AGENCY FOR INTERNATIONAL DEVELOPMENT

WASHING TON, O. €, 20823

BIBLIOGRAPHIC INPUT SHEET

FOR AID USE ONLY

Alch @3

1. SURJECT

A, PRIAARY

TEMPORARY

CLASSI
FICATION

B, $ECUHDARY

2. TITLE AND SUBTITLE

Technology choice,employment,and growth

3. AUTHORIS)
Ranis,Gustav

4. DOCUMENT DATE

1970

5. NUMBER OF PAGES

25p.

6. ARC NUMBER

ARC

7

Yale

REFERENCE ORGANIZATION NAME AND ADDRESS

8. SUPPLEMENTARY NOTES .(Spanlorlnﬂ Omunl:af!on. Publiaheras,
(In Economic Growth Center. Disc

. Availability)
ussion paper no.97)

9, ABSTRACT

(Economics R&D)

“

10. CONTROL NUMBER

PN-AAD-813

11. PRICE OF DOCUMENT

12. DESCRIPTORS

13. PROJECT NUMBER

14, CONTRACT NUMBER

Repas-12 Res.

15. TYPE OF DOCUMENTY

AID 5901 (4-74)



THIS DOCUMENT HAS BEEN EVALUATED AS SUBSTANDARD COPY FOR
ROUTINE REPRODUCTION. EFFORTS IN AID/W TO OBTAIN A MORE
ACCEPTABLE COPY OF THE DOCUMENT HAVE NOT BEEN SUCCESSFUL.
DESPITE THIS DISADVANTAGE, WE HAVE CHOSEN TO REPRODUCE THE
DOCUMENT BECAUSE OF THE SUBJECT TREATED AND TO MAKE THE

DISCERNIBLE INFORMATION AVAILABLE,



United States Agency for Ianternational Development
Working Group on the Rural Poor
Bibliography on Rural Development

BCONOMIC GROWTH CENTER
YALE UNIVERSITY

Box 1987, Yale Stotion -
New Haven, Connecticut

CENTER DISCUSSION PAPER NO, 97

- TRCUNOLOGY CHOICR, EMPLOWMENT AND GROWTY

Custav Ran{s
September 29, 1970

Note: Center Discussion Papers are preliminary materinls
€irculated to stimulate discussion and critical
comnent, References in publicstions to Discussion
Papers should be cleared with the author to protect
the tentative character of these papers,



'chhnolocy'ChciceL,Engjnymcnt and Grovthd

Granted that overall LIC growth performance in the 60's was sybstan-
tially ahéhd of that in the 50's, there can be little doubt that the bip-
gest crisis lies just ahead. This is soe partly hecause as more and more
people arc beginning to recognize, that progrcsn.hns bren very uncvenly dis-
tributed, and partly because the =hrecat is for wmuch nn¥c of the sam in the
70's and £0's. Pcrhaps the most important manifestation of that uncven
participation in the past is that, even in the fastest prowing countries,
unemployment and underemployment rates have been rising. Sccondly, all
available guesstimates and projections for the future seem to agree that
even if pcpulation growth could be substantially dampencd tomorrow, given
the age structure of the present LDC population, a labor force explosion
of major proportions must be expected over the next decade or 80.1 Add to
this the fact that the volume of foreign aid and of foreign private capital
both a&éilab;e and acceptable in the 70'a=-in spite of all hopes, pleas, and
efforts tc the contrary--is likely to fall substantially below that of the
60's and the true dimensions of the problem ahead become Ele;f. 1f major
political as well is economic crises are to be avoided, {t {s thus reasonable
to assert not only that the LDC's are going to have to somchow solve their
future output problem not at the expense of emp loyment and distribution, but
also that tﬁis wiil have to be accomplished largely by their own efforts.

During the 50's and early 60's most of the LDC's engaged in what has ,

been called, in short-hand, import substitution policies This ususlly

*Paper prepared for the ILO conference in Geneva in July 1970.

1For example, even Taiwan, one of the more "successful" planned
parenthood cases, which experienced 1.7% and 2.5% annual average {ncrcases
in the labor force during '58-'59 and '60-'61, rcspectively, is experirncing
increases of nearly 4% nov and projecting annual increates between 3, 57
and 3.77% for the 70's. :
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included in one package a by now well-known syndrome of policies: cxchange
controls and import licensing, budget deficits, ovorvalued exchange r;ten
and low (sometimes negative) real interest rates. The aim, generslly
speaking, was to redirect pre-independence traditional colonial flows ir
favor of the creation of social and economic overheads, and of import res
placing consumer goods industries, The consequences of this set of policies
on econoalc performance have by now been fairly well recognized and acknowe
ledged, i.e. a spurt in industrial growth but inefficfent, {,e., capitsl

and import-intensive, in character, sccom.anied by a discouragement of exe
porté and agricultural output, low domestic saving rates, a relatively heavy
dependence on foreign aid, and low rates of technological éhange.

As LDC governments became increasingly aware of the economic cost
of these policies, one could observe, during the 60's, a growing tendency
to move towards a new policy package. This package can be characterized,’
L£f at the coat of some oversimplffication, as tending to reduce some of the
gross 1neff1c1enciea attending industrial development by readjueting & nume
ber of crucial, previously distorted, relative prices, including the exchangé
rate, the {nterest rate and the internal terms of trade. By replacing
quantitative controls in the foreign exchange market with tariffs and
noving‘touarda more realistic exchange rates, via either a de fure or de
facto devalﬁation, replacing severe credit rationing with higher interest
rates, and forced procurement of food at avtificially 10; prices with a re-
latively free market, developmental access and participetfon could be
offered to medium and small-scale entrepreneurs in both agriculture and
industry for the first time, The effects of this type of restructuring,

where {t hes occurred, st least part of the way, e.g., in Korec, Taiuan and
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Pakistan, have indecd been remarkable in turning situotions of virtual stoge
nation in the '50's into sustained growth situations {n the '60'u, |

More specifically, once agriculture is no longer discriminaced
agsinst by anavorable terms of trade this sector can begin to play its hise
torical role of genrrating surpluses which, when.successfully channeled,
can provide simultaneous employment opportunities for the unskilled labor
being released; a more broadly based industrial develobment pattern ﬁaing a
relatively more domestic material and labor-intensive technology can emerge;
exports--especially of the non-traditional labor-using variety--sre no longer
d{scriminated against and can begin to expand; domestic saving rates can
move up into the Rostow take-off range; and indigenous technological change
cen assume much greater importancc.1

Perhaps most important fgom our point of view here is the fact
thai the new signals induce the adoption of different, more labor-using and
ungmp loyment reducing; technologies and output mixes, In thié context the
vitel role, for better or worse, of technological flows between rich and
poo; gountries must be kept in mind., The very coexistence of countries at
very.different lrvels of technology undoubtedly represents one of the most
{omportant influences on the performance of LDC's, past, present end prospec=
tive. It is the precise nature of these technological flowa and.the way {n
vhich they Save been accommodated by LDC's which has, in our view, had a
decisive impact on ove£all per formance during these past two decades of
development, Alternatively put, it is also in this area where the greatee.

potential for improved LDC performance in the 70's can and must be located,

) 1For a fuller discussion of the typical import substitution phase
in LDC development and of the transition to a more efficiency-oriented phase,
see the author's "Relative Prices in Plarning for Economic Development,"

NBER volume, tc be published.
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The move, beginning {n the middle '60's, from an import sybstitution
to an export-substitution dominated growth pattern--and the tonsequent marked
changes in economitc performance--1s, today, however, still the exception,
not the rule, as far as the less developed world as a whole is concerncd,

In spite of the demonstrations of what can, in fact, be accomplished, there
remdin formidable obstacles to the dtamahtling of the import aubutitution.
Tegime, Direct controls imply absolute power--as well as Supplementary ine
comes--for the civil service which 1t {s loath to surrender lightly, More-
over, ghe inevitably greater role for private enterprise under any liberaltged
regime ruos up against associatioms with colonialism and fears of ant{- ‘
social give-aways,

In addition to this pull of vested interests and some quite wol_
intentioned doubts concerning the general risks of liberalization, there
remsins 8 good deal of skepticism concerning the major role we have accorded
here to technological change as a determinant of success in deve lopment.

In particular, many LDC officials, aid donors, and echolars share the poiﬁt
of view that moét technological change, especially in non-agriculture, must
take place abroad, and that the borrowing LDC's, {n fact, have only a very
marrow set of technological choices open to them. If only the coefficionts
sttaching to the latest vintage machinery produced in the advanced -
c0un£riea are relevant, all the talk about alternative factor proportions
{n response to alternative resource endowments becomes largely irrelevante=e
or restricted to changes in output mixes via trade,

Skepticism on both these points, the merits of abandoning import
luﬁatitution and the scope of technological choice, s, of course, not une

related; for if therc is no real alternative to the large scale cupitale-intensive
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industrial structure, perhaps the most powerful drgurent for changing the
basic policy package loses much of its force. The rcst of the paper Qill

’
therefore concentrate on presenting, in Section 1I, a suggested more realis-
tic viev of the nature of the innovatio: process in the borrowing developing

countries. The empirical relevancy of this view is then explored {n

Sectfon III.

1

There is less doubt ncw than ever before that the success of a
developmen® effort {s likely to be much more related to technologicnl change
than to the growth of physical inputs, Nevertheless, in spite of this
acknowledged importance of Cenhno{ogicnl change, it has been difficult to
achieve 2 clear understanding of the process by which innovations are
actually made in a typical developing or borrowing country.

First, and foremost, it must be remesbered that, unlike {n an a.-
vanced country where technological change is viewed as rather automitic and
routini;ed, or as capable of being gencrated through R and D expenditures
according to some rvles of cost/henefit analysis, we know tha; in the con-
temporary developing sccieties technolopical chaage cannot cither be taken
for'granted or afforded through R and D allocations. In this situation we
cannot avold the question of what, given the existence of a shelf of tech-
nology from abroad, is the pattern by which the typical less developed
economy, in fact, manages to innovate., This question in turn forces us to

look at least at the following dimensions more carefully: 1) the precise

nature of that technology shelf; ?) the availability within the LDC's of
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required initial managerial and entreprencurial capacity; and J}) the changing
nature of that tequi}ed wanagerial and entreprencurial cupacity in the‘
course of transition to modern growth.

The technology shelf developed in ﬁh“ mature industrial economies
abroad may be described by a set of unit activities following & smooth
eavelop curve as in Dicgram I, A particular technology can be deacribed
by an L-shaped contour producing one unit of output with a given pair'of
capital and labor cocfficients. The technology shelf 13 composed of the com-
plete set of such activities or technologies which have been demonstrated
to be feasible soumewnere in the advanced countries at some historical point
in time, focluding the present. Siuce there exists a number of technology
exporting countries, e.g., the U.S., Germany, U.K., Japan, with continuous
technological trancsfers amongst themselves as well as with the LDC's,
it ie not unreasonable to postulcte the existence of a single technological
qheli for the lending world as a whole. For exawple, unit technology Ao
may have b?en generated in Germany in 1920, Al in the U.S. in 1920, Az in
the U.S. in 1950, etc. In othar words, bs we move to the *~£ nlong the
shelf we run into more modern technology, f.e, technology of more recent
vintage and of higher capital intensity. As capital pe: hea& i{ncrcases
this means that the typical workers has learned to cooperate with more
units of capital of increasing technical complexity. This capital deepening
process, {n other words, is more complicated than the 2oxthaols v i ' yq of
"homogeneous" labor being equipped with more units of “homo_ :1:7u3' cio-tal,

At any point in time the typical LDC is then theoretically free to
borrow a particular unit activity from anywhere along this .uclf. What

technology {s chosen and what happens 88 an immedlate and ul.lma. :sasequence
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of that choice, i.e. what secondary processes and reactions are set off,
18, of ccurse, all part and parcel of the innovational process taken as a
whole, The qualit; of that process, each step of the way, in turn depends
on the nature of the entreprenevrial, managerial and skilled labor capacity
of the borrower.

The role of innovation must thus be seen as intimately relasted to
" the 8tage in which the developing economy finds {tseclf. .In other words,
the role of technological change in output and employment generation must
be viewéd a5 sensitive to the same discernable phases of growth as the
economy moves in transition from opcn agrarianism to Kuznets' modern economic
growth, In the firct post-independence or {mport substitution phase, pre-
viously described, an effort is made to increase the supply of domestic en
treprencurship and the oconomy’s learning capacity, pertly through the ime
poertation of people via.aid, but mainly throﬁgh the system of protection
established by government pclicies. In fact the most reaeonnblé explani=
tion for the import substitution syndrome i{s that it is a response to o .
real or imagined shortage of entrepreneurship and that 1t permits time
through informal learning-by-doing or more formal educational processcs for
this entreprencurial capacity to dnvelop.l

In terms of our Diagram I, this means that although the techno-
logical shelf may look as indicated by curve S5, the actual choices available
to the developing cnuntry during the import substitutinn ph + e (arp

aptly described by S'S', 1In other werds, due to the inadequ te stace of

1Some few ccuntries, iike Malaysia, with command over a very strong
and reliable natural rusources base, may be able <o avoid such a phase al-
together. Morcover, theie cleariy exist better and worse (i.e. less and
more costly) import substitution packages to choose from, 2.g. cemparing
Brazil and Ghana, but we cannct expand on this very intercsting subject
in the context cf the present papcr.
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entreprencurial capacity during the early post-indcpendence period of
physical controls, the efficicrcy of the operation per unit of capftal in

‘
‘the borrowing country is likely to be subscantiully belcw that {n the lending
country. This is likely to hc¢ nore true the more capitnl-intonsive the {me~
port, i.e. the further removed from the cuitural inheritance and economic
experience of the borrower. Such technological imports aru.p{tgg!fccom-
penied by imported engineers, even managers and supervisors--sdding up to
whay 18 often called a turn-kev project. The most advanced and sophisti-
eated technology can, of cowrse, lLe made to “work," in the physical sense,
even in the most backward develcping economy. Eut a shiny new plant {m-
bedded in a society many decades distant is bound to be substantially less
afficient. This {s true for a thousand direct reasons, Such a3 the absence
of:even minimal ski{lled labor supplies, domestic subcontracting and repair
and maintenance posuibilitic&, us well as for many more subtle sociological
reasons which enter into the total milieu in which the plant is asked to
operate. The more sophisticated and removed from the rest of the ec onomy
the technological transplant, in other words, the greater the relative in-
efficiency, as indicated by the shape of the S'S' curve.

If and when the cconory then moves away from the import substitu-
tion phasc and enters into the sccond phase of liberalization and export
§ubstitution, a second impor:zant, if unintentional, type of innovation is
likely to make {ts appcarance, aazelv 1 reductior in the extent of the in-
efficiency of the original tran:plartad technole:y. Zall {t¢ X-efficiency
{£ you like, but the cost of the pure transplantation is likely to be re~
duced, quite unintentionally, {.c. largely as a result of factors external

to the profit maximizing behavier of the productive unit itself. This
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{ncrease in productive cfficiency nver rime ;1!1 increase in quon?ltntlvc
signi ficence as the 1mport-£ubs:1tuticn hothewric temperature {s gradually
turned down and a more competitive econrony ercrges., In Disgram I the
effects of gradual en3ancement of crficiency may be represented by the
arrows tending, over tire, to wove S'S! back towirds the original SS
position.l

Another more ccuccious and quhntitatively more important type of
innovation begins to gather i{mmoriance during this same second phase of
transition. This phercmenon ray pe c..lled {nanvational assimilation, {,e.
ionovating 'on top of" importsl iechtalopy in the dlrcction of using rela-
tively more of the ~buulant wnskilled lahor supply. As the economy shifts
from a natural rescuvce Lased growth pattexn in rhe imvort substitution
phase, to & human vesourcc based system {iu the export asubstitution phase,
this means an increasing sensitivity to the continuously charging factor
endowment, first in torus of thz efficient utili:ation of the domestic une
skilled labor force, wnd later in tevas of the {ncorporation of growing
domeetic skills and ingenuity. In other words, the appropriate type ‘of
technology finally in place must be one in which not only the {nitial
choice from the shelf Lut also the adeprations end adjustments consciously
made thereafter in rosponse to chansing demestic resource and capability
constraints, play an frpecrtant vole. .

The more 1liberalized th: ecorumy, in terms of the government's per=-
forming a catalytic role through the moavket, ly indirect mans, rather than
trying to impose resouvce alle:.-tion by cits' o 'ntrols, the better'the
chances thet the willions of disprrsed deziulon-makers can be induced, by
lA more SOpJLSticn:cd analysis, differentiating between the labor

and capital-saving n:cuvc of this -eve, depanding on the region in which
the economy 1s operuting, IS possible, but will not be introduced here.
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the sheer force of profit maximization, to makc the "right" decisfons. BEven
in the absence of technolngical change, as long &8s surplus labor overhénga
the market, and the:expectation is for even more of the same {n the futuro,
we can expect little upward movement in real wages and l{ttle capital
deepening. Superimpos:d on this is the aforementioned assimilation type

" of innovational behavior which tends for the same reascn to be slanted in
the labor-using direction. In the typical labor surplusfﬁype of econony==
or one likely to Bccome one over the next decade (as is'probably the case
in much of Africa)--all this means as much efficient a;commodation of

pure labor services as possible.1 Whether this will lcad to a sectoral
output shift in favor of labor intensive export commoditice or & mix pre-
dominantly addressed to the domestic merket, of course, depends, ceteyis
poribys, on the type, e.g., size, of the cconomy. No strong generaliza-
tion as to the relutive importance of shifts in output mix vs. changes {in’
technology for given nixes {s likely to be valid. It should be clear,
however, that the important issue is that the search for innovation can

now be considered a conscious activity of the individual entreprencur--and
given thé combinstion of more realistic relative price signals after
liberalization and given greater entrepreneurial capacity--that it {s likely
to be directed towards various forms of indigenous capital Stretchiﬁg types
of technological change on top of the imported technology. Such cepital-
stretching can b? reprcsented by a reduction in the cepitel ccEfficicnt per
unit of output. The effective post-asssimiletion set of vidt iechnologies,

i.e. after domestic assimilation, mty thus be represented by curve §"S",

1It is important to emphesize the word "efficient" since we are
not concerned here with the pussibie legitimste objective of employment
creation as & seporate social goal to be traced off against output,
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with the strength of the indigenous labor-using innovative cffort indicated
by the amount of the "dcwrward" shift ia the capital cocfficient, |

It should'be noted here that a negatively sloped technology shelf,
e.g. SS, representing pure technolegical transplantation, permits, &s you
move to the left, higher laber productivity levels, but only at increasing
capital cost. In a country characterized by capital scorcity this may

'

mean locreased technical unemployment (a 1a Eckaus) and hence a lower value
of per capita iucome for the economy=--in spite of the higher level of labor
productivity achieved. Domestic capitul stretching however, can materially
affect that situation by enabling more workers to be cmployed per unit of
the capital stock. If the post-assimilation unit technology set, e.g.
S"S", s upward sloying, as the economy moves to the left by first borrwing
atroad and then innovating domcestically on top of that borrowed technology,
higher labor productivity lcvels become consistent with lower capital-output
ratios,

In summiry, once the overall poliéy setting, as deacribed in Sec~
. tion I has turned more favorsble and permitted the cconomy to enter the
seccond phase of transition, it 1s this indigenous capital-stretching cupocity
vhich we consider to be of the greatest importance--cspecislly for thé con-
temporary developing economy facing the formidable labor force explosion
predicted for the 70's and £0's. It is in this specific area also where
the skepticism of ﬁlunners, enpinecrs, and aid officiels groere’lv {s
most pronounced--especially wth respeet to the raige of tecanely oo
choice really available when all the dust has settled. Using mostly his-
torical examples from the Jupanese case, wc will attewmpt to demonstrate the
existence and potential importance of such chital-stretching innovations

for the contemporary developing country, in Section III,
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As has been pointed out by many cbservers, including Allen and Locke

vo-od1

the most significant feature of thc Japanese landscape in the early
Me{jt perfod--following hard on tvo centurices of self-imposed, nearly
coaplete, feolation--was her sbility to choose relatively freely from among
the items on the technological shelf perfected in the Weat. The reopening
of foreign trade and tle rciwaption of other r~lated contacts, espacially
the flow of technical personncl in both directions, led immediately to the
stimulation of technological change by direcct borrowing. But while the
Japanese have often been characterized as possessing a consummate ability
to copy and imitate, it is noteworthy that, in fact, vcry moon the najority
of domestic innovation activity "consisted of the adaptation of foreign
techniques to domestic condit:ions."2

The recasons for this rclatively ecarly mové tc a responsivancses of
the industrial sector's technology to domestic endowment conditions are
complicnted and cannot Pc dealt with antiofnétorily within the scope of
this paper., Suffice it to say that post-Restoration Japan did not engage:
i{n very extensive or prolonger import-substitution policies--partly because

vextra-territoriality deprived her of the ability to cstablish strong pro-

tective import barriecrs, and partly because the government quite early.

1George C, Allen, Japancese Industrialization: Tts Recent DNovelope
nt,_and Present Conditiors, New York: Institute of Pacific Relations,
1940; W, W, Lockwcod, Zcouniric Development of Japan, 1866-1928, Prince-
ton, N, J.: Princeton University Press, 1934,

. Miyamoto, Y. Sakudo and Y, Yasuba, "Econonic Developrmrnt in

Pre-Industrial Japan: 13521 "6, vl ol oL oLl Tarler
1965, pe 557. The same autioi. aace ropert 3 ol Lae wev oot geuital
or land stretching innovat:iour tock puoce dunia, the @ oy “oad 40 he

agricultural sector, mainly via new cultivation methods on the intensive
margin,.
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thought it more efficient to work through the market {.e. by using taxes
and subsidies, rather than through extensive controls and government owners=
ship. Those government plants in directly productive 8reas which vere eos-
tablished during the {mmediate post-Restoration per{od were vieved matnly
@8 pllot projects and sold off to private {nterests by 1890. Thus Japan
moved relatively quickly into the sccond phase of transition.

In assessing the importance of capital stretching innovations,
i.e. {nnovations which move the actual production shelf down to position
§"S" {n Diagranm I, 1t may be useful to recognize distinctions betveeﬁ in-
novations relating to the machine proper; {nnovat{ons relating to the pro-
duction process as a whole, emphasizing the {mportance of activities within
the plant but peripheral to the machine; and innovations with respect to
the production process as a whole, emphasizing plant size and organication
at v;rious Btages of that process,

With respect to machine-relsted capital stretching innovations,
the simplest and quentitatively probably most important example was the
runnlng of {imported U.K., and U. S. machinery at rates and speed oubstan-
tially 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 dafly vith but two or three rest days a month. This meant
that the average work week per machine was two to three times that eﬁcoun-
tered in the country of origin; and, since physical depreciation is much
Jese {mportant than economic obsolesrence, using a machine twice es inten-
sively does not wear it ov! t=.°¢ -~ fasc, This hecavy use of machinery

typical of the 19th century Japanese industrial sector meant that the
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normal gap between the physical an& cconomic lifc of a mochine wes sub-
stantially narrowed and capital was considerably "s;rctched."

Moreover, there vas in evidence a related speed-up of the very
ssne spinning machines. By running the machines at faster speeds and)ot
by substituting chegper raw materials, {.e. raw cotton--and meking up for
1t by increasing the number of women to handle the resultant {increase in
the number of broken threads--an additional major saving {n capital could
be achieved:

Certain differcnces in the industries of the two cauntriel

sre important and must be noted. The raw material is essen-

tially different. Though the Japancse do use some American

raw cotton, the bulk of their cotton is from India and {8 of

shorter staple, more likely to breskage...and requiring more

“labor to put it through the machinery. The yarn spun has much

more of the coarser counts that require more labor...By adding

more labor it is run somewhat faster than American practice,..

All of these facgors sre in some way related to the cheap

iabor policy. They sre th;re because the labor is cheap.1
‘Japenese spindles were equipped with a 7/8 inch instead of a one inch
fiont roll to accommodate the shorter staple cotton when operated ag
higher speeds.

| For thcse several reasons, i.e., differences in the yarn'coun: and
differences in the speed of the machine, as well as differences in the
number of shifts, we'find that there was a very marked substitution between

éapital snd labor in the cotton spinning industry. For example, Orchard

1y0hn E. Orchard, Japan's Economic Positjon, New York: McGrawe
Hi1l Book Co., Inc., 1930, p. 367.
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reports that a competent Japanese spinner uorking on o 20 yarn éount
operated from 300 to 400 spinhles, while an Americen spinner on tha same
count yarn'tended from 1,020 to 2,688 spindles, that 1x, between 2 1/2
and almost 7 times as m.any.1 As the U,S. Teriff Commissgon reported:

In order to distribute the fixed overhead charges in the

vay of high interest and depreqiation costs, and to earn the

large amounts needed to pay 3 normal rate of dividend, every

effort has been made to obtain the largest possible output

from the expensive equipment and plant. Hachinery 18 there-

fore run at high speed, and almost since their inception the

Japanese 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.2
Here again given a standard count of yarn, the average Japanese spinner
{8 seen as tending 240 spindles, while the American counterpart on the same
machine tends about 1,906 spindles. As lat: as 1932 weekly men-hours per
1,000 homogancous spindles of the same quality ranged from 328.8 {n Japan
to 164.8 in the United Kingdom and 143.1 in the United Statea.3

»

é somewhat similar story can be told with respect to cotton weaving,
Once agein, '

the high cost of mill construction is considcrabl} reduced

1£ you ccnsider the hours during which the mill {s being put

to effective use. So far in Japan the wheels have turned

o

—

1_0_2‘ cita, pc 367.
t 2The Japanesse Cetton Industiy and Trade, U.S., Tariff Cormission,
Government Printing Oifice, washington, 1421, p. 99,
3Thc World Textile Industry: Econcmic and Social Problems, Vol, 1,
International Labour Office, Geneva, 1937, p. 209,
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rourd during 20 out of 24 hours, while 4n Europe only 8

hours are being worked, Effective working time in Englend

15 less than 38 hours per week, as 2 hours out of these sre

devoted to cleaning; this is done {n Japan after working

houra.%
Agein the U.S. Teriff Commission reports that "{n veaving staple co..uun
sheetings, the ordinary Japanese weaver seldom oéeraCes more than twr
plain looms, while the American weaver, with perhaps some assistance in
supplying fresh bobbins, nornsily tends from 8 to 10 plain looml."2

Perhaps the most convincing evidence that these adjustments along
the machines proper constituted a rational response to very marked df f-
ferences in factor endowments was that in weaving, in contrast to spinning,
the latest automatic equipment from abroad was not, in fact, invariasbly
1nported. Quite frequently non-automatic looms were taken from the shelf
{nstead, permitting more strotching than would have been possible in the
case of technologies to chelleft along that same shelf. Unlike some of
.tha contemporary less developed countries, Japan clearly did not wish to
import shead of its entreprencurial and skilled labor capacitiel.3 48 the
Tariff Commission put it,

the price of the automatic loom i{s more than twice that of

the plain loom, which, with the additional expense ihvoived

in the importation from the United States or Great Britein,

¥Arnold S. Pcarse, Japan and China, Cotton Industry Report, Inter-
national Federation of Master Cotton Spinners' and Manufacturers' Associae
tion, Manchester, 1929, »., §6.

he Japerese Cottoa Indnstry ond Tracy, op. it.. p 10,

3The U.S. Tariff Cermisston (op. cit., p. 116) reported that a ship-
ment of automatic loows, imported shnrtly arter the turn of the century, had
been found so difficult ro operate, that, after removin; the batteries and
warp-stop motions, they werc instead run as plain looms, two looms to a
weaver, :
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dade the total outlay too hizh in a country where the 1nter;lt
charges on money wefd relatively much higher than the cost of
labor, Japanese mill managers have, therefore, hitherto pre-
ferred :J employ more workers and to forego the more labor-
saving but more expensive machinery, in contrasc.:o the situa-
tion in the United States where the high-priced labor is
economized rather than the machinery.1

Taking cotton spinning and plain loom weaving on similar products together,

they concluded, in summary, that
the average Japanese spinner or weaver tends about one-fourth
the number of spindles or looms usually assigned to one person
in &n American mill, A comparison of the total number of pere
sons employed in the two countries to operate individual plants
of similar size, and, viewed more broadly, a comparison of the
total number of persons employed in the whole American {nduse
try, per 1,000 spindles, with the number that would be re-
quired on the similar balenced basis under the Japanese condie

i tions; confirms the general reclstion observed, that the

Japanese mills require between three and one-half and four
times as many opecratives as the American, .
In the case of silk production, which together with cotton, made

up more than 70 percent of total industrial output until the turn of the

lThe Japanese Cotton Industry ard Trade, op. cit., p. 116. A related

interesting examplic cf techriccl flexibility fiv * ¢ @ what most engineers
ere willing to acuit to is provided by tne L{uyocs wule. stic 1uom, one of
the few indigenous Jzrarcse inventiors {n this wrcu, 3rirequently many-

factured by Platt's and Oldham's uuder a Japanese patent, {t was adver-
tised to require 20 girls per loom in England; 50 girls had always been

used in Japan,

zlbid., p. 113,
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century, ve have similar evidence of the ability to innovate in a capitsl-
stretching direction on the machine proper. In raw silk, for example, the
Japanese erployed %orc than tuice as many girls as did the reeling boflnu
in Itely. In other areas, well into the twentieth century, Japancse rail-
. ways employed 19 workers per mile of track compared with 7 in the U.S.1 Ia
the production of printed guods, the following episodal account masy be in-
structive: .

Recently, a Japanese manufacturer of plain linoleum decided

to undertake the production of printed goods. He-dtaputched'

8 representative to the United States to purchase the necessary

‘equipment, The rcpresentative was familiar with the modern

linoleum printing machine, printing seversl colors at -one time

end turning out as much as 15,000 squarc yards in 9 hours, but

he considered {t too expensive a piece of equipment, cspecially

oince his labor was leing pgid only about 50 cents a day, and

io he sought out, in an American planﬁ, an old hand block

printing outfit. It was not for sale, 1lts parts were lying

about in a storeroom of the factory. Some of theh were 40

yearﬁ 0ld, and the whole outfit had been discarded 15 years be=

fore. But the Japanese representative purchased {t and had {t

shipped to Japan. In the immediate outlay of capital he saved

wmoney, for he purchased the old equipment at the price of a

'printing machine or even below the prices of a new hand outfit,

but he installed in his plant equipment that could only have been

disposed of as junk in the United Stazes., He started in Japan

10rchal‘d, oo, _C_L_t_.: Pe 375-
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, 8 new industry in a stage of technical dcveclopment that had bee
cooe obsolete years before in the older iné;striol countrie!.l

Many of the extra workers in Japanese plants are not engaged on
the machine proper, but in what might be called machine-peripheral or
handling activitfes, In place of mechanical conveyor bélta, human conveyor
belts are devised. Packaging is more often done by hand, As Orchard again
reports; "at one of the largest coppér smelters in Japan, clay for the
lining of the furnices is carried down from & nearby hillside on the backs
of women. At the plant of tﬂe Tokyo Gas Corpany, coke {s put into Sags by
hand and then carried by coolies, some of them women, to the barges in the
adjacent canal., Cosl, even in the larger Tokyo plants, is unlosded by
hand and carried in baskets to the power houses."2 The ability to sub-
stitute la;or for capital in such activities peripheral to the machine
proper apparently existed and the quantitative i{ncidence was substantial.
Vory often such activities were machine paced in the Hirschman sense, i.e,
while they might have looked wasteful to the untrained Western eye, they.
were, in fact, paceh.by well-spaced machinery as part of the same produc-
tiop line which contained large numbers of unskilled laborers.3

A third type of capital-stretching innovation of which much use u;o.
made in historical Japan i{s what might be colled the plant-saving variety,

This is often characterized by the co~existence of different historical

stages of production in the same industry. Raw silk production and cotton

lOt‘ehard, cp. cit., p. 246.

21bid., p. 255.

This is very similar to contemporary wechods of coustruction with
the use .of reinforced concrete in lrndla and Pakistin, Here a coment mixer
48 linked to the final pouring of the concrete by a long chain of workers
passing the cement from haend to hand; the cement is put in place just be=
fore it is ready to cool and harden,
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weaving represent outstanding examples. 1In the.former industry silkworm
yvearing, and coccon production were handled mainlylby farmers' wives in
sma]l home-made sheds, extensions of the rural households. In cotton
veaving, most of the yarn was "put out” to farm households, with individusl
looms dispersed in f;rm houses and workshcds. But even in the more modern
factory-style spinning industry, prepsratory and finishing processes were
carried out largely at the cottage level.

Thie rather remarkable survival of domestic industry on & subeon-
‘tracting basis must be explained largely in terms of the exploitation of
complementarities between many small labor-intensive operating units and
the large industrial management unit., The traditional merchant middleman,
88 a representative of the sub-contracting unit, served as both supplier
end market for the goods to be workad up domestically, A specislization
of functions as betwcen workshops, ecven as between the membere of & given
iaﬁily, developed. One-roof economics could be achieved {n this fashion,
i.es by using cheap labor in cooperation with old fashioned mschinery at
the workshop level, while economizs of scale could be achieved in the finsne
¢ing, purchasing and marchandising stngcs.l The continued relative {impor- .
tance of this household type of enterprise is quite remarkable; cottage
style industry contributed more than 2/3 of industrial output in 1878,
almoat 60 percenc in 1895, and retained substantial importance well {nto
tho twentieth century. Not only lacquexware, pottery, porcelain, sake,

fruit and fish canning but alco such new consumer goods coming to the fore

1"Sometimes even 2 single part jo net comlated ¢ une w0 ¢ Yoms
but is shaped in one and paited or plazed ia anatrer.’ H. G. Fues 2y,
"Small Industry in Fconomic Development," Sccisi Re:carzh, Septenhsy 1851,
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over"tlpe 65 bdicycles, electric lamps and rubber, werc to cxhibit thc ssme
charactertstics, - |

Plant amounts to more than 50 percent of total Luvestment {n plant
and equipment in most coun:ries. The ability to utilize houséhoids for
putting-cut operations and thus reduce expenditures on élant undoubtedly
amounted ts a wmajor kind of capital stretching innovation. By deploy;ng
fami;iar but improving machinery over.largc numbcrs of scattered oini-plants,
large amounts of unskilled labor could be deployed {in both direct produc-
tion and in satisfying the resulting increased demand for tranSport;tion
and handling activities.

In this fashion, Japanese entreprencurs were able to, first, incor-
porate pure labor services and, later, domestlc ingenuity and skills in the
industrial.production rrocesses, largely for export. Other, more contem=
porary examples of capital-stretching mey be cited. In Taiwan, for exampls,
after the liberalization policies of the carly 60's substantially reduced
diatértions in the exchhnge rete, the 1ntérest rate, and the tnteraector;l
terms of trade, mdrkeé labor-usirz innovations took place in the textiie;
electronics, and fosd processing industries. Large scale mushroom and
lspar;gus production as agricultural by-employment (cimilar to silk in
Japan), combined with canring procesrcs at the factory level utilizing
female labor with greater intensity than anywhere else,'la one example,
While, in 1955, traditional exports, mainly sugar and rice, at;il amounted
to 76 percent of total exports, by :968 this had shrunk to 8 percent of a
much larger total. Meanwhile export substitution in the form of new agri-
?ultural .products and, ircreasingly with %:’ze, products embodying a large

volume * of pure labor sarvices has tuken hold. The ultimste expression of
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the latter trend can be found {n the Kaoch3iung Fxport Processing Zone, &
tariff-free area into which, .largely under Subcontr;cting srrangements with
Japanese or American firms, raw materials arc fuported and reexported after
value in the form mainly of unskilled labor has been added. Largely as a
consequence of plant and machinery saving technological éhaxge of this
type, Taiwan {s now reliably reported to be expveriencing an unpkilled
labor shortage and may be one of the very few LD&'S which can face its in-
‘evitable labor force explosion ahead wifh gome equanimity.

A similar trerd has been in the mal-ing in South Korea, Devaiuation
in 1963 and interest rate reform in 1964 laid the basis for m3 jor changes
in the output mix as well as in the technology employed in given industries,
In oilk spinning, for example, 33 peuvcent morc workers are reported em-
ployed per unit of capital than in cuntegporary Japan, A bonded export
processing scheme, built on the same 1nternnttonal'subcontracting principle
a5 Tajwan's now yields close to 20 percent of cn export volume which 1tae1f
has been rising at en a!mcsé incredible 30-40 percent annual rate over the
paét three years, 1In 196é land-based food stuffs and raw materials made
Qp 75 percent of tctal exports while lobor-based light manufacturing indus-
tries as ; whole, including plywood, raw silk, cotton textile, wigs and
footwear amounted to !5 percent. By 1968 the situatior had been completely
reversed, with 77 perceut of the exports {n manutacturlng ana only 14,5
percent in foodstulfs, livesteck And riw materials. It chould, moreover,
be noted that Smallvsgale manufacturing exports, i.e. in uunits of less than
10 workcrf, undoubtedly the rost labor-intensive part of the spectrum,

grew from 18.6 percent of the total in 1963 to 31.4 perccnt in 1968,



In sumrary, the typical conterporary Lﬂt may-be viewed as moving
first through an import substftution phase i{n which pure technological yrans-
plantation is likely to be the order of the day, while shortages in domestic
entrepreneurial c;pacity and other ecouomic overheads are being repaired,
Then, as the hothouse temperature is gradually reduced and the economy
moves towards greater efficlency with :he help of various liberalfzation
policies, labor-using types of technological change, both of the uninten-
tional and of the intentional variety, assume increasing importance, In
this phase the famous conflict between outpu* and employment objectives
in industrial developirent may be subjest to fundamental challenge, Both
the historical experinnce of Japan ard tha: of Taiwan and Korea {n recent
years 111usgrate that the curzent wide-spread skepticism concerning the
supposed tyranny of the rig:d technical coefficicnts may be seriously in
error. This error derives in the main from an underestimate of the poten-
tial fnventiveness of indigenous enirepreneurs, once they are given access,
at a.price, to the required inputs. And this 13 no trivial matter, For‘lf
our skepticism here is urwarranted, this would be among the most powerful
arguments for aécelcrating the current, rather slow, trend towards liberalfi-

zation and the erosion of the substantial shadow price/market price di fferene

tials in factor and commodity marxets,
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