CO-;t:i7;.: Jcadi:icm to ac.:Cpt the lIabor intensive goods 

produced in this fanshion. c.n remain. to here, not onlyvic and U) Ue done 

in terms of the grantin- of tenporary pieferences (following the infant 

industry argument} but also in t: rms of a really ef-fective rich country 

.wolunip C.urrently powerfuladjustment assistanac -o.rn:- at home which 

"sick industry' deftesive rerctin:, in thc bud,'_ .ic:eover, LDC's should 

be encouraged to look for nol-.traditionc.l i.:rtners, i.e. each 

other, along7 with the non-traditLon,!, ie., 1abo. intensivc export substi-

At e,,ery SITC level, ,,h-ther 'n :cxtiles, shoes or electronics, theretutes. 

exist quality ranges in which sore( lbor :urpls LDC has n comparatiue 

advantage over others; uigorous trade :on; vi-orou:71y growing LDC's, as 

they each restruct, re ,huir p,:otected domt.ctic -concmy, neced not be a 

fanciful pip:-drnm.a!, T..day LPC's ca-r-Ly our- onl,, percent of total 

ITo avoi' c-'.ti,. r.:a for ara:imple, often resort toman% .,uch 

higher- than-average ('t-1o'menL;.eccing' .age .oi'.is. .hile their performance 
on employment g'aneri .y r:itint *'ui pr ssu,:e,.; andi _,mcvating in labor­

usi,,g directions miA i.- to 6e.:ter p ivate rs ".!, as soeial results. 

It mi-h,. ,el! b1 .'r..ued that azd fiunds" :p.ent in --his fashion, in re­

turn for a reductioi, ol DC quo a; anJ tarMif f arriers are in many ways superior, 

in terms of both econ' .ic .,nd prliticrl effectivcne s. te aid funds spent abroad. 
3 1Regional coinpiucmcntary trade..Including b prore.:s, can be furthered by 

the granting of recipiocal prufere.es, the harmcnization of incentive programs 

and tax policies, amonj. other -..... , i,1 currentiy A:-.n, c:lored in the context 

of the South East Asian G., or .?crdcr.. 

http:prufere.es
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world trade in manufoctured goods, 35 percent of hich takes place v.ithin the 

group. The scope for epnsuion is largc. hen all is said Pnd done, the 

potential of coiapeti\c trnde opportunities :vacy ae more helpful than any­

thing else in moving the LDC'; to understanding the potential role of 

technology transfers and to undertaking the necessary changes in environ­

1
 
ment.
 

IOn this point also see Graham Jones The Role of Scieice and Technology
 
in Develoning Countries, p. 161. 




