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PREFACE 

This Report includes the papers and summaries of coIments 

1972,on'May 23,Washingtonheld inat a seminarpresented the macro-ecou olim.c 
the iiqact of 

to clarifywas designed tech­vjrich on the choice of
countriesin the developingframework A principalI purp o:sc 

thcse countries. 
nologies introduced into 

susta:ncd interaction betwcu-i 
to stimulatethe seminar .,as dcvclopmcntaL.of engaged in 

and technologists actively
economists
activities.• 

emer­a recommendation 
%as a direct result of 

inThe seminar Prioritiesand Tecir1ologyon Sciencefrom a Workshop mmIC Work­ging 
House in Dcccw3er 1971. 

-Development held at Airlie the socio-economicto considerthe necessit.Yrecognized pro­shop and techlolog 
setting when developing specific sciece 

for bettor understanding
of departurea pointand providedjects and tecblology.of economics

of the interaction 
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ECONOMICS AND TECILNOIDGYSV1IIIA 	 ON 

May 23, 	1972
 

Pan Amcrican Health Organization Building 
Conference Room C
 

AID 
- Charles Johnson, Consultant, 

9:30 	 Chairman's remarks 

for the Optimum Use of 
on the Framework"Some Observations9:35 	

Technologies for Less Developed 
Countries" 

Gustav Ranis, Yale University 

Julian F1ngcl, NABDiscussants: 
Mahbub U1 Haq, IBRD 

in Kenyan Industry"
Libor Intensive TechniquesUse of10:30 	 "The 

Swarthmore CollegeHoward Pack, 

Datniel Margolies, Consultant, AID 
Discussants: 

Romulo Ferreira, OAS
 

Methodology for Assessing 
the Impact of Technology
 

21:30 	 "Toward a 

in Developing CountrLes"
 

AID
 - Glenn Schweitzer, 


Peter Clark, IBRD
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Ojetunji Aboyade, Economic Development 

Institute
 

12:30 	Lunch
 

2:00 	 "lBasic Vehicle for Southeast 
Asia"
 

William Bourke, Ford Asia-Pacific, 
Inc.
 

-

and General Summarj2:30 	Comments 


John Lewis, Princeton University
-


General 	Discussion
2:50 


Johnson- Charlesremarks3:50 Concluding 

h:00 Adjournment 
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. Charles JohnsonChairman's Remarks 

theon behalf Of 
to the partjcipantswas extendedA welcome 

Office of Sciunce and TecliologY and the Office of Policy 
aswas identifiedThe seninarof AoI.D.

Development arid lu alysis and conferences sponsored by A.I.D.
serie of seminarsone of a 

for a number of people to come together
to provide an pportunitY 

that might provide useful guidanCe for A.I.D. 
to develop idcas 

the. field.and inboth din WaslL.ngtOn 

was to exploreon this occasionof the meetingT-e purpose economicsthe interaction between 
of the fctors involved in 

somc general discussion of 
to provide a 

choic(: of tecluolory,and the of this interaction,
issues and practical problems

the theoreti.cal the tech­
the points of view of both 

with specific examples from 
and to examine a methodology 

and the technology donor,
nology user to the lesseroptions available

the technologicalfor assessai[; wasfor this'effort'The major stinuluscoin ries.developed to the LDCIsavailableto make teclologyof Lhe needrcco[Ugtion general development 
a way so that it is, relevant to their 


in such 
small, foreign dominated, economic
 

and not just to that of 

enclaves. 
complexityof the subject and the 

the imporanceIn view of of atime constraintsthat the was regrettableof the issues, it try to limitspeakerstlat the principalrequiredone-day sin"ar and the dis­
to twenty minutestheir papersthe prosCnta 

t ion of 
to ten minutes.their commentsrestrictcussants 
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FOR OPTIMUMON TlE ECONOMI4C FRAMEWORK
SOME OBSERVATIONS 

OF TECHNOLOGYLDC UTILIZATION 

by 

Gustav Ranis 

Professor of Economics and Director
 

Economic Growth Center 
Yale University
 

an end in 
The "propcr" use of technology is, of course, not 

with the subject emanates, instcad,
itself. 'The growing concern 

from its possible relevance to the increasingly serious problems
 
in theworsening income distribution

of rising unemployment and 
to dwell at length on the 

less developed world. Tnere is no need 

us: even rea.'onably "successful." countries, i.e., 
facts before 

real terms during the 5Os and 
percent annually ingrowing at 5 to 6 

of unemployment
.have been experiencing increasing ratesVDs, in the regional

along with growing disparities
and underemployment, sectorof income. Non-agricultural
and personal distribution 

i.e. the abillity of the commercialized 
labo absorption rates, 

to provide efficient em­
portions of non-agricultural activity 

the 2 or 3 percent level
low and falling -- to

ployment,has. been 
to even keep up

unable consequentlyannually -- increasingly alone,
in the labor force. For manufacturing

with the growLh 
a whole experienced annual rates of 

the developing world as 
of 7 percent between '55 and '65,.,growth of output in excess 

was Just aou 1 percCnu.­
the rate of labor absorptionwhile 

the past along with the existing
this record ofWhen we view likely incapa­in agriculture, the 

backlog of underemployment 
able to "hold" its orn incrments. of 

city of agriculture to be 
force explosionthe overall labor

population efficiently, plus 
-- re­next decade and a half 

we can safely anticipate over the 
curbing fertility --. the 

extent of success in
gardless of the 

dimensions of the mounting pressures for labor 
absorption on
 

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

we would like to
that same historical recordThe part of 

apparently
on in the context of this paper is the 

concentrate 
LDC's industrial sectors,inensity of ever- increasing capital 

and the tech­in terms of output mixes
taken as a whole, both 

What is more, unlike in 
nology employed for given mixes. 2 

1 David Tuhrnh m, The Emploncenil Problem in Less Developed 

O.E.C.D. Development Center, Paris, il-71. 
Countries, 

2 Though there exists an intimate relationship between what 

typical LDC, in 
is happening in agriculture and industry in the 

levels,wage goods, industrial, real wage 
terms of the supply of con­usof space force tocon:iderationsand migration patterns, 

thus alsosector here. IC are 
only on the industrialcentrate 

largc LDC services sector. 
slighting thecustomari.ly 

-5­
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come to accept
havc increasinglymost peopleagriculture where input combination, 

the reali:m of alternlative optirpJm scale and 
the belief continues 

varying ldOWMcnt cOllondi.tions, todependin, on subject, in nature,industry is 
to be widely held that LDC 

the march ofand to 
fixed proportions statically, 

more or less All of which,y dynamicallY.capa.L.,Ll intensi-, ofever-incrc~ang the inevitabilitythc no tion of 
of course, seems to 5upport as we lookobjectivesand em)lOYmentoutputa conflct between 
into the future. 

us to the con­
little thought leads

however, aFortuntCly, unrealistic ally pessi~mi*stic,atisthat this conclusionclusion a number of maturethere existve Imow that 
a mini-mlfl because other in

which differ from each 
cportng countriestechnolo].of -- not to speak 

the capital intensity of their latest technology 
of the possi­

alternative vintages and 
of the po,;.,:blc choice of 

of" any given set 
and adapting "on top

bilitics of substitutinflg there exists evidcncc, mainly
Moreovur,of borr6,;ud technolo[U. indicates 

of developing economics,, which 
from a ,,deviant" subset oi outputdismal IJDC recordgenerallythat the aforementioned if not interpreted

generation may be misleading 
versus enploymcnt of markedlySuch evidence

historical perspcctiveoin its proper of the role of
to the natureextends

differeantiatd perfornce the micro level, and 
chang.e, including at 

industrizLa tcchnoloiy not fixed in nature but is 
that that role is 

strongly Indicates the devel­
both within and outside of 

policy actions,subject to 

transfer mechanism, 
II briefly explores the technology

Section the context of post-war ILDC develop­
then in

first in the abstract, empirical eviden-ce, from
III presentsScctionment . micro levels -­macro and-- both at the 

the ,devlant" subcb of LDC1 s 
technology transfer can 

the potntially different roles Sec­concerning 
differcnt historical and environmental conditions. 

play under de­
with the policy conclusions which may be 

concernedtion IV is 

analysis.
rived from our 

iunsfer Mcchanism 
II The Technolof7 

all, that, unlike in the rich 
first of

It must be raenrni1urcd, in­world is not an
the devoloping

countrio-, technolof.-f change in 
generated through RD 

and routinized process
ternal quasi-automatic or private rules of 

to some pub.lic
allocatcd accordingexpenditurcs the firstis, at least in 

coot-bOuicf.LL analysis. Rathr, it 
else .,ho has alreadysomeone an act of borrowing from

instancu, 
trial and error, from conception to labora­

the costs ofincurred the Pu'sonWileini-iovation.to commrcialtory invuntion 

-6­
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Commission and others referred to the fact that ,,only" 2 or 3 
percent of the world's WzD is today spent by the LDC's, I think 

there is no one who would really recommend that the poor coun­

afford to shut thnselves off from the accumulatedtries could 
knowledge of existing industrial technology and start invcinting 

and innovating de novo. LDC expenditures on 1EA) are, of course, 

positively correlated ;wi.th technology change but this docs not 

by itself prove causation nor that they ought to spend more in 

Katz, for exwip2.e, found that, for Arguntina,this direction. 
the rate of' growth of industrial output .(a proxy for "111cerning 

by doing") explained 8h percent of the so-called "residual," 
in the absence of contrauyR&D only 6 percent. It is thus, 


evidence, quite natural and appropriate that LDC's spend 
only
 

GP on FUR&), as contrasted to 5 per­
.0l to .O percent of their 
cent in the case of the developed countries. As we shall see
 

relevant to inquire into the composition
below, it is much more 

of LDC expenditures on R&D, as between 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 prcsents many interde­

advantages as well as disadvantafcs, to the poor­pendencies, 
an international tech­

countries. Aong these, the existence of 
of


nology shelf which incorporates all versions and vintages 

date -- both on "how to make" a
human productive eoqericnce to 

given commodj.ty, as well as cn "what to make" -- probably repre­

sents the single most dominant phenomenon, at lea t as far as
 

the LDC's current use of technology is concerned.
 

In examining the nature of the technology flows from rich
 

to poor and in assessing the contribution of these flows to the
 

problem of LDC performance with respect to output, eployment,
 
it is helpful, moreover, to differenti­and income distribution, 

the initial act .of borrowing from the shelf
ate clearly between 
and the subsequent act of domestic adaptation.
 

iJorge M.Katz, "Industrial Grcwth Royalties Paid Abroad
 

And Local Expenditures on Research and Development," 
Paper pre-


American Development, Mexico
sented to ILEA Conference on Latin 


City, December 1971.
 

2 Theoretically, such a shelf is composed of all possible
 

be produced by different countries 
ways in which a unit of X can 

different times. The most capital-intcnsive choicu might,
and at 
for example, be U.S. -972 machinery,-an interncdiate choice, 

1972 machinery,-amd a yet less capita].-intensivu choice,
Japanese 

etc.,with virtually an infinitu number
Japanese 1950 machinery, 

real world, as we
of theoretical possibilities available. In the 

shall see below, only a portion of such a she]f may, in fact, be 
feasible for borroowt-ig.

illuminated and an even smaller portion 

7­
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the shell and at-
Borrowing implies taking something of f 

is in' the recipient
it more or less as 

tempting to replicate and combinationssa&ne processes
using essentially the mcn­country, as we have alreadyof course,heoretically, borrowedof factors. to what ischoice as

exists considerablethere but suchtioned, and what vintage,
of from which countryin terms either because 

in fact, be severely circwiiscribed 
may, con­choices is otherwisethe LDCor becauseis knownonly a subset and non-economicenvironmentown economicstrained by its Thus the 3.950 

of the technologY lender. 
or thosepreferences ,'shiny" enough 

may riot be considered
U.S. technology available.vintage not be physicallyit maymoveover,by the recipient; found and dustedcould be 

even if the blueprintsfor export, vintage Japanese technology
the 1972

off; on the other hand, trade and/or aid 
if the recipient's main Regardless ofinportable etc.may not be with another advanced countjy,arerelations unccnstrainedhow constrained or 

how large the visible shelf and w.4hich peo~e 
is this act of technological borr(v)ing 

the choice, it technology gaP and tech­
when discussing

usually have in mind the 
those who object 

-- and which is usually blamed by 
transfer technology.1nology industrial 
use of ,,inappropriate"to the 


to the tech­
a second important dimension 

There is, however, much less atten­
is usually given

transfer mechanism which Suchnology or assimilation.adaptation
tion, namely technological to adjust borrowed tech­

the abilitymeansbasically enrlr situatLonassimilation ri fa.ere.f'irct.nr nwnenlt 
1 -b.t n c 

Since we are dis­
a secondary innovational 

response.

by means of rich to capital poorcapital

a process of borroring from cncussing at all,if it takes placeprocess,this adaptationcountries, or capitalsaving direction. a abor-usifgbe expected to-be Th 
may, of course, be going on to­

the adaptationThe borrowing and 
entrepreneurial act; in fact, there is 

gether, i.e. as part of 
one the LDC borrows 

likely to be significant interaction 
between where 

lt should, moreover, be noted that "picking 
something off the
 

simple as it sounds. A so-called turn­

shelf" may not be quite 
as 


key project, an extreme version 
of technological borrowing, 

may try
 
yet,

their familiar combinations 
all the inputs in 

to duplicate be forced co 
totally different environment,

finding itself in a 
capital intensive the im-

The more 
more inefficiently. , conomicoperate much the total cultural andfrom

i.e. the further removed shelf effi­port, gap betweenthe larger the
of the recipient,experience 

of the initial transplant. Such X­
nd 6he effi ciencyciency with tile.

diminish quasi-automaticallyis likely toinefficiency i.e.call ,,substitutio1"be what textbooks2Some of this may 
Cor essentiallYless capitaland relatively

relatively more labor 
to different relative prices.

in respon. c 
the szuie production proce.3, the naturc of

which are more in 
involve roorganiatLions, niceliesSome may theoretical 

\We %re not concerned here with the 
innovations. achieves a lower 

will call anything which 
of such distinctions and of capital) wlthov.t 

higher productivityratio (or acapital-output innovation.capital-saving
of a labor productivity, a 

sacrifice 
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t:ke place only through domestic demandchange in such mix can 
cont:inuingpattern chmages, as per capita incomes inrrease with 

consmer good.; import, siubstitution -- all of wh:i.ch makes a fur­

ther contribution to the increasing capital intensity over time 

In short, when the end of prih:wy, i.e.of the indnustrial sector. 

non-durable consumer goods, import substitution has berun reached, 

indus trial, sector to be more capital intcnsivewe can e-xiect, the 
of ou4 'it mix :andthan it was at the beginning, both in terms 

technology.. 

.heLDC's
Small wonder, therefore, that our fir.st ].ok across 


and 60A; yielded such pessimis tic conclusi ,,ns
during the 1950's 
is a fact Lti: mostwith respect to the problem before us; for it 

Afri ca, has beeniof the developing world, especially Asia and 

in a more or less typical iimport substitution pattrn
engaged 

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

fashionable to be critical of it, may well constitute a nce:;­

to the initial shortage of domesti c nntrepeneCur­sary rusponse 
ship and overh-.ad capital. The real issue is "how much' :uCl for
 

lprim-ary"l jnport substitution has
"how long."! Once the end of 

have at least two choices: one, with


been reached, LU]C's usually 
the help of their now mature entrepreneurial capacity, to move
 

export phase,into a more market and labor-intensive indusrJial 

via a gradual reduction of the temperature in he
 

avoid the (inevitable)
industrial "hothouse;" two. to try to 


pains of such a transiti n by continuing to import substA ute
 
onn­in"secondary," more cap)ita.-intensivu areas, e.gu. durabl 


sumer goods, capital goods and the.processing of intermediate
 

goods -- the entire process continuing to be fuelled by tradi­

tional, as well as newly searched ouL primary product exports.
 

from primary directly to secondary
Much of Latin America moved 

Africa is ]argely still in


import substitution after -the 30s; 
as wethe primary phase; and Asia presents a mixed picture, 

sh . see shortly.
 

Kish to reach here then, and as em-
The main conclusion we 

phatically as possible, is that the generally pessimistic 
overall
 

i2o the extent that inport substitution is likely to be a 

necessary historical phase--especially in countries which 
don't
 

have a very strong and diversified natural resources 
base to count
 

on--one could, of course, distinguish between "good" and 
"bad"
 

BuL such a discus­forms, e.g. the use of tariffs versus quotas. 
(See the author's ti.ulative

sion would take us too far afield here. 

Prices in Planning for E.conomrlic Development," :n In tern:kionaL 

anJ Outout, D.,J. Daly, edit,or, UI3IRB.] CorunbiaComiarisons oF' Prices 

University Press, 19Y2.
 

2For the groups favored by the direct controls regime, i.e. 

large scale industrialists, importers and civil servants whose 

(as well as supplementary incomes) re­
windfall profits and power 

spectively would be threatLened thereby.
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of LDC's with respect to emplonyment and income 
historical record 

output performance) including the apparent
distribution versus 

labor intensive technology and output mixes in 
inability to use 

by the fact that theis conditionedan efficient fashion, heavily 

vast majority of the countries under observation has been (and 

) engaged either in primary or secondary import
today still is 

On the other haid, there are a few countries which,substitu'ion. on to 
at the enid of their primary import substitution phase, moved 

i.e. the fusion of maturing entrepreneurs
exporL substitution, 

with lare supplic; of unskilled labor to effect a shift of the
 

structure from an essentially
country's production and export 
ilnd to a labor fuelled basis. 

this trasition permitting the economy
The achievement of 

flexibly in response to a changing endo.ment 
to function more 

could, of course, be materially assisted by a change
picture, 

as we shall see, and
in th6 predominant public policy package, 

both in ternmc of the borrow-iing and adap­
the role of technology, 

to rather drastically. Our aim 
tation processes, be made chanige 

choice some countries made at the
here is not to "praise" the 

end of their primary import substitution phase and, to ".condemn"
 

are ever alike in terms of their 
that of others. No two countries 

the socio­
initial structural conditions, and we recognize that 

political situation is customarily much too 
complicated for any
 

simple judo:ients or prcscriptions. We nevertheless do believe
 

J.U-	 crder t3 pa-bouz ceL bigiificance oi the ratner 
examination 

negative overall LDC record on technology choice, 
an 


both at the macro and
of the experience of some "deviant" cases, 

micro levels, is likely to prove instructive. We turn to this
 

now and hope at the same time to be able to be responsive 
to at
 

least some of the "special case" or non-transferability 
arguments
 

which are often raised in this context.
 

III. The Empirical Evidence 

We intend to deal only with the contemporary Korean and 

cases (along with some attention to historical Japan)
Taiwanese 

and that mostly at the micro level. This is
 
in any detail --

both because macro economic changes in these economies over time
 

known and because the relationship between
 are by now pretty well 
the overall economic environment and changes in the role of tech­

at the micro level -- at least atnology can best be documented 
this stage of our understanding.
 

'Die beginning of export substitution signalling the end of 

the primary :import substitution phase occurred in Taiwan about 
later. ith industrial entre­four years199 and in Korea about 
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shifted -to a nown 
preneurs now sufficiently mature, both societies 

policy package, entailing substantial readju.rhflents in the major, 
n
 

previously distorted, relative prices 
at about that time. 1 

and inflationaryof governmcnt deficits
both countries the curbing 

to resumc their normalhypotheticallYpressures permitted markets of the 
and devaluation (accompanied by liberalization

functions; 
(i.e. higher, more uniform,

import regime) plus interest rate reform 
of direct by in­

-- as .:ll as other displacmentsofficial rates) 
to function again iM 

direct controls -- permitted such markets 

2
practice. 


no longer discri.nated against.
Agriculture and exorts were 

and their usei-esource endoi.,vnent5
The veil between the economy's 


a substantial broadening of the
 
was gradually being lifted and 

a much larger proportion
achieved by harnessingdevelopment base 

and mcdiu.i and ,;mall scale 
of previously disenfranchised peasmts 

the generation of out­
to the effort. C,_,riscjuently,entrepreniirs in spitc of -­-- rather than 

put could be acceleratcd because of 
and export pattern,productionlabor-intensivua shift to a more The;e, of 

terms of changes in technology and ou .put mix. 
both in 

in a more comp(:itive environmunt. 
course, naturally go together 


sales in the international markei. for indus trial
 
Successful i.e. endu.int,­use of a more appropriate,
goods require,, the alterit possible toin turn, makes
sensitive technology and, 


rapidly growTing total exprort volume.
 
the structure of a 


the major policy change:;, in­
cas;e first,Taking the Taiwan ,g f,_llviud Lheu end of .... 


in ].952 tra­in .959. The results:substitutionprimary import 
78 percent of export earnings;

sugar constitutedditional rice and 
less than- 5 percent; labor-int enive 

by 1969 this had shrunk to 
wood products u-nd electronics 

industrial exports, including textiles, 
(them­

to nearly 70 percent of total exports 
grew from 5 percent 

of 30 percent .nnually) over the same 
at an excessselves growing 3 percent annually

labor absorption rates of 
period. Industrial toperiod accelerated

1952-59 (import substitution)during the 1960s -­
in the (export substitution)

8 percent annuallymore than 1953 to 1h0 percent56 percent inthe relative (fromso that both 
of workers in agriculture

and even the absolute numberin 1968), 
the pool of the underemployed ".mopped up" 

could be reduced, and Weand labor force growth.
in spite of substantial population 

should, moreover, note that the distribution 
of income (as
 

total income re­
ratio between the percentage of 

measured by the by thethat received
the bottom 20 percent relative to

ceived by 

1Any change in direction of an economy, and in the facilita­

ever occur from one year
of courseting policy package, does; not, 
rather gradual cvolut.ion.the result of ato the next, but is 

to the colonial period, sub­
2 This time, however, in contrast 

guidamce.national development-orientedject to the governrment's 
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as between 1953 and 
also improved substantiallytop 20 percent) 

of a substantial increase as consequence196h -- undoubtedly a 
rate, a respecta­

in the labor share. 1 Taiwan's domestic saving 
andto 35 porceitby 167-'69 

ble 10 percent in '2-5'4 shot up 
-­contributingless foreign capital

her growth rate -- with much 
percent mnnually.

from 2-3 percent to 7-8rose 
for the case of Korea. 2 

emergespatternA similar general 1965 laid 
in 196h and a doubling of interest rates in 

Devaluation ac­import to export substitution athe basis here for shift from 
and technolo[gy. Here 

companied by dramatic changes in output mix 
including electronics,also labor-intensive industrial exports, 

15 percent of total ex7p'oots
textiles and footwear, amounting to 

growingof total exports -- themsulves 
rose 80 percentin 1962, to manu­

than 35 percent annually -- by 1968. (Qa21scale 
at more part of the srn&ctrum,most labor-intensivefacturing exports, the 

in 1963 to 31.h percent in 
1.6 oercent of the totalmoved from had risen 

1968.) Industrial labor absorption rate by that time 
of the labor force in 

to 7 percent anumally and the percentage 
(in51 percentfrom 68 percent (in 1955) to 

agriculture dropped 
1968) of the total, as well as absolutely. A comparison of 

over
the
 

growth performance of the economy

aggregative savings and 

that a more endo,,.unt and 
the period again supports the finding 

simul­
technology sensitive development strategy tends to support 

dome 
output and emplcyment objectives. The ntic 

taneously both to
wich had been negative as late a:-; 1958 rose 

saving rate 
annua.l grov.th rate, a mere 

more than .u percent oy 1'6t and ie 
the last half of the 50s, to more than 9 per­

1 percent during 

over the same period.
cont 

of overall successful develop-
The Japanese historical case 

well know.m for much comnent here. Suffice it to say 
ment is too with thQ Meiji.period, beginning
that her own import substitution 

and mild by contemporary
in 1968, was relatively briefRestoration 

the century changes in monetary policy 
standards. 3 By the turn of 

directly productive activities(from' 
as well as in the ownership of 

and Prob­"Income Distribution--MeasurementIDavid Turnham, 

lems," S.I.D. Conference Paper, OLtawa, May 1971.
 

2 Differences between the two countries which need not de­

spelled out in the author's "The Role of the 
tain us here, are 

to Economic Maturity,1U
Sector in Korea's TransitionIndustrial 

Board Papers on the Third Five Year 
Korean Economic Planning 

Plan, to be published, Sumner 1972.
 

3 Due to limitations on Japan's tariff autonomy imposed from 

full arsenal of as the unavailability of the
the outside, as well 

interventionist tools perfected in the 1930s.
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--public~to private) signalled the bepgining of exort substitu~on, ~ 
by a swtc from land-based ra ik'to> lAbo ased~~ 

silk 'yarn 'expor~s. Forthe industrial sector as~ahlew note;4 
y<;~-'' th eff~et of" the increased, ipor~tance of labor using 4technold Wfgy>~ 

.. 

Saccompanied 

' anfdoutput mixes as reflected in th del-ei tha'rte of '"~ 


"'-"industrzial c-ptldeeigfrm2.8 per"jent~annuallyvduring?
 
durin
189-100 o . epeent 19010..
 

4 
In -114throc ciedth faoale~4~4 ecnoi *'p'A"'""caes oveall 

1~~:YWW~ 

-:the 

' 
f~~-~<ormanco recorded was due in largeA part to the different role th4e 

technology; transfer mechanism was 'capable of-'assumTing in the ex-"' 
, por*t substitution, phascl of, development. ,Not4'onlyK was there a. 

chance-'now for~ initial'borroijring choices (from the shelf) to be-. 
come,"more selective, but -- 'and, more imiportantly -­ , for the' ass6­
ciatbed labor-using adaptations to assume much7 larger in~oirtance'. 
In,a more 4market-oriented, competitive enivironment,< entrepreneurs'4 
were now faced with the need to employ the economic calculus 
rather than~putting th~eir' energies into the puriisuit of-'those, 
little blips of pap er-which guarantee windfall profits under import 
substitution, al~most regardless of what is produced ort how. Once 

changing resource endow-ment could be reflected, "at' least par­
tially, in more realistic relative price signals (interest rate, 

exchange rate,,inter-sectoral terms of trade),' what amounts to 

~ social optim~ality could be gradually approached in the course of 
the technology transfer and adaptation process. 4 

~---2 

' 

~>'~y, 

'"-' 

>-:, 

The importance of output' mix changes permitting abundant un­
inuthw~pplies 'to be massively exported for the first time 

fo~io' nw inutr .l c~ota best be (aind has been) 

demonstra.ted at the aggrega.tive level.~But theconsiderable,~ and 

n ecessary, companion piece 'of'substantially enhanced technological 
flexibi'lity is ,best.demonstrated at the micro lev.el~to 'which~we -

shall now turn., In this context we in~tend 4 to agaia~rely mainlyj, 
~~but not 'exclusively, on examples fromrLthe same "deviant"~ subset 

of eve.loping counries.. ' 

''a' 
4' 

-' 

~~ ~ ~ 

Taki~ng the Jaaeehistorical cae frs, tis tirj we 

have evidence both of considerable s'electivity in borrowidr i.. 

as"between the latest available' Western shelf 4technology and of a' 

veIry substanitia.l -adaptiye innlovative 'eff rt. In. cotton spinning'.."A 
for Example,' the latest Lancashire spindles were ~almost invairiably 
iported while) in wea.ving, which lent 'itself to, a more'decentra-

lized~cott.ginusr 4yeoognzto o-oai, l'4 

. 

'''A 

- '"'"were usuially prefeiTed. As theAU.,S. Tariff Co.Missions put, it: "" 

42~' -

>I"' 

44A 
4 4 4 

-~~"' 

-is 

4 " 

"A detailed., anaily5~s of ,the aggregative Japane~se,'performanlce 
'- ,beyond t-esoeof thspae.See,, however, the author Is" 

"F~actor Prr)porti Ions 'in japanese Ecnoi Dc'vnlpment 1,'American4 

'cononu'c-Reviewi), SCcer 195!7 and "O0n ,the DinpiricaJ Relevancy 

or the Fel Ras Model of-Economic. Devepict A Reply t wt 
J --A-JM C If*I"'Fei), AIei3cSwl Econiomic Review,~September 1971.:7~ 

" " 

'-

A 

7 

i 



- - -

; 
I~~, ~h[Q ~ ~ 

' 

S1 

tieof theoutmtic .loop, is more thu~l~ l~cc 

ie plain? loom hi&I, rith th d it o a 

exenso involved inrr-the2J-1Port1o roiLi Untd 

State or1 Great Biain,~ nwdo the total outJlay too 

hngn in a cuty ~ ,hr the~interest chairges on 

money~ were relatively rnuclh' higher than, te t of 

labor. Japnesemi.llanfagrs h~ave, 1 therefore, 

hithrto9preferred to employ more workers and;-to 

K&~ 

~~ 

~ --

V~ 

L~>W 

1" 

,Aother 
equally 

machinl~erY,-
United St te th r t e h g - r 

mized rather than the machirery.' 

a0 0cc ,rlaint the production 

instructive: 

is econo 

f printed good, 

->* 

:i~s 

-

' 

-- -piece 

Recntl, aJapanese mnufacturer of plain linoleu 

decided to undertbake the production of lpriinted 

goods. He dispatched a representative 
to the United 

States to purchase the necessary 
equipment. The 

reprM3Cntative was 'familiar, with the modern linoleum 

printing machines, printing several colors.at one 

time and turning out1 as muich as A~Osqae !ad 

in 9 hours,:but he considere d it too1 epensive a 

of equipment, especially sin~ce his~
labor was 

being paid onlY about 5O'cefltb'a'day, 
and so hesought 

out, in an~American -plant, an old hanid block printing 
outfit. It was not for sale. ~-Its parts wer~e lying 

about in a storeroom of the factory.' Some of them 

~-

'I' 

14. 

-xeit 

,~.. 

~ -

-,Unitd 

~that~ 

carded' 15 years before. But, the Japanese represen­

tative purchased it1 and had' it' shipped 1to-.Japan.- In,1-­

th oula of capital'he saved money, for , 

he ~purchased the old equi.pmentat theprice,0f a, 

printing machine or., even below the prices of a new 

hand outfit,,but he installed inlhis,plant equipment 

could' only haye been disposd of as' junk, in1 the 

States. .He started in Japan a~new industry 
in 

a stage of technical development that had b'comne obs -

yer beor inteolder industrial, countries. 

1'"" 

I 

11-' 

-'~>-

'' 

-l 1 ~jpnse Cotton Industry and. Trade,~ U.S. Tariff- Comrnis-

Sion, Govrmifent Printing Office, Washington, 1921, 
p.116 . The 

I**same study reports that'1 a shipment of imported' automatic, looms 

which arrived, apparently~ by mistake,3 shortly after the turn of 

Ithecdentury, 
had been found so difficult 1to operate that, aJter 

- - - -renoving the bateries and wa.rp-stop~motiLons, they were instead 

ru~n as plain lboomls. Jpns cnm 1 
'l 

1 

j:i 

I4 

l' 

HiIII13,p.26Mc~~~raw~ 

- - - - - - -_i6_ 



* -~ 

~"~' 
~ 

S<if 

A 

Jpnclearlydi n wsh o orrow the latest technology, pos-j, 
sbly head. ofhrentrepreneurial and other endoi~inentcacies 

tbhere bexisted viable' alternatives -­ ,.%especially i~f such 'a ~i<~: 
choi~ce ight~inii tepcrial frfurher,',aatite~ tech-nology' 
response in a labor using dirpc t'ion. 'We thus 'have evidence o a 

good deal~of \pragmatism in technological borrowing land rolatively 
leseidnce ofprestig6Zdistorted choices. 

> >­

- ,.< 

2' ~'"~: 

Nevethelssleanng eavily on, h results o rvos1E 
~~xpndtue in 'th6Aadvaniced countries (i__e'.__what_________________ 

taking-advitntage"-of being'a laitecorer7iWn s eo(r per­
has eas.o th usata w~a tratffic~of Japanese and: '" 

foreign eniers.ms of: the technological borrowi.ng 'was of the~, 
~' late vintage variety -_Kas it is in today's LDCs.~ The really<------>---­

important areals for, technologcal flexibility~thus-'were '(and are) -" 

-­ ' to be founid, r'ather,'in the technological siilto sphere. 
-­

three types of 'labor-using adaptive technology change: that rela­

-~ -'A 

A 

ting to -the machine proper, or, core activity; that 'relating to the 
inter-machine within-plant production process, or machine-
peripheral 'activity; and that relating to the total' production 

process, ,including~ organizational variants-'by plant and stage of 
processing,~ or~plant related @ec;tivities. 

'' 

-

9 

K-

~"1"~ ..,.<~encou~ntered 

KWith respect to core-or machine-related,.capital stretching 

innovations, the simplest' and quantitatively' probably moest imnnr­

%'ant'Japan~ese example~ was the running of imported-'U.S'. and U.K. 
mahier a rte ad speeds, substantially in excess of those 

used abroad.. 'For example,' once th6' keroseno <lamp made night 
wok spiin co-b dron two,,A sometimes three,, 
shifts' daily, with ut twqo or three rest days a month. ~This meant 
that 'the'average'work~ week 'permachine'was two to,three times" that 

in'Athe country of origin; ard,since'phyrsical depre­
ciation,'is much less importan~t thanleconoinic obsolescence),using 
a machine, twice as intensively does not wear it out~twice asA 

f ast 'This ,heavy use of machinery typical of the'l9'th century;<>'--
Japanese industrial sectorA meant ,that' the norma ap betwen, th~e -'-<A>-

Physical and economic life of a machinelwa5' substantially' 
narrowed 'and capital was considerably "~stretched."t''~" 

' 

~,' ' 

'A 

>. ,. ~ 

Moreover, there was in. evidence 'a related speed up 'of the, 
very ~same spinning machines thus permitting substitution 'between 
labor and in~termediate input quality. By running the machines at 
faster sp'eeds and/or by' substituting cheaper raw materials, i e.'"­
raw cotton~- and making up 'fort it, by .increasing the- numnber. of 

womenlto handle the r'esultant increase in-the ntumber of broken,~ 
threadsA'anv'additional major~ 'sivini' nicapital could bex achieved:. 
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Certain .differences in the industries of the two 

countrics are important and must be noted. The 

raw mnateria-. is essentia-ly different. Though 

the Jap;inec do use some American raw cotton, the 

bulk of their cotton is from India. and is of 

staple, more likely to breakage... and re­shorter 
through the 3nachiinery.cquiring mcre labor to put it 

;Ipin has much more 	of the coarser countsThe yarn 
that require more labor...By adding more labor it 

faster than American practice...is run somewhat 
A-1 of thu:c; factors are in some way relatcd to the 

cheap labor policy. They are there because the 

labor is cheap. I 

one
Japwesc spindles were equipped with a 7/8 inch instead of a 

irch front roll to acconmodate the shorter staple cotton when 

operated at higher speeds. 

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

speed of the machine, as well as differencesand differences in the 
that there was a very mrked sub­

in the numnbur of shifts, we find 
and labor in the cotton spinning industry.

stitution between 	capital 
Orchard reports that a competent Japanese ,;p'rner

For examp i.,, 
working '.n a 20 yarn operated from 300 to 4O0 spindles, 

;pieri.can on the same count yarn tended from 1,0202while an 	 spinner 
and almost 7 times as many.

to 2,6N, :;pindles, that is, between 21r 

As the U.S. Tariff Comission reported: 

chargesIn order to distribute the fixed overhead 
of high interest and depreciation costs,in the way 

nor­and to earn the large amounts needed to pay a 
been made tomal rate of dividend, every effort has 

obtain the largest, poss'.ble output from the expen­

sive equipment and plan;. Machinery is therefore 

run at high speed, )jid almost since their inception 
have operatedthe Japanese spinning mills been 

night and day, emnploying two 12-hour shifts (22 

actual. working hours) for an average of 27 days a 

month. 3 

of yarn, the average JapaneseHere again, given a .standard count 

spilnner is seen as tending 240 spindles, while the American coun­

same machine tends about 1,000 spindles. As lateterpart on the 

1Jol E. Orchard, 	 op. cit., p. 367. 

2Thid., p. 367. 

3 The Japanese Cotton Industry and Trade, 2P. cit., p. 99. 



as 1932 weekly manhours, per 1,000 homogeneous spindles of the 
same quality rangcd froom 328.8 in Japan 1 to 16h.8 in the United 
Kingdom and 1)3.1 in the United States. 

A somewhat similar st,ory can be told wi th respect to cotton 
weaving. 'Once again,
 

the high cost of mill construction is consider­
ably reduced if you consider the hour:; during 
which the mill is being put to effective use. 
So far in Janpan the wheel:.; have turned round 
during 20 out of 2h hours, while in Europe only 
8 hours are being worked. Effective working 
time in Englcad is less than 38 hours per week, 

as 2 hours out of these are devoted to cleaning; 
this is done in Japan after working hours. 2 

Again, the U.S. Tariff Commission reports that "in weaving ,taple 

cotton .sheetings, the ordinary Japanese i.,eavcr seldom operates 

than two plain looms, while thu Amiierican weaver, with per­more 
haps some assistance in supplying fresh bobbing, nonnally tends 

from 8 to 10 plain looms." 3 Taking cotton spinning and -weaving 

together, the U.S. Tariff Commission concluded: 

the average Japanese spinner or weaver tends about 
or looms usuallyone-fourth the number of spindles 

assigned to one person in an American mill. A 
.mp.lc...
comparison of the total nber of prn 

in the two countries to cperate indi vidual plants 
of similar size, and, v.ewed more broadly, a com­
parison of the total number of persons employed in 

the whole American industry, per 1,000 spindles, 
with the number that would be required on the s.nia­

lar balanced basis under the Japanese conditions, 
confirms the general relation observed, that the 

Japanese mills require between three and one-half 
as many operatives as the fAerican.h 

In the case of silk production, which, together with cotton, 

made up more than 70 percent of total Japanese industrial output
 

1 The World Textile Industry: Economic and Social Problemas, 

p. 209.Vol. 1, International Labour Office, Gcncva, 193Y, 

2Arnold S. Pearse, Jazpan and China, Cotton Industry Report, 

International Federation of Haster Cotton Spinnerst and Manufac­

turers' Association, Manchester, 1929, p. 86. 

3 The Japane;c Cotton Tntdustry uid Tade, o]. it., p. 100. 

4Mid., p. 113. 
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ability to innovate 
have similar evidence of the 

about 1900, In rawwe 
direction on the machine proper.

in a capital-stretching more than twice as many 
silk, for example, the Japanese employed 

inItaly. Quite early
same reeling basins in

girls as did the in silk".modified technology"
the game it D. reported that a 

ratio ofa capital-output
yielded a capit.al-labour ratio of .26, 

the "unad­and respectively for 
]..', as compared with 1.06 1 

h.22 
technology.justed" large-scale 

much of the inter­
peripheral activities,rning to machine 

hand. In place of 
machine h:andling and transporting is done by 

devised. Receiving, packaging,
huran conveor belts weremechanical, handlingThe same was true for the 

done by hand.and storing was again reports:e.g., as Orchardinputs required,of intermediate 

smelters in Japan,
at one of the largest copper 

clay for the lining of the furnaces is carried 

down from a nearby hillside on the backs of 

Tokyo Gas Coiqany,women. At the plant of the 
then carried

coke is put into kegs by hand and 
some of them women, to the barges

by coolies, 
even in the larger

in the adjacent canal. Coal, 
by hand and carried in 

Tokyo plants, is unloaded 
the power houses. 2 

tobaskets 

of this ability to substitute 
In sum, the quaLitative importance 

to the machine proper
labor for capital in activities peripheral 

au LivUL.UIIU' L.,LLial. Vury ofL ,uLh 
was aparu'en iGy tqUi:,u 

i.e. while they might
the iirschman sense,were machine paced in 

eye, they were, in
the untrained Western

have looked wasteful to 
the same produc­as part of

fact, paced by well-spaced machinery 
large numbers of unskilled laborers. 

tion line which conttined 

adaptive technology change of which much use 
A third type of 

of what we have called the plant­
was made in historical Japan is 

by the co-existenceThis is often characterizedrelated variety. industry.
of different historical stages of production in the same 

cotton weaving represent outstanding examples. 
Raw silk production and 

industry silkworm rearing and cotton production were 
In the former exten­in small home-made sheds,
handled main].y by farmer', wives 

In cotton weaving, most of the 
of the rural households.tions 

to farn households, with individual looms dis­
yarn was "put out" 

But even in the more modern 
farm houses and worksheds.
persed in 

spinning industry, preparatory and finishing pro­
factory-style 

largely at the cottage level.carried outcesses were 

itChoice and Technical ProgressITechnicallKatsuo Otsuka, 
unpublished Hitosubashi University seminar paper. 

the Silk Industry," 

2 bid., p. 255. 
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a
This rather remarkable survival of domestic industry on 

terms of the
 

sub-contracting basis must be explained largely in 

small labor­

exploitation of complpmentarities between many 
and the large industrial management

intensive operating units 
merchant middleman, as a representative

units. The traditional 
served as both supplier and mark1[

of the sub-contracLing unit, 

for the goods to be worked up domestically. 
A specialization
 

of functions as between workshops, even as 
between the mcabors
 

One-roof economics could be
 of a given family, developed. 

labov in coopera­

achieved in this fashion, i.e..by using cheap 

:h.Il 

tion with old-fashioned machinery at the workshop 
level, 


in the financing, purchasing
economies of scale could IT achieved 

continued relative importance of
Theand merchandisinig stages. 


this household type of enterprise is quite remarkable; cottagc 

style industry contributed more than 2/3 of 
industrial output in
 

1878, almost 60 percent in 1895, and retained subs tantial impor­

tance well into the twentieth century. Not only lacquerware,
 

pottery, porcelain, sake, fruit and fish canning but 
also such
 

time as bicycles,
new .*.jnsumer goods coming to the fore over 
the sane characteristics.

electric.lampo and rubber, were to exhibit 

to more than 5O percent of total investmentPlant amounts 
equipment in most countries. The abiliLy to utilize

in plant and 
and thus reduce expendi­

households for putting-out operations 
to a major kind of capital

tures on plant undoubtedly amounted 
iiproving


stretching innovation. By deploying familiar but 


machinery over large numbers of scattered mini-plants, 
large
 

amounts of unskilled labor could be deployed 
in both direct pro­

duction and in satisfying the resulting increased demand for 
.Inthis fashion, Japaneseand handling activities.transportation 

pure labor servicesto, first, incorporateentrepreneurs were able 
and, later, domestic ingenuity and skills, into 

their industrial
 

production and export bundle.
 

in the processsome discriminationThe Japanese thus combined 
of tech­.ith a very substantial amount

of technology borrowing 
The latter capacity seems to be substantially
nology assimilation. 
 to resources by


assisted not only by the relatively free access 

dispersed decision making units, at relatively 
realistic prices, 

train up the required additional super­
but also by the ability to 


visory personnel through both within-plant training and less 
At least in textiles, the
 formal learning by doing processes. 


need for a continuous .supply of what might be 
called an adaptive
 

was supplied by the establishment of applied
engineering capacity 

a number of
 
engineering schools through the pooled efforts 

of 


textile firms. 2
 

a single part is not complete!l in one shop
l"Sometimcs even 
in another." 

or home but is slhnped in one and painted or plated 
in Economic Development.," Social 

H. G. Aubrey, IItall Industry 


Research, September 1951.
 

2 Gary Saxonhou.e unpublished Yale Ph.D. Dissertation, 1971. 
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~rni~fltKoreanin cg'0 e0at the or 
~~ the 66.e as micrhOflCQZoj­;Le ~th 

dea o4.fe 	 olrogy,, although 
subject to' exiolingr aid and 'other

f t~~o~ -Len 	 ai good 

thoughtrwas apparently g IV, 
* on'tr in t ,othe hoic'etweenflate model1 Jvpaiiese Ge'rl 

When, it com~es to capital.) stretchinga~ssin'L.­
~ ,~ and. U.S. machinry. 


to the mainufacture~
toicsndplyood production.1 With respect 
o~ ape the core activity contrasts a ialdo o onof' sik 
 eqivaetlelosicn6. ly

tgir por tw 100,&nwihon girul pser 
noiw 	 rsing wages' in ~'Japani, 'Koreatemoray apri XIn reactionto 

ei'tk.lc 1here more-'girls~jyya4~pet~
'~~~~~~''<~~~p 

the 	iiferiozy quaity odf the raw 
~~~~~ cnaj''~be cipi'yed tomnake ,up* for 

ad00pindles. Moevr oenmcieyi u for4 34 eight-~ 
,n. 	 '~ 

~ I .Ii~hour shifts daily as contrast~edwith only 2 such :'hif tsi iap 
that' the contenim'PrpeaLo the machie properwes may note 
for example between ~~~~ ~ et stem,_,pray,4PLacueof cneo 

man-­and 	 combing opeffdti-o '- --isr eplaced -by-h 4~'4~7T 7 theI cardin'g, ''gilling
'~ 

han'ds ini Korea. 

as pro-JI 'the production of, plywood, what at first 4appears 
duction processes ,very similar to ,those carried on in the U.S.,. 

' 	

be quite flexiblei.e. fixed proportions, in fact, turn out to 
speedinterestingly~ enough mainay because of the greater machine 

combined with much more labor-intensive repair methods used* In 

Lhu 	 jiiud. SLaLes; d'ef ective, pieces of lumboer are cut out auto-" 
~ 

matically by machine and discarded.' In Japan., defective pieces 
out by' hand and~the section is discarded.of' lumb'er are cut 

cut 	out by hand, the scraps,In Kor'ea, 4defective sectionis'are 
and the defect plugged' manually.1 , Here once again' a' .owersaved, 

raw material 'can be upgraded to an equivalent qjuality' 
' qualityV 	

~output through the applicat.Lonl of cheap labor. cons equently, 
found" twice, asinaby workers~per unit of capital equip­overall we 

ment in Korea, i.e. 123 workers44are engaged per' equivalent capital 

line as contrasted with 72 InJapan,-moreover,, a Korean 144production 

line is worked a 22-hour 'day as" compared. to 20 in Japan. At the. 
workers" are engaged .in same time between 1i.U -and' 15 perc ent movle' 

inspection, repair' and miaintenance of both materials in pro'cess 

andc1 	 the machine~ry in place. < ',A, 

core-type" adaptations areIn electronics, machine-related~ or 
for 	instance,

~' most, prominent. In ,transistor assem1bly operations, 
10' times higher thani what equivalent operators 

1, '"~''given wage rateos 	 run at' physi­got 	in the U.S. (in the ,same firm), the machinery .i's 
cal "full capacity, i. e' six days.,three shifts a day whi~ch Is 20 

1The help with Korean plant intervilewo of Professor Sung 
gratefully acknowlcdged.11wan Cho of Sogang University),Seoull is 

~ 22-jA~~ ~' 



n Moreov r, o, i i.)
percent abovye the U.S. quival ly, done by'eedcing' and pacagling, are usu~aoperati.Qfl such~ as' t Spite
han on the aezb1 4o.inedo'athia 

seemsl~ t~oproductivity per worker
oftegreatr use of' labor', $ as re ­the :f er an~g~~Sbeihrdue partly: to 

eeks less to, rilKra
SpeatedJly stte to taea es w 

tha Aeri s) but mainl.y to the greater dis-~ 
girpls n assi&l hogot For 

an atetvns nteasebylncipin 
(from.

tial 'qupmetJieds~ a0.percent diff'reflal in~outputb 
a dicmunigprcs68 units per aobi ehou~r~to-'85) and in 

.- rU nit~s per hour to4­
it ri ses t o more~ th 

hee 
at 

faster>
24) rete seesof'; ertin eitjher due 'to 

are4 once [again 'accompaniedbyptmahioroperator pac6ing, 
inspcc- o
more intens'ive testin~g

tin adtoa girls into 
ise encountee in Jaa o hoUS 

44a and re ir~e~f'ots, than 
wy~ z'epaird by 4haxjd. -4i7-.

e', DePe h~~ ' -i-~ - 444c 

, i a ch n r ; w r n g --a - l i , l
d rl- w it h~+ 

~4<- cons iderably, more manppwer~ £is'a1Icated to th aneac 
4 

-~--city,~ ->>"~eupmnent.~4repair'~ of2 the in-place capital 
-~-and 

other, plant-related tocologicalasilaWit repeto area 
tionl, theliost important phenom1enon clearly resides, in the 

nisl y. Domes­rI P+icil Pnd~ n1n nti[t'hn+11 vt 
and parts' manuf'acturers-~--4V6 local~equipmneft 

44 ~~ically)n subcontractiflg 

in the electronics 


be-trcing increasingly practiced)~ especially4 
-4 

~ i 
­

<4> ~ 
> 

three years before_the domiestic, suib,.on- 7 
at~b,<tkes two to 4cess)' has becoInme a~ 

>.--

4 lower supplier?, .via a ).earing by doing pro -alternatives,7than thc,-main plaflt~or import
'4-4 lwrcost4-producer

i ,~~hile'5such capitaLsavin& innovations), mainly 
via the reductionl,~ 

44 

'of: plant and large-scale ur'ban Overhead requi-reaents, are' not yet 
Japanl (and conitemporar'yinl historicalas wide spr~ead-in Koroaas 

Taiwan), they4 ardmarkqdly.o nthe increase An a numberj of other 
<74curse, Iaccepting.aO Cof'Th.'e.rnationallyindustries as w~ell. 

labor~ Intensive phase of<a multi-stage8and 
4 

44 

4subcnrat fr the poten- ~ 
a ninig production, process, isa

elehee tcnooial 
sce­ponde labort~rcesn
'vices to the developntVprocess <7

which of'tcri under subsicdiary',zones intoconsisting of~ tarif'f §free firms,4ragmn with Japiflese or 4Ameic~m 
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Firm interviews in Taiwan yiLelded evidence0 that) assisted 

8jubntcntiaitly by the establishmen~ft of, the Kaohs.ing fl,:port Pro­

cessing Zone), a Isimilar type of technology fissimilation process 

.~~~~a;;hw-iIfPI ,40taenplce ainly in assembly and fabrica~tionl processing -. . 
. . . . . . . . . . . . . . . . . . . 

stages. <For, example, in~ alarge plastic fctorkrplant, while<-<;-.; 

the continu~ous process (prbducing rosin for PVC plasticos) ' 

showed abou~t the same, capital-labor ratio as parent company ~ 

planto in tho U.S., the ratio in fabricating was ,only abou~t one 
half of the American plants; 1 

. -.. . . . 

.­

7 

~4 -While 

~4~4-4' 

~ i~.laibor 

4. 

.4th 

* 

The uso of labor is mos intesiv ineetoisasoby 
parts are mainly asembled -With,the aid of machines in the 

United. States, this worIk is performed by women workers, in Taiwan. 

'-According to the gener~alI manager of one major bleotronics jizri,' 

.the .amount of labor used,4in assembling one set-of television in 

T~ <aiwan plant is 50 per~cent greater than that in4 apJant of 

t.he'parent, company inlthe United States.,~ Jn fact, most of- the 

electronics firms interiewed were making efforts in~one way or­

another 4to 4 introduce labor-.intelsive methods. While -the -capital-,­
ratios in~thiv*,industry) like most,4 have been rising globally 

Qthrogh time, the largest electronlics factory in Taiwan has experi-
ened an increas~e of capL1tal~ by nine times and an4 increase of em­

electronics industryj capital-labor ratios have apparently-fallen 

,... -. p Oe~~ sirthecncl.imonbewoch 96fran t99.4 whroplhnttvists, 
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TO make this point and at the same tiihierto at lnosco partmall 
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~~5~t eassiilationlevl has only recently, ' India),which ' 
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the Mexican i )cport Processing Zone, 
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industry generally is still!living.
is rlevnt.Whil'Mexican Ior­the Northern'odtossusiutounder."hothouSe j-aport 

der Industries (about 300 U.S-' subsidiar'ies an~d 150 Mexicani firms)
 
ligtlylos~ditoredset of~price, signals
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to be comp1 etitive inI the, 

~"-aand perhaps' more imp ortantly, pressures
~'~'~' i-a here, clearly indicate, that' what is

Plant interviewsU.S. market. h oen
 
an early and~as yet inopeeversion o occurrinlg is 

'..mli 
' "' 

ainlcorporation' subsidiaries,~for 
,Taiwanstory~. urpose of takcing

1 are nomally'aestablishled with the single
~'~'~' ,exarpl, l.ow Mexican 'wage, rate,,5 witth little 

avnaeof ,the r'elatively 
,­

-~tamnpering with the coefficients 'lest the'quality
headquarters t to, 8 monthsAfter a year or so (6
of, Outp'ut be adverselyaaffecbed.. ways' of

local inn~rafePreveadditionlalin~ Korea/Taiwan)
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tools in the local machine shops." Local subcontracting, though 
ancillary in­

still constrained-by the abscnce to date of much 
near the border and high transportation costs 

dustrial activity 
with time, especially with rspcct Lo

also increaseselsewhere, 
wire and other simpll.e components.

packaging. materials, 

more e-x-
Border Program illustrates in an even

The Mexican 
more extreme proximityTaiwan (due to the

treme form than Korea and 
far as the U.S. is concerned) the grow.i,

factors, at leas, as 
subcon tracting by

of an international system of
possibilities endouments 
process, in accordance wth (i.ffercntia L factor this 

labor by comnodilty principicthe the division ofextensi.on of 
for adaptive 1.DC tEcnology. Japanee

provides a larger scope 
do their materia1l pur­for example,synthethic textile firms, 

let, the dying and weaving be dune in Taiiw:ui,
chasing centrally, 

Kong, and then,- handle the exports to 
the yarn imitted in H{ong 

a U.S. baseball glove mnnu­
the U.S. centrally. The leather for 

the stiching done in Korea. Both 
facturer is tanned in Japan, 

currently considering the construetion of a 
Ford and G.M. zare 

to b, located in 
car, with cE.fferent DroccssesSoutheast Asian 

and lhailand. 
Indon(sia, the Philippine:;, ilalaysia; Singapore 

for some time, been experimenting
Phill:ips and Volswagen have, 

of process which,
in this field of the international divi.sion 

output mix and technology,
given the close assocaiation between 

scope to indigenous t ;chnologica].
tends to give further major 

assimilation. 

e ni-'.- , c. -. f -r tan i..~dJapi iuu 
DvrT,;mi e. I1 7Th ma, 

in Korea and Taiwan, a tendency to
fiimis operatingelectronic 

from simple assembly operations to adding pro­
move, over time, 

local skills improve,
both forward and backward as

cessing stages 
to cutting the silicon wfers 

for example, from transistor asscmbly 
final finishingone hand, to the

and precision ielding, on the 
which can be detected 

on the other. Ainother tendencyprocesses as looking across 
export processing zone, as well

Within any one 
is the in'clijation to transfer rela­

zones of different maturity, 
where economicsseries or processes first, i.e.

tively low volume 
as well as to keep the niuber of 

of scale play a lesser role, 
changing

style or model variants to a minimuum -- and later, as 
in both direction.

capacity permits, to gradually expand 

spatial flexibility multi-national corpora-
The amount of 

about on a global
have shown in moving their processestions 


scale is also quite remarkable. The U.S., Japan and Hong Kong,
 
wage increases in 

have reacted to sustained Japanese
for example 

leather products, electronicstextile, wig,recent years by moving 

earnsiAs an aside, it is intcresting to note that Mexico 

million annually from the repair of U.S. offie­
more than $2 .

T.V. and radio seUs.machinery, 
:including2 'The cost cffcctiveness of such procuremCcnU 

t~e .oss of the U.S.to overcome
savings in transportation, has 


on- U.S. components.
tariff waiver 
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and plastic footwear operations to Korea and Taiwan. Similarly,
 
Singapore has lost its unskilled labor-intensive processes and
 
acquired more skilled labor-intensive ones. Such flexibility
 
include:s changes in the selection of commodities and processes 
relevawt, to particular commodities at a fairly disaggregated 
SITC level. "
 

As we have pointed out repeatedly, the vast majority of 
contcIporary LDC's still find themselves in the grip of an im­
port substitution policy regime -- some for good, some not so 
good reasons. Since we e)pect a more endowmaent sens:i Live type 
of environment to be a necessary (if not sufficient) condition 
for the demonstration of the flexible use of techmology, as 
part of the p.ofi., maximizing calculus of dispersed decision 
making lunits, :e are some..hat handicapped in our effort to 
mar-haill yet adlitional "deviant" cowitry evidence. There remains, 
howevrer, one other area of investigation, which -- while we can 
only touch upon it briefly -- provides some additional empirical 
support for the a.rgLrments of this paper. And that is cross­

sectional evidence within the industrial sectors of given coun­

tries, by scale of establishcment.
 

It is well knon..r that in countries subject to the usual dis­
tortions of hi:norih siuhst.il.uinn, such diMOrtiOn- fall unocvcnly 
on large and small firms. A low interest rate policy, for exan­
ple, usually means that large scale firms, as prime borrowers, 
get the tightly rationed credit at official rates, while medium 

and small scale firms do not, and have to either do without or 
borrow at substan ially higher rates. The same holds for im­
ports, usually available at official exchange rates to the large 
well-established firms who get their import licenses, but avail­
able only at higher prices, after resale, to the small and medium 
firms. With respect to labor, it is the large firms who feel 

they must (and can afford to) pay the highest wages, while other 
scales will be content to stick to the legal minihmu or even evade
 

the legislation altogether. Since a distortion of relative prices.
 
in other words, implies a direct rationing system, the small and
 

medium scale firms who have to work their way around the system
 
usually, in sum, face a set of signa's closer to equilibriun values.
 

If we should then be able to uncover differential behavior in 

terms of technology choice by scale of industry within the same 
country, our arguiment is further strengthened. 

As it, turns cut, the phenomenon of so-called "industrial 
dualism" which we are now talking about -- including as one of 
its m:uni.estations the expected differential use of technology -­
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IV. Conclusions for Policy
 

Some of the major conclusions flowing from our analysis may 

now 	be briefly summarized:
 

1. 	 There exists only a limited scope for LDC choice in techno­
of from whom to borrow andlogical borrowing. The choice 

what vintage secams to be narrowly constrained, both by a 
and by institu­lack of information, by prestige factors, 

the transfer of capita].. Ontional impediments attending 
the other hand3 there exists very substantial scope for 

innovations oftechnological asimilation, i.e. indigenous 

a labor-using variety. 

2. 	 The potential for adaptive technology change today scems to 

be most pronounced in core zumd machine-pripheral activities, 

as well as, if to a lesser ex-tent, in plant-related activi­

ties. In the course of such innovations, most often unskilled 

labor is substituted for machinery, but sometimes also for 

the quality of the raw material input.L The types of goods 

subject to such flc'xible use of technol.ogy include textiles, 

electronics, metal working, non-electrical machinery, food 

processing, tires, tubes, leather products, rubber and plas­

tic footwear, among others. The ability Wo adapt se.ms to 

be rclatcd directly to the importance of production costs 

relative to the total sales price, and indirectly to the 
importance of nunlity ovo.r nrinp rnwi,-rn~on in mar-ting. 

3. 	 Changes in adaptive technology and in output mixes using 

such technology require a set of relative factor and com­

modity 	prices which are more sensitive to endownent and 

This can be best observed by contrastingendowment changes. 

the relevant behavior of industrial sectors over timac (as
 

they move from import substitution to export substitution)
 

as well as, to some 	extent, by looking across industry
 

scales within a country. More realistic relative prices. 

appear to be a necessary but not sufficient condition for 

softening or eliminating the LDC conflict between output 

and employment income distribution objectives. 

to the already cited substitution'For example, in addition 


of short for long staple cotton in Japanese spinning, Barnrson
 

similar examples in the pulp and paper industry, i.e. the
finds 

and even in petroleum
blending of short and long fiber pulps, 


crude mixed with imported renders the
refining, where domestic 

use of a smaller scale plant efficient.
 

2 See W. A. Yeoman, "Selection of Production Processes for
 

of U.S.-based Multi-National Com­the Manufacturing Subsidiaries 
panies," Unpublished D.B.A. Thesis, Harvard Business School, 1968, 

as quoted in R.ayrond Vernon, "U.S. ]!iterprise in Less Devcloped 
13tween Rich and Poor Countries, GustavCountries," in The Rap 


Ranis, edi tor, Macillan, ULY(2.
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4'. 	 The ability to quickly convert relatively "raw" unskilled
 
labor into an efficient disciplined industrial work force
 
seems to be borne out by all the evidence. In fact., not
 
only "hard working" Korean and Taiwanese girls but Mexican 
as well apparently exhibit superior labor productiv.i.ty 
characteristics when compared tT their U.S. counterparts 
in exactly the same operations. One constraint whi.ch does 
apparently inhibit fuller resort to labor using adaptations, 
however, is the sczlrcity of skilled supervisory personnel, 
e.g. for night shifts, as well as of a problem solving type 
of adapLive engineering capacity. 

5. 	Adaptive research and development-- usually carried on within 
the machine shops of LDC plants and focusing on eldo-ring 
machines .ith a larger productive life through heavy mainte­
nance, as Well as3 the insertion of small, labor using devices 
and adjustments -- seens to have had the highest pay-off. 
Basic research, carried on mainly within LDC univers,;ities and 
government institutes, on the other hand, seems to have had a 
much smaller pay-off. Our interview evidence thus supports 
the findings of Katz to the effect that "the 'learning' of 
the decade of the 60s has been associatcd with the presence 
of a significant local tecliological effort,, more than with 
the permanent reception of knowledge from abroad, additional 
to that received at the beginning of operations., 2 

6. 	 Export processing zones have apparently served as effective 
transitional devie. for cf-11 tric, from import s-ubsti­
tution. Export processing permits general organizational aid 
technical talents to be imported -- along rith capital and 
intermediate goods -- while domestic entrepreneurial maturation 
is still going on in most of the economy. Then, as value is 
added in the form of mainly unskilled labor before re-eoxport, 
adaptive domestic engineering ingenuity plays an increasingly 
important role in both cost reductions for a given operati.on, 
as well as the adding of processes and the broadening of the 
output (or models) mix. Some of this technological "learning 
by exper:imenting" then seems to spill over t) the rest of the 
economy -- reversing the usual histori,-al notion that- one had 
to "cut one's teeth" on the domestic riarket before being able 
to export competitively.
 

iFor example, the Electronics Control Corporation reports
 
that one girl in its Mataoros, Mexico, plant produces 3500 units 
per day on the same equipment which yields only 2500 units per day 
in its Eulers, Texas. lant. Less chatting, fewer 6offee breaks, 
and the ever-present threat of the "reserve army" outside are the 
usual explanations offered. (Business Week, January 1972) 

2 Jorge M. Katz, op. cit., p. 211. 
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preneurs without previous access to resources cannot bring 
their technological ingenuity to bear. 1 A fiscal systmi 
which ar Lificially subsidizes cottage industry (e.g. india's 

khadi) is as wasteful as one which subsidizes high tech­

nology indusLry (virLually every LDC); neithbr path is 

likely to encourage the use of modern but labor intensivu 

technology. 

2. 	 With respect to the public sector, the prcssures of domestic 
of course, operate less forcefullycompetition and trade, 

since many public enLerprises can afford to run continuous 
and much of their output isdeficits "in the common good" 

in non-traded commodities. Nevertheless the use of shadow 

pricing .iould be very helpful here, especially whcn relative 

market price signals continue to be distorted. Much can be 

done, for ex.,iiple, in road conotrucLion and public housing, 

both of 2.hich offer a relatively wide range of technology 

But realis Lically, a major problem Lo be overcome,choice. 2 

even in the rare case vhen the public sector does use 

social rate of return calculations, is that such calcula­

tipns are often employed ex 2ost facto, i.e. long after the 

political decision to go forward with a project has been 

tak(en. Perhaps the choice of technology for a given pro­

ject bundle is somewhat more "open," and shadow pricing 

should, in iny case, be pursued whenever possible. Howver, 

it must be recognized that prestige aid other institutional 

consideraLions play a perhaps even larger role in the public 

than in the private sector. E,phas:i.s on reducing LDC 
put along­lltechmological depe-ndence" 	 on the rich countries, 

against other forms of dependence,side the frequent protests 
mi.ght help overcome orls tendency, while serving as a hcalthy 

demonstration for the private sector. 

IWe are not suggesting that a fair game means equilibrium 

could or should be brought down toprices, e.g. that real wages 

their shadow price levels--nor that most LDC's have the admin­

istrative capacity to effectively subsidize the wage bill--only 

that real wages should not be allc,,ed to rise very much as long 

as a labor surplus persists and real interest rates should not 

fall as long as there is an excess demand for credit. 

2Even the Soviets, especially in the production of light
 

machinery and engineering goods, seem to have successfully 
of adapting labor using technologies.devised efficient ways 

for example, David Granick, "Fconomic Development and(See, 
The Case of Soviet Metalworking,"Productivity Analysis: 

Quarterly Journal of Economics, May, 1957.) Public sector 
in evidence espcially inmachine-paced labor intensity is 

housing aid other public works projects.road construction, 

For example, in India and Pakistan reinforced concrete is poured
 

by linking up a cement mixer with a long chain of' workers passing 

it is put in place just before itthe cement from hand to hLd; 

is ready to cool and harden. 
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set of price signals, while thus an essen­3. A more realilltc 
any improved of technology on the part

tial ingreditoN. of use 
do exist poten­

of the LUC'S is,-however, not enough. There 


in the form of supervisory and adaptive

tial. bottiencks which inhibit thelr'uady referred to,
(eng-neering porsonnel, especi.ally
fuller usO of u.nskil].ed labor relative to capital 

newthe introduction of 
with regard tL, jaultiplu shifting and 

h supervisory personnel.attac]hmnts.labor-usinL,, mach in 
be capable of solution throughi the eliciting

problem seems to 
from the .... l.ud in-p].'nvt

of especially gifted ind.ividuals unk 
or a year. With 

labor rank:;, usually after 6 to 8 months 
skills, how­

respect to the approprin:co kind of engineering 
the Taiwan cases alroady cited 

ever, both th1e Jannesc and 
training pro­

to the conclusion hat speci al indigenou . 
lead 

b) the very companies likely to 
grams, possibly 5uppor td 

Iany plant off£i cials expressedencbenefit, should be raged. 
kind experience or training often 

the view that. the r'onC of 
than none in this regard.proved worse 

of Research and Development.related the quesionh. Clw:.e.y is 
careful con­

vi.ew of Richard Nelson, who, after
We share the: artnl­

the difficult issues invulved, finds "the 
sidcra-ion of 

a strong LDC ba.ic researchfavor of build in.' upmeris in 
''- from trial and error 

ca..bility unpeoruasivu Aside the 
search 

costs which are in large part avoidable -- with mainly 
the L!5 - - utherc is the ques­

cost,; having to bc incurred by 
the critical mas; or mi.niiimui economics of scale in­

tion of 
, function in itself. YetRD productionvolved in the basVi. 

to relaL ively lower LDC expenditure on R&Dl (rcla­
referred to basic or budget), the percentage allocatedLive to (MP 

ithan in the advanced coun­
research is substmtially greater 

large part, due to the
Since thi.s is undoub!,edly, intrics. 

and university institutesof IrkD in governmentconcentration to
wjhich teids to allow researchers excessive freedom set 

their own sta-ndards (frequently unduly imitative of their 

"frontier" colleagues), encouragemcnt of industry supported
DC 

o s
applied research institutes semns war'aited. 

ins ,itutes including Lhe Chung-hua Electronics Development 

and the Leather Research Institute in 
Corporation in Taiwan 

to have quite successful. The Soviets also
India seem been 

institutes need to be 
have apparently realized that research 

at least some short-term applied work for
drawn into doing 
indus try -- and compensated for it in relation to results -­

if they are not;to become increasingly irrelevant. 2 In 

"Less Developed Countries, Technology Trmsfer and 

Role the National Science Community,"
Adaptation, and the of 


Yale Economic Growth Cnter Discussi.on Paper 1Oh, January 1971,
 

p. 28.
 

2 "Science Policy in the U.S.S.R.," OECD, :L969. 
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addition, for specifical]y defined industry purposes, e.g. 
adaptive technolot' in f1.),ut,,u', elecLr,.nics or ,(texi los, 
the sponsoring of international institutes, along the line­
of the Interna tional Rice ucsearch InstiLute in agricult.uL, 
should be carfiully considered -- preferably in COI JUncLioun 

with counLry.- specific adaptive research efforts. Such 
institutes could substant i ally reduce the dangers of waste­
ful duplicatin, with each LDC uxer[,ing its own efforts at 
devising a capital-stre[ching shoe technology, for eixample. 

.	 The establishm(!n[I of export processing zones, especially 
during a Lrans.tincrial period en rouLu to a more geerally 
liberalized econu;rlic policy package, should be encouraged 
and the necessary overhead f'acilities and custom's rrange­
men Ls provided by goveinments. The atLi Jude towards the 
role of multi- aLtional corpoa tions in this Cont ext should 
be as pragmat.ic as possibI.e. There is considerable evi­
dence that foreign uxhibit ,onsiderable tech­soma ein.; 
nological fluxibilit~y, pro.bably more than domestic public 
or private fi: .:s -- at least at the initial stages. On 
the o ther hand, ms.t such companies also suffer frcm some 
of the strait- ja.keting associated ,.Uh fixed ceintral. 
managcanent rulus, e.g. on global interest rate and break­
even points -- even in such rclatively cndovwinent LAd tech­
nology sensitive firms a:s Phillips and Volkswagen. Foreign 
subsidiaries, especially i.. admitted iii to a comi.or-Lbly 
pro ected domes Lic market, thus sonwtime, exh inflexib].ecxib.it 
behavior on technology, in addition to their col.lusive 
market sharing', anti-ex.or. rnr th ' " int-sai J" bhavior. 
Here again we have an argicmL, for tackling the macro-economIL 

envirorunent as a prime instrmTent for ruducing some of the 
negative, while ru:taining sume of the positive, effucts of 
multi-national corporation act:i.vity. Just as irith the large­
scale private dAmustic firm, much of the so-called an!.i­
social behavior Aill disalpear under the pressure of competi­
tive forces in an export substitution-oriented environment. 

In addition, of course, LDC governments have every right 
to regulate such companies' pr-acticcs including thuir tax, 
royalty, technical- assistance payments, the use of export 
prohibition clauses, the training of local managerkal and 
supervisory personnel, as well., possibly, the move from 
equity control to licensing arrangements over time. (Some 
of the features of the Andean Group's Treaty of Cartagena 
are relevant here.) But w:hile we recognize that thi s issue 
is a hi ghly charged one politica] ly, 1,1(C' s should al:so be 
aware that subs [antial benefits for tuchnulogical ilexi­
biliLty, including via the international division of labor 
by process, can flow from ,li.is form of .ioriLgn capi. [al. 
Such companies do have a b[ttLr opportunity to scan resource 

endowmernts and markets on :a global basis and to movu quickly 
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an d f ~ * d'yitn -d ag oof.th~s ,kno .1 ge It' iol 
L~n~ lbQ e , in contras to the £ow of- f r 

public, capt p rpzi'vat invesi~mnts may be less tied: (at 

ICa'st C.eally), t opei ic cowitries"o o rigin and lass- likely. 

to' insist an 'f nancing Qnly the jiport content of projects 

thu les pron to artificially whneidstilsco 
'import. Lidcp4 intens~ity. ~ A 

77 1>' 

of4 all~ 5iC 'is theore ,~poUtical as well as economi.c 2 Ir 

necessity E~verysuch fir, early isnot~ina positicflto 

bbup- to-dae onthe internationl arket cqditiofls' resourc e'<' 

z 

nology assi.mJ~latiofl possibilitiD3 tr~ied4 elsowhere. 4LDC ' 

governmhTents,: should, therefore c'onsid r~'taking on some of the '" 

----­_'o-__h__ifomaio 

functiions, prhaps through~the ,< 

4 osablhm~lnt' "of .sp'ebific, inu yoine 1o-, r 

'vice lcenters. 

Turning, finally,f'to actions which can be taken by the tech­

nology exporting,1 rich countries, 

" obligation on the part of'rich country aid donors, as well 

ais the mutilateral inttutions, to make discussion of the) 

miacro-eCooflflic policy setting cenltrRl1 to tbor~mT Q,tevhnolon-1 

issue, a central part of any di.scourse betweenv donor and 

recipient.' This is' not to say that aid should', or could,.be 

conditioned on any'specific steps 'to be taken '-_ but it is, 

to say that failure to discuss the importance,' the method 

i-a &id the timing for a transition t~oa more endowment and tech­

noor enitive regime' at, the appropriate t+ime'may ~well 

render all' other well intentioned "direct4 actions" ,subsf~an­

tially null and void. There is, no -shortage' of' awar'eness of 

-' the dimensions of~the problem i moot contemlporary LDC's3)... 

I:.. nor a lack of awareness 'of the directionpolicy must take 

if ,a continued' conflict between. growt~h and employment' cum'-i 

'income'distribtution'iv'to be avided. Nevertheless,4 there 

Sexist ;strong political 'as'well as~other obstacles to; 
.,lbrlztonwti~vr import~s'ubstitutiflg LDC.'AOn 

V , the, one hand,' large scale private industrial inter'ests' are 

~~ loath to. lose 'their windfall profits, just as civil ser­

*Fvants may.be loath to let,theflmarket displace .me of their. 

""~'"", power" (and inc'ome);,'on'the other) technlocrats 
may fear~~, 

4 evenue" and foreign eX'Chan ge losses if~tariffs were toa e 

reformed and import control regimeso liberalized, With '' 

V~',;~r;~4~'respect to both the~c obstacls) ~OLemporaxy "aid' ballooning"~ 

Scan be holpftil.inthe r~ealm ~of'genle~ persitasion as well as" 

in making such transitions in- piicyrpackage'practically 4" 

~~'''4feasible. 
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;

~V-w~< 

ti--

$,abili'ty 

and~ ncome,0 distribution il eed in)lag 

to put, onel s aid'pakage whereoe Ifs 
p'ar IO'Ah 
mouth is. 

A 
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-

-

A; 
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3.A~-With respect to aided public sector projects, coot benefit,> 

~analysis, 'Using'shiadow, prices for c6apital. and uniskilled labor 
as well~an possilPJy for skilledc andtchnicaJ. peronnal,A has~ 

a role to plqyA-­ ubject to the-afrioetioned caveatsOfon 
AtheA-actual use to which pro~lect analysin iqkua1yp'. 1t andA 

the per~haps more importan~t Acaveat that solving one's 'con-
sci.ence by partial. equiflibriwn attention Ato projects only -

could represent a cas of seriously misplaced' concretn3es. 
-- More attention, especially to the technlogical<hoicesI within 

projects, e.g. different-izdtactors a-nd different ear'th--
ioving,,exoavation and~road-cofl0Vructiofl techniqixes is indi-, 

caU~.. Even cruxdeadjulstments by the uJC~eFof ~A
7,could b~e very helpful. in both proj ect and technology selection. 

Efot sol eaetinlecthbeairofrig 
piate netr An th'am diecio AoftechnologicalAN 

flxbiiy Fo exmpe whe DC coprain apl o 

A 
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~ 

" 
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mti- . n~ational cowrLrti03V3 tould bo.-madeo ~increasingly icnsi-~ 

tivo ta~hoa isuo ithe courseof~Cthe nogotiti4on0u,. 

Th success of LDC efforts in broaidening participation a~nd 
notenn ainy au4r c'iUo betwnsen Qtput and emnploymeont 
cum distritbu1t1.0f objectives iv, int~nm.tel related, to the 
strength of'comiittive~ forces domestically~as well a.9 An the 

Intrnatonal mn'keto -- thus forcing entrepreneurs to opti­
mize) in~en of mo-relty 'sat iic~cng. An i4Tprtaflt dimuonngion
 
of~the Utt to. ;ch this str'ategjy is3 fcaJWle of~ cours3e, 
has todo vtth the exent of rich countrliu&3 readiness to
 
accept thie labor intensive goods produded in this fashi~fl.
 
Much can ird romint; tombe donie here) not only in -terns of,
 
the grnting~ of tmnpornx'y prefeorences (folowing the infant 
ich ontry gmn)but alsoIn, terms~of a really effctve
 

riccunty adjustment~asi3ance program at.home izhIch:
 

wAodnip cur~rently, powerful "nick country"~defensive reac­
tons ion the bud.2 Moreover, LDC's sihould be encouraged to '.~ 

lookfornon-traditional trading partleri, I.e. each other, 
a~long with tho nntrai4iional, i4.e. -labor, intensive oqiort
 

or electronics). there existV quality ranges inwhih s0ome labor:
 

nurpls 100 has a comparivo advantage over others; v~igorous
 
trade among vigorously growing:LJO'soan thieyeach rcoitructure 

theiRrteced omanic'conmy)need ziot~be a fancifu~l pipe­
dra.):TdyLOncryotol 2 to 3 percent of total
 
wor3d trada In manafactured goodis, 35 parczont~of which tako$
 
pla~ce within the wg'oup~. 7bA nrr'Ap Pnr .114 iz iz
 
When al In said and done) the potentinl-of' competitive trade,
 
u.ppotunitiers may be moreo helpful than anything els~e in
 
moving the LDC's to unders3tandingl the~ potential role of' tech­

noloytall er~an toundertaing) the naonuepry, changes in, 
envonmytrnW0rE~ n 

crticim comanis) eampe,l~b voi mny'suo or fte 

otto rv a s weil4cflman, jocpl oa oa, 

inreun fr ro 'uinhUfD iota n ai f rrirv are-tn 

1toginlcppeetr trade) including by proans cci 
f-heod t y he goAraontin of rociupoan1fp~enorAoncs Ubyhoai'trm oniza 

be~in xrelan ino vo1n tWor-utha d11hiretonia wVidcr snGht.od& 

tOn ho'iantO,WOaoo ce a?O.ttXne.4, 771 Mil of 110on-~
 

utii 1).11Tolooal1D(v1P~je 

,<~2h~ihVio1<o ~igod4aV"idLud" ~nti ti"38.hon ~ 
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JuinEgl 4DITMPL MJMR PESEIE 

flaniO aIrGuCS persuLaoively that changes in the economic env-iarA""""'" 

mont are~ ersontial for thuc optimiun JJDC utilizal,*Aon cf, techno.logy. 
E]stsntial, .. bcsure, 'bix not sufficient, ono w'ouJld.roLoi t, in thu 
abooco of a weoa -'estblished indigenous 'tecluiolJogic8J- capaility. 
The lack of vcight anid syst ~ntic a(tention given this factor~ stezmi: 
from the limnitod3 viewt Rzawi takes of the techuology tranofler func­
tion., the natw)re of toclio)ogy. n1"U3$!crxed, and 'the proccrw of~ 
~adntation. -

' 

~.. 

*iAppropriatenoss of technaology, it; confined ,t~o the single Utimen­
bion of labor-fr-capital substitution, :to the exclusion of new 
t.echnology formation, doixicaJling xnd relaxtition of design and 
quality stw~idards of "exisating technologies ,to suit local3 market 
requirements, and conditions. . 

Adaptation is illustrated largely 1with technology' all thu upper 
endof the~sc).eof toooory itiy'-al1, draiwni from thu "inter-, 
national tc~hfologt' ahcli." :3 

The substance of technology trannfer' is seen 'as of two kinds: 

3 

33.during the prirnnry iport ,btitution phase 3. . 

ad.3tin/ssniaton usually in tli.hn L.ter MM"C*Tr 

orient~ed, phruie by means of gecondm-y innovations,, Ie. praoimatic, 
mac I nAe-shop mdificationo, produccd'by. the '~lingeuit-y" of, technical 
personnel olt n top 'of"1 a givon set of borrowed. technology. 

The rnoof indigenoutl c bl qu dfr ab~icrption is" 
-consequently r'athr narvow: . 

3 

.'3 
3 

3 

33 

33 ~ information' search" capabiliti3 3 

Wilup a3"ston baic reerh aailtIa imwih h 

n IoconIy oal.Uoind,)iatlicd 'inL1inetc~otit ite.3 
enoug to. fiteth3bridn, uioa 

3,ho'',Ths '(rquston prsigVo3ovr 
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the type Of technologi­defined and
research convcntionallyBasic on the inno­arc points widely apart

cal adaptation endorsecd by Ranis 
a broad range of innovational steps 

chain; between them liesvation to acquire thcir 
for which thu LDCs appear increasigly detcrm.led 

of ever'the fear 
Among other motivations, add to 

ownR capabil.1L2oe5. e product
developed countries technoloFr, 

continued dep endcncy on the the IDCs that 
import rcquircmcnt.*the rCconi7tion by 

prrcrunc(:;. or ansir-ing indigenousof tecjhloashelf may be bac
thc intrnaL.ional 

resources.and cr.ploying incti.genCusneccs 
the policy package of donor;

for change iniRan1i; prescriptions towere Theyieatly strengthenedoid be,.
and recj.piu'.C2,:; .ikc especiallythe mcastircs both sidcs.-and 
.iLIh equal COgencyaddress take to enhancesuch as AID--should

•echnmical as.sJ.stmce aencics 
assimilate Qcciology.absorb and

the LDC-A capacity to gcerate, they
arc fragments or build1ing blocks,

(cited above)ILLs suggc:;i,:ions itoe need for a 
a frmuwork or systematic policy.

do not cont:;i.tute beingsince the resourcesshouLld be e.dcmita progrmripolicy and 
LDC science -d tccnology infra­

into the development of
chwainelld 

mid are liely to g'owu 
are not inconsiderablestructure 


arc excep­the biLld-upinvolved inFurtheimore, timc.-lags decadehere .ith periods of a
Oae has to conitc -idtionally lengthy. of high-lvel persomnnel,

account the trainihg

or longer, .LAcIng into 

to produce this man­1wtituioIJ:;the deveiopm.l-RS of hi:gl-qualitY the ma urJngserv-.ces,of supportjig technical 
power, the development and especialli itscapaility,

rwoewch/deve]opmcnt/mnginec
of a and govern­educational,
confident bitcraction with the industrial, 


mental sectors.
 

the first industriasation phase--the hot-
Ranis notes that in intotend to flow 

of irport substitution-reso'cshouse period also includes the establish-
Chis generallycapitl.social-oorlhcad .rth all the 

sciemce and 'Iechology s-ystcms,
ment of rudimentary cf prestige,for reasonsof resourcesmd misallocationsdistortions 

and the ljle which beset the industrial sector in
 
irrationaliLy., is poorly


The science and technology infrastructure
that phase. country eventually'1,hen theindustrial development.lired to the need toand discoverscqort promotion policy,shifts to an 

to the production function., 
harness its technological capabilities 

starkly apparent.
the mismatch becomes 

wich vuldneed for analytical tools
There appers to be a 

this problem. It ilght make 
provi.de a me Lhodolog'Y for approaclmig as is

sccl,oral progrziri strategy such 
possible the fonlk.ation of a 

ofto the more traditional area.
with rcspectnow in fashilon 


and indus tar.
agicult-re 
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Mahbub U1 llaq, IBRDDEVEIDPRIIG COUNMX PTSPECTIVE: 

Professor ilinis is an outstanding wid cloqucnt advocate of 

the power of correct price siEnals in cncoutraging the right kind 
Onc may ccra:i-ily agree with himi

of technologies in the LDCs. 
convictionin most of his analysis but, at the szme Lui., the 

work withli definite instituticnalremains that pricc signals 
There arc a numiber of quc;tions that one would like

constrdnts. 
to raise: 

of price correction;is the applicabilityK.rst, how large 
within the various sctors of an ceonomy? While they do have a 

role in the modern ,;ctor, what about aigriculture and services? 
and

While they have worked in soie ;imall countries like Korea 

Taiwan, what about large countrics like India and Brazil? 

distortions in income distributionSecond., to what cxtent 
significant, in Imi s"Illocating

are as i gnifican-t, or perhap," more 
income dis­

scarce res;ources a:s price distortions? For instancc, 

in the 19601s that $300 million
tribution was so skwed in PakisLan 

million on public 
was spent on private motor cars as agaisot $20 

buses. Simiilarly, 8O/" of housiig jivestm,nt vas of the luxury 

type. In this contexL, wha. i.,ould have bcen achieved by merely
ofcauseiJthout attacking the root

raising the price of capital 
distribution?wasthe problm which skewed income 

rn i-eeorrrr.ior:-
Tird, it is normally assumed that rwice 

by a country than fundinental institutional 
more easily tundertakcn 

that without institutional changes
is forgottenreforms. It of ten 

may not even be possible. Price distortions
price corrections 

or the relativelyto the privileged groups to
often transfer income 

mciny price dis­
well organized sectors of society: there -rc not 

the poor and persist for long. If tractor 
tortions which benefit 

the cormnercial landlords 
prices are low, they reflect the power of 


vis a vis the landless laborer and they are going to remain low
 

of economic and political power wi-thin 
till there is redistribution 


if price corrections powerful. are
 
the systen. Thus, even are 

institubional changes not necessary first?
 

onthe question of the macro-envirormicntFinally, there is 
which Professor RPnis has placed considerable stress. Thi develop­

far in most lDCs reflect the Arthursoment strategies pursued 
sector is graduallywhich traditionalM-i-ris two-scctor model in the 

of growth in the modern sector0 The 
absorbed by the fast rate 

buil,-in inequalities0that such a model is based ontrouble is 
the Lewis modelhas much higher wages. WhileThe modern sector 

in the real world the differ ncecs30-0'7,exp-ected a (lifferc ntbial of 
imany socic-. 

have been in the ncighbourhood of 300-400'. Again, in 
kcpt feeding the labor surplus in 

ties rapid populaLion g-rowth has 
atl suc a rate that its absorj)t.on into thde 

the tradiLioiial sector 
has extremely slow and prolonged.. It is now 

modern sector been 

http:absorj)t.on


becoming clear that such inequalities have started straining the 
limits of toleran(e of mny societies. The question is: If 
there is a dud. ecnh,--Y., why not have a dual. development strategy?
On the ui ]cuid, a modern sector which gqow; fast and c)i cri.ients 
.ith all]d of ,iec: :*nncnLives and tolcrates the prevalence
 
of inlequia}I i. ,ies, for ;owic, trme. ( the other, 
 a !large traditiondL.
 
;ector v,:}hcr ortVOWWinis' ,.IOn anid JAn'Litutionla]. framei.ork overcome
 
th sc.!JlY of an'pi.l.d(.,e:np]. is taken to marginalJ mcn
and t 

tlhough I,.iu organJ.s:at.i.o of rural and urban wcorks progaiuls.
 

Ito Mf.ial though,: (a) in mauny areas no reatr made shelf of 
.lproprlat Wc)ciO1O,.Li-,I:; is avad.].able for the LDCs. si.ncc the 

devei.ped .,'c.d han no :imcentivr Lo keep maruufacturing [,echnologies
of the 1950's vint ge which stillJ. m'ay be more appropriate for the 
dcvu].opi.l,- enuhri.c 1I,od'ay. Should such t(chno].ogic,.s bc developed
by countri.:: L:: lad La, Brazi. and China and their procurmient by
other,I)(: uouraged by: exlemud .ng the cover of international assJ.s. 

aUnce? (b) Pr fessor ni'. strictures on basi.c resrc:ch are well 
ttke . mo:it devlo;p~x Ug countru:i s, the so-ca.lcd basic research 
rupreseni, .as Led :inve.w-,ment ALLh little contribution to evolution. 
of appropriaiic tecclO].ogies needed by these countries. Such re­
search should not be encouraged wud definitely not aided. 
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THE USE OF LLBOR INTENSIVE 

TECHNIQUES IN KEGNYAN INDUSTRY 

by 

Howard Pack 

Associate Professor of 	Econoiiics
 
Swarthmore College 

A commion phenomenon observed in developing coutries is the 

failure of manufacturing employmnt to grow rapidly enou[h to 
absorb quickly growing 	 numbers in the urban labor forcu. On tile 

other hand, the ratio of' employment -to output yrow't~h c:u not 

the LDCI' and the DC's.- Never thc]css,differ much as between 
lhouldsubstantial urban unemployent, the LDC's be

in view of 
more labor intensive in their growth process. The failure of 

usually attributed to gro-yngemployment to grow faster is 	
ofa growingcapital intenity, aS..tuacd to be induced by rn.io 

wage to capital costs. However, ouch assertions are backc:d by 
arc rarely

only limi]Aed emirica] 	 evidence as capital stock data 
andevidence is used, such 	as .mfnge

available. Usually indirect 
are used to justify

cost data, and competitive assumwptiConscapital 
which lead to the result that capjial .estimation procedures 

is the major cause of low amploynrnt absorpt, on.'
deepening 
W.hile this interpretation may be correct, it requires a ,trong 

cvi­
leap of faith given the lack of any adequate micro-cconoJic 

th.. 2 -, 	 ,D'ieu'ulvu jures Ji mosT 

of whether growing producLivity 
.enc c.nd ab.sccc3f o	 Lv 

LDC's. There are also questions 
may result from increasing capacity utilization. }lowevcr, little 

A series of -intensive inter­on question.evidence "ists this 
conven­

views in Kenya suggest 	 that at least in this economy the 
a number of important dimensions.

tional view may miss the mark in 

were visited are extremely labor
Currently, the plants which 

although somewhat more labor intensiveness might be
intensive, 

can seen by comparing some critical ratios
possible. This be 

3 

those provided in U.N. publications, comparisons uith past
with 

and by detailed comparison -rith recommended proC-ction
U.S. data 

either in current engineering texts or U.N. publications.
methods 

that for the most part 	the factoriesIt is worth emphasizing 

visited have rather sjimple technologies and it is quite easy to
 

used.labor intensive methods could be
observe places where more 

Growth - Some Cross1 See H. Pack, ,1,Eployment and Industrial 
Growth Center Discussion Paper.Section Results" Economic 

2 1bid. 

3UNIDO, Profiles of Manufacturing Establijsthncnts 



factory variation to permitMoreover, there was enough factory to 
the observation of slightly more mechanized processes in some and 

what appeared to be fairly primitive methods in others. 

rihe first set of comparisons involves the use of data on 
onthe Profiles just cited. 	 Dataindividual .flvms, provided 	 in 

give estmao.us of output, labor inputs,individual firms for 196A1 

capital (at estimated repl.acement cost), number of shifts and so 

on. I have anallyzed this data in considerable detail elsewhere; 1 

for purposcs 1wre some simple comparisons a'e useful. PMong the 

in Kenya for wLich con.i.drablebranches of m:Lufacturjng 	 analyzed 
data are available are pa hit production and cotton spin­profile 

ning. Tables .1. and 2 pre:;ent data for Indian, Japanese rold 
in the two industric s-

Israel p:lan 

In both industries capital-labor ratios have been adjusted 
Two plantsto correct for differences in the number of shifts.' 


with the samc capital stLock wi-ll edliit diffcrenL capital-labor
 
and the other on
ratios if one is used on a -three shift, basis 


shift schedule. In paint production the Kenyan plants are
a one 

than the Israeli plants and
considerably Iess capital intensive 

indeed, than one of the Indian plants. On the other hand, even 

more labor intensive methods seem to be available as evidenccd 

by two of the indian plamts and the Jap,_aese plant. In textiles
 
Indian spectrun,
the Kenyan plants rank toward the middle of the 


below both the highly capital intensive Indian
but considerably 

plant and the Israeli plant.
 

A. dU.Lunal comparison may be made with a recent analysis 

of 	 the costs of establishing integrated cotton textile plants by
 
The capital-labor
the Economic Coeu~ssion for Latin America.h 


for a :90, 1960, and 1965 technology were estimated. The
ratios 

capi.tal estim:aXes include plant and equipment and working capital,
 

and were ,6700, $12,700 and $20,700 respectively. Asstuming half
 

of these aounts are non-equipment costs, the estimates suggest
 

that current equipment-labor ratios in Kenya are below those
 

viewed as best practice in 1950.
 

Approach"lapital-labor Substitution - A Microeconomic 

Wumeo.
 

2
 
As the Kenyan data were obtained during 1971, the replace­

ment estimates given in the profiles were adjusted to a 1971 

base, using a variety of data, depending on country. 

3 There is probably some understatement of the Japvanese cap.qtal 

intc.ity is a vis other countries insofar as yen was undervalued 

relative to the countries from which the non-Japanese plants obtained 

equjpmern. Even alloi.ring for a 15 percent revalu.ti.on would s,ll
 

leave the Japanes:e plant bulow the Kenyan in paint products.
 

1Cited in UNIDO, Textile Industry (New York, U.N., 1969) p. hh. 
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TABLE 1 

in Paint ProductiOnRatioSEquipment-Ltbor 
U. S. Dollars (1971) 

672 
India - Plant 1 

1110 
Plant 2
India ­

4620
 
3- PlantIndia 

8632 
Israel 


1958 
Japan 


2063 
scveral plants)

Kenya (Average of 


off Maufacturi
IIDO Profilessource: -od .1te rv!eJEs tab) .~iln t, 

TABLE 2
 

I- ..
.
1 Cu u'L T .
Labor ita.ioSEquipment 

U. Dollar-, (1971) 

2072 
- Plant 1India 

1484 
Plant 2
India ­

2212
 
- Plant 3
India 


1722
 
India - Plant 4 

6160
 
Plant 5
India ­

8318 
Israel 


204 
of plants)Kenya (Average 
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of capital data indicate that Kenyan pro-
In sum, analyses on aintensive, 

as .f it is relatively labor par 
duction looks the other industries

Comparisons
with many 'Indian plants. in 

cost data itApart from
s1iilar conclusions. inled to of production engi­examined ex mino suggested methods s possI~b].e to 

such books of 
The current descriptions in 

Uc.Lbooks.neering of interest chiefly for 
techniques are 

desirable productioin 

their complete absence from Kcnyan plants.
 

had pre­
that most plant managersinterestFinally, it is of 

that their current prac­
wad indicatedelce in Britainvious epur in the late 

the most to British tcchniques 
tice wa: equivalCnt at 

years.post warirniediatc1930's or 
of the some salient aspects

section describes1he following In view of widely
at some length.processobserved procluction in LDC'sintensive processes

of w-i:uitable capital on some oppositeheld ncd,ions portant to comment e;tns.vclyit is deu.:med i 
may consti­

from Kenya. Section II suggests whyKenya 
IIIevidence Sectionin other courtries. 

tute an exception to patterns capacity,unutilizedparticu.arlysome characteristics,indicates for gencratingshort run potential
have considerablewhich may 

urban cn,.iployment.additional 

of this
that muchto emphasize

It is extremely important the inter-In particular,partial findings.onpaper is; based 
only a small saiTu.Lc of industries (food. 

were conductud in theyviews paint production, cot-ton spinning).procSSA.ng, in 
coverage of relatively large firms 

represent fairly coiplete to other sectors
about gencraliz.ingI La hesitantthese sectors, repre­the industriesOn the other handevidence.i.rithoutlmore near termcurrent and 

are inportant in both the 
sentedihcre 

industrial structure.
 

STAGEMETHODS - PROCESSING BY 
I* CURIV1WT PRODUCTION 

salient to
technical processes

'The general features of the 
be characterizedAll plants can 

are the following.our concern material processing,
Material receiving,

by five basic processes. storage of theand 
among processes5 packaging

material handling 

that very littleto notenot inappropriateIt is perhaps 
type presented here exists 

for other court­
evidence of they Tchnologialmicro 

In exception is the book 
of W. PauleStrassmYan, 

tries. Cornell University Press, -se data,,tFononmni.....it Dcvcloment, (Ithaca,on dta which indicate rapid!Cphaann e, zridi- are on a0 are b1h99,0 isnts 
to capital

and assume this must be due 
of labor productivity but more microgrowth true,this is undoubtcdly

dccpcnigo In mniey cases 
v-icw with grea-ur certainty. 

one to hold thiswould allowevidence 
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finished product.1 Considerable zmphasis in the literature has
 

usually been placed upon the possibilities of substitution in
 

the actual processing operation or direct production. However,
 
of the labor forcein most plants a relatively small percentage 

large fruit processingis involved in this operation. Thus in a 
one hundred workers, the actual processingplant cmploying over 

a vat into ilchof jam or the cooking of other fruits is done in 
have becn mixed by hand. Athree workers pour ingredients which 

more advanced process would involve automatic weighing of the 

ingredients and filling of the vat. Nevetheless, the three 
of the total force and if they wererepresant a small fraction 

replaced by automatic vat filling equi.pment requiring one person 

to flip dials, total plant cmployment would decline by only two 

workers. The same feature holds in paint production. Most of 

in the auxdliay activities and it is hereemploymcnt occurs 
for labor arethat the opportunities for substituting capital 

of greatest quantitative sifT.ificance.
 

In all plants, to take the operations in order, receiving
 

is done by hand, trucks being unloaded, materiLl carried to
 
the production
storage places from .hich it is carried onto 

one firm was there an atterpt to introduce auto­line. In only 
a truck would dump raw fruitmatic receiving equipment in which 

into a bin, which would then automatically send fruitdirectly 
it would be kept near processing machines.into the factory where 

ith factor prices. Rather, theThe automation had little to do 

method involved handlers-,m'ing 41h, tru- ---­

current in 

into the bin. 0-i.s resultedthe fruit, and throwing fruit don 
the importancein a largc percentage of damaged fruit and, given 

being introduced.of fruit in total cost, mechanical unloadLng was 
it was far from

While this new operation will replace 10 workers, 
for all operations wouldclear that the total capital-labor ratio 

increase, as a smaller number of trucks would be needed to 
collect
 

anfruit as unloading could now be done in minutes rather than 

hour. Thus both capital and labor requirements were reduced. It 

appeared that the substitution would have occurred, even had 

capital costs been considerably higher in order to save on raw 

Indeed, this company used a two year payback invest­
materials. 

ment criterion and still found this substitution highly profit­

able. Here was a clear case where the two factor substitution 

model abstracted from quite important aspects of reality.
 

Jerome in his Mechani-A sinilar scheme was used by Harry 
zationi 2ji SLus (New York, National Bureau of Economic 

monograph suinarizes extremely carefulResearch, ].3h). This 
studies of the process of capital deepening in a large number of 

the question ofindustries and has considerable relevance to 
LDC' s today. I am indebted to

labor-capital substitution in the 


Simon Kuzncts for this reference.
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of the lack ofPaint processing yields another exmple 

automation even on the receiving line. Wereas'in the U.K. 

ingredients )ieLdcd in production are delivered directly int. 

then piuned through pipes automatically
storage drwuns, wid is 

Kenyan plants dr-umis are unloaded
when paint i . to be mixed, in 

by hand and k.;pt, in the factory, although one plant is about 

handling equipment (and we shall later 
to inLroducc ;tii-a0eitic as 

aTmong Kenyan firms). In 
po.i.nt out, titi:; pfanm is an anomaly 

inis a quite labor intensive process
guneral, then, 11cOeiving 

of quality control 
most pilts, excc]ptions occurring because 
requ:].situs • 

among primary machines
In intra-fac-ctory material movements 

furthcr scope for increasing labor intensity.
there i-; litt, 
Although our a priori eecctions were of a considerable reliance 

quite heavy jobs 
on conveyors, 1Ihere- was virtually none. Even 

mcLhods might well be profitable (if batches
where autolltic 

Ma"nually operated. Thus, after paint ingredients 
were lage) a'r 

raised to a platform from iwhich the 
are w.ighed, they have to be 

In except one 
inrgU.c -uintsarc crptLied into a mixer. all plants 

two carrying the drun rather than
thi, w,s done by- hnd, mel 

is advanced pro­
us:wig eJ.her wi clectric hoist or, as done in 

set of pipes through which 
cess"e, J.esLur'n-n countries, using a 

to the platform. To take another
the i-ii.redientw are moved 

has been trimmed and
exaple, Ll mct, processing, after meat 

are then moved
slicud.:, it is -yp:i.cly put into bins v.hich 
by hand to the ie:1 proccssing stage, rather than sent along 

amounts of employment in
Filling op.,rations generate major 

the plants visited. RIather than automatic filling opera­
many of 

statistics of productivity grorblh,
tions i-.whch arc conjured up by 

no means 
one finds relativ.y primitive operations. It was by 

the following sequence. After 
uncomaon to find sometihig like 

a product is processed it irs brought by hand to the filling 
a filling machine. The 

area and hand ladled or tipped into 
a

macinc is then operated by a foot lever - at the press of 

of the flour cir other product is dropped intc a
foot an aaount 

bag held by the operator, who in turn either puts it on a con­

orveyor :hich moves iL to -the worker a foot away, this worker 

"'st takes it from a fixed place. The second worker then weighs 
and if the weight is not correct,uhe package on a sLii)le scale, 

a spoon to o a.in the correct amount. Die package is then uses 
with a simple device. Variantsgiven to a sealer .ho closes it on. In a number ofle packtg~ing procedures ceiiof such sp are 


ixed pain, i,:as poured into cans by tipping
paint ])lnts, the 
the va1l =nd usinf., a simple funmel. In piapple plants, crushed 

there vas more plant-to plant
pineapple is hand filled. Iov.ever, 

than in any other operation, O.hiough no­vari.ation :in fill:ing 
where was there any considerable amount of automation. 



ug­
ev ery ianage i-terviewodtrue thatIt was, however, siiPlest procCsse:sone of the 

gested that automated filling was 
so *mas 

to introduce. The reason. for the failure to do 

so small, that such equiopmejn, giv:atypically batch size was 
of the t.ne. Ho.ever, at,

its productivity , .ould lie idle much t tires currcnL usually cs-tiimated at 
greatly c:.qxuuded output. 

would be profitable to in­
felt that such devices

level, it I-as the wage. 'Diere a5s 
of the lo'.1C.ss of 

troduce rcgardless oconomfi-c .aste of -Auch 
almost lu iversal agrecment about the aul,oiaLion'Tedesirability of 

at low quantities. wereinstallat:i.on fact that even if i.1t 
reinforced by the 

at high volluc was hwnd operation:-; required
proccsses.to duplicate currentdesirable of equivalcnt capaacity.

than automated processes
mach more space as well 
This suggests some substitution between labor and plwant 

On theequLpmcnt. 
as the more coman kin-d between labor and 

far from obvious why large -increase.; in out'-
Wehifts.it was Weother hand, the ntufer of 

not be achieved by increasiLng
put could 
exariinc this question below. 

that oncewould assume 
Finally., conventional1 expectations some 

storae would be done using 
the final product is pac'agcd, In only one of 

as a fork lift truck. 

mechanical device such aLd here it v.as


such a device used 
the conmpmaics visited was 

wcre quite heavy. Al­
(dru m;) "s
necessa-i becaL*se 1he pU.ckages the drum size, this 

to break down
might be possiblethough it .. .cifications The 

are intcrnmtionalhere therenot possible. 

wages rates-,, plant manavgers arue,7d that 
currdiltlabor force, At thr sth aeprbeM~orCCVr

Mechanization~ does not' pay. 
is not mtbstantially JjLflcrca;cd, 

As long as output 60 percent idle fork liftwnfillfing. i havingas w-ith little itthere is aresuch t-rucks e scuns to believegov nient
truck. The Kenyan a 30 percent

it has just introduced
wridely used as absent, butmuch more 

Not only are mechailcal devices 
them.tariff on 

are rarely seen.chuteseven elementary 

DTIDM41IT A4D PRODUCTION GRO\ H
II. 


indicates
manufactutringtwo digit data in 
While official we are con:sidering,the industriesproductivity in

little rise in One difficulty is that 
not ag-ee 1.ith firm data. as .;ll as-this does and office persolLnl 

official data include sales 
firnu labor productivity has 

:i mostHowever, considered.executives.l hen plant vorker,3 alone are 
increased considerably 

lThere are other &Ilfficulties .ith the official data ;uch 

me more confidence.,hich give
:in firm classification as changes 

in fiim datac 
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on output and producti n 
This was 3siablishod by obtaining data 

recent years. Although some limited capital
workers for (from recentovm calculationshas occurred, both ourdocoening changcs in production

and mn.iagcrst description of 
investricn t daa) 

this grovrh in laor productivity
method ug[,gest that little of 

suggestOar calculationssuch dcupuning.arisen fromcould have was unuQTlainodlabor productivity growth
that 70 to 90 percent of 

assutmed elasticity of out­
by capii.al dccpefnig, dependlag on the 

Ilo..eover, bec,use1,o of consi.dcrablo 
put witL1 rc,-pect to can:tal. 

measurethe fims, the c.. ,al input 
excess c':pac ty jin most of 

could containreflect utilization rateo)
(which wis cfiLined to 

of the (:LseaboWd3iCd fon-i and 
crrors° Most [,rowth is thus some 

it'; role in tho firms studies is neccssary.
ofan examn.uati.on 

iU Ls assumedfunction literatureIn ihe ontire production 
the some for Lill regions of theisthat "tchn.ical" profg.ss ,

about the probable ra 
isoquarut - no distjlctLion being made 

levels of capital intcasity. I!o.cvr,
of progress at varJous: 

for disuembodied pro-ress, 
cons i.ders the possibilitiesif one 

a large number of such ch:angcs are 
it appear:; plausible that 

sirijlO processes described above, -hcereas iLn moro 
possible iu the 

it is more difficult to im plUeicment - disCebodied" 
automated processe's 

the production function li-terature 
changes. Indeed, mutch of 

thne ;cries being analyzed,
,Seems quite iuareal on this score, Long 

or dis­
and yet the nat-ure of technical chan-ge (I;]ethor ebodied 

same over the entire period.
assuriud *Lo be of the type 

It 
embodi.cd) 

would ;uul 
i.s; 

sensiblu to assue t,hat as ,ui cconom%1i becomes more 

nature of productivity growth 
capital inutnsive, the potentia 


changes from disembodied to embodicd.
 

quite clcvr arin the Kenyon context that substantial
It is 

gowth hs taken place simply as a matter of re- 2
productivII and better training and supervision.

of productionorganivaldion 
A typical change involved a sjimole rearrcngceiont of the position
 

A worker Uho had formoerly
the plant.of two proccsses .iLth)L 

the -Ljie (evciny spaced over the ds-' ) I:as more
 

been idle half of tuo proces;C converged on him. 1s :Liortantfully piloyed .hen 

were some which


coileLely di~scbodied change
as these types of 


could be call.ed sligh-tly embodied insofar as they werc imple­
material"equipment" containing

mented with internally produced 
increased pro­nevcrthcle ;s they

and labor vorth less than 150; type of innovationeductivity noticeably, , archetype of this 

occurred i a fruit processing plant in wich crushed frAt had 

cans. DTe manager had. 
formerly becn individually packod into 

1Such errors would probably decrease the amount of grovwth 

for by capital deepcing.accounted 

2A ;JibLLlar point is made by laoyd Ryniolds and Peler Gregory 

in c(­
in , ProductivLI.y and Indi LJialiatn- Ptiolt'-

--.
(lomewood, iLCICard U. rrn , par i"y 
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Me j-Le4 the, csuVQg 
~ ~ wvodtin~ 164 o hod f, 

lin 1U1A. thdOZci4Uhe f ~ o.!n 9ed,al 

IWr at thspint Xouz fold and-thio, wasa uQdoi0tdly-t 
whon the older' proccsao obse~rved i~n =othe lant'* Iany 

si~atoriesabu vr otpl reorganizatio o cea Jintornal 

deie wihwudla o ccpil nrae in Y-it'l 

pe i-okx coldbespn. 

sha~s oteca oftep 8-oc fa 

encg4hi h-poeerndndr1tsnads+whyn 

7ktheyaeal and what. the Lponsibi.lities ar 

east one +higl traineV'' 

I ~hing sar6Zt onfl8..tho way 

o doing it7in7 otewas 

of-jW;-tmoyn-1-koly -go ehind-outpt grwt~h 7'ov on 

mybean 1An'v-able: acooTvanimn~t of the growth procao.9o 
uner cnitions uha hsi Kenya, particularly, low initi~al 
mechanizattion.J~a 

Oni the other hand) oucoh disembodied growth o)~~larly h4a j+C 

I.ru!uan exhcuvilo sol m4ovitive opportuities, and au these 
ar'e exploited, cont4inued ou~tput growth reurs oelaoon 

- +-' 3 

We noedaove hat, ±hnovaionsakigpoutvt 
growth posuiblawere the rooult of the presence of onle or more 
poop)*o at themanagerial lvel who posoe .fr undersatnding 

of tetchnial opot'7oifthe production proo0I3. Porhapo 
supisnlO n±riwotheh~~ ~~ovctioluwisdom that foreign"' 

owned firzms (or thoacoorploySng 'watcrn trined techniians); 

-

'ij 

2i .war, also fiomllQ videeof increao~nnutilizEation of, 
labor~ force. In some firms au'oc.0t~to doreanwi, in doind 

fa~itA~T lZ0 fO thin the 1-Ecwt' onmr 

(attr0.tal to prblm lr can cono aii'~t 
~a number found,,thumaplves vrthlleeaI'iablor. Thitial)y a4L 
w~orkoru were, kpt on,'au each had, a: aeilJob ,not perform1able by 

ot..n., hefrmu considered tra±iedthe workers to perf~orm a 

largwo nw-aber 'of jobs,, An som wforker0a quit there was no'neeod to 
replace them as 'the rw.ninflorce could performn theitr jobs. As 

noworkorn werre fa1ly evloyod nt one tank ±$'tho o:ld votuation, 

7-lko~~~vatofl, ncroaning~ utiliationl of the labor'force AI 
umLikoly, to be a aorco of cont.nuing~M productivity 4gUlns0 once 
output regains'~7old 1ov034$ inresow d tzVloymofb w:113, be required. 
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tho cten indgeos .Owner had,+onical tr~iigthrtht 

one of thi Iost. 3novatvOV0PJ.nt' dLfreflce indeed,was 34ittl ijn~ with a U.S. Ph.J) in engineoring- But to 
id~fenW3had~ 

likely to be dcirectedby those 
etent .hat QZoriGp'platnts a.rethe 

technical coqprtisc., whle locally owned ones3 
with considerableO extended their 3 3-llng

ran by owiners who have 
are moreZ! likelyto beo 

many well
foreign oi.nershiP in, this dcinconbackward, w~as often ins~trumeunftal in 

44A-operaiofl Indeed, foreign ownershipbe~deflivabl., 
the i3ooquanft as well as inniovating. i,

permitinfg an extenif~on of 
the oxtend/)d region.

f4444~4~t 

One of. 
4aLC ofplanltsvisited, alocal subsidiary o major 4 

U. S. px'oducer.had viljnost no' new equipiaent. :Indeed ituch. of it 

was. 25 to 4 Years ~old'4althchgh it had been reconditione~d. Al­

though the maChjilcry- waO obsoQlete by -U. S. .-standards, it -was 

more thann riervicabl~oo St1ngy. it wao the parent company 

Awhich had 'a departient, specially devoted to searching the 

14ht~jrel.y loca companyflynld have been -this successful., 
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Mos 

ahcicroenoaioownrs ar4dcpbco 
afundm~etalsensthe i: ackof~fmilarly wihthoposibl 

n 
prdci"~ucin 

was awrIfe of:n ie o t 

'byi4a ere. ~ 
ti~e8 adte~napblt o exploiat thm.Hoe r 1:at 7 

nature this ise a transitory phenomenonl which will becomo veakc 
ef f octthe"' lundesizrabl.O" emloymentovrtie Me mrror image 0of 

is.o cu-rc,,a owier cost structure as unit labor' costs decl-Ino. 

With suitable stiiiuJli, this restructuring could' be convertod into 
of bothv domestic and foreignan iiortant source of: grdwtLh iii tbermas 

.e4-4;'sa2les.4 

~ ~~~ 4~ n~upt~~ ~ ~ readt4rd-f4owenepomn11,11th 

pra.odu: citn.eeny~ofymeanwofirms
thecoth rfaerasto 

center of: the labor/capital2.intenlsity spectz'WUsurveyed fall inf,the 
.ng data ioavailable .. simridflar fim nIda o hc neeI;oj vr~th 

as efficient as the moat off1icient"'labor 'intensive T izu,
become 
total capital remaining constant, emp~loyment -would rise 72% in 

45%in- wool procoss.
bi~cycle, oflU1acturing, 15% in cotton -spinning, 

in out 4 
sing and 1318% in Paint production. TI3te resulting increases 
put, i~n termrs of: value added, wQoa1Jd be 41%, -Bh1%, 64%and 270%, 

~1icient labor, intensive production
7respetivly. Thus , shif ts t'o o 

well as in employment. '-,""a~s .. a'.iniqieo can leaid to increases in ou1~ut 

4 
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, A...Daniel Margoliesp Consultant 
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,.hetype of field analysis made by Mr. Pack 
as reported in
 

the indus-
Leat value. Our knowledge of how 

his paoer is of count i-IC' isdevelopingtke-r; place withintrilization process if 
can lead to misleading conclusions 

sket;chy. Statistics of indiusbridJ an .nnerfect understanding
jnWcnetrefid aq,;Inst is a very use­of the statisticsI.Ic1disaggregationop-rationf. cployed

a better analysis of how technology is 
ful approach toward 
within industry. 

has been useful in showing how under certain 
.Tie discu:;sion 

polici"s prevalent in developing countries market forces 
econ'-ic use of technology for healthy 
arc arrayed aga!.nst the effective 


if the economic policies
H!owever, even
industrial developmento 

effective use of tecnology,market forces favorare changed and if 
bring into being thesufficiitthis by. itself w.ill not be Lo 

required for industrial devclopamcnt
infrastructuretechnological measures i.rill be needcd. 

along the lines desired. Additional 

are desir­
far the papers have centered on what changes

Thus has been little atten­
able with regard to economic policy. There 

an ade­measures required to build
the additioncltion riven to a very coiplexIn fact, this is 

quate tcchnologJcail underpinning. 


and difficult problem.
 

quality control
 
Pic elemir, o1 tVe problem is tho issue of 

vwhorecites this as one arca 
and industrial stsuidards, Dr. Ranis 

commodities.cnl aco the quality of certaincanadditional labor 
out that j.n some situations the reverse is true, and 

Mr, Pack points 
for capital equipment can result in

of laboothat the sub:;t:i.tution 
the product. Although the ingenuity

quality ofa deterioration in 
tri :ded plvant rm"agcrs Is important in dealing with this typo

of 
can be of great valuc, Biis 

of qucstion, vxi institutional back-up 
govermcnt institution.a.

is a scrvico that should be provdcd br 

applied
S.ml.arl.y, a problemi.solving industrial teclmology and 

withvalue to industrialists
sc:1.en(,o institution can bo of gToat 

of plant euipment. nie re­
ro;ard to the :selection wid odaptation 

are compl1cx and involvetype of inotitutionquir.(.TitN for Lhis rJhoindustry and univorsities.
tics bctwecn govcrf(lflezt,proper 

~hthotlcr gov,ru i ital, not-for-profit, or appended to 
jin:LU~tt;ion, 

to the local environmunt. 
a group of indus LricsR, should bo quited 

is a major problmi since econo.iic policies can 
lite time fr.,jo 

i t,takes much longer to train profes­
be rapidtly ch~m,ed whercas 

it o, A government
e], vnd build ecfoctivo ifl.-
siona! Ierson

n
j.u needed to bring

and an effectve govoynmlet mchlfl24isvtratoeV 

tLh nbouit.
 



The discussion of basic science overlooks the inportance 
of
 

means of tra.iing 	scientists and engineers and
basic research as 	a 

the country until 	econoic policies are modi.­of retairiing them 	in 
into the indus­can be drain more effectivelylied so that they 

often stated that 	basic science
trialiation effort. ILthough it is 

is wholly irrelevunt to developnt., a f-ield cxauination may bring: 
inI 1965, a isitout 	a different picturc. For .xzumple, in Korea 

some of 
to the nuclear rescarch facility "inSeoul di.s closed that 

the reseaurch at that laboratory was in fact oriented to develop.­

some of the st.iff in their spare time
mental problcms, and that 

separato research .institute oid were conducting impoi'­
had 	set up a 

n *uning and minerals. Thc head of 
tant research in the area of 

task of heacdng the
the nuclear research laborateny took on the 

Korea Ins ibute of Science and Technology which has proved to be a 

institution.very successful industrial research 

LDCs shol.d be content
Te suggestion by 	Dr. Ranis that the 

the 	advanced countries ru.ins countex
with teehnolof.r developed in 

the 	Presidnui[,sand 	scientists on 
to the conclusion 	of industrialists 

Task Force on Science and Tcchologr wich was published in 1970. 
more useful -bo transferthat i.t would be'Rhe Task Force recounri.nded 

teclnology appropriate to tho 
our capability to 	design industrial 

and factor endo.zients thanl to transfer our indus­
local environment 
trial plants bodily to the LDC s. 1/ 

Science Policy, Science and1/ 	 The President's Task Force on 

Tec)uol.oVy: Tools for ProE ss, (April, 1970), P. .
 



_____________ 
I ' - Romulo Ferreira, Organization of' 

COU}I'Ti Pp!,PEC'I.FVE:D],VEJI.NG _ AmI'erican States 
Professor Parck t s findli-f5 in Af'r:ica are reflcted to a certain 

extenit in LvtM.in ficrican mcc~i'm and srn:iL]. sizc firm.; in housing, 
1'r es"sinr a oindustri.es., 

ods, beverages,
C(2Uh .in the inter­C5,lot"*L yLa 

sclijnC exclJa<J-vclyaretho::;c thatvirtuAul.O.J.letc. - -O:i.Lhrespect. o pro-
Jin these inidu:sLrics'hc, si-.tuationnal m'i.kct. Lndus­differunLt from that of 

of labor is quituamd the u;eductivi.y to mot intermational
capital intensiv tuclhnologiesuseutri.:; VILch 

standaLrds. 
)y upgra chig

Producti.V.1i?[ in sial "ndustrie- is increased 

hoc and abroad.atthrough tra.ining, both
mup;C.l.1itics 

to train a sufficiunlt number of 
r. able1ioca:l ivrcsi.e- eni­them. Hence, 


enginer, but, tlhere aru not unough jobs for 

is not, thc lack of 

of the braln craJli It
lbecomc ]parb the medium-si';edierxs or ] that hinders progress i- ih r lepr­to_dgC L- un,.tctrauLi;-ig - "ic.,.,- he tr0bet,1.:eeflthe lack of couiicJ,-nindt: :i,:e but 

In ti s contezb, foreign
trained persomncl.the nat:onlaneur;; uld is not a 

which mplies knowlcdge of mianagerial skills, 
0oerrs] IP, for it.an opport-1uLity 
necce:s;ary cond:LL,ion for prog.-ess, only 


solve the
 
on Lndus1rializaiJ.on

L-atin AmeriCa. cannot rc],y to 
i theare importantBig industriesefif. Bdc:ralolproblcm of fromto be able o shilft away

nd are unie.lybaCla.nc of pait 
and techiologic~j. unu'nploy­

~abr.saVfl i1.1.1-nationa-a.l.-Ioandarcds 

~ I hr. 1 e i' I% nP lmi(1r p l ~n ..
firlnm 

Factors ini[luoncing c pital-intcnsive teclological develop­

ment ac: 

South America to cheapen 
1. It has been govcrment policy in 

to mak-e it more availablc, in
in ordercapital art,ificial.Ly 

would i,,proveuse of capitalthat. increascdthe belief is necded is an 
(writhout realizing tliaL what 

productivity 
blhc supply of capital).:icrease An 

being abundant and cheap, and 
Labor is w~ridely recognized as

2. But 
iii Latin mcrica its range of skills' is quitc I.Lde. 

of frigce~m:,ensive because 
resomuce is becoeing morethiA high as 130')o,and salary taxes as

benefIts (retirment plans, 
the use of labor in the production process. 

and this discourages 

on in­
rill not finance ixprovuments

3. imancial in, Litutions-; for imno­crediLL'K!1L finirms cannot gets-taolled equiipmlflt. set by bothnot meet the stand-alrd;
vations, because they do 

ban-s. Tihese itxi;i­deve-olmentaUd i3iternat,.o''lnt:I'LUJon'-!L 
out by requiring the usc 

to take the easy vway
tutions prefer is desigjnedSince such equipment,

now ca4 )LL-11. Cquia:prIf.Itt 
labor in igi.lyOf. 

the hig-,h price of 
tal.ing inLo considurt,].oin the demandsuch equipment reduces
dev0lop(l cotui[,rics us~ig 


for labor.
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prepared for the ",Sccialized Intr-AmercmThe documents 
of Science amd Tcchnolo gy to thc 

on the App'licationConference 
of Latin Pnrica, " by the National TecMical Coimit-

Development 
of the problms of wuiderViplOoyihU:l[lh solutiontee idicatd, that 

:smurcs the harmuonic
long-term stratLqegy whichlies in a new, 

fc. ztors it]iout jeopard.l zngl- the 
of dll cconoricdevelopment 

-developriani, proces: tself by :aAriving for short-run L''.l (mpq)loy 
duitify tho:s scctors in wnich 

ment. That strat.,," should. 
the 

is dcirable, 'Aii].e
of capi ,a!-inkt.(h.VC developmcntcncoura[7cnt 

to other -ectors of the economy,, 
assigi.nfl, the absorption of labor 

http:a!-inkt.(h.VC


TOWARD A METHODOLOGY FOR ASSESSING 
THE IMPACT OF
 

TECHNOLOGY IN DEVELOPING 
COUNTRIES
 

by 

Glenn E. Schweitzer
 

Director, Office of Science 
and Technology
 

Agency for International Development
 

a house, if you haven't a tolerable 
planet to
 

"What is the use of 
 a sense symbolize the
 
put it on?" These prophetic words of Thoreau 

in 

n crusades of many concerned 

citizens who have
 
current anti-pollutio
 

given the art of technology 
assessment not o"ly sudden 

legitimacy but
 

is far broader than pollution.
But this topic

also acnov,,].dged urgency. 


assessment has on occasion been 
associated with Ralph 

Tethnu]u.y 
prevent the consumer from becoming 

the victim
 
Nader and his efforts to 
 Meanwhile,


beneficiary of technological advancement. 
ratber t] ,hn the 

private orqanizations are becoming 
increasingly sensitive to this 

topic 

lest overz-:alous Government 
officials excrcise their obligations 

to 

guard agninit the side effects 
of technology in a way that 

throttles
 

progress.
 

Technology assesrment has usually 
been defined as the systematic
 

I:
i.pi.J.uQ,or tne inurOdUCLioi,
effects on socJety

analysis of t]he 
Special emphasis is given to unintended,
 

modification of technology. 

the grounds that direct effects 

are
 
indirect, and delayed effectsronL 
 in the long run the

in routine planning,
usually carefully considered 

important, and undesirable secondary
the most
secondary efFocts may te 

they are recognized in advance,
 

effects can often be avoided 
if 


the impact of technology
 
Developmentalists have long 

given thought to 

the essence of development;


since technological change is 

on societies --


and the secondary effects of the 
Green Revolution have brought 

into sharp
 

relief the need for technological 
assessment as an integral part 

of
 

development planning.
 

Any attempt to describe in a 
few paragraphs how technology 

assess­

environmentto a developing country 
ment techmiques might be adapted 

it has evolved in the developed
The art as 


would be presumptuous indeed. 

insights useful to the developing 

countries.
 
some
countries may offer 

complex, not susceptible to 
rigorous cuantitative
 

However, the subject i.s 


even surrounded with well established 
theories and method­

analysis, nor 

some of the jrincipal. issues and
 

ologies. Nevertheless, highlighting follow and hopo]­that willfor discussionsset frameworkconcerns may a 

fully last well into the future.
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of the S.S.T. on the environment -- sonic boom and atmospheric pollution __ 

punctuated the debate, a nu' ber of economic JIssues were also on center
 

sLage, including cost of the S.S.T., effect on the Seattle job market,
 

and effect on balance of payments.
 

Much 	of the Congrcional concern has crystall.zed in pending
 

]eq!sWation to ontablish an Office of Technology Assessment Jntendol to
 

prov.d,, Con;rr'.s with advice and recommendations concerning technology 

programs. Suc:h advice would presumably be cast in a much Inroader context 

thm 	 simply impact on the enviromient. and would include consideration of 

a wide range of socio-econoric effects of technoloqies. The Office has 
level of $5ben authori:wed by the House at an initial annual tunding 


mill] on, but the bill is currently delayed in the Senate pending resolu­

the authority of the Director and the composition
t.ion of disagrument over 


of the Board.
 

Meanw]Jl 1, the Executive Branch is taking a numl.,er of steps to foster 

better undeoritanfing and more comprehensive analysis of the effect of 
the actions requiredtechnological innovation on society in addition to 


For some years the National
under the MaI.ional Environmental Policy Act. 

Science Foundation has been supporting University programs designed to
 

relate science and technology more directly to societal ieeds and is 

currently su.1,arting a variety of technological assessment activities. 

One of the ol]dh.or and large'st programs is at Cornell University, Perhaps 

the most hera dped Cornell technological assessment is the recent analysis 

of the impl ,atii ns of t:e low cost diode, concludino tha t U- antlc:pt-

UU\,(. opment ccro]d result in . proliferation of microwave devices that 

would overload a variety of communication systems and that would also have 

serious implIcations concerning health hazards. 

The most ambitious recent effort in the technology assessment field 

was a study ,repared for the Office of Science and Technology in the 

Exeutive Office of the President. This study attempted to develop a 

methodology for technology assessment. The study recommended that the 

core 	of such a methodology should be systematic application of seven
 

steps, namely:
 

Define the assessment task including range of technologies,
(.) 

groups affected, time period analyzed, types of impacts,
 

levels of impacts, and impact measurements.
 

(2) 	Describe the relevant technologies including physical and
 

functional description, current state of the art, influencing
 

factors;, related technologies, future state of the art, and
 

uses and applications.
 

(3) 	Develop ;tate of society assumptions. 

(4) 	 Identify impact areas in cateyories such as values, environ­

ment, dcmogralhv, e:conomic, social, and institutions. 
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(5) 	 Make preliminary impact analysis characterized by affected 

groups, how affected, likelihood, timing, magnitude, duration, 

diffusion, source, and controllability. 

options with attention contro]­
(6) 	 Identify possible action to 

lability, 	vorth, priority, effectiveness, costs, non-financial 

obstacles, and uncertainties.problems, institutional 

(7) 	 Complete the impact analys.is. 

in a 	 sense
It is clear that these steps do not take us very far, 

respects are of questinrma'le 
are a statement of the obvious, and in some 

of development. However, it may be
relevance to t e real prohlems 

Five 	 types
examine how this methodology was then applied.

instructive to 
in the context of the propos,ladvances examinedof technoloqical were 

' s role in causing air pollution, the
thn automobilemethodology, namely, 

networks, trends in the 
impact on society of comnuter-commuications 

in developing countr.ies, 
enzyme industry, applications of mariculture 

of inquirieswastes. Each these
and water pollution from domestic 

addressed such questions as: 

(a) 	 Where does the technology currently stand? 

developing?(b) 	 In what directions does it seem to be 

(c) 	 In what ways is the technology likely to be applied? 

to influence that application?
(d) 	 What factors are likely 

What are the likely secondary and tertiary consequences
(e) 


of the application?
 

accrue from public

(f) 	What benefits and costs are likely to 


the 	 technology applications or
efforts to alter either 


their subsequent consequences?
 

are most likely to be 
(g) 	 Which community or interest groups 

impacts of the technologicalaffected by the anticipated 
are likely to take action to

applications and most 


incluence those impacts?
 

it targeted 
us quickly examine the maricultu.e study since vas 

Let 
the 1970-1990. Thecountries during period

explicitly on 67 developing 


study was intended to cover the following areas:
 

application .of mariculture 

problem of animal protein malnutyition
(a) an analysis of the prospective 	

and
in solving the 
as a economic development.contribution to 
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needed to stimulate and support
(b) an analysis of the factors 

mariculture application.
 

(c) an analysis of probable production of luxury and non-luxury 

crops from the developing countries.
 

maricultureof economic impacts of
(d) a quantitative assessment 	 0 

time frame.in the 1975-1990 

certain impacts
(e) 	 a general qualitative assessment of society 


the time frame.
due to mariculture in 1975-1990 

concerned wi Li worldwide research 
Presumably development planners 	

datasince only aggregatedbe a principal audiencepriorities should 
interested in alternative 

considered. Also, development planncrswere 
be interested. Unfortunately, the study

worldwide food supplies should 
that mariculturesimply a collectioni of data showing

degenerated into 
certain types of economic

could be j; valual:le source 	of food -- under 
no atten,ion to the implications of the 

conditions -- with little or 
specific situations.stateunt.r. in country 

A TeclinoloiCj Tran.fer Framework 

of the rate anddetermin-ntsWhile technology is but One of the 
it is frequently a key determinant as 

direction of induf;trializatior, 
viability of processes,of products, the coiwnercialto the competi-tiveness 

o capJta ana manpower resources. In 
.... t~ c~, tii/LLioj,ff~ L, 

chancing their traditional methods, the developing countries often have 

even i.hen they are unsuited
immediately available technologies. ,to use the 

They might otherwise forego
economic and social conditions.to tle:ir 


important developn-ent opportunities sincec they lac the capability for
 

an indigenous technology or for appropriately adapting one from
 
deviFing 

time, the transfer of technolouJ.os from the
At theforei.(n sources. same 


advance.d countrie.s often ha!; built-in mechanisms and time elements which
 

policies in the developing
hinder modification or adantation. Domestic 

to foreign aid frequently make
countrifs and the conditions attached 

use
capi tal available on subsidized terms and thus encourage excessive 

of abundant manpowerunderutilizationof scarce resources of capital and 
of adontion of inappropriate tech­

resources,. AP:mong the consequences 

been the growing lack of capital, particularly fore.gn


nologies have 
the rapidly increasina rate of unemployment, and the inability

exchanle, 

to develop industrial skills at the rate rerrired.
 

the private sector, it is
With regard to technology transfer through 

best hope for the developing countries lies in 
tenipting to argue that the 

that are already afpplied in more advanced 
their acquisition of technolocies 

of their resources,- for them 
and that It is a mistake and wa.tecountri(e,., 	 are 

to go for research and technical development on their own. There 
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several reasons, however, why the developing countries clearly should
 

not rely ertirely on foreign sources of technology, although they can
 

continue to gain great advantages by using private investment and
 

the other foreign know-how.
licensing and many mueans of acquiring 

It is difficult for a country that does not itself possess a 
to know
certain number of trained scientific and technical personnel 


what usable technology exists elsewhere, to understand it, to adapt it.
 

or peculiar conditions, to repair and
to the country's. special needs 


maintain the necessary ecquipment, or indeed to operate it. If a country
 

builds up its own scientific and technical capiicity, it is in a much
 

to utilize what exists elsewhere. Lack of appropriatelybetter position 

trained persons is often an obstacle to the wider application of tech­

known and to some extent used in a country. In

nology that is already 


to hold in international
addition, each country is more al-le its place 
to introduce innovations (new productscompetition if it has the capacity 


or less costly methods of production) based on existing technology.
 

Finally, the foreign technology is often 	adapted to very different 
of labor, abundant suppliesbasic conditions, such as a relative shortage 


of capital and a large market. Developing countries, facing almost
 
that a variant of
diametrically different conditions, will 	often find 

countries, or perhaps an altogetherthe technology of the developed 
the choicedifferent technology, is more suited to their cond.it .ons. But 


readily achieved by a country that

.of an 	 appropriate technology is not 


indigenous research and development facilities. This research and

lacks 


weighted towards the problems
development structure needs to be heavily 


uf piuuuction. in many cases, existing institutions need to be brought
 

into closer relation with the country's actual agriculture and industry, 

and new institutions should, from the beginning, b)e strongly oriented 
needs of local users.

towards local practical problems and to meeting the 

Not the least of the reasons for developing countries to develop
 

'their own scientific and technological base for idapting, dissemi nating
 

and as necessary inventing technologies is that it provides them with a
 

base for e:panding productivemore secure technicJa and ps;ychological 
the developed countrie:s. 

private trade and investment relations with more 


The developed countries have the strongest and stablest economic relatins
 

with countries in this situation.
 

CountriesTechnology Assessment in Developing 

What are the practical problems faced by developing country decision 

for the introduction of technoioclies -- throughmakers responsible 
If the technology is to beor 

-- as the result of a politicil decision, an urgent
.'investments, licenses, direct purcha.ses? 

acauired immediately 

need, or prior analyses and negotiations -- the options are limited.
 

to identify alternativ( off-the-shelf tech-

There may not be time even 

the competitivenologies, and the developing country often is a captive of 
times,

ways of the developed world. At the other end of the scale of lead 
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~Unfortunaey there has bena tendency by-vrnetlnst 
underplaylthe bene~fits dezrived from -technology -- from pesticiscthrnms, 
and roads throughitropical. forest~s in thir efforts to warn about the 

, 

penalties.,associated with developmenta.l activties. LIn a developing,1 
country context, in particulr, a-proper balance of, costs and benofits 
must, be maintained and teholg asesetmust not become technology 
arrestment. The developingcountries are becoming increasingly impjatient Ki~~ 
with thempication tha't the alternative to electric power and Wnter 

firrigationiv~s "don't buil tItdm1
 

'I 7Mocest efforts re nowunderway to extend the checklist/case study 
approach to other areas.,$pcifiocally, a compa~rative analysis of the 

imac o omutr in developingi countries isbeing launched wjiich 

should produ~ce a checlist of intor~estito decision~rnakers onceeld with 
.compulteracquiitioflP. .Whilo a oiputeris but one very limnited type of 
-technologymanyl aqrions can be learned from 6 serious look atthe 
secondary ramifiScations ;surrounding ntro~uton of a.comTputr capabi.J~ly, 

I)At the same,dine, the National Academy 'of Sciences has commissioned a.~ 
number of~case1 studies of 'the 1 Ampact~ of sci'enceand Itechniology programs 
in davlpn conre.Teexact lcharacter of thene studies is still, 

ben hpd but some of the situdies should beufficiently definitive
 
to provide guidance for genoral categories of technology.
 

it is likely that ,teczhnology Lasessments in devyeloping counitries 
1,willifrquenltly conclude that the introduction of proposed off-thc-shelf1 

technology will renult in many undoIsirable economic' and social dislocations, ~',. 
but nev'ortholoss~wich tehooyi seta ome shr-omneeds. 
H!owever, 2an importt.nt aspect of sunch Pn~~vc Zho%:1# 1ulifiL-aton of*. . 

~those types ofinnovo~tions th~at coul&,reduce the adverse impacts, and 
sapecific steps'that could be taken Iloca ly It(cgenerate aaiiyt 

introduce such innovations in similai 1future situations. Such innovations' 
might ralato to modifying touch;oldgicaliprocesso, chanfging' economic 
poli~cies that 1rulof'ot a proiothe technological choices ,,~or~providing 
-incentivon Ithat attract technologie 1bettor 7suited to fator- ondowrments',~'II 

Ono~~>final word about anlaaadtet~soaiiyo~h~j 0ystemsf 

computerized approaches being pursueod by A.,,D. in the fields of egic~ultur0V I 

and 'fml plnigtthn prolemsf of assnt'ng~ho impactotIIfpocific ~~" 

has aV highorI probility of Iclarifyingi 4d&oofft ia'shalo AnalyVsis.I 

' difficultlFif no imomhot trc oIln uniy n ato 

inalyis, 1h'oter astnndardizb4 ~mathodol 9yA)eyi' Ifl4leen f h 

qunioal "'I4" ."applicabili~ty to7a4 mutiSplicity of~tacho~1ldgog InpW Although.-"I~ 
6xplorator inIII thisIII direction~V' apea warrnted Som wok h-oo 

'"'ps 
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to design multipurpose matrices which can 
in the United State!;initiaeed have becnbut these efforts 

serve n, the basi; for'examining trade offs, 
can ].ay outsv-h matricesfields. ifrather narrowlavqclY confined to 

on the one hand, and types of impacts
alternatives,realpt ic technologjcal cuite useful. 

on the othuer, they might be 
negative-- both yiti vte and 

be needed in considering
approaches would 

Presumahl 1y, nYomewhat" different 
power vs. steam vs. nuclear(e.g. hydro power 

broad technological decisions deqree of 
(e.q. plant location,micro decisionsald in analyzinqpower:) may he necessary

different approaches
of plant). Aico,autolmltinN, h,.[c 1ight manu­

such as heavy manufacturing,
of activi Lies

for di fFbrent tv 
and construction.industries,factuiing, extractiye 

you scientists
Kennedy remarked "Every time 

A few year; aqo President 
institutionhave to invent a new 

we politiciansa major inventior ,make in the activities
is intervening every day

Now technologyto co]- with it." 
might he developed which will 

While methodologiesdev.'ep1png countries.of theseof such i nterventi.ons,
coim of the iamificationshelp ill ui nate of an institutional capa­

in the absencewill 1,e of little usetechniqtu,. them and a readiness toto apply
i n M'he dcveaop ing countrieshi-ty Nine monthsaplaratus.decision-makingthe results into theincoril Arite was a call forthere 

at Woods lole, Maasachusetts, 
ago at a cnnferen'e totechnologist'of 'developmentof the profession'The c;Ili]ifImCnt selection anddiscriminatingto make a more 
enab]C' developing countries is repeatedThat pleaand technology."of scienceutilizationeffective 
today. 
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DEVELOPED C6UflrffRY PT!tSPECTIVE: Peter Clark, IBRD 

not seem that the technology assessment approach pro-It does 
posed by Mr. chwcitzcr addresses itself to the right questions. 
The paper appear,; to overlook the key developmental problms which 

confront the lesser developed countries. Thesec problems turn on 

the econom:Ld efficiency of the technology undcr consideration. 

Some of Wbe issuc:; dcelt with jn the paper appear to be con­

cerned irith cf.iat\c a secondary order and concerneects of 
'or them may b': a lu.aiUr, in comparison writh the many obvious prob­
lns reOl-ULgn, (ircetly from imported technol.otzf. Other issues 
appear to inivolve potentially adverse consequeqa ccs, of major cco­

noniic signj.fixccc, but such matters ought propcrly have been. dealt 

with in 	 the carlier plann i g stage. furthermore, there is no dis­
of vhe.ther modern technoloEr can in fact deal effectivelycussion 


with the problc:nas that arc raised.
 

'Te pzper raLses useful questions about *lhe benefits of 
devoloping an J.ndigenous R mid D capacity in thc LUCs. But these 

the LDCs are encouragcd to makequ.cstions should be studlies before 
costly invesbicxits in this area. Professor Pack indi­
cated that :innovation is not planned but condltioned by ]c-owledge 
of local conditions and internal competitive prs- 'c for efficiency. 
The effective us.: of that store of engineering skills and sciel­

and is grow i'g, in the L1D0 shouldtific knowludgc that does exist, 
to 	 this mig.h;t be investielitbe encouragcdo bie best w., acco:.plish 

in indigenous; capital goods industries -- even whue they might be 
")1 -everal.m'r 

lcad to the use of cTaital intensive technologics: the
considered pru.-Lturo in ternr, of' --J~±ig u , ].m o 

iactors 
hi minimving, risk and 

mizlihg return on lohe forcilgi o-med resourcc, the preference of 

nbtcrnoational financial agencics for large projects. the intrna­

concCrln 	 of pri.wate fore:i.7 investors in mari-

Stiord, contract bidding sys-tea which discourages factor-sawding 
based on LUN resource availa],bility, project dcsign and capitial. 
equipment wnnaifacture by firmxresponding mainly *o the conditions 
Jii the dovelopcd countrics- md the desire to compete in in-eorna­
tional mrkoi,:, Therefore, technologicLl adjustment to exi.sting 
factor proporti.ons is more likely Vo result from the co.npetition 
to supply intornal demwnds for capita equipment than from the 
costly developimenrt of It mid D failities in the LDCs. 

In gencral, a methodologr is probably desirable in the pro­
oess of roaching a decision on technology choice. A somewhat 
different me-hodoloy which would be less colored by valua judg­
iiients would be desirable, 

Systeum analysis is a useful too]. for economic unlysis be­
cause the quantitat:Lve approach make: value judg~nents oMplicit 
while check list's md verbal argmient:; tend to bury themra, An 

use the sy:;(ms upproa(chinlter'est-ig application would be the of 
to test the relative mrits of invesbnemt in It ai(n D capabiU.ties 
agZdinsL those of investment :itn loca capital goodt production. 
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DEVETIPING COUtI TC PERSPECTIVE: Ojetuxji Aboyada5 Economic
 
Development Institute
 

Although M. Schweit:scrls paper is useful in [;LVo16.bng li-ght oil 
how decisions are reached v'i.Iiin the Agency for InWeMnational. 
Develonment, Lira mcthodolo~y iirich it proposes as a gluide for 
dccision makers uiTtlrin developing cowntrics is not adunuately dC.;­
cribed. 'Ihe t.o [cchniques mentioned - (I) a chcckL.ist and (2) 
case studies - Lcuu very cl0..:cly to rcsicbl.e each ot1cr. Xlbho,,-h 
the d.;m-ussion :i21 the paper appears to point to the nced for 
separate methodologl. es La:1..orcd to thu conditions in (differeit 
colutries the conclusion a,;p-,rs to rccon:miend a stuidardvatJ.on 
with the same methodology for all cotuitricz. 

M.ny of the points iii thc paper are valid, particularly the 
observations that tuclmolo[y :L-s the ke,, to industrial dcvelopnUa 1., 
that thP Consc(llciccs of chooS;:iilg an :huappropr-i.a.te teclnolog[y can 
be serious, and so on, lov;cv'r. the scope of the pape:' scems rathor
narro..ly restricte:d to im,,portcd tecluolow es, involving mainl 

noeriug. Other ]e, issues, no'Lcably thc possibility o.f 'Local :Lnmo­
vation wid social. is:ues would appear rcl~uvrwit and :Jipurtant, and 
need to bu considered as .ecll. 

Exren with.n "thc narrow: focus of [lhu paper, howecver, the cwun­
ples selected to :.ll.ustratc the application of the proposed 
methodology are opl2 Lo quesLion. Computrs and nuclearc rese'-ch 
reactors tre in too sophisticatcd an arcao It is c0,_;(Liil to 
focus on tchnolobies relevant to the rUoiieren't.n nf 41-: I'..11­
.thO ipu Laiol anct to the skills and resources that are locally 
available. 

iscussions of industrl.l duvelopment too oftcn d-ift into a 
discussion of international Sradc, and an (e:phasis on the im4)or­
tance of selectingi, technologies that irll increasc [he production 
of this commodity or the other for i-;hich there is believed to be 
a demaid -iuthin an internationa. market. It .,ould ]he more useful 
to addrcss the discussion to the production of cormlo(Uti.es 
actually in demand for local consurjtion. 'he needs of the local. 
population are urfcgrt and ways need to be fotud to meet these 
needs iw.thout insis Li:g that the techlnooLy mst in some way be 
linked to intei national trade. 

S:xri.larly, thure must be carc in di.:cussing the environment 
question. The main issue involved in [hc environuimenal I)roblem is 
not naturc, as some overzealous advocatcs secm to sugg, but 5he 
welfare of man. 

In discussinbg technological., choice. i.t :i.s, essential to strktc­
ture the issues so a: to addrsc:;s the real probl.ein of [ie 1,DC s u; 
they tlu.,1;clvcs sue them. 'Jhc u:;c of techliol.ogy shoul.d bc to iin­
prove lhe welfare and :increase thu abilit,J:; of thc bulk of the 
population. 
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~~ ~ -'Importing, vehicles, produc ed by, the advanced. &idustialu~.->-~­
~ - ~ ~ ; nations rersot b&:comcs.for 1th, 1 s d voloped couwtries 

veice an oula they 'Can ill afford. 

The~high price of imported vehicles coupled with the low 
Ewerageper c i ncome result in a low volume automotive nukt 

in the less developedriations~of Asgia-Pa&ific just over 350,000 
units last year.-	

-­

~Local. automnotive manufacturing a-t leastof conventbional
 
~*- is impossible In some the countries involved, and
~vehicles-- or 

domestic industrial infraswtructures capable of supporting sophis­

~- ~ ticated manufacturing processes. 

Theinfrastructures have not dvloped because the Asia­

invesitme t~ captal, foreign exchange, teehnoloy and-ianagrial 

There 16 little electric power produced): and that-avail­
able' io-undependable. .The basic . industries -, steel~, Mining, oil 

-2production and, rofining -- are stunt~ed or, non- existent bcurip ­

int-rncapi I -s nut available# 

mot of the LC's have severely limnited capacity to earn 
foreign echange.' Their M.port trade is largely confined to pri-
mnary products, tedemnand for which in declining In volume and 

, . 

value. At the Vapie time, the cost of importing mnt4faoturod~goods 
­

cotne so, ,thus -draining off mor foreign exchange.­-

Thes advanced technologa taken for jgrainted In moat of the 
trat ein nines cetas -noh a tra ne c-- ,.

--- ,combination ofraosicuin rdtoa ultural. values­
which exalt -the professional vocations and,,degrado theo techinical
vV~ 	

skill.1'As)os.re teeaesml oteog shoso 
teachers to provide the' region with, technically.. trained porboalel 

IVr is a orh fmngra tln.Aaei	 -ia 

'-~~-'­--~ 	 ' oavi Uiteoratiotil. -~ 

---- -V-VV~ -' --- -- ------ --- -- -7- - - - - - - - - - -'~eaV1J~ 
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meettheveryrea and grvn transportaton 2 needs~ofthe region,~ 
4 even when suppl iii-fted ih~a £ew iorted car ande ruks ' 

) ~# obvious solutio io to dbsign -and build acvehicle mreO efficioft~ 
$ ~ ~ than theo tr~ditioiai! anm'41-,,o' human-pow'ed~ vehicles but ,less~~ 

~ ,7expensive'han the~iported ehicle -designed for used in devebloped 

M3~W have 4reviewed the reasons ivhy~)1oca) manfaci:"alread1y 
tdone: ihn-wa84e Pastdo-7 lackt'of~j12 ~ 

x iwvrstsenV ;capital, ilow~per 

lack~ of' developed A~dtrial techology.~ 
~~~~r6 gnrchanih3,iand:ei;;v icpila-ncomc, 

low, volume. markets, and 

Now add to those 2the fact that,ittle attention had been~ 
given to determijning what 2typea.oCI vehicle wiou~ld reailly meet the 
regionts transportation needs., WhenK~ord set out toa tackl.e thin 

taesuch factors uito accountprblmwe kniew we would have to 
An e not certain ,objectives. 

.*First, the new vehicle)d4 to be low cost) even at low 
2volume production. 

Second) *'A woul~d have to be a vehicle which~could be pro­
duced with local. materials, simple equipment and local lab'or, 

ortaing advantage of existing tahooyhieaodn the use 
scarce foreign. exchange. Such an approach also wovuld callow us.,to 

2meet lcal contentV requirements~. 

giant plofltg-,Sd miles of asseml line,.u we st a of 

Our arch aow d that temjrnd)at latOmarotre5 
a n the foreseeabl futuro, was notfor ,private pa5flI seger care but.'2 

2 for a veratevehcle which could produo2roenuo incoiwuercia3U 
use2 weo~ providing 1baicktraflsporatiof(or ,itsowner$l(l a222 

Imottc.oojotivesp a aivhce24cpt a 

doveopod he job iwas aquite acha2.longo~for our dosignerau­
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ntof convenionadoign which wol have reqire 

nuty amlctslecoot mta body, Zn Me a~ooio 
isotnharder toaihiovo than inophis.tication.~-22 ­''24--
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the~~~~~~~~ tw-ntttosi ooeo h ult fsinii 

resarc bu rahe of the ecnmc oiladpoesoa 

t Ietwistconctionnot one poine utathe Rubbeiyro 

Research Institute is ,directly~ and intimately linked, to a sis­
topi nstit-otc in the United Kingdom which identifies market 
trunds. andrsearch oppo'tunities, IXn Inidia,, tho lack ofI 
linkage bwtwcon certain research institutes anid user groups ­

has3 been identified as a serious hjroblc*i. 
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tries do, not make, the problems2 easier for the LDO's because of i 
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attract awayth best scienc and enrnern tuet and~ to
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of greater rolevance to .developed count~ries than to 4the:.LDCs,
 
It waoi fuirther pointed out In" this 'connection 'that the donor 
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.­
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advice( they can obtain before risking their money, in, a project 
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Similarly, the point was made that labor organizations can 
play a key role in technological transfer. The transfer and 
adaptation of technology in the direction of substituting labor 
for capital intnsi.ve equipment may run into difficulties unless 
the workers can see a positive benefit to their welfare. For -this 
reason, the govcrnment and uployers would do well to bring repre­
sentatives of the labor movumeavL into the picture at an ear'ly 
stage. 

With reference to the labor picture, it was noted that there 
was criticism in jirj)orbant sectors of U.S. society of the fact 
that private U.S.-oi:ncd factories in the IJDS's were producing 
goodb for the U.S. market with low-wage labor. The arguent was 
put for.ard that perhaps too great an cmphasis was be:ing placed 
by LDCt,; on the e:eort markets and that a strategy directed at cn­
larging the intcrnoal market and at raising the standard of living 
of workers and farmers inside the country would be the bc't Jer 
course to follow. 

Basic versus A2pid Research 

Daring the course of the discussion, a plea for a better
 
uderstanding of the role of basic research within LDCs was
 
made. Dae to the fact that in a number of LDCIs much money is
 
spent to very little purpose on what is cal-led basic research,
 
a bad reputation has attached to invesmbents in this area. It
 
was argued, however. that, h;a--irr'eerch is -n cssr 2i1& l­
ment in buildi-ng a scientific an.d technological base for !ndus­
trial grow.Lh and, therefore, should be givcn appropriate support. 
Basic research above all is a necessary component in maintainig 
s bandards of quality.in institutions of higher education in 
science and engineerhg and deserves support on this ground alone. 

It should also be recognized that the ter- "basic research" 
is *rxry broad and covers a wide range of activities. Included
 
in these activities is what is often referred to as basic orie­
ted research; that is to say, research directed toward developing
 
knowledge relevant to national goals. Basic oriented i esearch
 
conducted ithin the LDC's might well make a contribution to the
 
achievement of developmental objectives.
 

Those defending basic research as an appropriate claimant 
on the scar( resources of a developing country do not deny. 
however, thau the levol of support for basic research must be 
weighed against coipeting demands from the applied engineering 
reserch area which is obviously more closely related to the 
technology transfer process. 
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