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PREFACE

This Repor® includes the papers and summarics of comments
presentcd at a scminar held in Washington on May 23, 1972,
which was designed 1o clarify the impact of the Micro- ¢cononi.c
framcwork in the developing countries on the choice of tech-
nologies introduced into ithese countricSe A principal purpose
of the seminar was to stimdate sustained interaction betwe
economists and f,cchnologists actively engaged in devcelopmentul.
activitiess

The seminar was 2 dircct result of a recommendation cmer-
ging from a Workshop on Scicnce and Technology Priorities in
Development held 2t Airlie House in Decamber 1971, The tork-
shop recognized the necessity to consider the socio~economic
setting when developing specific scicnce and teclmology pro-
jects and provided & point of departurc for better understanding
of the interaction of economics and {echnologye
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Chairmant's ficrrw.rks « Charles Johnson

A welcome wWas extended to the participants on bhehalf of the
officc of Scicnce and Technology and the Office of Policy
Development and fnalysis of AeLeDe The seminar was identified as
one of a scries of saminars and conferances sponsored by AeLeDe
to provide an npportunity for a number of people to comc together
to develop ideas that might provide useful guidance for AL Do
both in Vashington and in the.ficlde

The purposc of the meeting on this occasion was to explore
some of the fnctors involved in the interaction between cconomics
and the choice of technology, to provide a gencral discussion of
the theoretical iosues and practical problems of this interactlion,
with specific cxamples from the points of view of both the tech-
nology uscr and the technology donor, and to examine a methodology
for assessing the technological options available to the lescer
developed countriese. e major stimulus for this effort was
recopnitbion of the neced to make technology available o the LDCts
in such a way so that it ;s relevant to their general development
and not just to that of small, forcign dominated, economic
enclavess.

Tn view of the importance of the subject and the complexity
of the issues, it was regrebtable that the time constraints of a
one-day scminar required that the principal speakers try to limit
the presentation of +heir papers to twenty minutes and the dis-
cussants restrict their comments to ten minutese.



SOME OBSERVATIONS ON THE FCONOMIC FRAMEWORK FOR OPTIMUM
LDC UTILIZATION OF TECHNOLOGY

by

Gustav Ranis
Professor of Economics and Director
Economic Growth Center
Yale University

The "proper® use of technology is, of course, not an end in
itself. 'The growing concern with the subject emanates, instecad,
from its possible relevance to the increasingly serious problems
of rising unemploymeni and worsening income distribution in the
1less developed world. There i5 no neced to dwell at length on the
facts before us: even reasonably "successful® countries, i.e.,
gomngatS'M>6pmmmﬂ,mmudlyinred.tmmschrhm'mcS&sam
s, . have been expericncing increasing rates of uncnp loyment
and underemployment, along with growing disparities in the regional
and personal distribution of incomec. Non-agricultural scctor
labor absorption rates, 1l.c. the ability of the commercializcd
portions of non-agricultural activity to provide ef ficient am-
ployment, has been low and falling -- to the 2 or 3 percent level
annually -- increasingly unable consequently to even keep up
with the grewth in the labor force. For manmfacturing alone,
the developing world as a vhole cxpericnced annnal rates of
growth of outpul in excesS of 7 percent between 155 and 165,
while the ratc of labor absorption was Just apout i percan.l
When we view this record of the past along with the existing
backlog of underemployment in agriculture, the likely incapa-
city of agriculture 1o be able to "hold" its own increments of
population cfticiently, plus the overall labor force explosion
we can safely anticipate over the next decade and a half -- re-
gardless of the extent of success in curbing fertility --, the
dimensions of the mounting pressures, for labor absorption on
the part of the non-agricultural scctor are painfully clear.

The part of thal same historical record we would like to
concentirate on in the context of this paper is the apparently
ever-increasing capital iniensity of LDC's indusirial scctors,
taken as a whole, both in terms of output mixes and the tech-
nology cmployed for given mixes.© What is more, unlike in

1pavid Turnham, The Fmploymeni. Problem in Less Devcloped
Countries, 0.2.C.De Development Center, Paris, 1971.

2mMough there exists an intimate relationship betwecen what
is happening in agriculture and industry in the typical LDC, in
yerms of the supply of wapc goods, industrial real wage levels,
and migration patterns, ermsiderations of spuce force us to con-
centrate only on the industrial sector here. Ve are thus also
slighting the-customarily large LDC services scetore
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agriculturc where most pcople have increasingly come 10 accept
the realism of alternative optinmm scale and input combination,
depending on varying endovment condi.tions, the belief continues
to be widcly held that LDC industry is subject, in naturc, to
more or less fixed proportions statically, and to the march of
ever-increasing capi.tal intensity dynamicallye M. of which,
of course, scems to support the no tion of the inevitability of
a conflict bctween output and crployment objectlives as ve look
into the fulure.

Fortunately, however, 2 1ittle thought leads us to the con=-
clusion that this conclusion is 1m1'ealistically pessimistic ,ab
a minimm because we now that therc exist a number of mature
technolopy cxporting countrics which differ from each other in
the capilal intensity of their latest technology == not to speak
of the possible choicc of alternative vintages and of the possi-
bilitics of substituting and adapting Mon top oft any given set
of borrowed technologye Moreover, there oxists evidence, mainly
from a "deviant! subsct of devcloping econoni.cs, which indicates
that the aforementioned generally dismal LDC record on output
wersus anployment generation may be misleading if not interpreted
in its proper historical perspectivee Such evidence of markedly
differentinted performunce extends to the nature of the role of
jndustri«l technolofty chenge, including at the micro level, and
strongly indicates that that role is not fived in naturc but is
subject to policy actions, both within and outside of ‘the devel-
oping wordd.

gection IT briclly explorcs the technology transfor rechanism,
first in the abstract, then in the context of postmwar 1DC develop~
ment expericncs Scetion IIT presents empirical. evidace, from
the "doviant! subsch of IDC!'s == both at the macro and, micro levels ==
concerning the potentially different roles technology transfer can
play under aifferent historical and envirommontal conditionse Sec=
tion IV is concerned with tho policy conclusions which may be de=

rived from our analysise

TIL. The Technolofy mransfer Mcchanism

Tt must bo remembered, first of all, that, unlike in the rich
countrioes, technolory change in tho developing world 15 not an in=
termal quasi-automatic and routinlzed process generated through RxD
oxpenditures allocalcd according to some public or private rules of
cout-benefit analysise Rather, il is, at least in the first
ingtance, an act of horrowing {rom someonc clse who hus already
incurred the costs of trial and error, from conception to labora=
tory invention to commercinl innovatlons thile the Pcarson

b
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Commission and others rcferred to the fact that tonly" 2 or 3
percent of the world's R&D is today spent by the LDC's, I think
there is no one who would really rccommend that the poor coun-
tries could afford to shut themsclves off from the accumulated
knowledge of existing industrial technology and start invanting
and innovaling de novo. LDC expenditures on LD are, of course,
positively correlated with technology change but this decs not
by itself prove causation nor that they ought to spend morc in
this direction. Katz,” for examplc, found that, for Argentina,
the rate of growth of industrial output .(a proxy for "lciuning
by doing") explained 8l percent of the so-called tresidual,"
R&D only 6 percent. It is thus, in the abserce of contravy
evidence, quite natural and appropriate that LDC's spend only
Ol to .05 percent of their @P on R%D, as contrasted to 5 per-
cent in the case of the developed countries. As we shall sce
below, it is much more relevant Lo inquire into the composition
of LDC expenditures on R&D, as between so-called "basic'" and
"applied" resecarch.

One thing is amply clear, i.e. the very co-existence of
rich and poor on the samc shrinking globe presents many interde-
pendencies, advantages as well as disadvantases, to the poor
countries. Among these, the existence of an international tech-
nolegy shelf which incorporates all versions and vintages of
human productive expericnce to date -- both on "how to makc" a
given commodity, as well as ¢cn tyhat to make" -- probably repre-
sents the single most dominant phenomenon, at leagt as far as
the LDC's current use of technology 1s concerncd.

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, employment,
and income disitribution, it is helpful, moreover, to differenti-
ate clearly between thc initial act .of borrowing from the shelf
and the subsequent act of domestic adaptation.

lJorge,M.Katz, #Tndustrial Grewth Royalties Paid Abroad
And Local Expenditures on Research and Development, " Paper pre-
sented to IEA Conference on Latin pmerican Development, Mexico

City, December 1971.

2Theorctically, such a shelf is composed of all possible

ways in which a unit of X can be produced by different countries
and at different times. The mosl capital-intcnsive choice might,
for example, be U.5. 1972 machinery,=-an intermediate choice,
Japanese 1972 machinery,-and a ycl less capital-intensive choice,
Japanese 1960 machinery, cte., with virtually wn infinite number
of theoretical possibilities available. In the rcal world, as we
shall see below, only a portion of such a shelf may, in fact, be
illuminated and an even smaller portion feasible for borrowinge

e
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Borrowing implies taking something off the shelf and at-
tempting to replicate it more or less as is in the recipient
country, using cosentially the same processes and combinations
of factors. Meoretically, of coursc, as we have already men-
tioned, therc ozists considerable choice as to what is borroucd
in terms of from which country and what vintage, but such
choices may, in fact, be scverely circumscribed cither because
only a subsct is lmown or because the LDC is otherwise cor-
strained by its own economic environment and non-cconomic
preferences OT those of the t,echnology lender. Thus the 1950
.vintage U.O. Lechnology may not be considered Hghiny" enough
by the recipicnt; moveover, it may not be physically available
for wxport, even if the blucprints could be found and dusted
off; on the other hand, the 1972 vintage Japanesc {iechnology
may not be jmporiable if the recipient!s main trade and/or aid
relations are with another advanced country, etc. Regardless of
how large the visible shelf and how constrained or unconstrained
the choice, it is this act of technological borrowing which peope
usually have in mind when discussing the technolopy gap and tech-
nology transfer -- and which 1is usually blamed by those who object
to the use of "lnappropriate“ industrial technology.

There is, however, a second important dimension to the t.ech-
nology transfer mechanism which 1s usually given much less atilen-
{ion, namely technological adapration or assimilation. Such
assimilation basically means the ability to adjust borrowed lech-
nolory 4o 4the nfion rg_dicg_l]_y A fferom o factnr endnwment, situation
by means of a sccondary innovational responsc. Since we arc dis-
cussing a process of borrowing from capital rich to capital poor
countrics, this adaptation process, if it takes place atb all, c
be cxpecled to-be in a labor-using or capital-saving direclion.
e borrowing and the adaptation may, of course, be going on to-
gether, i.c. a5 part of one enireprencurial act; in fact. there is
likely to be significant interaction between vhere the LDC borrowus

mm———

lIt should, moreover, be noted that "picking something off the
shelf® may not be quite as simple as it sounds. A so-called turn-
key project, an extreme version of technological borrowing, may try
to duplicate all the inputs in their familiar combinations yetb,
finding itself in a totally different enviromment, te forced to
operate much more inefficiently. The more capital intensive the im-
port, i.c. the further removed from the total cultural and . conomic
experience of the recipient, the larger the gap betuwcen shelf effi-
ciency and the efficiency of the initial transplant. Such X-
snefficiency is likely to diminish quasi-automatically with time.

2g5me of this may be what textbooks call noubabitution," 1.cCe
relatively more labor and relatively less capital for essentially
the sanc production process, in response to different relative prices.
Some may involve reorganinallons, which are morc in the nalure of
innovationg. LWe are not concerned here with the theoretical nicetien
of such distinctions and will call anything which achieves a lower
capital-output ratio (or a higher productivity of capital) withovd
gacrifice of a labor productivity, a capital-saving innovation.

e
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from the shelf and the potential for further reductions in the
capital-output ratio 'on top of!l the import. We will, however,
find it useful to maintain a distinction between these two im-
portant lype: of innovational aclivity when analyzing op timum
1DC utilization of technology.

The reason for this, in short, is that the two component
processes oft technology transfer are 1likely to play a subgtan-
tially different role, absolutely and relative to each other,
depending on where a particular developing economy finds itself
af a particular point in its own historical development., Most
LDC!s entered what has been called. the import substitution phase
of development after World War II.~ This period is characterized
by the attempt to restructure pre-independence or colonial re-
source flows in the direction of national development. Given the
customary absence initially of a strong indigenous entrepreneurial
classs as well as somo of the necessary economic and social over-
heads, the import substitution regime has typically concentrated
on capturing traditional export earnings, through exchange con=-
trols, and redirecting them o the construction of overheads in
the public sector and the expangion of import-replacing consumer
goods industries, either in the public sector or, via import
licensing and tariffs, in the private sector. At the same time,
domestic resources, given the inflationary pressures caused by
deficit financing, increasingly overvalued exchange rates, the
tight rationing of credit (as well possibly of such other scarce
inputs as cement, steel, etc.), were being redirected to the
same growing industrial sector. The well-known distortions of
relative prices resulting from such government intervention in a
number of crucial markets help pull resources into the hands of
the public sector for social capital construction, on the one
hand, and provide larger than normal profits to offset larger
than normal risks for the country!'s fledgling private sector en-
trepreneurs, on the other.

Specifically, import substitution policies bias both the
initial borrowing choice (in a capi.tal-intensive direction) and
reduce to a minimum the volume of labor-using assimilation carried
on in connection with that borrowing. The price of (scarce) capi-
tal is kept artificially low by a combination of over-valued ex-
change rates, 2 differential tariff structure, low interest rates,
accelerated depreciation allowances, etc.; the price of (abundant)
1abor is kept artificially high by minimum wage legislation, pres=
sure in behalf of fringe benefits and higher pay for night work
and against differentials by age and Sex, social security taxes
levied on a number of workers basis, job security, plus large

lsome, e.g. in Latin America, substantially earlicr.




severance payment provisions, etc. With economic signals thus
severcly distorted in favor of the use of capital, most private
sector technology borrowing takes place at the most capital-
intensive or modern end of the shelf. The public sector is even
more likely to select the latest technology since cosis normally
play a smaller and prestige and other institutional constraints
a larger role heve. .

Secondly, since where one does one!s technology borrowing,
i.e. al what distance" from the social-cultural inheritance and
experience of the borrower, undoubtedly affects one's ability to
adapt, the technological assimilation protess is normally held. to
a minimun during the import substitution phase of development.

Finally, and mosb importantly, as long as the policy of
heavy protection fyom both foreign and. donestic competition pro-
vides entreprencurs with assured end large windfall profits, there
is little reason for them to exercise their technological inge-
nuily in any particular direction. It is well known thatbasiness-
men ave prone 1o ngatisficing! rather than "maximizing! profits;
the difference between 50 and 60 percent annual profit rates just
looms much smaller than the difference between 10 and 20 percent
in a more competitive environment. Under import substitution the
largc established firms are able to sit back and relax once they
have gotten their licenses, loans, Or permits, while small or new
entrepreneurs have difficulty in achieving access 1o resources ab
any price; Given the aforementioned relative price distortions
plus normal expectations of a continuation of the present environ=
ment with, if anything, rising relative Wages, there is little
reason to bias technology in a 1abor-using direction.

Tn short, with borrowing capital—intcnsive and adaptation
virtually absent, LDC industrial technology is likely to be |
heavily labor-saving, and increasingly so over time, during the
import substitution phase -= in spite of a large and growing
overhang of idle labor. gimilarly, the economy!s output mix will,
if anything, be shifting in a more capital—intensiVe direction as
new industries arec built and overheads cone tructed -- usually
financed by the continuing export of traditional raw mnaterials
and primary products. Te aforementioned heavy veil between
market and shadow prices of both factors and products, moreover,
permits 1ittle change in the output mix via trade. The major

lgven in India, a large relatively domestically oriented
economy, with a substantial domestic engineering and machinery
producing capacily, only 12 percent of industrial technology hag
been of the indigenous variety during the import substitution
phase.

w10=
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change in such mix can lzke place only through domestic damand
pattern changes, as per capita incomes inereasc with conlinuing
consumer goods import substitution -- all of which makes a fur-
ther contribution Lo the increasing capital intensity over time

of the induslrial sector. In short, when the end of primury, i.c.
non-durable consumer goods, import substitution has bern reached,
we can expcet the industrial sector to be morce capital intcnsive
than it was at the beginning, both in terms of ou® "t mix nd .
technology. -

gnall wonder, thercfore, that our first 1look across ihe LDCts
during the 1950's and 60t yielded such pessimistic conclusiong
wi.th recpect to the problem before us; for it is a fact lhat most
of the developing world, especilally isia and Africa, has bean
engaged in a more or less typical import substitution pattarm
during that period. This pattern, morcover, while it has become
fashionable 16 be criticual of it, may well constitute a neces-
sary responsc o the initlial shortage of domestic entrepracur-
ship and overhead capitul. The real issue is "how much" and for
thow ]ong.”l Once the end of "primury" import substitution has
been reached, ILDCts usually have ab least two choices: one, with
the help of their now maturc entreprencurial capacity, to move
inin a more market and labor-intensive industrial export phase,
via a gradual reduction of the temperature in the

industrial Yhothouse;" tuo, to try to avold the (inevitable)
pains of such a transition® by coniinuing to import substilute
in"secondary, " more capital-intensive areas. c.f. durahle con-
sumer goods, capital goods and the.processing of intermediate
goods -- the cntire process continuing o be fuclled by tradi-
{ional, as well as newly cearched oul primary product cxports.
Much of Latin America moved from primary directly to secondary
import substitution after the 30sj /Africa is Jargely still in
the primary phase; and Asia presents a mixed picture, as we

shall see shortly. '

Te main conclusion we wish to reach here lhen, and as an-
phatically as possible, is that the generally pessimistic overall

17y the extent that import substitution is likely to be a
neccssary historical phasc-~especially -in countries which don't
have a very strong and diversified natural resources basc to count
on-~-one could, of course, distinguish between "good!" and thod"
forms, c.g. the use of tariffs versus quotas. But such a discus-
sion would lake us too far afield here. (see the authorts Mielative
Prices in Planning for Feoenomic Development, ! in Internatinonal
Comm:irinons of Prices and Output, D.J. Daly, edilor, B, Columbia
University Press, 1972.

For the groups favored by the dircct conirols regime, i.ce
large scale industrialists, importicrs and civil servants whoue
windfall profits and power (as well as supplementary incomes) re-
spectively would be threatened thercby.

e
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historical record of LDC's with respect to employment and income
di.stribution versus output performance, including the apparent
inability to use labor intensive technology and output mixes in
an efficicnt fashion, 1is heavily conditioncd by the fact that the
vast majority of the countries under observation has been (and
today still is ) engaged either in primary or secondary import
substituiion. On the other hund, there are a few countlries which,
at the end of their primary import substitution phase, moved on 1o
export substitution, i.e. the fusion of maturing entrepreneurs
with large supplics of unskilled labor to effect a shift of the
country!s production and exporl structure from an essentially
land to o labor fuclled basis.

Tace achievement of this transition permitting the economy
to function more flexibly in response to a changing cndovment
picture, could, of course, be materially assisted by a change
in thé predominant public policy package, as we shall see, and
ithe role of technology, both in terme of the borrowing and adap-
tation processes, be made to change rather drastically. Our aim
here is noil to "praise" the choice some countries made at the
end of theoir primary import substitution phase and to necondemn”
that of others. No two countries are ever alike in terms of their
initial structural conditions, and we recognize that the socio-
political situation is customarily much too complicated for any
simple judgments or pruscriptions. Ve nevertheless do believe
that, In oracr o PrOperly asouby tiie significance ol the ratner
negative overall LDC record on technology choice, an examination
of the cxperience of some "devianti!! cases, both at the macro and
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 contvext.

ITI. ‘he Empirical Evidence

We intend to deal only with the ccatemporary Korean and
Taiwanese cases (along with some attention 1o historical Japan)
in any detail -- and that mostly at the micro level. This is
both because macro economic changes in these economies over time
are by now pretty well known and because the relationship between
the overall economic environment and changes in the role of tech-
nology can best be documented at the micro level -- at lcast at
this stage of our understanding.

The beginning of export substitution signalling the end of

the primary import substitution phase occurred in Tailwan about
1959 and in Korea about four yecars later. With industirial entre-
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preneurs now sufficiently mature, both socicties shifted to a new
policy package, entailing substantial readjustments in the major,
previously distorted, rclative prices at aboul that time. In
both counlries the curbing of government deficits and inflalionary
pressures permitted markets hypothetically to resumc their normal
functions; and devaluution (accompanied by liberalization of the
import regine) plus interest rate reform (i.e. higher, more unifornm,

official rates) -- as wcll as other displacements of direct by in-
direct controls -- permitted such markets to function again in
practice.

Agriculture and cxports were no longer discriminated against.
The veil between the economy!s iesource endovments and their use
was gradually being 1ifted and a substantial broadening of the
deveclopment base achicved by harnessing a much larger proportion
of previously disenfranchised pcasants and mediiva and small scale
entreprencurs to the efifort. Consequently, theé generation of out-
put could be accelerated because of -- rather than in spitc of --
a shift to a more 1abor-intensive production ad export paltern,
both in terms of changes in technology and oupub mix. These, of
course, naturally go together in a more compctitive environment.
Successful sales in the international markets for industrial
goods requires the usc of a morec appropriate, i.e. cndovment-
sensitive technology and, in turn, makes it possible to alter
the structure of a rapidly growing total export volume.

Taking the Tailwan caoe first, the major policy changes, in-
cluding devaluation ana TALErest 1 abe Lelvlig foiiowed the end of
primary import substitution in 1959. The results: in 1952 tra-
ditional rice and sugar constituted 78 percent of exporl carnings;
by 1969 this had shrunk 1o 1ess than § percent; labor-intensive

industrial exports, including textiles, wood products and clectronics

grew from 5 percent to ncarly 70 percent of total exports (them-
selves growing al an CXcesS of 30 percent annually) over the samc
period. Tndustrial labor absorpilion rates of 3 percent annually
during the 1952-59 (import substitution) period acceleraled to
more than 8 percent annually in the (export substitution) 1960s --
so that both the relative (from 56 percent in 1953 to LO percent
in 1968), and even the absolute number of workers in agriculture
could be reduced, and the pool of the undercmployed *mopped upt --
in spite of substantial population and labor force growth. We
~ should, moreover, note that the distribution of income (as
measured by the ratio beluween the percentage of {otal income re-
ceived by the bottom 20 percent relative to that received by the

1 . . . . s

Any change 1n dircction of an economy, and in the facilita-
ting policy package, does noi, of course, ever occur from one year
to the next, but is the result of a rather gradual cvolution.

2Mis time, however, in contrast to the colonial period, sub-
jecl to the government!'s national development—oriented fuidance.

-13~



top 20 percent) also improved substantially as between 1953 and
196l; -- undoubtedly as a consequence of a substantial increase
in the labor share.l Taiwan's domestic saving rate, a respecta-
ble 10 percent in 15215l shot up to 35 porcent by 167-169 and
her growth ratc -- with much less foreign capital contributing --
rose from 2-3 percent to 7-8 percent anually.

A similar general pattern cmerges for the case of Korea.2
Devaluation in 196l and a doubling of interest rates in 1965 laid
the basis here for a shift from import to cxport substitution ac-
companicd by dramatic changes in output mix and technologyv. Here
also labor-intensive industrial exporits, including glectionics,
textiles and footwear, aaounbting 1o 15 percent of totel expuuts
in 1962, rosc to 80 percent of total exports -- themsclves growing
al more thun 35 percent annually -- by 1968. (Sma’l scale manu-
facturing cxports, the most 1abor-intensive part of the asréctrum,
moved from 18.6 percent of the {oial in 1963 1o 31.h percent in
1968.) Industrial labor absorplion rate by that time had risen
1o 7 percent annually and the percentage of the labor force in
agriculture dropped from 68 percent (in 1955) o 51 percent (in
1968) of the total, as well as absolutely. A comparison of the
agpregative savings and growth performance of the economy over
the period again supports the finding that a more endowment and
{echnolopy sensitive development strategy tends Lo support simul-
Laneously both outpul and anplcyment objectives. The domestic
saving ratc which had been negative as late as 1958 rosc to
more than LU percent by LyO( and the annual growih rate, a mere
1 *; percent during the last half of the 50s, to more than 9 per-
cont over the same period.

The Japanese historical case of overall successful develop-
ment is too well kncwn for much comment here. Suffice it 1o say
that her owm import substitution period, beginning with the Meiji
Restoration in 1968, was relatively brief and mild by contemporary
standards.3 By the turn of the century changes in monetary policy
as well as in the ownership of dircctly productive activities(from-

lpavid Turnham, "Income Distribution--Measurement and Prob-
lems," S.I.D. Conference Paper, Oltawa, May 1971,

2pifferences between the two countries which necd not de~
tain us here, are spclled out ir. the author's "The Role of the
Industrial Scctor in Korcals Transition to Tconomic Maturity,"
Korecan Fconomic Planning Board Papers on the Third Five Ycar
Plan, to be published, Surmer 1972.

3 U
Due 1o limitations on Japan's tarifl autonomy imposced crom

the outlside, as well as the unavailability of the full arsenal of
interventionist Lools perfected in the 1930s.
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public 10 private) signalled the beginning of export substitutlion,
accompanied by a switch from land-based raw silk 'to labor-based
silk yarn exports., For the industrial sector as a whole we note
the effect of the increased importance of labor using technology
and output mixes, as reflected in the decline:in the rate of
industrial capitol deepening, from 2.8 perient annually during
1892-1900 to 1.7 percent during 1900-1906.

In all threec cases cited the overall favorable economic per-
formance recorded was due in large parl to the different rolec the
technology. transier mechanism was capable of assuming in the ex-
port substitution phase of development. Not only was there a
chance now for initial borrowing choices (from the shelf) to be-
come more selective, but -- ‘and more importantly -- for the asso-
ciated labor-using adaptations to assume much larger importance.
In a more market-oriented, competitive cnvironment, entrepreneurs
were now faced with the need to employ the economic calculus
rather than putting their encrgies into the pursuit of those
little 5lips of paper which guarantee windfall profits under import
substitution, almost regardless of what is produced or how. Once
the changing resource endowvment could be reflected, at least par-
tially, in more realistic relative price signals (intecrest rate,
exchange rate, inter-sectoral terms of trade), what amounts to
social optimality could be gradually approached in the course of
the technology transfer and adaptation process.

The importance of output mix changes permitting abundant un-
skilled labur supplies to be massively exported for the first time
in the form of new industrial ciports can best be (and has been)
demonstrated at the aggregative level. But the considerable, and
necessary, companion piece of substantially enhanced technological
flexibility is best demonstrated at the micro level to which we
shall now turn. In this context we intend to again rely mainly,
but not exclusively, on examples from the same ldeviant!" subset
of developing countries.

Taking the Japanese historical case first, this timu, we
have evidence both of considerable selectivity in borrowin~, i.c.
as between the latest available Western shelf technology and of a
very substantial adaptive imovative effort. In cotton spinning,
for example, the latest Lancashire spindles were almost invariably
jmported while, in weaving, which lent itself to a more decentra-
lized cottage industry type of organization, non-automatic looms
were usually preferred. As the U.S. Tariff{ Commission put it:

?h detailed analysis of the aggregative Japancse performance
is beyond the scepe of this paper. See, however, the author!s
IFactor Proportions in Japanesc Economic Development,! American

Jconomic Review, Scplember 1957 and "On the MHmpirical Relevancy
5 the I'eleRamis Model of Economic Development: A Reply,! (with
John C. H. Fei), Aderican Economic Review, Scptember 1971,
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the price of the automatic loom is more than twice
that of the plain loom, which, with the additional
expense involved in the importation from the United
States or Great Pritain, made the total outlay toO
high in a couniry where the interest charges on
monegy were relatively much higher than, the cost of
1abor. dJapanese mill managers have, therefore,
hitherto preferred to employ more workers and to
forego the more labor-saving but more expensive
machinery, in contrast to the situation in the
United States there the high-priied labor is econo-
mized rather than the machinery. .

Another account, relating to the production of printed goeds, is
equally instructive:

Recently, a Japanese manufacturer of plain linoleum
decided to undertake the production of printed

goods. He dispatched a representative to the United
States to purchase the necessary equipment. ‘The
representative was familiar with the modern linolecum
printing machines, printing several colors at one
time and turning out as much as 15,000 square yards
in 9 hours, but he considered it too expensive a
piece of equipment, especially since his labor was
being paid only about 50 cenls a day, and sO he sought
out, in an American plant, an old hand block printing
outfit. It was not for sale. Tts parts were lying
aboul in a storeroom of the factory. Some of them
were 10 years old, and the whole outfit had been dis-
carded 15 years before. But the Japancse represen-
tative purchased it and had it shipped to Japan. In
the immediate outlay of capital he saved money, for
he purchased the old equipment at the price of a
printing machine or even belov the prices of a new
hand outfit, but he installed in his plant equipment
that could only have been disposed of as junk in the
United States. He started in Japan a new industry in
a stage of technical development that had become obsg-
lete years before in the older industrial countries.-

Llme Japanese Cotton Tndustry and Trade, U.3. Tariff Commis-
sion, CGovernment Printing Office, Washington, 1921, p. 116. Te
same sludy reports that a shipment of imported automatic looms
which arrived, apparently by mistake, shortly after the turn of
the century, had been found 59 difficult to operate that, after
removing the batteries and warp-stop motions, they were instead
run as plain looms.

EJohn E. Orchard, Japan's Fconomic Position, New York:
McCGraw-Hill, 1930, p. 2L6.
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Japan clearly did not wish to borrow the latest technology, pos-
sibly ahead of her entrecprencurial and other endowmeni capacities,
if there cxisted viable alternatives -- especially if such a
choice might inhibit the potential for further adaptive technology
response in a labor using dircction. We thus have evidence of a
good deal of pragmatism in technological borrowing and reclatively
less evidence of prestige-distorted choices.

Nevertheless, lcaning heavily on the results of previous R&D
expenditures in the advanced countries (i.ec. what Veblen calls
taking advintage of being a late comer) and, in spite of (or per-
haps because of) the substantial two way traffic of Japanese and
foreign engineers, most of the technological borrowing was of the
late vintage variety -- as it is in today'!s LDC!s. The really
important areas for technological flexibility thus were (and are)
to be found, rather, in the technological assimilation sphere.

It is perhaps useful in this context to differentiate among
three types of labor-using adaptive technology change: that rela-
ting to the machine proper, or coreactivity; that rclating 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 activities.

With respect to core or machine-related capital stretching
innovations, the simplest and quantitatively probably most imnor-
tant Japanese example was the running of imported U.S. and U.K.
machinery at rates and speeds substantially in excess of those
used abroad. For example, once the kerosene lamp made night
work possible, spinning could be done on two, sometimes three,
shifts daily, with but two or three rest days a month. This meant
that the average work week per machine was two to three times that
encountered in the country of origin; and, since physical depre-
ciation is much less important than economic obsolescence, using
a machine twice as intensively does not wear it out twice as
fast. This heavy use of machinery typical of the 19th century
Japanese industrial secctor meant that the normal gap between the
physical and economic life of a machine wao substantially
narrowed and capital was considerably "stretched.!

Moreover, there was in evidence a related speed-up of the
very same spinning machines thus permitting substitution between
labor and intermediate input quality. By running the machines at
faster speeds and/or by substituting cheaper raw materials, i.e.
raw cotton -- and making up for it by increasing the number of
women to handle the resultant increase in the number of broken
threads -- an additional major saving in capital could be achieved:
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Certain .differences in the industries of the two
countrics are important and must be noted. The
rav material is essentiadly different. Though

the Japancse do use some American raw cotton, the
bulk of Lheir cotton is from India and is of
shorter staple, more likely to breakage.. «and re-
quiring more labor 1o put it through the mechinery.
The yarn spun has much more of the coarser counts
that require mere labor...By adding more labor it
is run somewhat faster than American practice...
A1l of these factors arc in some way relatecd to the
cheap labor policy. They are there because the
labor is cheap. ‘

Japanesc spindles verc equipped with a 7/8 inch instead of a one
irch front roll to accommodate the shorter staple cotton when
operatcd atl higher speeds.

For these several reasons, i.c. differences in the yarn count
and diffcerences in the speed of the machine, as well as differences
in the number of shifts, we find tnat therc was a very morked sub-
siitution between capital and labor in the cotion spinning industiry.
For example, Orchard rcports that a competent Japanese spinner
working on a 20 yorn corab operated from 300 to 1,00 spindles,
while an fmerican spinner on the same count yarn tended from 1,020
to 2,680 spindles, lhat is, between 2% and almost 7 times as many.
As the U.S. Tariff{ Commission reported:

In order to distribute the fixed overhead charges
in the way of high interest and depreciation costs,
and to carn the large amounts necded to pay a nor-
mal rate of dividend, cvery effort has been made to
obtain the largest poussible output from the expen-
sive equipnent and plant. Machinery is therefore
run at high speed, ond almost since their inception
the Japancse spinning mills have been operated
night and day, employing two 12-hour shifts (22
actual working hours) for an average of 27 days a
month.

Here again, given a -standard count of yarn, the average Japanese
spinner is scen as tending 21,0 spindles, while the American coun-
terpart on the same machine tends about 1,000 spindles. As late

Yjohn T. Orchard, op. cit., p. 367.

2Tvid., p. 367.

3The Japanese Cotlon Industry and Trade, op. cit., p. 99.
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as 1932 weckly manhours per 1,000 homogeneous spindles of the
same quality ranged from 328.8 in Jupan to 16L.8 in the United
Kingdom and 1)3.1 in the United States.

A somewhat similar story can be told with respect to cotton
weaving. ‘Once again,

the high cost of mill constrbction is consider-
ably reduced if you consider the hours during
which the mill is being pul to effeclive use.

So far in Japan the whecls have turned round
during 20 oul of 24 hours, while in Furope only
8 hours are being worked. Iffective working
time in Pngland is less than 38 hours per weck,
as 2 hours oul of these are devoted to cleaning;
this is done in Japan after working hours.

hgain, the U.S. Tariff Commission reporis that "in weaving silaple
cotlon sheetings, the ordinary Japanese weaver scldom operabes
more than two plain looms, while the American weaver, with per-
haps some assistance in supplying fresh bobbing, normally tends
from 8 to 10 plain looms."3 Taking cotton spinning and wecaving
together, the U.S. Tariff Commission concluded:

the average Japanese spinner or weaver lends about
onc-Tourth the number of spindles or looms usually
assigned to onc person in an American mill. A
comparison of the total number of perconc omployod
in the two countries to ¢perate individual plants
of similar sizc, and, vicwed more broadly, a com-
parison of the total number of persons employed in
the whole Amcrican industry, per 1,000 spindles,
with the number that would be required on the simi-
1lar balanced basis under the Japanese conditions,
confirms the general relation observed, that the
Japanese mills require betlween three and one-halfl
as many operatives s the American.

Tn the case of silk production, which, together with cotton,
made up more than 7C percent of total Japanese industrial ouiput

lmme World Textile Industry: TFconomic and Social Probloms,
Vol. 1, International Labour Office, Geneva, 1937, p. £09.

2prnold S. Pearse, Japan and China, Cotton Industry Report,
Intcrnational Federation of Master Colton Spinners! and Manufac-
turers! Association, Manchester, 1929, p. 86.

3The Japanesce Cotton Industry and Trade, op. cit., p. 100.
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about 1900, wc have gimilar evidence of the ability to innovate
in a capital-stretching direction on the machine proper. In raw
silk, for example, the Japanese employed more than twice as many
girls as did the same reeling basins in Italy. uite early in
the game it 5.0 reported that a tnodified technology" in silk
yielded a capilal-labour ratio of .20, a capital-output ratio of
1.5, as comparcd with 1.06 and_ L.22 respectively for the tunad-

justed" large-scale technology.

Turning Lo machine peripheral activities, much of the inter-
machine handling and trancporting is done by hand. In place of
mechanical, hwman conveyor belts were devised. Recelving, packaging,
and gtoring waou done by hand. The samc was truc for the handling
of intermediale inputs required, €.g.; as Orchard again reports:

at onc of the largest copper smelters in Japan,
clay for the lining of the furnaces is carried
down from a ncarby hillside on the backs of
women. At the plant of the Tokyo Gas Company,
coke is put into kegs by hand and then carried
by coolies, some of them women, to the barges

in the adjacent canal. Coal, even in tihe larger
Tokyo plants, is unloaded by hand and carried in
baskels to the power houses.

In sum, the quantitative importance of this ability to substitute
labor for capital in aclivities peripheral to the machine proper
was apparenily qulie Gubo Liatbiadle  Very wf e suci aciblvioies
were machine paced in the Hirschman scnse, i.e. while they might
have looked wasteful to the untrained Western eye, they were, in
fact, paced by vwell-spaced machinery as part of ihe same produc-
{ion line which conthined large nunbers of unskilled laborers.

A third lypc of adaptive technology change of which much use
was made in historical Japan is of what we have called the plant-
related variety. This is often characterized by the co-existence
of different historical stages of prcduction in the same industry.
Raw silk production and cotion weaving represent outstanding cxamples.
In the former industry ailkworm rearing and cotton production were
handled mainly by farmerst wives in small home-made sheds, exten-
tions of the rural houscholds. In cotton weaving, most of the
yarn was "put out!" to farm households, with individual looms dis-
persed in farm houses and worksheds. But even in the more modern
factory-style spinning industiry, preparatory and finishing pro-’
cesses were carried out largely at the cottage level.

1Katsuo Oisuka, "Technical Choice and Technical Progress irn
the Silk Indusiry," unpublished Hitosubashi University seminar papers

2Tbid., p. 255.
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This ralher remarkable survival of domestic industiry on a
sub-contracting basis must be explained largely in Lerms of Lhe
exploitation of complementaritices between many small labor-
intensive operaling units and the larpe industrial management
units. The traditional merchant middleman, as a representative
of the sub-contracting unit, served as both supplicr and maricl
for the goods to be worked up domestically. A specialization
of functions as between workshops, cven as between the manbers
of a given family, developcd. One-roof cconomics could be
achieved in this fashion, i.c.-by using cheap labor in coopera-
tion with old-fashioned machinery at the workshop level, while
economices of scale could be achieved in the financing, purchasing
and merchandising stages. The continued relative importance of
this houschold type of enterprise is auite remarkable; cottage
style industry contiributed more than 2/3 of induslrial oulpul in
1878, almost 60 percent in 1895, and rclained subslantial impor-
tance well into the twenticth century. Not only lacquerware,
pottery, porcelain, sake, fruit and fish canning but also such
new onsumer goods coming lo the fore over time as bicycles,
electric.lamps and rubber, were to exhibit the same characteristics.

Plant amounts to morc ithuan 50 percent of total invesument
in plant and equipment in most countrics. The ability to ulilize
houscholds for putting-out opcrations and thus reduce expendi-
tures on planti undoubtedly amounted Lo a major kind of capital
stretching innovation. By deploying familiar but improving
machinery over large numbers of scatterced mini-plants, large
amounts of unskilled labor could be deployed in both direct pro-
duction and in satisfying the resulting increased demand for
transportation and handling activities. in this fashion, Japnncse
enlrepreneurs vere able to, rirst, incorporate purc labor services
and, later, domestic ingenuity and skills, into their industrial
production and export bundle.

The Japanesc thus combined some discrimination in the process
of technology borrowing with a very substantial amount of tech-
nology assimilation. The latter capacity seems to be substantially
assisted not only by the relatively free access Lo resources by
dispersed decision making units, at rclatively rcalistic prices,
but also by the ability to train up the required addi.tional super-
visory personncl through both within-plant training and less
formal learning by doing processes. AL least in textiles, the
need for a continuous.supply of what might be called an adaptive
engincering capacity was supplied by the establishment of applied
engineering schools through the pooled efforts of a« number of
textile fims.©

lugometimes cven a single part is not completed in one shop

or home but is shaped in onc and painted or plated in another.!
H. G. Aubrey, "Ssall Industry in Economic Development," Social
Resecarch, September 1951.

feute

2Gnry Saxonhoucz, unpublished Yale Ph.D. Disscriation, 1971.
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Turning next to the contemporary Korean case at the micro
level, there secms’ to be less evidence of much conscious rejec-
tion of the latest shelf technology, although a good deal of
thought was apparently given, subject to existing aid and other
constraintg, to the choice hetween late model Japanese, German
and U.S. machinery. When it comes to capital stretching assimi-
lation, however, exXe ples abound, especially in textiles, clec-
tronics and plywood production.l With respect to the manufacture
of silk, for cxample, the core activity contrasts a ratio of one
girl per two looms with one girl per 6.8 equivalent looms in con-
temporary Japan. In reaction to now rising wages in Japan, Korea
s taking over the lower quality yarn spectrum where more girls
can be enployed to make up'for the inferior quality of the raw
material. In cotton weaving, onc Korean girl mans 3 looms as con-
trasted with L in Japan; in spinning the contrast is between 600
and 900 spindles. Moreover, Korean machinery is run for 3 eight-
hour shifts daily as contrasted with only 2 such shifts in Japan.
Peripheral to the machines proper, we may note that the contem-
porary Japancse use of a conveyor belt system, for example between
the carding, gilling and combing operations, is replaced by human
hands in Korea.

In the production of plywood what at first appears as pro-
duction processes very similar to those carried on in the U.S.,
i.e. fixed proportions, in fact, turn out to be quite flexible --
interestingly enough mainly because of the greater machine speed
combined with much more labor-intensive repair methods used. In
Uie Unibed States, defeciive pieces oI lumber are cut out auto-
matically by machine and discarded. In Japan, defective pieces
of lumber are cut out by hand and the section is discarded.

In Korea, defective sections are cut out by hand, the scraps
saved, and the defect plugged manually. Here once again a .ower
quality raw material can be upgraded to an equivalent quality
output through the application of cheap labor. Consequently,
overall we found twice as many workers per unit of capital equip-
ment in Korea, i.e. 123 workers are engaged per equivalent capital
production line as contrasted with 72 in Japan; moreover, a Korean
line is worked a 22-hour day as compared to 20 in Japan. At the
same time between 10 and 15 percent more workers are engaged in
inspection, repair and maintenance of both materials in process
and the machinery in place.

In electronics, machine-related or core-type adaptations are
most prominent. In transistor asscmbly operations, for ingtance,
given wage rates 10 times higher than what equivalent opcrators
get in the U.S. (in the same firm), the machinery is run at physi-
cal full capacity, i.e. six days, three shifts a day which is 20

lThe help with Korean plant interviews of Professor Sung
llwan Cho of Sogang University, Seoul,is gratefully acknowledged.

20w




percent above the U.S. equivalent, Moreover, certain special
operations such as feeding and packaging are usually done by
hand on the assembly line, instead of automatically. In spite
of the greater use of labor, productivity per worker seems 1O

be higher due partly to the faster learning process (it was re-
peatedly stated to take at least two weeks less to train Korean
girls in assembly than Americans) but mainly to the greater dis~
cipline and attentiveness on the assembly line throughout. For
example in one firm the difference in speed of assembly on iden-
tical equipment yields a 30 'percent differential in output (from
68 units per machine hour to 85) and in a die mounting process
it prises to more than 100 percent (from 113 units per hour to
21,0). These greater speeds of operation, either due to faster
machine or operator pacing, are once again accompanied by put-
ting additional girls into more intensive testing, inspection
and repair efforts than is encountered in Japan or the U.S.
Defective pieces are not thrown away but repaired by hand.
Similarly, with machinery itself working at physical full capa-
city, considerably more manpower is allocated to the maintenance
and repair of the in-place capital equipment.

With respect to other, plant-related technological assimila-

tion, the most important phenomenon clearly resides in the area

of cubgontracting, hoth domestiecally, and internationally. Nomes-
tically, subcontracting te local equipment and parts manufacturers
is being increasingly practiced, especially in the electronics
industry; sometimes, as the .expericnce of several companiei indi-
cates, it takes two to three years before the domestic subzon-
tracting supplier, via a leariiing by doing process, has become a
lower cost producer thun the main plant or import alternatives.
While such capital saving innovations, mainly via the reduction

of plant and large-scale urban overhead requircments, are not yet
as wide-spread in Korca as in historical Japan (and contcmporary
Taiwan), they are markedly on the increase in a number of other
industries as well. Tnernationally, of course, accepting a
sub-contract for the labor intensive phase of a multi-stage and
clsewhere technologically demanding production process, is a poten-
tially very efficient way of harnessing virtually pure labor ser-
vices to the development process. Bonded export processing schemes,
consisting of tariff frec zones into which oftcr under subsidiary
or sub-contracting arrangement with Japanese or Americun firms,

raw materials are imported and then reexported after value in the
form of cheap labor has been added, have proven to be most helpful
in this context. Such arrangements now yield more than 20 percent
of a Korean export volume which itgelf, as we have noted above,

hag been rising at annual rates of between 30 and L0 percent during
the past few years.
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Firm interviews in Taiwan yielded evidence that, assisted
substantially by the cstablishment of the Kaohsiung Inport Pro-
cessing Zone, a similar type of technology assimilation process
has taken place, mainly in assembly and fabrication processing
stages. For example, in a large plastic factory plant, while
the continuous process (producing resin for PVC plastics) v
showed about the same capital-labor ratio as parent company
planta in the U.S., the ratio in fabricating was only about one
half of the American plants.

The use of labor is most intensive in electronics assembly.
While parts are mainly assembled with the aid of machines in the
United States, this work is performed by women workers in Taiwan.,
According to the gencral manager of one major ¢lectronics firm,
the amount of labor used in asscmbling one set of television in
the Taiwan plant is 50 percent greater than that in a plant of
the parent company in the United States. In fact, most of the
clectronics firms interviewed were making efforts in one way or
another to introduce labor-intensive methods. While the capital-
labor ratios in this industry, like most, have been rising globally
through time, the largest electronics factory in Taiwan has experi-
enced an increase of capital by nine times and an increase of em-
ployment by sixteen times between 1965 and 1969. Throughout the
electronics industry, capital-labor ratios have apparently fallen
dnring the AN,

One further conclusion derived from the Taiwan plant visits,
and confirmea clsewhere, is that the closer the production process
is to the raw material processing stage, i.e. backward linkages,
the smaller the chances for capital stretching types of adaptive
technological change; the closer the process to the finished
product stage, the greater are these possibilities.

Tt is sometimes asserted that the experience of Japan, Korea
and Taiwan iz so atypical, for reasons of size, as well as special
cultural, cducational and geographic features, that it is not relc-
vant for LDC!s generally. We do not wish to dispute the basic
point, i.e. that large countries, like India and Brazil, clearly
face a somewhat different problem in terms of their much smaller
possible reliance on trade to help achieve major.changes in out-
put mix and associated changes in technology. Lvery LDC is clearly
Alfferent in many other essential dimensions as well, such as its
human versus natural resource endowment, its political structure

Lhe help with Taivan plant intervicws of Professor No R. Chen
of Cornell University is gratefully acknowledged.
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and the stage of development it has already reached -- including
here the aforementioned choice it may have already made (possibly
difficult to reverse) as to where to head at the end of primary
import substitution.: Nevertheless, at a minimum the evidence
collected 1o date casts serious doubt on the supposed tyranny of
the LDC!s use of technology and seriously underestimates the po-
tential inventiveness of indigenous entrepreneurship if the eco-
nomic environment can be changed.

To make this point and at the same time to at least partially
respond to the adherents of the lspecial case! position, let us,
therefore, before concluding this section, cite a few relevant
examples from other countrics. Unfortunately not many have as yet
adopted the full policy package associated with export substitu-
tion, most conducive to yielding the kind of evidence we are after.
But several have undertaken partial evidence of technological
flexibility which is believed to be instructive and will be briclly
referred to.

One such example is provided by West Pakistan, an area no
one will confuse with Korea or Taiwan, during the first decade of
the 60s. After following a more or less classical set of import
substitution policies -- with more or less classical consequences
in performance -- lest Pakistan moved towards a more oulward
looking environment, including through a de facto devaluation
import liberalization, and adjustment (in favor of agriculture)
of the internal terms of trade around 1960. As a consecquence,
at the aggregative level, the saving rose from 5.5 nercent in 1968
t § percent in 1966, the growth rate from 1.2 percent to 3.4
percent and the growth rate of exports from 2.5 percent to 8.3
percent. More importantly as a consequence of the, admittedly
only partial (relative to Korea and Taiwan) move to export sub-
stitution, non-traditional exports rose by 89 perceni between
1959 and 196l and accounted for 60 percent of the total in 196l
(comparcd to less than 10 percent in the 1950's). This restruc-
turing vas materially aided by what, to most observers, was a
surprising growth of engineering and other small-scale industries,
especially in the Punjab. At least according to one study, this
growth was also associated with a good deal of adaptive technologi-
cal change, especially in the construction of local tube-wells,
pumps and other light engineering products.

lme author, in fact, believes that a typological approach
(i.e. a different framework of analysis for different LDC sub-
familics) is necessary, and a good deal of the work of the Yale
Growth Center reflects this view. The subject is again, however,
too broad to be tackled here.

zﬂdward H., Smith, Transfer of Technolopy. Choice of Techniques
and Teonomic Growth, Yale Ph.D. Dissertation in progress. In spite
of whal hau happened in, and to, Pakistan since, largely as a con-
scequence of political decisions, the expericice of the carly 60s
remains valid for our purposes.
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Another example is Kenya, a much smaller and thus, from the
beginning, more opcn economy in which a substantial amount of
technological flexibility seems to be in evidence, both at the
borrowing level, i.e. through the use of old equipment, and at
the assimilation 1cve11 especially in a .variety of machine-
peripheral activities. Even in India, which has only recently,
and with considerable hesitation, moved in the dircction of liberal-
ization, evidence of capital-stretching can be found. Ozawa, tor
example, reports that a Japanese glass company operating an Indian
subsidiary was able 1o cut plant size in half and lriple the num-
ber of workers (relative to Japan) because tsheet glass 1s manually
cut, the transport of raw materials within the plant and the
crushing of coal are not automated but performed by labor."

Finally the experience of the Mexican Export Processing Zone,
specializing to date mainly in electronics assémbly and textiles,
is relevant. while Mexican industry generally is stiil living
under hothouse dmport substitution conditions, the Northern Bor-
der Industries (about 300 U.S. subsidiaries and 150 Mexican £irms)
have been facing a slightly less distorted set of price signals
and perhaps more importantly, pressures to be competitive in the
U.S. market. Plant interviews here clearly indicate that what is
occurring is an carly and as yet incomplete version of the Korean-
Taiwan slory. U.S. multi-national corporation subsidiaries, for
example, are normally established with the single gurpose of laking
advantage of the relatively low Mexican wage rate,” with little
inibial Leciwology cliaupge cuntbanplabed -- din fact, resistance f10i
headquarters to tampering with the coelficients lest the qualitly
of output be adversely affected. Aftor a year or so (6 to 8 months
in Korea/Taiwan) local managers often perceive additional ways of
reducing costs by using the imported machinery more intensively.
This takes the form of a more continuous use of the machinery in-
cluding multiple shifting and letting machines remain in place much
longer than in the U.S. This is turn is compensated for, on the
one hand, by much more attention being paid to repair and mainte-
nance activities, including the replacing and adjusting of machine

lfor further details, sece Howard Pack, "Employment in Kenyan
Manufacluring," Yale Economic Growth Center Paper, January 1972.

2Terutomo Ozawa, "Report on Japants Transfer of Technolcgy to
Developing Countries," UNITAR, mimco, hgust 1970,

35 well as Section 807 of the U.S. Tariff Code which exempls
all but value added abroad from U.S. duties.

hOccasionally machines no longer used in the U.S. are expor-
ted to the subsidiaries.
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tonls in the local machine Shops.l lLocal subcontracting, though
still constrained by the absence +o date of much ancillary in-
dustrial activity near ihe border and high transportation cosbs
elsewhere, also increascs with time, especially with rgspccb to
packaging, materials, wire and other simple components.

The Mexican Border Program illustrates in an cven mere ox<-
treme form than Korea and Taiwan (due to the morc exireme proximity
factors, at leasl as far as the U.S. ia concerncd) the growing
possibilitiés of an international systom of subcontracting by
process, in accordance with differential factor aidouments; Lhis
extension of the the division of Labor by commodity principle
provides a larger scope for adaptive LNC technology. Japanese
synthethic textile firms, for example, do their material pur-
chasing centrally, let the dying and wcaving be donec in Talwan,
the yarn knitted in Hong Kong, and thon handle the exports 1o
the U.S. centrally. The leather for a U.S. baseball glove miunu-
faclurer is tammed in Japan, the stilching done in Korea. Both
Ford and G.M. are currently considering the conglruction of a
Southzast Asian car, with gqifferent processes {0 be located in
Indonesia, the Philippines, Malaysia, Singapore wnd Thailand.
Phillips and Volkswagen have, for some time, been cxperimenting
in this field of the international division of process vhich,
given the closc assocaiation between output mix and technology,
tends Lo give further major scope to indigenous technological
assimilation. :

NDynamiecally, we maiy noto, e.g. for the U.0. il dapnese
electronic firms operating in Korea and Taiwan, a lendency to
move, over time, from simple assembly operations to adding pro-
cessing stages both foruard and backward as local skills improve,
for example, {rom {ransistor assambly to cutting the silicon wafers
and precision wclding, on the one hand, to the final finishing
processes on ihe other. Another tendency which can be detected
within any one cxport processing zone, as well as looking across
gones of different maturity, is the inclination to tlransfer rela-
tively low volume series or processes first, i.e. where economies
of scale play a lesser role, as well as 1o keep {he number of
style or model variants to a minimum -- and later, as changing
capacitly permits, to gradually expand in boih direction. ;

The amount of spatial flexibility multi-national corpora-
tions have showm in moving their processes about on a global
scale is also quile remarkable. The U.S., dJapan and Hong Kong,
for example have reacted to sustained Japanese wage increascs in
recenl years by moving texlile, wig, leather products, electronics

lps an aside, it is interesting to note thal Mexico carns
more than $2 % million annually from the repzir of U.S. offirc
machinery, T.V. and radio sects.

2ime cost effectiveness of such procurement, including
savings in transpor tation, has to overcome the loss of the U.S.
tariff waiver on' U.5. components. '
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and plactic footwear operations to Koreca and Taiwan. Similarly,
Singapore has lost its unskilled labor-intensive processes and
acquired more skilled labor-intensive ones. Such flexibility
includes changes in the selection of commodities and processes
relevant to particular commodities at a fairly disaggregated
SITC level.

As we have pointed out repeatedly, the vast majority of
contemporary INCts still find themselves in the grip of an im-
port substituticn policy regime -~ some for good, some not 5o
good rcusons. Since we expeet a more cndovment sensitive iype
of enviromment 1o be a necessary (if notl sufficient) condition
for the demonstration of the flexible usc of technology, as
part of the profil maximizing calculus of dispersed decilsion
making anits, we are somewhat handicapped in owr effort to
marchall yet additional "deviani® country evidence. There ramains,
however, one other arca of investigation, which -- while we can
only touch upon it briefly -- provides somz additional empirical
support for the wrguments of this paper. AMnd that is cross-
seclional evidence within the industirial sectors of given coun-
tries, by scale of establishanent.

Il is well knowm that in countries subject to the usual dis-
tortions of import suhstitutian, euch dictortions f2ll uncvenly
on large and small firms. A low interest rate policy, for exam-
ple, usually means that large scale firms, as prime borrovers,
gel the tightly rationed credit at official rates, while medium
and small scale firms do not, and have to either do without or
borrow at substaniially higher rates. The same holds for im-
porls, 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 rescle, 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 minimum or even evade
the legislation allogether. 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 signais closer to cquilibrium values.
If we should then be able to uncover diffcerential behavior in
terms of technolopy choice by scale of industry within the same
country, our arpgument is further strengthened.

As it turns out, the phenomenon of so-called “industirial

dualism which we are now talking about -- including as ene of
its manifestations the expected differential use of technology -~
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has been documented for a substantial number of countrics.l The
results almost invariably indicate that the medium and small
scale firms are substantially more "efficient! in terms of the
intensive use of scarce capital and the extensive use of abundant
labor, as reflected in lower capital-output and capital-labor ratios.
Many of the same studies show, either directly or by implication,
that real industrial cconomies of scale (as opposed to those
caused by uncqual access to resources) are of'len exaggerated --

ab least in industries in which continuous processes are nol domi-
nant. Not only are medium and small scale firms thus facing a
more competitive environment and forced to make a morec careful,
i.e. endovment sensitive, technology choice statistically3 but

the incentive to innovale and adppt in a labor-using direcltion
dynamically is equally c,-nhanced.h In short, cross sectional evi-
dence, by scale of opcration, within countries still under import
substitution tends to further support the basic notion that changes
in the economic environment are essential for an approach to the
optimum LDC utilization of technology.

le.g. {or Pakistan in Gustav Ranis, "Production Functions,
Market Imperfections and Ficonomic Development, ! Economic Journal,
June 19623 for Mexico in Saul Trejo, !"Industrialization and
Imployment Growth: Mexico 1950-1965, " unpublished Yale Ph.D.
Dissertation, 1971; for Colombia in Albert Berry, !The Relevance
and Prospects of Small Scale Industry in Colombia,! Yale liconomic
Growth Center, mimeo, October 1971 and John Todd, "Size of Firm
and Efficiency in Colombian Manufacturing," Research Memorandum
i1, Center for Development Lconomics, Williams College, October
1971; as well as for other countries, in the U.N. Indusiry and
Productivity, annuals.

- A similar phenomenon, incidentally, has been found:to
hold for LDC agriculture, i.e. a more, intensive use of land on
medium and small scale plots, e.g. in India, Brazil, Colombia
and Pakistan.

3For example, G.K. Boon found that of 88 metal Chipping (core)
processes used in a cross section of rich and poor countries, 0
more than 50 percent were highly sensitive to relative.price con-
ditions as well as lot size ("Optimal Technology in Metal-Shipping
Machines Tools," May 1968, Stanford University).

j'iM,oreover, the Galenson-Leibenstein type of argument to the
offect that larger wage bills today will yield lower employment
tomorrow -- due to the lower savings and capital accumulalion en-
tailed -- have not been standing up too well 1o empirical tests.
anall farmers and industrialists sean to beaong the highest
savers (see also a number of U.N. studies am the sources of
savings as well as G. Ranig, NInvestment Criteria, Productivily
and Nconomic Development: An Empirical Comnenl,' Quarterly Journal
of Tconomics, May, 1962.)
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IV. Conclusions for Policy

Some of the major conclusions flowing from our analysis may
now be briefly summarized:

1. fTherc exists only a limited scope for LDC choice in t.echno-
logical borrowing. The choice of from whom to borrow and
what vintage seems to be narrowly constrained, both by a
lack of information, by prestige factors, and by institu-
tional impediments attending the transfoer nf capital. On
the other hand, there exists very substantial scope for
technological wssimilation, i.e. indigenous innovations of
a labor-using variely.

2. The potential for adaptive technology change today scems 1o
be most proncunced in core and machine-peripheral activities,
as well as, if to a lesser cxutent, in plant-related activi-
ties. In the course of such lnnovations, most often unskilled
labor is substituted for machinery, bui sometimes also for
the quality of the raw material input.L The types of goods
subject to such flexible use of technology include textiles,
electronics, metal working, non-clectrical machinery, fond
processing, tires, tubes, leather producls, rubber and plas-
tic footwcar, among olhers. The ability to adapt scams 1o
be relatzd directly to the importance of production costs
relative to the total sales price, and indirectly 1o the
importance of Ql]:].l ity over price conaideratione in mgrkcting,2

3, Changes in adaptive technology and in output mixes using
such technology require a sct of relative faclor and com-
modity prices which are more sensitive Lo endovment and
endowment changes. This can be best obscrved by contrasting
the relevant behavior of indusirial scctors over time (as
they move from import substitution to cxport 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 objectlives.

1For example, in addition to the already cited substitution
of short for long staple cotton in Japanese spinning, Bararrson
finds similar examples in the pulp and paper industry, i.c. the
blending of short and long fiber pulps, and cven in pelroleum
refining, where domestic crude mixed with imported renders the
usc of a smuller scale plant efficient.

2see V. A. Yeoman, "Seclection of Production Processes for
the Manufactiuring Subsidiaries of U.S.-based Multi-National Com-
panies," Unpublished D.B.A. Thesis, Harvard Business School, 1968,
as quoted in Rayrond Vernon, "U.S. Imterprise in Less Developed
Countrics," in The Gap Between Rich and Poor Countries, Gustav
Ranis, editor, MacMillan, 1972.
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The ability to quickly convert relatively "raw" unskilled
labor into an efficient disciplined industrial work force
seems 1o 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 productlivity
characleristics when compared Li their U.S. counterparts

in exactly the same operations. One constraint which does
apparently inhibit fuller resort to labor using adaptations,
however, is the scarcity of skilled supervisory personnel,
e.g. lor night shifts, as well as of a problem solving type
of adaplive engincering capacity.

Adaptive research and development -- usually carried on within
the machine shops of LDC plants and focusing on endowing
machines with a larger productive life through heavy maintec-
nance, as well as the insertion of small, labor using devices
and adjustmenis -- scems to have had the highest pay-off.
Basic research, carried on mainly within LDC universities and
government institutces, 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 605 has been associatced with the presence
of a significant local technological efforl, more than with
the permanent receptlion of knowledge from abroad, additional
to that received at the beginning of opecralions.m

Export processing zones have apparently scrved as effective
transitional devices for counirics moviag, from import substi-
tution. Yxport processing permits general organizational and
technical talents to be imported -- along with capital and
intermediate goods -- while domestic entreprencurial maturation
is still poing on in most of the economy. Then, as value is
added in the form of mainly unskilled labor before re-export,
adaptive domestic engineering ingenuity plays an increcasingly
important role in bolh cost reductions for a given operation,
as well as the adding of processes and the broadening of the
output (or models) mix. Some of this technological "learning
by experimenting" then seems Lo spill over © the rest of the
economy ~-- reversing the usual historical notion that one had
to "cut one's teeth" on the domestic narket before being able
to export competitively.

Iror example, the Electronics Control Corporation reports

that one girl in its Matumoros, Mexico, plant produce 3500 units

per day on the same equipment which yields only 2500 uniis per day

in its Eulers, Texas, plant. Less chatting, lewer ¢offec breaks,
and the ever-pres cnt threat of the "reserve army" outside arc the
usual explanations offcred. (Business Week, January 1972)

aJorge M. Katz, op. cit., p. 2kL.
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7. Multi-nationalcorporations scem to play a large, though by
no means exclusive, role in this new process -- focused inter-
national division of labor, including the utilization of
tariff. free cxport processing zones., This is probably in
large part duc to the fact that such companies have more
global information and control of specific markets. This is
especially relevant since markets for intermediate goods
are substantially less well organized than those for primary
goods, on the onc hand, and finished goods, on the other.

These conclusions lead one, in turn, to a number of suggestions
with respect to the policy 'setting, both on the part of the tech-
nology borrowing and lending countries, most likely to result in
improved LDC utilizalion of technology. Taking, first, policies
within the control of the technology borrowing 1DC!s:

1. Technology change cannot be harnessed effectively to the
simulianeous solution of the output gaieration/mqaloyment/
income redistribution problem if macro-cconomic policies
conlinue to seriously distort major relative price rela-
tionships in both factor and output markets. All the
policies which render capital artificially cheap and labor
artificially expensive -- as well as many policics which
distort the relationship among outputl prices (e.g. price
conlrols on somc consumer goods, subsidies on some capital
goods, and exchange rates which discriminate against ex-
porte) 211 have the offcet of cericusly inhibiving whe
search for labor-intensive technologices and output mixes.
Neglect of marked improvementis in this general environment,
while moving on to "direct actions!" in inducing a more
appropriate use of technology will not work -- certainly
not with respect to the private sector. Any substantial
move lLowards a better use of technology requires facing
up to the sometimes politically difficult decisions invol-
ving at least gradual liberalization at the end of the
primary import .ubstitution phase. It is, moreover,
important that any such policy trend, even if slow, be
consistent. Frequent back-and-forth oscillations between
a more control and a more market-oriented environment
cause too much uncertainity and probably yield the worst

results.

Capital intensive technology choices may well !'dominate!
in certain industries: labor intensive in others. But unless
the "game! is made fairer, new medium and small scale entre-

lthis point is made by Pack and Todaro, among others.
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preneurs without previous access to regources cannot bring
their ‘technological ingenuity to bear. A fiscal system
which artificially subsidizes cottage industry (e.g. Indiats
khadi) is as wasteful as one which subsidizes high tech-
nology industry (virtually every LDC); neither path is
likely to encourage the use of modern but labor intensive
technology.

ne
.

With respect to the public sector, the pressures of domestic
competition and trade, of course, operate less forcefully
since many public enterprises can afford to run contlinuous
deficils "in the common good" and much of their output is

in non-traded commodities. WNevertheless the use of shadow
pricing would be very helpful herc, especially when relative
market price signals continue to be distorted. Much can be
done, for cxwmmple, in road constlruction and public housing,
both ofquhich offer a relatively wide range of lechnology
choice.? But realislically, a major problem Lo be overcome,
even in the rare case when the public sector does use

social rate of return calculations, is that such calcula-
tions arc often employed ex post facto, i.c. long after the
political decision to go forward with a project has been
taken. Perhaps the cheice of technology for a glven pro-
ject bundle is somewhat more "“open,! and shadow pricing
should, in ony casc, be pursued whenever possible. Howcever,
it must be reeognined that preslige and other institutional
considerations play a perhaps even larger role in the public
than in the private sector. TEmphasis on rceducing 1DC
ttechnological dependence! on the rich countries, put along-
side the frequent protests against other forms of dependence.
might help overcome UiLs tendency, while scrving as a healtiay
demonstration for the private sector.

e are not suggesting that a fair game means equilibrium
prices, e.g. that real wages could or should be brought down 1o
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 allcwed 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
devised efficicent ways of adapting labor using technologies. .
(See, for example, David Granick, "Tconomic Development and
Productivity Analysis: The Case of Soviet Metalworking,"
Quarterly Journal of Economics, May, 1957.) Public sector
machinc-paced labor intensily is in evidence especially in
road construction, housing and other public works projects.
For cxanple, in India and Pakistan reinforced concrete is poured
by linking up a cement mixer with a long chain of workers passing
the cement from hand to hand; it is put in place just before it
is ready to cool and harden.
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A more realintic seb of price signals, while thus an essen-

$ial ingredient of any jmproved usc of technology on the part
of the ILDC!s is, however, not enough. There do cxist poten-
tial boitlenccks in the form of supcrvisory and adaptive
engineering personnel, wlready referred to, which inhibit the
fuller usc of unskilled lubor relalive to capital -- especially
with regard to multiple shifting and the introduction of ncw
labor-using machine attachnents.  ‘Ihe supervisory personncl
problem sccas 10 be capuble of solution through the eliciting
of cupecially gifted sndividuals from the unskilled in-plant
labor ranks, usually aftor 6 to 8 months or a ycar. With
respeet to the appropriate kind of enpinecring ckills, how-
ever, both the Japanese and the Taiwan cases already cited
lead to the conclusion that speci al, indigenous training pro-
prams, pessibly supported by the very companics likely to
benefit, should be enconrapged,  Many plant of ficials expressed
the view thoi the wrong kind of experience or training of'ten
proved worse lLhan nonc in this regard. ‘

Closcly related 1s the question of Research and Development.
We share the view of Richord Nelson, who, after careful con-
sideratvion of the difficult issues involved, finds "the -
ments in favor of buildlng up a sirong LDC basic research
capabilitly wnpersuasive. ' Aside from the trial and error
costs which are in large part aveidable -- with mainly scarch
costs having to be incurred by the LDCts -- there is the ques-
tion of the critical mass or mininum cconomies of scale in-
volved in the basic RED production function in itself. Yet
44 4« dntorecting £0 nole that, in ecpite of the proviously
referred to relalively lover LDC expenditure on RED (rela-
{ive to GHEP or budget), lhe percentage allocated to basic
roscarch is substantially preater than in the advanced coun-
tries. Since this is undoubtedly, in large part, due to ihe
concenbration of R&D in government and university institules
which tends to allow rescarchers excessive freedom o set
their own stuanduards (frecquently unduly imitative of their

DC "fronticr" colleapues), encouragament of industry supported
applicd rescarch institules seems warranted. Some such
inslitutes including the Chung-hua Tlectronics Development
Corporation in Taiwan and the Leather Research Institute in
Tndia scen to have been quite successful. The Soviets also
have apparently recalized that research institutes need to be
drawm into doing ‘at least some short-term applied work for
indus bry -- and compensated for it in relation to results --
if they are nolt to becomce increasingly irrelevant. In

1
",ess Developed Countries, Technology Transler and
Maptation, wnd the Role of the Natlional Scicnce Community,"
Yale Economic Growth Center Discussion Paper 10L, January 1971,
p. 28.

%ugeience Policy in the U.S.S.R.," OLCD, 1969,
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addition, for specifically defined industiry purposes, e.q.
adaptive teclmoloygy in footuear, elcectronics or textiles,
the sponsoring of internalional institutes, along the lines
of the Internstional Rice Research Institute in apriculture,
should be carciully considered -- preferably in conjunclion
with country-specific adaptive rescarch cfforts.  Such
institutes could substantially reduce the dangers of waste-
ful duplication, with each IDC wxerling its own cfforts al
deviging a capital-strelehing shoe technology, for cxample.

The cstablishment of cxporl processing szones, especially
during a trancilional period en route Lo a more generally
liberalized ceonomic policy packape, should be aicouraged
and the neccssary overhead facilitices and customs wrrange-
menLs provided by governments. The atlitude towards the
role of mulbti-national corporations in this eonlext should
be as pragmnalic as possible.  There i considerable evi-
dence that soame foreipn [irms exhibil considerable tech-
nological fleribility, probably more than domestic public

or private firms -- at least at the initial stages. On

the other hand, most such companies nlso suffer from some

of the strait- jncketing acsociated with fixed central
managenent rules, c.gs on global interest rate and break-
even points -- even in such relatively endowment and tech-
nology sensitive {irms as Phillips and Volkswagen. Forelgn
subsidiaries, copecially il admitted into a comfortably
protecled domestic market, Lhus somctimes exhibil inflexible
behavior on technology, in addition to their collusive
markel sharing, anti-cxpori and ather Monti-social® Lehavior,
Here again we have an arpuent for tackling the macro-economic
enviromment as o prime instrument for reducing some of the
negative, while retaining scme of the positive, ceffcects of
mulii-national corporation activity. Just as with the large-
scale private domestic firm, much of the so-called anti-
social behavior will disappear under the pressurc ol compebi-
tive forces in an export substitution-oriented environment.

In addition, of course, LDC governmentis have cvery right
to regulate such companies! practices including their tax,
royalty, technical assistance payments, the use of export
prohibition clauses, the training of local managerial and
supervisory personnel, as well, possibly, the move from
equity control to licensing arrangements over time. (Some
of the features of the Mdean Groupts Treaty of Carlagena |
are rclevent herc.) But while we recognize that this issue
is a highly charged one politically, INCIs should also be
awarc that substantial benefits for technulogical i'lexi-
bilitly, including via the international division of labor
by process, can flow from this form of forcign capllal.

Such companies do have a bebter opporlunity Lo scan resource
endouments and markets on a global basis and to move quickly

’
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and flexibly to take advantage of this knowledge. It should,
finally, be noted thut, in contrast to the inflow of foreign
public capital, private investments may be less tied (at

least lepally) to specific countriecs of origin and less likely
to insist on financing only the import content of projects --
thus less prone to arlificially enhance industrial sector
import and capital intensity. :

Few LDC!s ncvertheless will want to rely too heavily on the
foreign multi-national corporation for their capital and tech-’
nology imports. Tnereasing participation by domzo vic firms

of all sizes is therefore a political as well as economic
necessity. Ivery such firm clearly is not in a position to

be up-to-date on the international market conditions, resource
endowments, and trade channels, including obtaining the
necessary 'illumination! of the {echnology shelf and of tech-
nology asgimilation possibilities tried elscuhere. LDC
governments should, therefore, consider taking on some of the
social search and information functions, perhaps through the
csbablishment of specific industry-oriented information ocer-
vice centerse

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

nology exporting, rich countries:

1.

There exists, it seems to us, a transcendental and primary
obligation on the part of rich country aid donors, as vell
as the multilateral institutions, to make discussion of the
macro-economic policy setting, central to the 1IN0 technolomy
issue, a central part of any discourse between donor and
recipient. This is not to say that aid should, or could, be
conditioned on any specific steps tn be taken -- but it is
to say that failure 1o discuss the importance, the method
and the timing for a transition to a more endovment and tech-
nology sensitive regime at the appropriate time may well
render all other well intentioned "direct actions! subgstan-
tially null and void. There is no-:shortage of awareness of
the dimensions of the problem in most contemporary LDC!'s,
nor a lack of awareness of the direction policy must take

if a continued conflict between growth and employment cum
income distribution is to be avoided. Nevertheless, there
existl strong political as well as other obstacles to
liberalization within every import substituting LDC. On

the one hand, large scale private industrial interests are
loath to lose their windfall profits, just as civil ser-
vants may be loath to let the market displace :.me of their
power (and income); on the other, technocrals muy fear
revenue and foreign exchange losses if tariffs were to be
reformed and import control regimes liberalized. With
respect to both thesc cbstacles, temporary "aid ballooning!"
can be helpful in the realm of gentle persuasion as well as
in making such {ransitions in:pulicy package practically
feasible.
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2, Not only the quantity but also the quality or composition of
the aid package 15 likely to be important in this context,
Tt is dilficult to discuss the distortions in favor of capi-
tal exbensive technology when one!'s own, albeit marginal,
contribution to the total effort substantially contributes
to the same distortions. We are referring here to the well-
lmown effects of aid tying, projects-only and minimum local-
cost-financing biuses of many donors. Such policies induce
import and capital intensity and reduce the scope for “ech-
nological assimilation. Program or sector loans, on the
other hand, preferably untied and with minimum trangaction
requirements removed -- especially if linked to changes in
the LDC!'s own policy environment -- have a much better chance
to help in the dircction of letting the technological chips"
fall where they may, whi%e permitting vital indigenous inno-
vational juices to flow.™ It cannot be emphasized sufficiently
that rich country credibility in regurd to the present mush-
rooming concern with matters of technology choice, employment
and income distribution will depend in large part on the
ability to put one's ald package where one's mouth is.

3, With respect to aided public sector projects, cost benefit
analysis, using shadow prices for capital and unskilled labor,
as well as possibly for skilled and techuical personncl, has
a role to play -- subject to the aforementioned caveats on
the aclual use to which project analysis ie usually put and
the perhaps more important caveat that solving one'!'s con-
science by partial equilibrium attention to projects only
could represent a case of seriously misplaced concretencss.
More attention, especially to the technological choices within
projects, €.g. dif'ferent-sized tractors and different earth-
moving, excavation and road-construction techniques is indi-
cated. Even crude adjustments by the use of shadow prices
could be very helpful in both project and technology sclection.

i, Efforts should be made to influecnce the behavior of foreign
private investors in the same direction of technological
flexibility. For example, when DC corporations apply for
investment guarantecs, either of the multi-lateral or bi-
lateral (e.g. OPIC) variety, evidence of the scope for decen-
tralized subsidiary decision making on technology and output

1Project loans through financial intermediaries can be used
in much the same way. '
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or process mix cotild become one of the criteria; at a minimum
multi-national corporations conld be made increasingly sensi-
tive to these tssues in the course of the negotiations.™

§. fThe success of LDC efforts in broadening participation and
sof tening any exisling conflict between oulput and employment
cum diebribution objectives is intimately related to the
strength of competitive forces domestically as well as in the
I international markcls -~ thus forcing entrepreneurs to opti-
mize, inslead of merely satislicing, An important dimension
of the crtent to .hich this strategy is feasible, of course,
has Lo do with the extent of rich countries! readiness to
accept Lhe labor intensive goods produded in this fashion.
Much can and remains 1o be done here, not only in teras of
the granting of temporary preferences (following the infant
industry argument) but also in terms of a rcally effeative
rich country adjustment assistance program at home which
would nip currently powerful '"sick country! defensive reac-
tions in the bud.? Moreover, ILDC's should be encourapged to
ook {or non-traditional trading partners, i.e. each other,
along with the non-traditional, i.e. labor dntensive oxport
substitutes. At every SITC level, whether in textiles, shoes
or eleclronics, there exist quality ranges in which sdnc labor
surplus INDC has a comparative advaniage over others; viporous
trade among vigorously growing LDC!'s, as they each restructure
their protected domestic economy, reed not be a fanciful pipe-
dream.s  Teday IDCG's carry oul only 2 to 3 percent of total
wordd trade in manufactured goods, 35 percent of which takes
place within the group. The seope fop evnpongion 1o 1urgd,
When all is said and done, the potential of competitive trade
oppoatunitics may be more helpful than anylhing else in
moving the LDC!'s to understanding the potential role of tech-
nology t.r.m::]l.‘c:rs and to undertaiking the necessary changes in
) envirorment.*

L7 aveid eriticiom many such compznies, for cxample, often
resort Lo hipgher-than-average (cm1pluy::zc.-nL-rc«:lucjng;) wage policies,
while their porformance on cmployment generation by resisting such
pregoures and nnovating in labor-using directions might lcad to
better private as well as social resulis.

211. might well be argued that "aid funds" spent in this {ashion,
in return for a reduction of DC quotas and tariff barriers are in
nany ways superior, in terms of both cconomic and political effective-
ness, Lo aiwd funds spent abroad.

. Megional complementary trade, including by process, can be
furthered by the granting of reciprocal preferences, the havmonization
of incentive propgrams and Lax policics, among olhers -~ ag iu currentily
being explored in the context off the South Easl Asian G.M. or Ford car,

hon this point also see Grahwn Jones, The Hole of Seicnce and
Toclmotoey in Developing, Countrics, p. 161,
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DEVEIOPED COUNIRY PERSPECITVE: Julian Engel, NAS

Ranis arpues persuasively that changes in the economic cnviron-
ment are essential for the optimuan LDC utilization cf teclnology.
Essentiadl, to be sure, bul not sufficient, onc would rcetort, in the
ubsence of a well-established indigenous techmological capability.
The lack of weight and systematic abtention given this [iclor stems
from the limited view ltnis takes of the technology tranuler func-
tion, the nature of teclmology transferred, ond the proccss of
adaptation,

‘hppropriatenecss of teclnology is confined to the single dimen-
sion of labor-for-capital substitution, to the exclusion ol new
{eclnology formation, dowmscaling and relaxation of design and
quality standards of existing technologies to suit local markct
requirements and conditions.

Adaptation is illustrated largely with technology atl, the upper
end of the scale of tezlmology iteansity--all drawm from the "inter-
national technology shelf."

The substance of technology transfer is scen as of two kinds:

n= 0ff=the~shelf borrowing with no change, occuring especially
during the primary import substitution phase

~- adaptation/assimilation, usually in the later, moxo (ioplvrsr
oriented phase by means of sccondary inmovatlions, Jece pragmatic,
machine-shop modifications produced by the "ingenuity!! of tlechnical
personnel "on top of! a given set of borrowed lechnologye

The range of indigenous capebilily required for abscrption is
consequently rather narrow:

-~ information search capabilitics
~= technical know=how and managenent aptitudes
-~ industry-supported applied rescarch institutes.

There naturally follows a skeptical view of LDC efforts to
build up a "strong basic research capability," an aim which in the
contoxt of the Ranis. paper calls for more precisc and detailed
definitions low strong is strong? low basic is basic? Which
sciences are relevant, which not? What level of competence io
neccosary for achieving a national intelligence sophisticated
enough to filter the obtruding universe of technology that Llies
withoul? fThese are live questions pressing themsclves on a
groving nunber of LDCs.




Basic rcscarch conventionally defined and the type of technologi-
cal adaptation endorsed by Ranis arc points widely apurt on the inno-
vation chain; between Lhem lies a broad rangc of innovational steps
for which the LDCs appear increasinply determined to acquire their
own capabiliticoe funeng other motivations, add to the fear of cver’
continued dependency on the devcloped countries! technology, product
preferences o import requirements, the rccogniiion by the IDCs that
the internabionad shelf may be bare of tecliology ansuering indigwious
necds and crmploying indigenotus resourcess.

Ranist prescriptions for change in the policy package of donor:s
and recipiants ddiko vould be greally strengthened were they to
address wilh cqual cogency the measures both sides--and especially
teehnical assistince agencles such as AID--chould take to enhance
{the IDCst cepacity to generate, absorb and assimilate + Leimolofye
s suggestions (cited above) arc fragments or builaing blocks, they
do not conustitute a rramevwork or systematic policye. ne need for a
policy and & program should be evidant since the resources heing
chammelled into the development of LUC science and bechnology infra-
structure arc not inconsiderable and are likely to growe

Furthcmore, time-lags involved in the bvild-up arc cxeep-
tionally laigthye One has to conteid here with periods of a decade
or longer, laking into account the training of high-level persomnel.,
the developmaent ol nigi-qualliy istitublons to proauce TS man-
power, the development, of supporting technical services, the mabuaing
of a rede:wc:]1/developmcn'b/cngi.necx;ing capability, and copecially its
confident intoraction with the industrial, cducational, and governs
menbal scclorse

Ranis notes that in the first industrialization phase-~the hot~
house perivd of import substitution--resources tend to fiow into
gocial~overhead capitale This gencrally also includes the establish-
ment of rudimentary gseicnce and Lechnology systems, with all the
distortions and misallocations of resources {or reasons cf prestige,
irrationalily, and the like which beset the industrial scctor in
that phasc. The sclence and technology infrastructurc is poorly
Linked to industrial developmente When the country eventually
shifts to an cxport promotion policy, and discovers the need to
harness its technological capabilitics to the production function,
the mismatch becomes starkly apparcnte

There appears to be a need for analyticul. tools which would
provide a mc thodology for approaching this probleme It might make
possible the Tormalation of a sccloral progranm strategy such as is
now in fashion with respect to the more traditional areas of
agriculture and industrye
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DEVELODPING COUNTRY PFRSPECTIVE: Mahbub Ul Haq, IBRD

Professor Ranis is an outstanding and cloquent advocate of
the powver of corrcct price signals in encouraging the right kind
of technologies in the LDCs. Onc may certainly agree with him
in most of his analysis but, at the same time, the conviction
remains that price signals work within definite irstituticnal
constraints. Therc are a nwiber of questions that one would like
to raisc:

First, how luvrge is the applicability of price corrections
within the various scctors of wn cconomy? While they do have a
role in the modern scctor, whal ubout agriculture and services?
While they have worked in somc amatl countrics like Korca and
Taiwan, what about largce countrics like Indie and Brawzil?

Second, to what cxtent distortions in income distribution
are as cignificant, or perhips more significant, in misallocating
scarce resources as price distortions? For instance, income dis-
tribution was so skowed in Pakistun in the 1960ts that $300 million
was spant on privatc motor cars as against $20 million on public
buses. Similarly, 605 of housing investment was of the luxury
type. In this contexl, whao would have been achieved by merely
raising the price of capital i thout abtiacking the root cause of
the problem which was skewed income distribution?

Third, it is normally ascumed that price correclione ecan he
more easily undertuken by a country than fundemental institutional
reforms. It is often forgotten that without institutional changes
price corrections may not even hc possible. Price distortions
often transfer income to the privileged grouns or to the relatively
well organized sectors of socicly: therc arc not many price dis-
tortions which bencfit the poor and persist for longe If tractor
prices are low, they reflect the power of the commercial landlords
vis a vis the landless laborer and, they are going to remain low
£i11 there is redistribution of economic and political power within
the systam. Thus, cven if price corrections are poweriul, are
institutional changes not necessary Tirst?

Finally, there is the question of the macro=-cnvironment on
which Professor Ranis has placed considerable stress. The develop-
ment strategies pursued so far in most IDCs reflect the Arthur
Lewis two-scctor model in which the traditional sector is gradually
absorbed by the fast rate of growth in the modern sectors The
tronble is that such a model is basced on built~in incquaditicse
The modern scctor has much higher wages. While the Lewls model
expected a differentinl of 30=)0%, in the real world the differamces
have becn in the neiphbourhood of 300-L00%. Again, in many socice
{ies rapid population growth has kept feeding the labor surplus in
the traditional scclor 4t sucih o rate that its absorption into the
modern scctor has ben cotramely slow and prolongedes 1Lt 15 now
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becoming clear that such inequulities have started straining the
limits  of tlolerance of many socicties. The question iss If
therc is a dual ceonomy, why not have a dual development strategy?
On the one hrad, o modern sector vhich prows fast and experiments
with «ll Finds of price incenbives and tolerates the prevalence

of inequaditics for some time. On the other, a large traditionad.
sector vhere organisabion and inshitutional {ramevork overcome
the scarcily of cupitnl mnd development is taken to marginal mee
through Lhe organization of rural and urban wvorks PYrOgrans.

Two final thouphts:  (a) in mwny arcas no reacr made shelf of
appropriate Leclnologics is available for the LDCs. since the
develeped world has no dncentive to keep munutacturing Lechnologi.cs
of the 1950%s vintage which sti1) may be more appropriate for the
developing coungvics todaye.  Should such teclmologics be developed
by countric: Like India, Brazild and China and their procurement by
other IDCs encouraged by extending the cover of international assis.
temee? (L) Professor Ruanis!? slrictlures on basic rescurch are well
Lakena I most developing countrd en, the so-cadled basic research
represents wasted invesinent with little contribution to evolution
of appropriaic techmologies necded by these coumtries. Such re-
search should not be cneouraged and definitely not aidcd.
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THE USE OF LABOR INTENSIVE
TECHNIQUES IN KENYAN INDUSTRY

by

Howard Pack
Associate Professor of Economics
Swarthmore Collecge

A common phenomenon observed in developing countrics is the
failure of manufacturing employmenl to grow rapidly enough to
absorb quickly growing numbers in the urban labor forcc. On the
other hand, the ratio of employment to output prowth docs not
differ much s betuween the IDC's and the DC's.+ Nevertheless,
in view of substantisl urban uncmployment, the LDC's chould be
more labor intensive in their growlh process. The failurce of
employment to grow faster is usually attributed to growing
capital intensity, assumed to be induced by o growing ratio of
wage Lo capital costo. However, such assertlons are boackaed by
only limited empirical evidence as capital stock data arc rarely
available. Usually indirect evidence is uned, such as wage and
capital cost data, and competitive assumptions are usced Lo justify
estimation procedures which lead to the result that capital
deepening is the major cause of low employmcnl absorplion.t
While this interpretation may be correct, il requires a strong
leap of faith given the lack of any adequate micro-ccononic cvi-
dence and +ho ghoonce of SUIOHG Coiipebi Uive prussures n most
IDC's. There are also questions of whether growing produclivity
may result from increasing capacity utilization. However, little
evidence evists on this question. A series of intensive inter-
views in Kenya suggest that at least in this economy thc conven-
tional view may miss the mark in a number of important dimensions.

Currently, the plants which were visited are extremely labor
intensive, although somewhat more labor intensiveness might be
possible. This can be seen by comparing gome critical ratios
with those provided in U.N. publications,j comparisons with past
U.S. data and by detailed comparison with recommended procdiction
methods either in current engineering texts or U.N. publications.
Tt is worth emphasizing that for the most part the factories
visited have rather simple technologies and it is quite easy to
observe places where morc labor intensive mcthods could be used.

lsee 1. Pack, "Employment and Industrial Growth - Some Cross
Section Results" Economic Growth Center Discussion Paper.

2 Thid.

3UNIDO, Profiles of Manufacturing Establishments
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Moreover, there was enough factory to factory variation to permit
the observabtion of slightly more mechanized processes in some and
what appecarcd to be fairly primitive methods in others.

e Tirst set of comparisons involves the use of data on
individual firms provided in the Profiles just cited. Data on
individual firms for 190} give estimaies of output, labor inputs,
capital (al cutimated replacanent cost), number of 5hifts and so
on. I have annlyzed this data in considerable detail elscwhoregl
for purposc: here some simple comparisons acc useful. fmong the
braiches of mumufacturing analyzed in Kenya for vhich considorable
profile data are available are paint production and cotton spin-
ning. Tables 1 and 2 present data fog Indian, Japanese and
Toracli plants in the two industricen.” ‘

In both industrics capital-labor ratios have been adjusted
to correct for differences in the number of shifts. Two plants
with the swac copital stock will exhibit different capital-Llabor
ralios if one is used on a three shift basis and the other on
a one shifl schedule. In paint production the Kenyan plants are
considerably leas capital intensive than the Tsracli plants and
indeed, thin one of the Indian plants. On the other hand, cven
more labor intensive methods seem to be available ag evidenced
by two of the Indian plunts and the Japanese plant.3 In textiles
the Kenyan plints renk toward, the middle of the Indian spcctrum,
bul considerably below both the highly capital inltensive Indian
plant and the Israeli plint.

A addibional comparison may be made with a recent analysis
of lhe costs of establishing integrated colton textile plants by
Lhe Teonomic Conmission for Latin fAmerica. The capital-labor
ralios for a 1950, 1960, and 1965 technology were cstimated. The
capilal estimales include plant and cquipment and working capital,
and were $6700, $12,700 and $20,700 vespectively. Assuming half
of these amounts are non-cquipment costs, the estimates suggest
that current equipment-labor ratios in Kenya are below those
vicwed as best practice in 1950.

1"Capita1—Labor Substitution - A Microeconomic Approach!
Mimeo.

2 .
As the Kenyan data were obtained during 1971, the replace-
ment eslimates given in the profiles were adjusted to a 1971
basc, using a variety of data, depending on country.

3There is probably some understatement of the Japanese capital
intensity vis a vis other countries insofar as yen was undervalued
relative to the countries from which the non-Japancse plants obtained
cquipmant.,  Fven allowing for a 15 percent revaluation would still
leave the Japancse plant below the Kenyan in paint products.

ligited in UNIDO, Textile Industry (New York, U.N., 1969) p. Ll
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TABLE 1
Equipment—lubor Ratios in Paint Production

U. S. Dollars (1971)

India - Plant 1 672
Tndia - Plant 2 1110
India - Plant 3 1620
Israel 8632
Japan 1958
KeA&a (hverage of soveral plants) 2063

gource: UNIDO, Profiles of Manufacturing
Fstablichments md oiterviews

TABLE 2

1 n T Assmdbanar
LG dallave vy

Equipment Labor Hatios in Coblun Texrbl

U. S. Dollars (1971)

Imﬂa—PMmtl 2072
Tndia - Plant 2 1,84
India - Plant 3 2212
Tndia - Plant i 1722
Tndia - Plant 5 6160
Israel ' . © 8318
Kenya (Average of plants) éohh
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In sum, analyses of capital data indicate that Kenyan pro-
duction looks as i it is relatively labor intensive, on a par
with many Indian plants. Comparisons in the other industries
examined led to gimilar conclusions. Apart from cost data it
is possible to eximine suggested methods of production in engi-
neering teitbooks.  Ine current descriptions in such books of
desirable production techniques are of interest chiefly for
their complele absence from Kenyan plants.

Finally, it is of intercst that most plant managers had pre-
vious cxperience in Britain and indicated that their current prac-
tice was cquivalent at the most to British technigues in the late
1930's or immediate post war yearde

The following section describes some salient aspects of the
observed procducticn process at some length. 1In view of widely
held nclions of unsuilable capital intensive processes in LDC's
it is decned important to comment extensively on some opposite
evidence [rom Kenya. gection II suggests whyKenya may consvl-~
iute an cxception to patterns in other countries.t Section IIT
indicates some cheracteristics, particularly unutiliszed capacily,
which may have considerable short run potential for generating
additional urban caployment.

T4 is extremely important to emphasize that mach of this
paper i based on poertial findings. In particular, ihe inter-
vieus viere conductaed in only a gmall samplc ob industries (rood
processing, paint production, cotton spinning). vhile they
reprcscnt-fairly complete coverage of rclatively large firms in
these scetors, L am hesitant about generalizing to other sectors
withoubmore evidences On the other hand the industrics repre-
sented here are important in both the current and near term
industrial. structures

T, CURRENT PRODUCTION METHODS - PROCESSING BY STAGE

e general features of the technical processes salient to
our conccern are the followinge All plants can be characterized
by five basic processese Material receiving, material processing
material handling among processes, packaging and storage of the

lIt is perhaps not inappropriate to note that very little
micro cvidence of they type presented here exists for other coun-
tries. An exceplion is the book of W. Paul Strassmul, Technolofical
Chanpe and Feonomic Nevelopmant, (Ithaca, Cornell University Fress,
1960). Mosi staLonants are buscd on data which indicate a rapid
growth of labor productivity and assume this must be due to capital
decpeninge Tn many cases this is undoubtedly true, bul more micro
evidence would allow one to hold this viecw with greauer certainty.

T
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finished px‘oduct.:L Considerable emphasis in the literature has
usually been placed upon the possibilities of substitution in
the actual processing vperation or dircct production. However,
in most plants a relatively small percentage of the labor force
is involved in this operation. Thus in a large fruit processing
plant enploying over one hundred workers, the actual processing
of jam or the cooking of other fruits is done in a vat into which
three workers pour ingredients which have bem mixed by hand. A
more advarnced proccss would involve antonatic weighing of the
ingredients and f£illing of the vat. Nevertheless, the three
represent & small fraction of the total force and if they were
replaced by automatic vat filling equipment requiring one person
to flip dials, total plant cmployment would decline by only two
workers. The same feature holds in paint production. Most of
amployment occurs in the awdliary activitics and it is here
that the opportunities for substituting capital for labor are
of greatest quantitative significance.

In all plants, to take the operations in order, receiving
is done by hand, trucks being unloaded, material carried to
storage places from which it is carried onto the production
line. In only one firm was there an attenpt to introduce auto-
matic recciving equipment in which a truck would dump raw fruit
directly into a bin, which would then automatically send fruit
into the factory where it would be kept ncar processing machinesa
The automation had little to do witn factor prices. Rather, the
current method involved handlers standing in ihe truck, ofben o
the fruit, and throwing fruit down into the bine. This resulted
in a large percentage of damaged fruit and, given the importance
of fruit in total cost, mechanical unloading was being introduced.
While this new operation will replace 10 workers, it was far from
clear that the total capital~lebor ratio for «11 opecrations would
increase, as a smaller number of trucks would be needed to collect
fruit as unloading could now be done in minutes rather than an
hour. Thus both capital and labor requiremenis were rcduceds It
appeared that the substitution would have occurred, even had
capital cosls been considerably higher in order to save on raw
materials. Indeed, this company used a two year payback invest-
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.

lA similar scheme was used by Harry Jerome in his Mechani-
sation in Industry (New York, National Bureau of Economic
Research, 1934). This monograph summarizes cxtremely carcful
studies of the process of capital deepening in a large number of
industries and has considerable relevance to the question of
labor-capilal substitution in the INC!'s today. I am indebted to
Simon Kuznets for this referencee
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Paint proccssing ylelds another cxample of the lack of
autonmation even on the receiving line. Vhereas in the UJKo
ingredients nceded in production arc delivered directly int»
storage drums, and 18 then pumped through pipes automatically
when paint is to be mixed, in Kenyan plants drums are unloaded
by hand and kepb in the factory, although one plant is about
to inlroduce viiumatic handling equipment (and as we shall later
point out, Lhin plan’ is an anomaly among Kenyan firms)e In
general, thai, receiving is a quite labor intensive process in
most plants, exceptions occurring because of quality control
requisitose.

Tn intra-Loctory material movemenls among primary machines
there is little further scope for increcasing labor intensity.
Although our a priori expeetions were of a considerable reliance
on conveyors, there was virtually none. Even quitc heavy jobs
where automatic methods might well be profitable (if batches
were Lavpe) are manually opcrateds Thus, after paint ingredicnts
arc weighed, Lhey have to be raised to a platform from which the
ingredionts are cmplied into a mixer. In all plants cxcept one
this wis done by hund, two men carrying the drum rather than
using either w clectric hoist or, as is done in advanced pro-
cesses in western countries, using a set of pipes through which
the ingredienls avc moved to the platform. To take wother
example, in meal processing, after meat has been trimmed and
sliced, it is typically put into bins which are then moved
by had to the next processing stage, rather than sent along
2 CONVC T

Filling operations generate major amounts of employment in
many of the plants visited. Rather than automatic {illing operas-
tions which are conjured up by statistics of productivity growth,
one Linds relatively primitive operations. It was by no means
unconzon to find something like the following sequences Mier
a product is processed it is brought by hand to the filling
area and hand ladled or tipped into a f£illing machine. The
machine is then operated by a foot lever - at the press of a
fool an mnount of the flour or other product is dropped intc a
bag held by the operator, who in twn either puts it on a con-
veyor which moves it to the worker a foot away, or this worker
tqst takes it from a fixed place. The sccond worker then weighs
che package on & simple scale, and if the weight is not correct,
uses a spoon to oblain the correct amount. The package is tha
given lto a sealer who closes il with a sinple device. Variants
of such simple packaging procedures are CCIINONe In a number of
paint plints, the mixed paint wus poured into cans by tipping
the val and using a simple [uncle In pincapple plunts, crushed
pincapple is hand filleds llouever, there was more plant to plant
variation in filling than in any other opcaration, al.though no=-
where was there any considerable amount of automation.
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It was, however, true that every manager intervicwed sug-
gested that automated £111ing was one of the simplest proccsses
to introduce. The reason for the failure to do so was biku
typically batch size was SO small that such cquipment, glven
its productivity, would lic idle much of the timece Houcver, at
greatly cxpanded outputl, wsually cstimated at ten times currenb
level, il was felt that such devices would be profitablc 1o ine-
{troduce regidless of the lowmess of the wage. There was .
almost wniversal agrecnent about the cconomic waste of such
installation ab low quantities. Te desirability of autonmation
at high volumc was reinforced by the fact that cven if il were
desirable to duplicate currenl processes, hand operationts required
ymch more space than antomated processes of equivalent copacitye
This suggests some qubstitution between labor and plant 4o well
as ‘the morc cormen kind between Llabor and cquipmcnte On the
other hand, it was far from obvious why 1large Ainercascs in oute
put could not be achicved by increasing the nuber of chillse Ve
exanine this question belove

Finally, conventional expcctations would asosume that once
the final product is paclkaged, sborage would be done using some
mechanical device such ws a fork Lift trucks I only onc of
the companies visited was such & device used and here it was
necessary beeanse the packages (ch*um%) were quite heavye Al-
though it might be possible to break down lhe drum sizc, this 1o
not possible.xﬂzhere there are internetional npecificationSe The
atoring nroress nft.en rmr‘npi ed shont 20 pm'(-.(».n'i'. of the 1‘:'\ anh
Labor forcee it currait wages rates, plant A EerS arped that
mechanization does not paye. Morcover, therce is the swae problecn
as with £illinge s long as output is not substantially increascd,
there is little point in having an 80 percent idle fork 1ift
trucke. The Kenyan govemmen’t, seans Lo belicve such trucks are
much nore widely used as it has just introduced a 30 pereent
tariff on them. Not only are meehanical devices absent, but
even clementary chutes are rarely scche

11, EMPIOVIOMNT AND PRODUCTION GROWTH

While official two digit data in manufacturing indi :atbes
1little risc in producl;:'wity in the industrics we are conuidering,
this does not agree with firm datae One difficulty is that
of ficial data include sales and officc perconnel as well as
execubives L lHowever, in most firms labor productivity has
increased considerably when plant workers alone arc consideredes

1Tnerc are other Qifficulties wi th the official dala such
as changes in firm clasuification which give ne more confidence
jin firm datie
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Mis was 2sbablished by obtaining data on output and production
workers for recenl yearse Althoupgh some Limited capital
deepening has occurrcd, both our own caleulations (Lrom recent
investment data) and managers! description of changes in production
method supgest that 1ittle of this growth in Labor productivity
could have arisen Lrom such deeparinge Our calculations suggest
that 70 to 90 percent of labor productivily growth was wexplained
by capilal decpening, depending on the agsumed elasticity of oute
put with raspeet o capitale. However, beccongo of considerable
excess copacity in most of the firms, the co el inpub measurce
(which wau dgfined to reflect ulilization rates) could contaln
some errovse Moot growbh is thus of the disamodicd form and.

an examination of its role in the firms studies 1s necessarys

In the waitire production function literature it 45 assumed
that "Lechnical progress 1s the same for o1l regions of the
isoquant =~ no distinction being made about the probable rate
of progress at various levels of capital intasitye However,
if onc considers the possibilitics for disanbodied progress,
it appears plausible that a larpge nunber ol such chinges are
possible in the sinple processes described above, whcreas in mo
automated processes il 45 more diflicult to irplement tdisabodicd®
changes.  Indeed, mich of the production function literature
seams qui-le unreal. ol this scorc, .long time ueries being walyacd,
and yct the nature of technical change (vhether anbodicd or dis=-
enbodicd) is assumed Lo be of the same type over the cntire periode.
T4 would sean sensible to assume that as cr cconony bocomes rore
capital intcnsive, the potential nature of productivity growth
changes from disembodicd to embodicde

ey
4w

It is quite cleor in the Kenyan context that substantial
productivity growih hus taken plice simply as & matter of re=-
organizalion of production and belter training and supcrvisione
A typical change involved a simple rearrangonent of the position
of {wo proccsses within the plant. A worker yho had formerly
been idle hall of the lime (evenly spaced over the doy) was more
fully employed when tuo procenics converged on hime  AS important
as these Lypes of completely discambodied change were sonmce which
could be called slightly cmbodicd insofar as they werc imple-
mented with internally produced Negquipment! containing material
and labor worth less than 150; ncvertheless they increased pro-
ductivity noticeably, The archetype of this type of iimovation
occurred in a fruit processing ploent in which crushed fruit had
formerly been individually packed into cans. The managor had.

15\1011 crrors would probably decreasc the amount of growth
accountcd for by capitul decpaninge

2 - . .

A gimilar point is made by Lloyd Reynolds and Pcloer Gregory
in Wages, DProductivily mwd Indusbriadizataon in Pucrto Hico,
(Homewood, tlichard 0. Liwa, LOL), particularly Chapicr Oe
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tho machine shop bore holes the size of a cen top into a simple
shoob of metal. This wag installed at the end of the processing
14ne.  As tthe crushed fruit came down onto this metal, one

worker simply shoved the fruit through the holes until they

worae fulle The manager cslimated that this increased output per
worker at this point four fold and this was undoubtedly truc

when the older process was observed in another plant. Many
similar stories about very simple reorganization or cheap in Lernal
devices (which would lead to imperccptible increases in capital
per worker) could be spune

.What lesson is to be drawn from these descriptions? Ilirst,
productivity raising innovations are easily achieved because of
the existing labor intensive nature of the technology and (as ve
shall see) because of the presence of at least one highly trained
engineer usually the plant manager, who has had extensive expori-
ence with the process and understands why things arc done the way
they are, and what the possibilities arc of doing it in other ways.

An implication of this analysis is that during early stapges
of growth, employment is likely to lug behind output growth oven
if capital decpening doesntt occur. In a sense low labor absorp=
tion may be an inevitable accompaniment of the growth process
wnder conditions such as those in Kenya, particularly, low inltial
mechanlzation.

On the other hand, such disembodied growth clearly haz limite:
ihere Lu an exnaustable sel uf dimiovative cpportunities and as these
arc cxploited, continued output growth requires morc Labor and
capital,

We noted above that tho innovations making productivity
growth possible were tho result of the presence of one ox more
people at the managerial level who possecssed a firm understonding
of the tochnical aspects of the production proces:. Perheps
surprisingly, in view of tho conventional wisdom that foreipn
owned firms (or those amploying western trained technicians)

l'Ihcra was algo some evidence of increasing wtillzation of
the labor forcee In some firms subject to decreases in damand
(attributable to problems within the lant Afrdcan common marjcel)
a number found thunselves with "excegs!! labore Initially all
workers were kopt on as each had a speelal job not performable by
others. The firms considercd trained the workers to perform a
large number of Joboe As some workers quit there was no need to
replace them as the remaining force could perform their jobis. AS
no workoers were {fully emloyed at one task in tho old gatuation,
ineroases in output could occur without additional workeros Un-
1iko innovations, increasing utilization ol the lubor foreq 1o
unlikely to be a pource of continuing productivity palns; once
output regains old levels, inereased @ployment will ho requircd,

4,

k-
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will duplicate westermn methods, it was typically & gubpidiary of
a forcign firm which carried out the labor ‘ntensive adaptationsa
T the axlent that indipgenous ovmers had technical training there
was little cdiffcrence; indeed, one of the most :'gmov;rl.ivu plants
had an indigenous Owmer vith a UeS, FheD in enginecring. DBut to
the ecbent that foreign plants arc likely to be directed by those
with considerable teelnical, cxpertise, while locally owned ones
are more likely to be run by owmcrs who have extended their salling
operations backward, foreign oymership in this dimension may well
be desirabie. Indecd, {foreipn ovmership was often instrumental in
permi.tling an extension of the igoquant as well as innovating in
the cxlend :d regione

One of the plants visited, & local subsidiary of a major
U. S. producer nad almost no new equipmente Tndeed much of it
was 25 1o L0 years old although it had been peconditioned. Al-
though lhe machinery was cbzolete by Us Se gtandards, it was
more than serviceablilcs Strikingly, it was the parcnt company
which had a department specially devoted to searching the
used machinery markat, to arraige delivery, etce It i8 1mliliely
that a purcly local company would have been this successfule

Tyo plants conatituted major exceptions to the above rule
of labor intensive production combined with considerablc inno-
valion. One was & foreign oymed company in the chemical inaus-
{try in which the parvent company set norms in terms of labor
productivity per sce. The managert!s contention to the home office
‘that profits could be increased if labor intensive methods were
used 1ms of no avail and a considerabls amount of capital
r_'l_egpqy'}-'nug had neocnrrod in material handling. f111ing, and vAare=
housing. Indeed, this was the only plant planning an automated
recoiving operatione e manager thought that his current work
force would have been twice as high and the operation consider-
ably morc profitable in the absence of the normse

The sccond inajor exception to labor intensive processing was 4
food processing coNpally which was locally owncde The ovner Ob=
viously had limited technical training and there was almost no
technical staff. The owner had extended into manufacturings:
thus he mainly relied on salesmen of machinery companics and forcigm
wholoesalcrs for information on processes. ‘he plant was by far the

l'].hu only other source where this point is madc 18 in lan
Little, Tibor Seitoveky and Maurice Scolt, Industry and Trade in
Some Developing Countrics (London, Oxford University Press 5+ 19 (0)
Do 57+ Strapsman (Chapter 7) and others have cmphasized that
foreign lrained enfineers are 1ikely to imitate the advanced teche
nique of the Westein countricoe However, such engincers were usually
working for locally ovmed conpanicse Wiy such digparate behavior in
the two ‘types of orginization should occuxr 18 difficult to uncoerstband,
wnless a preater incentive to obtain profit in order to Justify
foreim investment 1o imputed to the subsidiaries. Onc reason ny Llic
in the higher alternative cost of capitul 1o international corporis
1ions than to domeulic Lirmse



http:3novatvOV0PJ.nt

most awtomated in the industry. This is not to say that indigenous
owners are incapable of innovation - the critical factlor here was
the lack of familiavity in a fundamental sense with the possible
production function. He was awarc of cnly onec side of ite

In sum, employment of production workers may not procced
rapidly in industries characterized by both innovation possibili-
ties and ‘the ability to exploit thema However, by its very
nature this is a transitory phenomenon which will becomne veaker
over timee The mirror image of the tundesirable! employment effect
is, of course, a lower cost structure as unit labor cosls declinc.
With suitable stimli, this restructuring could be converted into
an important source of growth in terms of both domestic and foreipn
sales.

Lyiith regard to trade-off between employment and output,
consideration should be given to vhether the use of labor intensive
technologies would increase the number of jobs available only at
the cost of a decrease in production. Many of the Kenyan firms
surveyed fall in the center of the labor/capital intensity spectium
for similar firms in India, for uhich interesting data ic available
as {ollows. Under the assumption that all firms in an industry
become as cfficient as the most efficient labor intensive firm, with
total capital remaining constant, cmployment would rise 72% in
bicycle manufacturing, 15% in cotton spinning, LL5% in wool process
sing and 316% in paint production. Te resulling incrcases in out~
put, in terms of valuc added; would be 1%, 8%, 6L% and 270%,
respectively. Thus, shifts to efficient labor intensive production
techniques can lead to increascs in output as wcll as in cmployments




DREVEIOPED COULIRY PERSPECTLVE: Danicl Margolies, Consultant, AeIoDe

e type of field analysis made by Mre Pack as reported in

.5 paper is of great valuce Our knowledge of how the indus-
{rialization process takes place within developing countiles 18
skebchy. Staticlice can lead to micleading conclusions if
inlemreted apadinst an imperfect understonding of indusiridd
opceralionse e disaggregation of the statistics is a very usce-
ful. wpproach toward a betler analysis of how technology is caployed
within indusirye :

e discussion has been useful in showing how under certain
cconnnic policies prevalent in developing countries market forces
arc arraycd agaiust the effcctive use of technology for healthy
industrial developmento However, even if the economic policies
arc changed and if mavket forces favor offective use of tochnology,
this by. itself will not be sufficient to bring into being the
technological infrastructure required for industrial devclopiacnt
along the linco desired. Additional measures will be neecdcdo

Thus far the papers have centercd on what changes are desir=
able with regurd to econonic policye. There has becn little atien-
tion given to the additional measures required Lo build an ade-
quate technological underpinning. In fact, this is a very conplex
and difficult problcme

une elemcnt ot the problem 18 tho issue of quality control
and industrial stendardse  Dre Ranis cites this as one arca whore
additional labor can enhance the quality of certain commnoditicse
Mro Muck points out that in some situations the rcverse is truc, and
that the substitution of Labor for cepiltal equipment can result in
o deterioration in quality ol the producte AMthough the ingowdty
of trained plint nmnagers 15 important in dealing wlth this  typo
of question, wn ing titutlonal back-up can be of great valuce Ihis
18 a service that should be provided bir & government institution.

Simdlarly, & problem-solving industrial technology and applicd
sclaeco inatitution can bo of preatv value to industrialists with
ropard to tho selection and edeptation of plant couipmente The re=
quircnenty for this type of institution are corpley and involve
proper tles hetween povernment, industry and univorsitles. The
institation, whelher goverymental, not~for-profit, or cppendod to
a proup of industrics, should bo sulted to the local avironmante

The time frame Lo a major protlem svince cconontic policles can
be rapidly chmmged whercas 1t takes much loager to train profose
pional personnel. ond build clfective inotitationss A government
giratepy and in cffective government mechonisn 3.9 nceded Lo bring
thin aboute )



The discussion of basic science overlooks the importance of
basic rescarch as a means of training scientists and engineers and
of retaining them in the country until economic policics are modi-
fied so that they can be drawn more effectively into the indus-
trialization effort. Although it is often stated that basic scicnce
is wholly irrelevant to developnent, a ficld cxamination may bating,
out a different picture. Tor cxiample, in horea in 1965, & visit
to the nuclcar rescarch facility in Seoul disclosed that some of
the rescarch at that laboratory was in foct oriented to develop-
mental problems, and that somc of the stoff in their sparc time
had set up a scparutc research institute end were conducling impor-
tant rescarch in the arca of mining and minerals. 7The head of
the nuclcor research leboratery took on the task of heading the
Korea Institute of Scicence and Technology which has proved to be a
very successiul industrial rescarch institution.

Me suggestion by Dre Ranis that the IDC!'s should be contant
with technology developed in the advanced countries runs counter
to the conclusion of industrialists and scicntists on the Presiduntts
Task Force on Scicnce and Technology which wus publiched in 1970.
Me Task Force recormended that it would be more uscful. to transfer
our capability to design industrizl technology appropriate to the
local enviromment and factor endowments than to transfer our indus-
trial plants bodily to the LDCFs. 1/

1/ The President's Task Force on Science Policy, Science and
Technology: Tools for Progress, (April, 1970), p. L.




DEVIIOPING COUMLICY PFRSPECTTVE: Romulo Ferreira, Orpanization of
" American States

Profcssor Packls findings in Africa arc reflected to a cartain
exbond in Latin Jmerican modivm and smill, size firms in housing,
ceranics, clolhing, foods, beverapes, Hrocessing agroindustries,
clee = virtawdly ol those that are sclling exclusively in the inter-
nal motete  The situation in these industries uith respect Lo pro=
duelivity md the use of Lubor is quite differat from that of indus-
frics lich use capital intensive technologies to neet intermational
stundiards e

Productivily in small industrics is increased by upprading
managperial capabvilitics Lhrough training, both al hone and abroade
Llocal wniversilics are :ble to train o sufficient number of
engincers, but there are not, cnough jobs Lor thoime llence, engi-
neers become port of the prain draine It is not the lack ol
{raining or knovledge that hinders progress in the medium~sised
induslsies, bul the lack of communication between the entrepre~
neurs and the nadional trained persomel.  In tiiis context, forcign
omersliip, which implies lmowledge of mnagerial slills, 1s not a
necessary condition for progress, only &n opporiwiity for it

Lobin fmerico cammobt rcly on indusirialization to solve the
problLen of underamloyments  Big industries are importont in the
balance of payment and arc wnlikely to be able to shift away from
Laborssaving irtornational. stundords and tbechnologicse Unemploy=
mont e the yooault af imderdevel opmen .

Factors inf{luencing cepital-intensive technological develop=
menl arcs

1. It has been govarnment: policy in South fmerica to cheapen
capital artilicially in order to make 1t morc aveilable, in
the belief that increcusced use of capital would irprove
productivity (vithout realizing that what is necded is an
increasce in the supply of capital)se

2, ILabor is widely recognined as being abundant and cheap, and
in Latin Amcrica 1ts range of skills is quitc wide. Bub
this resource is becoming more expensive because of fringe
benelits (retirament plans, and salary faxes as high as 130%),
and this discourages the use of labor in the production procecsSSe

3, IMnancial institutions will not finance improvements on in-
sballed equipmante mell firms camob geb credit for inno-
vations, because they do not meet the standards set by both
national and international development banks. These insli-
tulions prefer to Lake the casy way ot by requiring the use
of new capital cquipmente Since such equipment is desipned
taking into consideralion the high price of lubor in highly
developed cowbrics using such cquipment reduces the domand
Lor labore.
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The documents prepared for the ngpecialized Intcr-American
Confcrence on the fApplication of Science and Technolopy to the
Development of Latin fmerica," by the National Technical Commile

- tee indicalé that tho solution of ‘the problams of wideruamployment
lies in a new, long-icrm stratery which aspures the harmonic
development of all ceononic Lostors without jeopardizing the
developinant, process itself by striving for short-run L anploy-
mente Thitl strateyy should _dertify those scetlors in wnich the
cncourageaent of capital-intasive development is desirable, vhile
assiming lhe absorption of labor to other scctors of the economys
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TOWARD A METHODOLOGY FOR ASSESSING THE IMPACT OF
TECHNOLOGY IN DEVELOPING COUNTRIES

by

Glenn L. Schweitzer )
Director, Officc-of science and Technology
Agency for International Development

nwhat is the usc of a housc, if you haven't a tolerable planct to
put it on?" These prophetic words of Thorcau in a sensc symbolize the
current anti-pollution crusades of many concerned citizens who have
given the art of teclmology assessment not ouly sudden legitimacy but
aluo acknovledged urgency. But this topic is far broader than pollution.

Technology asscssment has on occasion bheen associated with Ralph
Nader and his efforts to prevent the consumcr from becoming the victin
rather than the beneficiary of technological advancement. Meanvhile,
private organi zations are becomina increasingly sensitive to this topic
loet over-roealous Covernment officials excrcise their obligations to
guard against the side effects of technology in a way that throttles
progress, )

Technology assesoment has usually been defined as the systematic
analysis of the effects on socyety ot the introaucLion, e patts o, ot
modification of technology. Special emphasis is given to unintended,
indirect, and delayed cffects on the grounds that direct effects are
usually carcefully considered in routine planning, in the long run the
secondary offects may e the most important, and undesirable secondaxy
effects can often be avoided if they are recognized in advance.

pevelopnentalists have long given thought to the impact of technology
on societies -- since technological change is the essence of development;
and the sccondary cffects of the Green Revolution have brought into sharp
relief the need for technological assessment as an integral parct of
development planning.

Any attempt to describe in a few paragraphs how technology assCessS—
ment techniques might be adapted to a developing country environment
would be presumptuous indeed. The art as it has evolved in the developed
countrics may offcr some insights useful to the devecloping countrics.
However, the subject is complex, not susceptible to rigorous quantitative
analysis, nor even surrounded with well established theories and mcthod=
ologies, Levertheless, highlighting some of the principal issues and
concerns may sct a framework for discussions that will follow and hope-
fully last well into the future.
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At the start, a few boundary conditions for treating the subject
may be usecful since technology assessment could be intecrpreted to
involve analysis of the entire development process. These remarks will
be directed principally to engineering tochnologies, which may be casier
to grasp than health, agricultural, or social technologies. Seccondly,
the comments will be limited to technologies which are introduced from
abroad, with the introduction directly traceable to one or several
deliberate decisions of a developing country Government concerning' the
specific technology in cuestion. The subtleties of tracing the
introduction of a technology to exchanges of people or information, to
upgraded educational opportunities, or to indigenous innovation are too
formidable to be treated in such a brief mannex. Another assumption is
that the developing countries have well conceived and articulated
development objectives., Obviously, this assumption greatly simplifies
the task of technology assessment but does not obviate the need, Finally,
this presentation overlooks some of the particularly difficult problems
of the least developed of the developing countries, even though they
probably should be among the countries of principal concern. Given the
dearth of analytical skills in these countries, however, there is
considerable guestion as to whether they could implement some of the
suggestions mentioned later.

Technology Assessment in the United States

During the past several ycars the Congress has become increasingly
active in insisting that technological decisions of the Executive Branch
encompace far more than techinuloyical CullsiduLations. Lhie Nacional
Environmental Policv Act -- enacted on January 1, 1970 == has heen the
most dramatic expression of Congressional concern. The Act recuires
that an "Environmental Impact Statement! he prepared and puhlicized
prior to implementing any Federal projects significantly affecting the
aquality of the environment. This provision of the law is intended, inter
alia,to (1) force the Executive Branch to identify and "think through'" at
Toast some of the environmental implications of Federal projects, and (2)
cnable interested citizens to cxpress their views -- with recourse to the
courts if necessary -- prior to Governmental decisions. During the past
two years hundreds of environmental impact statements have been prepared.
Among the more publicized efforts have been analyses of the Alaska pipe-
line, the Florida barge canal, and Calvert Cliffs nuclear plant, In all
of thesc analvtical efforts, the principal focus has been the impact on
the physical environment, and to a much lesser extent the direct impact
on people. With regard to people, the 1970 Housing and Urban Development
Act specifically addresses a range of concerns within urban areas,
disparities among urban growth patterns, and the needs of poverty and
unemployment.

The Congressional debate, together with the subscquent action, on
the supersonic transport was clearly an important example of girowing
interest in the implications off technological advance. While the impact
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of the S.5.T. on the environment -- sonic boom and atmospheric pollution ..
punctuated the dehate, a number of economic issues were also on center
stage, including cost of the S§.5.7., c¢ffect on the Seattle job market,

and effect on kalance of payments.

Much of the Congreesional concern has crystallizéed in pending
legislation ta establish an Office of Technology Assessment intendoel to
provide Congrens with advice and recommendations concerning technology
programs,  Such advice would presumably ke cast in a much broader contoext
than simply impact on the environment and would include consideration of
a wide range of socio-cconomic effects of technologies. The Office has
Leen authorized by the House at an initial annual tunding lovel of §5
million, bul the bill is currently delayed in the Scnate pending resolu-
Ltion of disagroeoment over the authority of the Director and the composition
of the Board.

Meanwliil¢, the Exccutive Branch is taking a number of steps to foster
better under standing and wore comprehensive analysis of the cffect of
technological innovation on society in addition to the actions required
under the National Environmental Policy Act. For some years the National
Scicnce Foundation has Leen supporting University programs designed to
relate science and technology more directly to sccietal aceds and is
currently supporting a variety of techinological assessment activities.
one of the oldest and largest programs is at Cornell University, Perhaps
the most heralded Cornell technological assessment is the recent analysis
of the junlications of the low cost diode, concluding that thie anticipated
development ceuld result in o proliferation of microwave devices that
would overload a varjiety of communication systems and that would also have

serious implications concerning health hazards.

The most ambitious recent effort in the technology assessment field
wias a study yrepared for the Office of Science and Technology in the
Exccutive Off ice of the President. This study attempted to develop a
methodology tor technology assessment. The study recommended that the
core of such a methodology should be systematic application of seven
steps, namely:

(1) Define the asscssment task including range of technologies,
groups affected, time period analyzed, types of impacts,
levels of impacts, and impact measurcments.

(2) Describe the relevant techinologies 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 state of society assunptions.

(1)  TIdentify impact arcas in categories such as values, cnviron-
ment, demographv, economic, social, and institutions.

w0~
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(5) Make preliminary impact analysis characterized by affected
groups, how affected, 1ikelihood, timing, magnitude, duration,
diffusion, source, and controllability.

(6) Tdentify possible action options with attention to control-
lability, worth, priority, effectiveness, costs, non-financial
problems, institutional obstacles, and uncertainties.

(7) Complete the impact analysis.

It is clear that these steps do not take us very far, in a sconse
are a statement of the obvious, and in some respects are of questionable
relevance to tle real problems of dcvclopment. However, it may be
instructive to examine how this meothodology was then applied. TFive types
of technological advances were cxamincd in the context of the proposed
methodoloay, namely, thn automobile's role in causing aix pollution, the
impact on socicty of computer-comnunications ncetworks, trends in the
enzyme industry, applications of mariculturc in developing countvices,
and water‘pollution from domestic wastes. Fach of these inquiries
addressed such questions as:

(a) Where does the technology currently stand?

(b) In what dircctions docs it seem to be developing?

(c) 1In vhat ways is the technology likely to be applied?
(d) What factors are likely to influence that application?

(e) What arc the likely seccondary and tertiary conscqueinces
of the application?

(f) What benefits and costs are likely tc accrue from public
cfforts to alter either the technology applications or
their subsequent conscguences?

(g) Which community or interest groups arc most likely to be
affected by the anticipated impacts of the technological
applications and are most likely to take action to
incluence thosc impacts?

Let us cuickly examine the maricultu.e study since it vas targeted
explicitly on 67 developing countrics during the period 1970-~1990. The
study was intended to cover the following arcas:

(a) an analysis of the prospective application of mariculture

in solving the problem of animal protein malnutrition and
as a contribution to cconcmic development,
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(b) an analysis of the factors needed to stimulate and support
mariculture application.

(c) an analysis of probakle production of luxury and non-luxury
crops from the developing countries.

(d) a quantitative asscssment of economic impacts of mariculture
in the 1975-1990 time frame. '

(r) a general qualitative assescment of certain society impacts
due to mariculture in the 1975-1990 time frame.

Presumably development planners concerned with worldwide resecarch
priorities should be a principal audience since only aggregated data
wore considercd. Also, development planners interested in alternative
worldwide food supplies should be inteorested. Unfortunately, the study
degenerated into simply a collection of data showing that mariculture
could be i valuable source of food -- under certain types of cconomic
conditions -- with little or no attenvion to the implications of the
statements in country specific situations.

A Technology Transfer Framework

while technology is hut one of the determinants of the rate and
direction of industrializatior, it is freauently a key determinant as
to the competitiveness of products, the commercial viability of processes,
and the officicnt ulilication ol capitai and manpower resources. 1In
changing their traditional methods, the developing countries often have
to usce the inmediately available technologies, even when they are unsuited
to their cconomic and social conditions. They might otherwisc forego
important developnment opportunities since thev lack the capability for
devising an indigenous technology or for appropriately adapting one from
forecign sources. At the same time, the transfer of technologics from the
advanced countries often has built-in mechanisms and time elements which
hinder modification or adantation. Domestic policies in the developing
countriecs and the conditions attached to foreign aid frequently make
capital available on subsidized terms and thus encourage excessive use
of scarcc resources of capital and underutilization of abundant manpower
resources. Among the conscquences of adontion of inappropriate tech-
nologies have been the growing lack of capital, particularly fore.gn
exchange, the rapidly increasing rate of uncmployment, and the inability
to develop industrial skills at the rate required.

with regard to technology transfer through the private sector, it is
templing to argue that the best hope for the developing countrics lies in
their acquisition of technologies that are already applied in more advanced
countrics, and that it is a mistake and waste of their resources for them
to go for research and technical development on their own. Therce are
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several reasons, however, why the developing countries clearly should
not rely ertirely on foreign sources of technoloqgy, although they can
continue to gain great advantages by using private investment and
licensing and the many other means of acquiring foreign know-how.

Tt is difficult for a country that does not itself possess a
certain number of trained scientific and technical personnel to know
what usable technology exists elsewhere, to understand it, to adapt it.
to the country's. special needs or peculiar conditions, to repair and
maintain the necessary esuipment, or indeed to operate it, If a country
builds up its own scientific and technical capiacity, it is in a much
better position to utilize what exists clsewhere. Lack of apprepriately
trained persons is often an ohstacle to the wider application of tech-
nology that is already known and to somc extent used in a country. In
addition, each country is more alle to hold its place in international
competition if it has the capacity to intrnduce innovations {new products
or less costly methods of production) based on existing technology.

Finallv, the foreign technology is often adaptcd to very different
basic conditions, such as a rclative shortage of labor, abundant supplics
of capital and a large market. Developing countrices, facing almost
diametrically different conditions, will often find that a variant of
the tecchnology of the developed countrics, or perhaps an altogcther
different technology, is more suited to their conditions. But the choice
_of an appropriate technology is not rcadily achicved by a country that
lacks indigenous research and development facilities. This rescarch and
development structure needs to be heavily weighted towards the problems
ol produciion.  1n many cases, existing institutions need to be hrouaht
into closer relation with the country's actual agriculture and industry,
and new institutions should, from the beginning, be strongly oriented
tovards local practical problems and to meeting the needs of local users.

Not the least of the rcasons for developing countries to develop
‘their own scientific and technological hasec for adapting, disscinating
and as necessary inventina technologies is_that it provides them with a
more secure technical and psychological bhase for expanding productive
private trade and investment relations with the more developed countries.
The developed countries have the strongest and stablest economic relations
with countries in this situation.

Technology Asscssment in Developing Countries

What are the practical prohlems faced by developing country decision

makers responsible for the introduction of technologies -= through
. *investments, licenses, or direct purchascs? If the technology is to he

acouired immediately -- as the result of a political decision, an urgent
need, or prior analyses and ncgotiations -- the ontions are limited.
There may not be time even to identify alternative off-the-shelf tech-
nologies, and the developing country often is a ceptive of the competitive
ways of the developed world. At the pther end of the scale of lead times,
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if a developing country has five or more years to select technologies,
there may be an oppor tunity for R and D which can adapt technological
options to 1ocal conditions -- to availabhle ra¥ materials, manpower;
and supporting services, Unfortunately, planning is seldom carried out
so far in advance; also, intervening political and economic forces too
oftan render meaningless such long-range efforts. Hlence, it might be
mont profitable to concentrate the discussion on decicions with a lead
time of three to five yecars --= long enough to soriously weigh options
but not so long as to be unrealistic,

The conditions surrounding technology assessmen’: in the developing .,

countriecs may differ significantly from the framework which is familiar

to us in developed countrics. Most obviously, pollution side effects

are usually of less urgent concern. On the other hand, balance of pay-
ments and foreign ownership of local assets are often central issues.
Employment factors == including capital/labor tradeoffs ana diversion

of skilled manpower -— are frequently cignificant determinants of tech-
nological decisions. The aquestions of yepair, maintcnance, and spare
partﬁ'ﬁimilarhy icom large in many developing countries. In the United
States patterns of Federal funding of R and D efforts significantly affect
technological directions, with Covernnental requlatory powers also of
importance. 1In developing countries the requlatory powers arc clearly

the more significant tool with R and D activities of much less consequence,
Hence, the problem is more »f holding technology in check than in develon-

ing undesirable technologies.

For many ycars developing countries have been carrying out feasi-
bility studies and making daily decisions concerning impor ted technologices.
Approval of foreign investment applications and licensing arrangements,
contracts for commodities and for services between Ministries and foreign
firms, and arrangements for various types of foreign assistance have very
diroct impacts on the technological infrastructure of a country. Clearly
the macro-economic framework (interest rates, tay policies, foreign
exchange controls, tariffs, amortization policies) affects a wide spectrum
of technological choices. But since this question is treated in other
papers, these comments are directed to more specific technological con-
siderations, recognizing that macro cconomics frequently 1imit the choices.

in the past, onc favorite criterion in decisions on imports of
technologies has been the direct impact on foreign exchange == i.e, the
foreign exchange cost of the Lo tnelcay and the foreign exchange that
will bhe saved or gencrated within a few years. rortiljzer plants provide
a good example, lowevexr, heyonn nhis relatively easily quantificd factor
the criteria tend to pecome fuzzy,orten emphasizing -- at least in public
documents == that priocity be given to technologies that are labor intcn=
sive or that stimulate development of rural arcas.

1¢ is tempting to state simply that tachnological choices should be
made on the basis of "gystems anaiysis,” which is now becoming a popular
word in development circles. Clearly, arranging the alternatives and
establishing criteria for seclection among them within a framework of
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national development objectives is precisely what constitutes a systems
analysis in a specific situation, The trick is to carry out the analysis
in such a way that the judgements incorporated into the analysis are
clearly identified and not huried in a mass of statistics.

gome Specific Cases

one of the most striking examples of the impact of technology on a
small nation is the construction of a major dam, such as the Volta Dam,
In addition to the flooding of areas oxtending 200 miles upstream and
the generation of more than 80 percent of Ghana's electricity, the dam
has had many sccondary efforts. The impact of the water manipulation
on bilharzia, malaria, and riyer blindness is relatively casy to
identify., Perhaps less well understood are the impacts of the reservoir
on groundvater flow, on use of adjacent farm land, on fishery resources,
and cven on the weather., The attempt to convert fishermen to farmers by
moving them a considerable distance from the areas flooded by the resers
voir largely failed, and many of them prefer to remain fishermen than
enjoy the Government-provided housing away from the reservoir. With
regard to other cconomic activities, the reservoir has become a major
tourist attraction and a major north to south transportation artery.

In short, while eclectric power is often the justification for a dam,
such a construction effiort usually dramatically changes the character
of activity for many miles in all directions.

With regard to high technology, irtroduction of an IBM 360 computar
in Uganda provides soveral interesting lessons. The computer was purchased
to provide a basis for the statistics activities of Governmpnt anencios,
However when the machine arrived there was ne manpower in the country
trained in the use of a computer. Indeed, one wonders whether there
really was a sound basis for this expenditure of foreign exchange. Howv=
over, a competent U,S, computer expert was able gradually to train a
cadre of local specialists who are nov semi-skilled computer operators.
The machine is currently serving a wide variety of local necds ranging
' from license plate registration to foreign exchange cgntrolwmith wide
ramifications throughout the administr.-fve activities of the Government.
Unfortunately, there are far too many less successful attempts to introduce
computers in low technology environments.

Another cxample relates to pPakistan's efforts to introduce nuclear
technology. Spurred by the U.S. atoms for peacec program, literally
hundreds of Pakistanis were trained in physics to provide for a nnuclear
encrgy program that had little relevance to development needs, Even
with the acquisition of a turn-key nuclear power plant in Karachi, tho
pakistan role in operation and maintenance hardly warrants such an over=
extended array of physicists, Only recently has the pakistan Atomic
Encrgy Commission gariously turncd its attention to economic development,
and still its interaction with other Ministries is minimal,
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Two csamples from Vietnam are interesting. Given the hugh supplies
of scrap steel from the war offort, acquisition of a rolling mill to
supplenent the current indigenous melting and extruding capability
appcarcd to be a logical approach. The choices included a $SG00, 000
labor-intensive mill from Taiwan or a $1.5 million U.S. mill. Surpris-
ingly, the major attraction of the Taiwan mill was not the labor/capital
tradeoff but rathor the much quicker delivery time. With regard to
rubber production in Vietnam, cOpper sulphate and other stimulator's can
be uscd to accelerate latex flow and reduce the frequency of latex
collection activities considerably -- thus resulting in' savings in labor
costa but not increasing production significantly. This would seem to
be an excellent example of trading off foreign exchange to pay for the
stimulators against local labor costs. To the chagrin of employment
oriented developmentalists the plantation owner profits most from
introducing the technology and in the absence of stringent foreign
exchange limitations would go in that dircction. -

7. £ihal cxample relates to product guality. Many engincers argue
that they cannot construct roads of lasting cuality using less than the
best cauipment, and reject out-of-hand the notion of labor intensive
construction methods for important trunk roads. Similarly, in 2 number
of countries manufacturers contend that their products could not cempete
in guality terms in the world market if less than the best technology is
used. A related consideration is concern that rising labor costs could
threaten the commercial viability of labor-intensive approaches. In any
cvent, quality is clearly impoxtant, and engineers throughout the world
usually cguate the latestl capital-intensive Lechnuloyies witil Lhe hiighiest

quality.

Epward a Methodology

Environmental concerns have been a prime mover in shaping the con=
cept of technology assessmont in developed countries. Perhaps these
concerns can also provide a point of departure for systematizing the
analytical process in the developing countries. Two specifiic steps have
been taken within A.I.D, in this regard. Checklists have heen developed
to assist in thinking through the environmental aspects of specific types
of projects involving construction == such as roads, dams, and power
plants., Sccondly, case studies or "post audits" of the impact on the
environment of specific development activities are underway. While the
checklist/casc study approach iz hardly a rigorous methodology, in the
world of practical reality this technigue can be very valuable in
quickly identifying particularly troublesome impacts of technology.

This approach is parvicularly attractive for developing countrics since
seldom are "new! technologics introduced and expericnces with "old"
technologies arc often broadly applicable. !
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Unfortunately, there has been a tendency by environmentalists to
underplay the benefits derived from technology -- from pesticides, dams,
and roads through tropical forests -- in their efforts to warn about the
penalties associated with developmental activities. 1In a developing
country context, in particular, a proper balance of costs and bencfits
must be maintained and technology assessment must not hecome technology
arrestment, The developing countries are becoming increasingly impatient
with the implication that the alternative to electric power and water
for irrigation is "don't build that dam." !

Modest efforts are now underway to extend the checklist/casc study
approach to other arcas, Speccifically, a comparative analysis of the
impact of computers in developing countries is being launched which
should produce a checklist of interest to decision makers concerncd with
computer acqguisitions. While a computer is but one very limited type of
techriology, many lessons can he learned from a serious look at the
secondarv ramifications surrounding introduction of a computer capability,
At the same time, the National Academy of Sciences has commissioned a
number of case studics of the impact of science and technology programs
in developing countries. The exact character of these studies is still
heing shaped, but some of the studies should be sufficiently definitive
to provide guidance for general categorics of technology.

It is likely that technology assessments in developing countries
will frequently conclude that the introduction of proposed off-the-shelf
technology will result in many undesirable cconomic and social dislocations,
but nevertheless sich techinology is essential to meet short-term nceds.
llowever, an importent aspect of such analyces chould Je identification of
those types of innovcotions that could reduce the adverse impacts, and
specific steps that could be taken locally tr generate a capability to
introduce such innovations in similar future situations. Such innovations
might relate to modifying technological processes, changing economic
policies that rule out a priori other technological choices, or providing
{ncentives that attract technologiecs better suited to factor endowments,

One final word about systems analysis and the transferability of the
computerized approaches being pursued by A.I,D. in the fields of agriculture
and family planning to the problems of assessing the impact of specific
technologies == the theme of this paper, Clearly, a thorough analysis
has a higher probabiliity of clarifying trade offs than a shallow analysis.
Howeyer, the secondary and tertiary effectn of a specific technology are
difficult if not impossible to trace let alone cuantify, and caution
should be exercised in attempting to inject excessive rigor into the
analysis, Whether a standardized methodoloay hayond A refinement of the
checklist/cage study approach can be developed which will be of broad
applicability to a multiplicity of technologica is questionable although
exploratory steps in this direction appear warranted, Some work has been
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initia*cd in the United States to design multipurposc matrices which can
serve ..o the hasis for examining trade offs, hut these efforts have been
la:gely confined to rather narrow fields. 1If sv~h matrices can lay out
realistic technological alternatives, on the one hand, and types of impacts
—both positive and regative -- on the other, they might be cuite uscful.
presumably, somewhat different approaches would be nceded in considering
pbroad Lechnological decisions (c.g. hydro power Vv&o. nuclear power vs. steam
power} and in analyzing micro decisions (e.g. plant l1ocation, degree of
autemation, siznc of plant) . Also, diffcront approaches may be necessary
for diffcerent topee of activities such as heavy manufacturing, light manu-
factwuy ing, extraclive industries, and construction. :

A fow years aqgo president ‘Kennedy remarked "Every time you scientists
make & major invention, we politicians have to invent a new institution
to copro with it." low technology is intervenina cvery day in the activities
of develoning countries. Mhile methodologics might be developed which will
help itluninate sows of the ramifications of such interventions, these
technigues will be of little use in the ahscence of an institutional capa-
hility in ©he developing countries to apply them and a readiness to
incoryorate the reaults into the Cecision-making apparatus. line mwonths
ago at & conferonce at Woods Hole, Massachusctts, there was a call for
“he establisament of the profcesnion of ‘development technologint' to
enable doveloping countrics Lo mare a more discriminating selection and
of foctive utilization of science and technology." That plea is repeated
today.
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DEVELOPED COUNIRY PIRSPECTIVE: Peter Clark, IBRD

It docs not seem thal the technology asscssment approach pro-
poscd by Mr. Schweltzer addresses itself to the right questionse
The paper appears to overloox the key developmental problems which
confront the lesser developed countries. These problams turn on
the cconomic cificiancy of the technology under consideratione

Some of the issucs dealt with in the paper appear to be cone
cerned with cunlitative clffeets of a sccondary order and concern
Zor them muy be a lwawy in comparison with the many obvinus prob-
Lems resuwlting dirccetly from imported technologye. Other insues
appcar to invoive potentially adverse consequences: of major cco=
nomic significance, bul such. matters ought propcrly have bean dealt
with in the carlier plaming stage. Murthermore, there is no dise-
cussion of whother modern technology can in fact deal effectively
with the probleas that erc raisede

The paper raises useful questions about the benefits of
developing an indigenous R and D capacity in the IDCse. But these
questions should be studics before the LDCs are cncouraged to make
costly invesbicnts in this arede Professor Pack indi-
cated thal irmovation is not planncd but conditioned by kmowledge
of local conditions and internal competitive press ~e for cfficlency.
Te cffective us. of that store of engineering skills and sclen-
tific knowludge that does exdst, and is growing, in the LG should
be cncouraped. ‘e best way to accomplish this mipht be investment
in indigenous copital poods industries == even whan they might be
considered pruncture in terms of the coictine moriicu sivte SCVEral
factors Load to the use of capital, intonsive technologies: the
concern of private foreipn investors in minimizing risk and maxie
mizing retum on the forcipn owned resource, the preference of
international finencial apencies for large projects, the internas
tional contracl bidding systen which discourages factor-saving
based on LDC resource availability, project design and capital,
equipment. mondacture by Lirms responding mainly to the conditions
in lhe developad countrics, and the desire to compete dn Intcrnas
tional markoise. Therefore, technological adjusiment to existing
factor proportions is more likely 1o result from tho competition
to supply internal demands for capitol cquipment than from tho
costly development of R and D facilities in the IDCi.

In general., a methodolopy is probably denlrable in the pro-
ocon of reaching a decision on technology cholce. A somewhit
different methodolopy which would be less colored by valuc judge
ments would be desirable,

gystems analysis is a useful tool for economic analysis bee
cause the quantitative approach muakes value Judrmants explicit
while check lists and verbal arguments Lend to bury theme An
interesting application would be lhe uso of the systems approach
to test the relative merils of investment dn R and D capabilities
against those of invesimant in local, capital goods productionse
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DEVETIDPING COUNITRY PFRSPECTLVE: Ojetunji Aboyade, Economic
Development Institute

Mthough Mr. Schweltrmerts paper is useful in throwing light on
how decisions arc reached uithin the Agmcy for Inlermational
Development, the methodolnpy witch it proposes as a guide for
decislion makers writhin developing cowntries is not adequately dese-
cribeds  The itwo lechniques mentioned = (1) a chocklist and (2)
case studies - scen very cloucly to rescmble each other. Altheagh
the discussion in the paper appears to point to the nced for
separate methodologies bailoved to the conditions in different
countrics, the conclusion wppears to recommend a stinduardization
with the same methodology for oll COUJILI‘J Cle

Many of the points in 'Lhc paper arc valid, particularly the
observations thal technology is the key to industricl. development,
that the conscguences of c.hoo'_::i.ng an ingppropriate teclmolopy con
be scrious, and o one lHouwcver, the scope of the naper seams rather
narrovly restricled to drportcd teclmologlies, involving mainly dipi-
neering. Other ley issues, notobly the possibility ol Llocal iimiow
vation and social iuries would appear rclevent and isportant, and
need to be concidered as welle

Tven vithin the narrow focus of the paper, howcver, the cxane
ples sclected to illustrate lhe application of the ])1‘(4)0..:(,(1
methodology arc opun to question, Corpulers and nuclewr rescirch
reactors nre in too cophisticoted an arcu. It is esountiadl o
focus on technolegics relevant lo the reauirements onf ihe bLuldk of
the populailon and to the skills and resources that are locally

availublce

Discussions of industrial. development too often drift into a
discussion of international trade, and an eiphasis on ithe impor-
tance of selecting technologics that will increasc the production
of thic commodity or the other for which there is belicved to be
a demand within an international markete It would be more useful
to address the discussion to the production of commoditics
actuadly in demand for local consumtions The needs of the local
population are urgent and woys need to be found to meet these
needs withoul insisling that the technolopy must in some way be
linked {0 international tradce

Similarly, there ‘must be carc in discus ssing the environment

question. The main issue involved in the environmental problem is
not nature, as some overzealous advocates scam wo sugpest, but the

welfare of mane

In discussing teclmological. choice, it is .,.,c:n’ ial to struce-
ture the issues so as Lo address the real problems of e IDCs no
they thaaselves sce lthame  The use of teclnology should be to ime
prove lhe welfare and increasce the abilitics of the bulk of the
populalione -
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BASIC VEHICLE FOR GOUTHEAST ASIA

by

william O. Bourke
President
TFord ﬁ.sia—Paci,fic Inc. '

The program for this seminar describes my contribution as

i\ Discusgion of the Jngineering Consideratbions Tnvolved in the
Design of & Vchicle for Production and Use in Developing Countries."
That'!s formidable cnough, but if you will bear with me, 1 also
intend Lo cover the commercial and social considerations that
1;1'-omp,tud Ford Motor Company to embark on its project of engineering
a low-copt multi-purposc vehicle for what A.I.D. terms the LDC's --
the less leveloped countries.

T make no apology for using the word #tcommercial!t before
ihis group. 1o put it bluntly, Ford Motoxr Company believes in the
profit motive. Bul we do not seec corporate profitabili‘t,y and cor-
porate gocial respongibility as mutually cxclusive. :

A5 our Chairman, Henry Ford 1I, sald recently: "A corpora-
tion can serve Bocicuynenily ip i1 is profitable. And it can stay
profi table only if it is responsive to the needs and values ufl
the socicly in which 1t operates.” :

As a corporate citizen of many countries, Ford has to be
concerncd with the nceds and values of a great variety of national
and regional gsocietics.

My primary concern in recent times has been the goutheast
Asia and Pacific region and the arca of nced that has preoccupiud
me has been, naturally enough, {ransportation. This audience
does notl require & 1ecture from me On the importance of trans-
portat.i.on {in cconomic developmente It is all too obvious that
any soclely yvhose transportation system 18 inefficicent must
suffer ceonomically .

e transportation problems of the Asia-Pacific region
posed an in teresting challenge 10 Ford Motor Company as well as
a tremendous commercial oppanuni.Ly. Here is the world!s
greatest center of population with enormous potential demand for
all consumer foodi + Yet how could Ford find a product that could
meel unfulfilled {ranaportation needs in an area where the average
man hus Lo work 8.7 years 10 accwnulate enough funds to purchase
an imported conventiional vehicle?

re




Importing vehicles produced by the advanced industrial
nations nepresents bad cconemics for the less developed countries.
M average 20% of their scarce foreigm exchange is expended on
vehicles -- an outlay they can ill afford.

The high price of imported vechicles coupled with the low
average per capita income result in a low volume automotive market
in the less developed nations of Asia-Pacific -- just over 350,000
units last year. '

Local automotive manufacturing -~ at least of conventional
vehicles -~ ig impossible in some of the countries involved, and
ecconomically infeasible in others. One reason is the lack of
domestic industrial infrastructures capable of supporting sophis-
ticated manufacturing proccsses.

The infrastructures have not developed because the Asiu-
Pacific LDC's are rich in labor and raw materials but poor in
investment capital, foreign exchange, technology and managerial
skills, i

There is little electric power produced, and that avail-
able:-is undependable., The basic industries -- stcel, mining, oil
production and refining -- are stunted or non-existent becansir
invectment capital i1s not available.

Most of the LDC!s have severely limited capacity to earn
foreipgn exchange. Their export trade is largely confined to pri-
mary products, the demand for which is declining in volume and
value. At the same time, the cost of importing menufactured goods
continues to rise, thus draining off more foreign exchange.:

The advanced technology taken for granted in mogt of the
highly developed industrial nations is just beginning to pene-
trate into the region. Engincers, scicntists, and trained tech-
niciang are still in woefully short supply due to a complex
combination of reasons including traditional cultural values
which exalt the professional vocations and degrade the technical
skills. Also, of course, there are simply not enough schools or
teachers to provide the region with technically trained personncl.

There iz a similar dearth of managerial talent. Acadenic
training in busincss is scanty, and what there is is apt to be
heavily theorctical.
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Tn a region which clings to the traditional concept of
the family-owmed business, and often one-man 1eadership which
would make the Godfather setup look like a holding company,
opportunities for bright young men to work as professional
managers are few and far belvecn.

Perhaps the mest serious consequence of these factors,
as far as an automotive manufacturing program is concerned, is
that the domestic supplier industry, vital to such a program,
is virtually non-existent. In Latin America, Ford was able to
help develop supplier industries in some countries prior to
initiating manufacturing programs because there werc local plants
which could be converted to automotive component manufacture.
A toy factory, for example, might start making batlery cases.
But to do that, you have to have the toy factory to begin with.

The problen is compounded by the political demand for
local content, a denand reflccted in regulations requiring a
certain percentage of vehicles, cither by value or by weight,
to be produced by domestic industries. That is rather diffi-
cult when the local companies don't exist, or can only make the
item at a cost which far exceeds that of an imported component
even wilh prohibitive duties.

A Toard we are familiar with these social and cconomic
factors -- welve been operating in the LDC!'s of the Asia-Pacific
region for a long time. Like all the other antomotive manufac-
turers, until recenlly we did tend to trcat these countries in
a very traditional way -= a8 a market for exported poods and as
a sourcc of ray materials. We exported to them the products
produced by our plants in the industrialized nations -- spin-
of f products which could be built in exportuble quantities only
because of cconomics of soale made possible by developed tech-
nology ind high volume markelo.

guch vehicles, however, were desipned specifically for
the developed markets with environmental and cconomic conditions
completely different from those in the LDC's, As a result, they
were larpgely unsuited for the climatic and road conditions
oxisting in the region. Unpaved village ronds full of chuckholes
are rouph poing for a conventional American or Rurcpean passenper
Cixs

Murther, and more importantly, their high price tag
Limited the avallability of fmported cars 1o 4 emull number of
peoplo. e means of transportation available to the vast
majority of Asians range Cyom the human foot, throupgh a variety
of animul-drawn contrivances (v the bieyele and motoreycleos
Yot theto humans and animal-povered vehicles cannol bepgin W
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meet the very recal and growing transportation needs of the region,
even when supplemented with a few imported cars and trucks. fThe
obvious solution is to design and build a vehicle more efficicnt
than the traditional animal- or human-powered vehicles but less
expensive than the imported vehicles designed for used in developed -
markels. -

We already have reviewed the reasons why local manufac-
turing of such a vehicle was not done in the past -- lack of
foreign exchange and investment capital, low per capita income,
Jow volume markets, and lack of developed industrial technology.

Now add to those the fact that little attention had been
given to determining what: type of vehicle would really meet the
regionts transportation needs. When Ford set out to tackle this
problem, we knew we would have o take such factors into account
and we sct certain objectives. ]

CFirst, the new vehicle had to be low cost, even ab low
volume production.

Second, .t would have to be & vehicle which could be pro-
duced with local materials, simple equipment and local labor,
taking advantage of existing technology yvhile avoiding the use of
scarce foreign exchange. Such an approach also would allow us to
meet local content requirements.

Vhencver posple vhink of Luilding vehicles, iney envision
glant plants and miles of assembly line, but we set a goal of
minimwn investment in production facilitics.

Our market research showed that the major nced, at least
in the foreseeable future, was not for private passenger cars but
for a versatile vehicle which could produce revenuc in commerclial
use as well as providing basic transportation for its owmer.

To meet these objectives, a basic vehicle concept was
developed. The job was quile a challenge for our desipgners ==
instead of conventional design which would have required complex
stamping dies to munufacture, they had to come up with a very
simple sheet metal body. In tne automotive industry, simplicity
is often harder to achicve than sophistication.

Fabrication of the bedy had to be simple enough to be
done on equipment as basic as a 70-ton brake press, a manually
operated serew press, and simple Jigs and fixtures which can be
welded topether out of readily available materials,




The first prototype was completed in Melbourne, Australia,
just seven weeks after the design conceplt was approved. The pro-
tyotype was tested for ruggedness on a special. track duplicating
LDC rough road conditions built at Ford Australia's You Yangs
proving grounds. Test results cnabled us to refine vehicle design
and to davelop several model variations.

Te result is a basic vchicle named the Fiera consisting
of a simple cab-and-chassis combination. 1o avoid delay and hold:
down cost, we chose Ford!s proven four-cylinder Kent 1100 or 1300
c.c. enginecs as powerplants combined with the four-speed trans-
mission used in our Escort and Cortina models.

Model variations are intended to provide the cargo carrying
capacity neceded by the small businessmen and farmers of the region
who cannot afford conventional vehicles. By laying a flat sheet
metal bed over the rear chassis area, a simple freight hauling
platform is added.

Side panels turn it into a pickup truck model, suitable
for many applications in farming and 1ight industry.

Raising the pickup side panels 12 inches gives a high-
side model which doubles as a people mover with lengthwise pas-
senger seats which fold down when required. A roof can be added
1o the high-side pickup for weather protection.

A van model has fully enclosed cargn space af 180 cubic
feetyideal for commercial delivery operations.

The top of the line is a minibus model similar to those
alrcady used in the Philippines. It has a 10-passenger capacity
in the rear and room for three including the driver in the cab.

Flerals versatility goes beyond transportation. 1t can be
used to drive a rice husking machine or power a water pump or a
saw. 'Te owner only needs to jack up the vehicle, recmove a rear
wheel and slip a pulley around the hub to tap this power source.

We plan to begin initial manufacturce and sale of the Fiera,
in the Philippines late this year.

Ford already has a modern and efficient plant in the

Philippincs, and assembly of the Ficra is expected to contribute
substantially to accelerated industrialization in thuat country.

n76~



http:industry.AA

In a very real sense, Fiera will be Asia's own vehicle,
largely designed and wholly built in the Asia-Pacific reglon.

e six-model range is aimed at meeting the very basic trans-
portation nceds of that market. We believe it will bring the
cost of vchicle ownership within reach of many thousands of
potential customers in the emerging middle class.’

Our market research for the Flera program was directed
towards analysis ol economic and social needs in the Asia-Pacific
area as they are affected by, or dependent upon, transportation.
We believe that by meeting the need for transportation, the Fiera
will stimulate increased employment, both in vehicle assembly and
the supplicr industries, and aid the growth of industry and
agriculture.

At Ford, we are very conscious of the fact that economic
growth may bring problems, as well as benefits, with it. But
unless’ an adequate rate of economic growth is achieved, it will
be virtually impossible to make significant social, political
and cultural progress in the Asia-Pacific region,

Tarough our specialized ficld of transportation product
manufacturing, we want to make our fullest contribution lo the
realization of the natural aspirations of the less developed
countries. Tne Fiera program is, vc believe, a very practical
part of that contribution.
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OVIERVIEW

by

John Iewis
Dean, Vloodrow Wilson School of Public and International Affairs
Princeton University

]

The Ford Project is imaginative and constructive, and was hiphly
pertinent Lo the subject under consideration in the seminar. On the
basis of perience in India, onc might have gained the impression Lhat
the approach of tho mltinational corporalions was somewhat co gsorvative
and that they were not in the forelront as carriers of innovation. loy=
gver, there were a number of features of the Ford vehicle program that
vore out of line with such a concept. The facts that the production
facility was on a reduced scale and yet succeeded in maintaining a low
capital output ratio, the achicving of a price level geared to the
Jocal environment, the amphasis on the use of Jocal materials, and in
particular the delegation of authority to local representatives to be
innovative were all truly impressives

The vehicle appeared to have a wide potential usc in the arca in
a number of the countrics. The concept of having components manufic=
tured in diffcrent countries within the region and repgionally assanbled
was also imaginative, ond perhaps indicated the fruitful role of the
multinational corporation in the marketing ficld. ‘There might be some

difficultics raised by governmanbs. Protectionism is sirong in the )
arene  Apart from thot, o number of governmente in thelr concarn fov

equitable income distribution were disposed to discourage the produce
tion of passenger vehicles as Tuxuries and of low priorily as cormpared
dlh capital and other consumer goods. Houever, this all-purposce
vchicle with its potential for carning moncy might be regurded as being
in a diffcrant cateporys The fact that the components would lecave
considerable scope for product conirol in the hands of the corporation
might be a source of concern 10 certain governments. However, all in
all, it appearcd to be a good projecte

In repard to the request that general conclusions be drawn in ro=-
spect to the papers and the discussion which had folloyed, the first
gencral observation was that the meeting had been well-structured, was
of high quality, and was far too short to do justice to the subject matters

The paper by Professor Ranis had been an admirable opening of the
mecting and had sct a framework for the digcussion that followed., Tra=
ditionally, technolopy had been recognized as an dmportant component in
the development proccss. However lwo new coneepts had recently come in
fashion, Mirst, in vicew of the eritical importance ‘of the uncamploynant
problem in the LDGCao, technology was now looked to as o wiy to deal nmore
effeetively sdth that and other social issucse Sccond, there was & dic=-
position Lo look at tcchnology in its relation to the cnvironment. Fivie
vonmental iceues are clearly nat without relevance to the concerns of the
developing countries, but they wee of secondary importances The LDC!s in
particular should avold getting haemed in by the world-wide application )
of standards evolved by the developed couqi.z-lu.,:.
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The presentation by Mve Schweitzor on technological assess-
ment was useful. Perhaps if the pricing systan were betler
ordered, some of the issucs vaised in that paper would be resolveds

There was onc featurc in the Ranis paper that was particularly
noteworthy. In connection with the relation of scale to faclor
adjustment, the Ranis paper introduced the useful concept thats
small industrics face different price signals than the big indus-
trics which may lecad the small industries into better decisions,

The comments by Mahbub Ul Haq required special commente I
should be noted that he did not take issue with the desirability
of correcting the price structure. He felt howcver that this was
not the entire ball gane. The indirect approach through market
forces must be supplemented by government direct action, sinco
realistically it must be recognized that powerful interests
within the LDC!s and within the donor countries will resist
changes that remove their privileged positions

Maldistribhition of income sets forces to work witich bring
aboul responses by governments among the LDCIs which in twm Llcad
to better income distribution. Once this occurs, this could ulti=
mately affect the choice of products and the dircetion of induse-
triwl, developmente Donor agencies must encourage more direct
response, through such things as public construction activitics,
to pet a redistribution of consumption patterns that may have very
important conscquences for the process of choosing  technologics.
Tuning to the question of technological transfer, there app cared
tn bho dam pitronds to the diocusuion us 1t developeds On the one
gide, there wes the Ranis approach, which seamed to rely extensively
on t'.e work of Dick Nelson, This alleges that resecarch and develop=
ment is really wasteful ana irrelevant to the needs of the LDC!s,
sinco the technology almost entirely is already available from the
developed countries, either on the shell at the moment or accessible
by going back to obsolete models. This position was heartily on-
dorscd by Peter Clark and Mahbub UL Haqe The view was challenged
by Engel and Margolies,

It cannot be denied that much if not most of the research
going on in IDCts is irrelevant to the dovelopmental necds of the
countrics, and much too much is second-ratc. However one cannotb
leave the matter there if onc wishes to deal responsibly with the
issuc of technology in the LUC!s,

Tt is neccssary at the outset to distinguish between scicnca
and technologys Scicnce is more random, less costly and more ramote
from profitable cxploitation than tecimologys Scicnce tends to be
located in institutions, such as universitices, wherc it is cuchioned
against market pressurcs. ‘leclmological. innovation, on the other
hand, is an expeslve, profil-sceking activity that can exploit the |
potentiolitics of the selentific fronticr only scleetivelys. LU
therefore optimizes; it concentrates on innovations that minimizc
{factor cooto in Lts own pavochlal cenvironment,
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Tt ig apreed that ALD should do what it can to illuminate the
sholf of cxisling technology S0 that the LDC!s can widen their
choices Tac fact is however that there are geps on the shelf.
Tndigenous innovation can play a role in f£illing those gaps, and
not merely by going back into history to find technologics that
in many cases were descrvedly discarded as inefficiente

How this can bhe done, and what governments should do to
bring this about is onother matters Clearly better institutions
need Lo be devised and the 1inks between government and industcy
need somchow to be strangihened. Technical agsistance in this
arca hag adaitledly been of poor quelitye «u appears as though
the LDCts thenselves will have to fasiwon the appropriate insti-
tutions to dewl with this problem. The role of AID should be
vith due humility to scan what is going on and to lend help to
developmenly as they occur in this arca.
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GENERAL DISCUSSION

Need for Special Measures to Involve Seientists and Fngincers
in liconomic Development

The initial discussion claborated on the poinl that some-
thing more than favorablo aconomic measures is required to ine
volve scientists and engincers in activities that contribute 1o
economic development, /n cxample was cited of an engineering
school in India, If a student had fanily connections which
provided him with capital and a means of obtaining an import
1icense for some machinc, he might with little difficulty be
able to set up his oin business with reasonable prospects of
succosg. For other students, however, less fortunate in their
family background, the aituation was quite different, The
casiest course to follow, particularly if he was a good student,
was to go to & technologically advanced country Lo continuc his
studics. This is because the UlSe. authoritics and those of
other developed countrics provide him with all the information
he needs to apply for adnission 1o a wniversity abroad, to ob=-
tein visas and other necessary travel documents, and to apply
for financial asplstancce

No comparable service was available to cxplain to the
graduate how ho might get svarted in private industry at home,
£i11ing some requirement his training had equipped him for.

T fucl, pu.raps deals can b worked oub for a graduavc of wn
angineering school with povernment finance to launch him in a
useful and potentially luc abive enterprise. Therc is, there-
for, a real need for a guidance service to make it no less easy
for LDC graduates to stay at home and get started in somc useful
occupation as it is for them to go to the United States or some
other developed country for further study.

A similar point was made with reference to scientists who
work in research laboralories in 1DC!'s. If appropriate awards
are not provided by the 100t s for thosc working on local prob=
lans, the scientists may sock to eastablish their reputations by
working on problems relevant to the developed countries and,
therefore, to guin recopgnition in so~called world scientific
circles, MTwo luboratorics can be cited as exanples, In the
laboratory of the Rubbor Research Institute in Malaya,
pogoarchers who solve problams thatl affect rubber productiozi in
a practical way are handsomely rewavded by bonuses and promotione
Tis has been a factor in making the Rubber Rescarch Institule
a hiphly successful indugtrial rescarch establishmente In cons
trast, in the Nutlrition Research Inotitute in India, rewards
and promotions arc based largely on arlicles published in leading
sciontific journuls of the worlde As a result, the Nutrition
Tnotilute 16 composed of brilliant seientists of dinternational
reputation bul so far as can bo observed, the Institute and its
staff have made little or no practical contribution to the
prossing nutritional problems of India. The differcnce between




the two institutions is not one of the quality of scientific
rescarch but rather of the cconomic, social and professional
norms which influence the interests and focus of the research
personnel,

In this comnection, it was pointed out that the Rubber
Rescarch Institute is directly and intimately linked to a sis-
tor institote in the United Kingdom which identifies market
trends and research opportunitiese In India, the lack of
linkage bwtween certain research institutes and user groups
hos been identificd as a sorious problcis

As noted in the examples cited above, the developed coun-
tries do not make the problems easier for the LDC!s because of
the vigorous, and well-intentioned, efforts they make to
atlract away the besl science and engineering students and to
divert scientists who remain in the IDC!'s to research which is
of pricater relevance to developed countries than to the LDC!s,
It wao further pointed out in this connection that the donor
countries do not take the practical steps needed to strengthen
indigenous technological capabilities. Donor countries, and
some multilateral institutions such as the World Bank, set
aside gubstaniial funds for feasibility studics in LDC's.
However, these funds are not available for use by LDC research
groups. No doubt, the donor countries or Banks want the hest
advice they can obtain before risking their money in a project
ond that ic whiy they Lueiol on using vop engineering firms from
the developed countries to make the studies. It was urged that
it would be a very useful move if some of these feasibility
rescarch funds were earmarked by donor countries, the World
Banlz, etec., for LDC research groups, limited to jobs they arc
qualificd to do, and linked with technical assistance to enable
them to do the work to meet high standards of quallty.

Relevance of Social and Political Factors

There was some dissatisfaction voiced with the cmphasgio
on cconomic factors that influvence successful technological
adaptation, without giving due regard to the socilo-political
facltors that arc also involveds The socio-political distinc-
tions are marked among the various countries mentioned in the
coursse of the discussion: Japan, Mexico, Korea, Colombia,
Pakistan, and Taiwan., Factors such as the depgrce and type of
central direction over the economy, the cducational gystems,
the urban~-rural population distribution, and traditional. pat~
tems of indusilrial production would appear to merit considors-
alion. Since these factors are highly country-specific, hoy-
evor, it might be useful to group countrics into categories in
ordor better to arrive at an estimate of the effccl theso
Lactors might havee
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Similarly, the point was made that labor organizations can
play a kcy role in teclnological transfer. The transfer and
adaptation of tecchnology in the direction of substituting labor
for capital intensive equipment may run into difficulties wnlcos
the workers can sce a positive benefit to their welfaree TFor bhis
reason, the govermment and employers would do well to bring rcpro-
sentatives of the labor movemenl into the picture at an early
stage,

Viith rceference to the labor picture, it was noted that therc
was criticism in important sectors of U.S. society of the fact
that private UsS.-ommed factorics in the IDC!'s were producing
goods for the Ue.S. market with low-wage labor. The argument was
put forward that perhaps too grealt an cemphasis was being placed
by LDCfs on the cxport market, and that a strategy directed at -
larging the internol market wnd at raising the standard of living
of workers and farnmers inside the country would be the bet Ser
course to follow.

Basic versus Applied Research

Daring the course of the discussion, a plea for a better
wderstanding of the role of basic rescarch wvithin IDCYs was
made. Due to the facl that in a number of ILDC!s much moncy is
gpent to very little purpose on what is colled basic research,

a bad re¢putation has attached to investments in this arca. It
was argucd, however. that basie recearch ic on cosaibicl cle-
ment in building a scientific and technological base for induse-
trial growth and, therefore, should be given appropriate support.
Basic rescarch above 2ll is a necessary component in maintaining
standards of quality .in institutions of hipgher educalion in
science and cnginecring and deserves support on this ground alonce

It should also be recognined that the lterm Ybasic researcht
is ‘rexy broad and covers a wide range of activities. Included
in thesc activities is what is often referrcd to as basic orien~
ted rescarch; that is to say, rescarch dirccted toward developing
knowledge relevant to national goals. Basic criented 1cscarch
conducted within the LDC!'s might well make a contribulion to the
achievement of developmental objeclives.

Those defending basic rescarch as an apprepriate claimant
on the scarc: resources of a developing cowntry do not deny, y
however, thacv the level of support for basic research nmist be
weighed against compeling demands from the wpplied engincering
research area which is obviously more closely related to the
technolopy leansfer processe
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The Rasic Vehicle for prsian-Pacific Area

A great interest was eypressed in the basic vechicle for the
Asian-Pucific; and the discussilon elaborated on the points made in
the presentatione Tn regard to the role of the prograi in en-
nansing the pecmical skills of the arcu and in particular of
contributing to the capability of scicnticts and enpineers to
enge N ipnovalive design work relating L, echnology to local
factor cndownents, the following point was made. ‘'The progran
would in particular create a demand ror what are ref ecrred to as
gemi-cliiilo in Lhe industry. These ave not highl},r—-'brained ckills
put iivolve machiniste, welkders, machine .operatOrS, and the Likce.
Mese would not be Lhe workers on the asoenbly Line bub those
employcd by the suppliers of conmponent partse. For exawple, in the
Philippiics, about 280 supplicrs have been lined up on the project,
a1l of uhom would hirc pcoplee Furthcrmore, the service stations
for lthe building ol bodies on the basic form of the yvehicle would
create o danand for technical skills. In the Philippines such ulills
in fact do cxiisl throughout ithe islands &as evidaced by the well~
xnowm MJeepney," & vehicle constructed from World War IT Jecps,

of wlrich sonme 100,000 are in operation today. Work would he done
with the supplicrs to assurc that reliable standoewrds of quality
would be achieved and maintainede

T{ was noted thut the rescarch and developmant costs of the
vehicle had been modest and that the rccovery of these costs
throupgh royaltics yould be accomplishext within the first produclion
yeale Inmerefore, this would be 2 relalively insignii‘icant- cl.enend
of the cost per veliicles

T4 was also noted that the spread ol yechnolopy in the arcd
has lcd Lo an inecrcased demand for equipment ot relatively high
sophisticabione fis  is idlustrated by developments in connec
tion with the technology of rice prodactlion where rice productis
are now purchasing relatively comples and CXPEnsive equipmente
In vieu of the inercasing demand for couipment of this character,
it gppears likely that corporations inbercsted in this market
would cevote more research to develop cquipment speeifically
designed to couLorm to the cnvironmenoil conditions and factor
endownants of the Asia=Pacific arede
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