
AGENCY FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY 
WASHINGTON. 0. C. 20523

BIBLIOGRAPHIC INPUT SHEET 

I. -URJECT TEMPORARY
(.1 ASSI.
 

F ICATION S rff I)pR¥
 

2. TITLE AND SUBTITLE 

Technology choice,employment,and growth
 

3. AUTHOR(S) 

Ranis,Gustav
 

4. DOCUMENT DATE NUMBER OF PAGES 6. ARC NUMBER
1970I 
 25p. 
 ARC 

7. REFERENCE ORGANIZATION NAME AND ADDRESS 

Yale
 

8. SUPPLEMENTARY NOTES (Sponsorlng Organizalion#Publisher&, Availabilily)
(InEconomic Growth Center. Discussion paper no.97)
 

9. ABSTRACT 

(Economics R&D)
 

I0. CONTROL NUMBER 
11. PRICE OF DOCUMENT 

PN-AAD-813
 
12. DESCRIPTORS 

13. PROJECT NUMBER
 

14. CONTRACT NUMBER
 

Repas-12 Res.
 
IS. TYPE OF DOCUMENT 

AID 510.1 (4-741 



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 International Development
 
Working Group on the Rural Poor
 
Bibliography on Rural Development
 

.E9CcIc GROWTH CENTER 

YALE UNIVERSITY 

Box 1987, Yale Station .
New Haven) Connoctjicut 

CEN'RU DXSCUSSIcN PAPER No. 97 

tSMLNOL0Y CHOICE L A GRN 

Gustav Ranis 

September 29, 1970 

Note: 	 Center Discussion Papers are preliminarv materials 
circulated to stimulate discuaio,. nnd criticil 
comment. References in publications to Discussion
Papers should be cleared with the author to protect 
the tentative character of these papers. 



'.2echnolot" Choice. Emplnvon.-nt nd Cro,..'rh* 

Granted that overall LDC growth performance in the 601t;w.s substan­

tially ahead of that Ln che 50's. there c.n be little do',ht Plit the bi)g­

gest crisis lies just ahead. This is :o partly hce'cat, :,:; more and nmr,' 

people arc beginning to recognize, that progres: has Ihtiivry unevcnly dis­

tributed, and partly because the 1ireat is for ,'iuch monr of the sn, in the 

70's and 80's. Perhaps the rost important manifestation of that uneven 

participation in the past is that, 
even in the fstcst growing countries,
 

unemployment and underemployment 
rates have been rising. Secondly, all
 

available guesstimates and projections for the future seem to agree that
 

even if pcpulation growth could be substantially dampened 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 so. Add to
 

this the fact that the volume of foreign aid and of foreign private capital
 

both available and acceptable in the 70'a--in spite of all hopes, pleas, and
 

efforts to the contrary--is likely to fall substantially below that of the
 

60's and the true dimensions of the problem ahead become clear. 
If major
 

political as well is economic crises are 
to be avoided, it is thus reasonable
 

to assert not only that the LDC's are going to have to somehow solve their
 

future output problem not at the expense of employment and distribution, but
 

also that this will 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 usually 

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

1For examplc, even Taiwan, one of the 
more "successful" planned

parenthood cases, Which experienced 1.7% and 2.57. annual average increases
 
in the labor force during '58-'59 and '60-'61, respectively, is experiencing

increases of nearly 4% nowJ 
and projecting annual incren-ies between 3.5%
 
and 3.7% for the 70's.
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included in one package a by now well-known syndrome of policies: exchange 

controls and import licensing, budget deficits, overvalued exchange rates
 

and low (sometimes negative) real interest rates. The aim, generally
 

speaking, was to redirect pre-independence traditional colonial flown in
 

favor of the creation of social and economic overheads, qnd of import re­

placing consumer goods industries. The consequences of this tet of policies 

on economic performance have by now been fairly well recognized and acknow­

ledged, i.e. a spurt in industrial growth but inefficient, i.e. capital 

aod import-intensive, in character, accomranied by a discouragement of ex­

ports and agricultural output, low domestic saving rates, a relatively heavy
 

dependence on foreign aid, and low rates of technological change. 

As LDC governments became increasingly aware of the econonic 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,* 

if at the cost of some oversimplification, as tending to reduce some of the 

groes inefficiencies attending industrial development by readjusting a num­

ber of crucial, previously distorted, relative prices, including the exchange 

rate, the interest rate and the internal terms of trade. By replacing 

quantitative controLs in the foreign exchange market with tariffs and 

moving towards more realistic exchange rates, via either a de J or de 

devaluation, replacing severe credit rationing with higher interest
 

rates, and forced procurement of food at artificially low prices with a re­

latively free market, developmental access and participation 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 it has occurred, at least part of the way, e.g., In Korec, 'Aai',.an and 

http:Aai',.an
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Pakistan, have indeed been remarkable in turning situations of virtual stag­

nation in the '50's into sustained growth situations in the '60'j.
 

More spe'Cifically, once agriculture is no longer'discriminated 

against by unfavorable terms of trade this sector can begin to play its his­

teorical role of genrrating surpluses which, when successfully channeled, 

can provide simultaneous employment opportunities for the unskilled labor 

being released; a more broadly based industrial development pattern using a 

relatively more domestic material and labor-intensive technology can emerge; 

exports--especially of the non-traditional labor-using variety--are no longer 

discriminated against and can begin to expand; domestic saving rates can 

ove up into the Rostow take-off range; and indigenous technological change 
1 

can assume much greater importance.


Perhaps most important from our point of view here is the fact 

that the new signals induce the adoption of different, more labor-using and 

urmployment reducing, technologies and output mixes. In this context the 

vital role., for better or worse, of technological flows between rich and 

poor countries must be kept in mind. The very coexistence of countries at 

very different lnvels of technology undoubtedly represents one of the most 

important influences on the performance of LDC's, past, present and prospec­

tive. It is the precise nature of these technological flows and the way in 

whtich they have been accommodated by LDC's which has, in our view, had a 

decisive impact on overall performance during these past two decades of 

development. Alternatively put, it is also in this area where the greate&. 

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

'For 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 PlannJ.ng for Economic Development," 
NBER volume, to be published. 

http:PlannJ.ng
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The morve, beginning in the middle '60's, anfrom import substitution 

to an export-substitution dominated growth pattern--and the consequent marked 
changes in economi'c performance--is, today, however, still the exception,
 

not the rule, as far 
as the less developed world as a whole is concernad.
 

In spite of the demonstrations 
 of what can, in fact, be accomplished, there 

remain formidable obstacles to the dismantling of the import substitution
 

regime. Direct controls 
 imply absolute power--as well as oupplotmntnry in­

comes--for 
 the civil service which it loathis to surrender lightly. More­

over, the inevitably greater role for private enterprise under any liberaliged 

regime runs up against associations with colonialism and fears of anti­

social give-aways.
 

In addition to 
thin pull of vested interests and some quite wol_
 

Lntentioned doubts concerning the general risks 
 of liberalization, there 
remains a good deal of skepticism concerning the major role we have accorded
 

here to technological change 
 as a determinant of success in development. 

In particular. LDCmany officials, aid donors. and scholars share the point
 

of view that most technological change, 
 especially in non-agriculture) must
 
take place abroad, and that the borrowing LDC's, in fact, have only a very
 
narrow set of technological choices open 
 to them. If only the coefficients
 

attaching to the latest vintage 
 machinery produced in the advanced, 

countries are relevant, all the talk about alternative factor proportions
 

in response to alternative resource 
 endowments becomes largely irrelevant-­

or restricted to changes in output mixes via trade.
 

Skepticism on both these points, the merits of abandoning import
 

substitution and the scope of technological choice, is, of course, 
not un­

related; 
for if there is no real nlternative to the large scale capital-intensive
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lmdustrial structure, perhaps the most po'erful argument for changing the 

basic policy package loses much of its force. The rest of the paper will
 

therefore concentrate on presenting, in Section IIU, a suggested more realis­

tic view of the nature of the innovatio.n process in the borrowing developing 

countries. The empirical relevancy of this view is then explored in 

Section III. 

There is less doubt now than ever before that the success of a
 

developmen. effort 
is likely to be much more related to technological change 

than to the growth of physical inputs. Nevertheless, in spite of this
 

acknowledgvd importan-c of technological change, it has been difficult to
 

achieve a clear understanding 
 of the process by which innovations are
 

actually made in a typical developing or borrowing country.
 

First, and foremost, it must be remembered that, unlike in an a,­

vanced country where technological change 
 is viewed as rather automtic and 

routinized, or as capable of being generated through R and D expenditures 

according to some rules of cost/benefit analysis, we know that in the con­

temporary developing societies tochnolopical cha.ge cannot either be taken
 

for granted or afforded through R and D allocations. In this situation we
 

cannot avoid 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; 2) the availability within the LDC's of 
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required initial managerial and entrepreneurial capacity; and 3) the changing 

nature of that required managerial and entreprenuurial capacity in the 

course of transition to rodern growth. 

The technology shelf developed in the mature industrial economies 

abroad may be dcscribcd ,y a set of unit activities following a smooth 

envelop curve as in Diagram I. A particular technology can be described 

by an L-shaped contoir producing one unit of output with a given pair of 

capital and labor coefficients. The technology shelf is composed of the com­

plete set of such activities or technologies which have been demonstrated
 

to be feasible somewhere in thc advanced countries at som3 historical point 

In time, including the preecnt. Since there exists a number of technology 

exporting countries) e.g., the U.S., Germany, U.K., Japan, with continuous 

technological trancfers amongst the~mselves az well as with the LDC's, 

it to not unreasonable to postulrte the existence of a single technological 

ahelf for the lending world as a whole. For example, unit technology A
0 

moy have been generated in Germany in 1920, A in the U.S. in 1920, A2 in
1 ~12 

the U.S. in 1950, etc. In other words, as we move to the 7:!: along the 

shelf we run into more modern technology, i.e. technolo-y of more recent 

vintage and of higher capital intensity. As capital pe: head increases
 

this means that the typical workers has learned to cooperate with more 

units of capital of increasing technical complexity. This capital deepening 

process, in other words, is more than the ' in×tb,,.complicated f 

"homogeneous" labor bring equipped with more units of "hoC.o!o.r:a=' c.,L..tal. 

At any point in time the typical LDC is then theoretically free to 

borrow a particulnr unit activity from anywhere along this .,iclf. What 

technology is chosen and what happens as an immediate and nInm'. :a.Lequance. 



of that choice, i.e. what secondary processes and reactions are set off,
 

is, of course, all part and parcel of the Innovational process taken as 
a 

whole. The quality of that process, each step of the way, in turn depends 

on the nature of the entrepreneurial, managerial and skilled labor capacity
 

of the borrower.
 

The role of innovation must thus be seen as intimately related to
 

the Stage in which the developing economy finds itself. 
 In other words,
 

the role of technological change in output and employment generation must 

be viewed as sensitive to the same discernable phases of growth as the 

economy moves in transition from opcn agrarianism to Kuznets' modern economic 

growth. In the firrt post-independence or import substitution phase, pre­

viously described, an effort is made to increase the supply of domestic en 

trepreneurship and the economy:s learning capacity, partly through the im­

pertation of people via aid, but mainly through the system of protection
 

established by governm.ent policies. In fact the most reasonable explan­

tion for the import substitution syndrome is that it is a response to 
,
 

real or imagined shortage of entrcpreneurship and that it permits time
 

through informal learning-by-dcoing or more forml educational processes for 

this entrepreneurial capacity to develop. 1
 

In term.3 of ou'- Diagram I, this rm.ins that although the techno­

logical shelf may look as indicated by curve SS, the actual choices available 

to the developing country during the import substitutin Ph., r-o 

aptly described by S'S'. In other .erds, due to the ina ,hnqu ::o 5t.i.:e of 

'Some few cCuntrics, like Malaysia, with command over a very strong
and reliable natural resources base. may be able to avoid such a phase al­
together. Moreover, thcie clearly exist bettor and 'orse (i.e. less and more costly) import: su!Ostitution packages to choose from, e.g. ccmparing
Brazil and Ghana, but we cannot expand on this very interesting subject 
in the context of the present pa,)cr. 



entrepreneurial capacity durinug the early post-independence period of 

physical controls, the efficierc:,, of the operation per unit of capital in 

'the borrowing country is likely to be substantially below that in the lending 

country. This is likely to h norc true the more capitnl-intonsive the im­

port, i.e. the further removcd from the cultural inheritance and economic 

experience of the borrow-r. Such technological imports arsoft.p accom­

panied by imported engineers, even managers end supervisors--adding up to 

vbay is often called a turn-kr%,' project. The most advanced and sophisti­

cated technology can, of course, be made to "work," in the physical sense,
 

even in the most backward dovelc-ping economy. Lut a shiny new plant 
 im­

bedded in a society many decades distant is bound to be substantially less
 

efficient. 
This is true for 
a thousand direct reasons, such as the absence
 

of even minimal skilled labor supplies, domestic subcontracting and repair
 

and maintenance possibilitie!, 
 u, 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 economy 

the technological transplant, in other words, the greater the relative in­

efficiency, as indicated by the .hape of the S'S' curve. 

If and when the econor.y then mover away from the import substitu­

tion phase and enters into the second phase of liberalization and export
 

substitution, a second important, if unintentional, type of innovation is
 

likely to make its appearnnce, :v'v"1v reductiorn extent the. in the of in­

efficiency of the original tran:pl.rtd technolcsy. -'all it X-efficiency 

if you like, but the cost of the pure transplantation is likely to be re­

duced) quite unintentionally, Le. largely as a result of factors external 

to the profit maximi:-ing behavior of the productive unit itself. This 



increase in productive cfficicncy -ver ire W*ill increase in quantitAtvc 

significance as the i.lport-substituticu hothc._,.:c temperature is gradually 

turned down and a more competitive econo.w, em'rges. In Diagram I the 

effects of grad'ual e:;ancemeot oi efficiency na. be represented by the 

arrows tending, over tir_.., to wove 1-S' back towards the original SS 

position. 

Another more cc.-ccious and qunatitatively more important type of 

innovation begins to gather iror.ane during this same second phase of 

transition. This phenomenon r."ay 
oe c..llcd innovational assimilation, i.e.
 

innovating "on top of" impo'tc., ;:tchv,>lop.v "n the diruction of using rela­

tively more of the ":buc,-in. insk,.1lcd lahor supply. As the economy shifts 

from a natural rezcu--ce 'aoed &'-'wth p-ttrn in the im:lort substitution 

phase, to a human resource based syst.2m it the export substitution phase, 

this means an increcsing sensitivity to the continuously chnrging factor
 

endowment, first in tirt. of th,. efficient utili:;atLon of the domestic un­

skilled labor forcc" ,'nd Jots- in ter.ns of the incorporation of growing 

domstic skills a:d ingenuity. In other words, the appropriate type *of 

technology finally in plice rust be one 
in ',hich not only the initial
 

choice from the shelf but ,!o tha ad, .. tio.. end adjuStments consciously 

made thereafter in r-spon:se to chan,!nZg drkm_.tic resource and capability 

constraints, play an iirpcrtarnt role. 

The more liberalized zhe ecoromy, in teims of the government's per­

forming a catalytic r0e through the !_t'akct, Ly indirect mearns, rather than 

trying to impose resource '.tirn by el=' 'ntrols, the better the 

chances that the mi!llior-, of disp'rs,,d dec.iulon-makers can be induced, by 

IA more sophisticatcd analynis, differentiating between the labor 
and capital-saving nxrurc o- this io,,e, 6.pn:.ding on the region in which 
the economy is opcr.ting: is poso±b1e, but will not be introduced here. 
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the sheer force of profit maximization, to make the "right" decisions. Even 

In the absence of technolngical change, as long as surplus labor overhangs 

the market, and the, expectation is for even more of the same in the futuro 

we can expect little upward movement in real wages and little capital 

deepening. Superimpos,:d on this is the aforementioned assimilation type 

of innovational behavior which tends for the same reason to be slanted in 

the labor-using direction. In the typical labor surplus .,type of economy-­

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 accommodation of 

pure labor services as possible. I Whether this will lead to a sectoral 

output shift in favor of labor intensive export commodities or a mix pre­

dominantly addressed to the domestic market, of course, depends, co_..v 

gon the type, e.g., size, of the economy. No strong generaliza­

tion as to the relative importance of shifts in output mix vs. changes in' 

technology for given mixes is 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 entrepreneur--and
 

given the combination of more realistic relative price signals after 

liberalization and given greater entrepreneurial capacity--that it is likely 

to be directed towards various forms of indigenous capital stretching typds 

of technological change on top of the imported technology. Such capital­

stretching can be represented by a reduction in the cepital ccefficicnt per 

unit of output. The effective port-assimiletion set of vtilt lechno.ogieB, 

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

It is important to emphasize the word "efficient" since we are 

not concerned here with the possib.e legitirr.ate objective of employment 
creation as a separate social goal to be traded off against output. 
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ith the strerigth of the indigenous labor-using innovative effort indicated
 

by the amount of the "dcwnward" shift in the capital coefficient.
 

It should be noted 
 here that a negatively sloped technology shelf, 

e.g. SS, representing pure technological transplantation, permits, as you
 

move to the left, higher labor productivity levels, but only at increasing 

capital cost. In a country characterized by capital scarcity this may
 

mean increased technical unemployment (a la Eckaus) and hence a lower value 

of per capita incomce for the economy--in spite of the higher level of labor 

productivity achieved. Domstic capit.al stretching however, can materially 

affect that situation by enabling more workers to be employed per unit of 

the capital stock. If the post-assimilation unit technology set, e.g. 

S"S" is upward sloing, as the economy moves to the left by first borrowing 

ateroad and then innovatin; domestically on top of that borrowed technogy, 

higher labor productivity levels become consistent with lower capital-output 

ratios.
 

In suruary, once the overall policy setting, as deacribed in Sec­

tion I has turned more favorable and permitted the economy to enter the 

second phase of transition, it is this indigenous capital-stretching capacity 

vhich we consider to be of the greatest importance--espec aly for the con­

temporary developing facing formidable forceeconomy the labor explosion 

predicted for the 70's and 80's. It is in this specific area also where 

the skepticism of planners, :;r'ine, rs, and aid officials [,rrerlv Ir 

most pronounced--especially w'Lh ri'rpect to the r3lgi of tI< .r.,.'.i 

choice really available when all the dust has settled. 
 Using mostly his­

torical examples from the Japanese case, we will attempt to demonstrate the 

existence and potential importance of such capital-stretching innovations
 

for the contemporary developing country, in Section III.
 

http:capit.al
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Ill
 

As has been pointed out by many observers, including Allen and Lock­

vood I the most significant feature of the Japanese lsndscape in the early 

Meiji period-- follorwin hard on -,,ocenturies of self-i posed, nearly 

cmplete, isolation--was her ability to choose relatively freely from among 

the items on the technological shelf perfected in the West. The reopening 

of foreign trade and tle ;rc3umption of other rtlated contacts, esp-cially 

the flow of technical personnel in both directions, led immediately to the 

stimulation of technological change by direct borrowing. But while the 

Japanese have often been characterized as possessing a consumnate ability 

to copy and imitate, it is noteworthy that, in fact, very noon the rajority 

of domestic innovation a(tivity "consisted of the adaptation of foreign 

2
 
to domestic conditions."
techniques 


The reasons for this relatively early move to a responsivness of 

the industrial sector's technology to domestic endowmant conditions are 

complicated and cannot be dealt with satiofnctorily within the scope of 

this paper. Suffice it to say that post-Restoration Japan did not engage­

in very extensive or prolonger import-substitution policies--partly because 

extra-territoriality deprived her of the ability to establish strong pro­

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

IGeorge C. Allen, Japinere Industrlnlizntlon: Its Recent i\yvelop-
Znt and Proient C.,,ndi.tior:, Ncw York: in;titute of Pacific Relations, 
1940; W. W. Lockwood, ico-i-.,c Davelopment of Jaoan, I68-1928, Prince­
ton, N. J.: Princeton University Press, i954. 

2K. Miyamoto, Y. Sakudo and Y. Yasuba, "Economic Develop..rnt in 

Pro-Industrial Japan: 133.) '," - C ... ..... er 
1965, p. 557. The sn. aur '.,n ... C . .tA-.- ,. , 4"t: 1. I 
or land stretching innovati-oir tcu,k p:... , ".. i: .e 
agricultural sector, minly via new cultivation m.ethods on the intensive 
margin.
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thought it more efficient to work through the market, i.e. by using' taxes
 
and subsidies, rather than through extensive controls and government owner­
ship. Those governrent plants in directly productive areas which were es­
tablished during the irediate post-Restoration period were viewed minly 
as pilot projects and sold off to private interests by 1890. Thus Japan
 

oed relatively quickly into the second phase of transition. 

In assessing the importance of capital stretching innovations, 
i.e. innovations which move tle actual production shelf down to position 
S'S" in Diagram I, it may be useful to recognize distinction@ between in­
novations relating to the machine proper; innovations relating to the pro­
duction process as 
a whole, emphasizing the importance 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 organization 
at various stages of that process. 

With respect to machine-related capital stretching innovations, 
the simplest and quantitatively probably most important example thewas 

running of imported U.K. 
 and U.S. machinery at rates and speed substan­
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 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 encoun­
tered in the country of origin; and, since physical depreciation is much
 
leas important than economic obsolescence, using a machine twice as inten­
sively does not wear it oC' t7. '( - fsc. This heavy use of machinery 
typical of the 19th century Japanesc industrial sector meant that the 



normal gap between the physical and economic life of a machine was sub­

stantially narrowed and capital was considerably "stretched."
 

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

sae spinning machines. By running the machines at faster speeds and/or 

by substituting che9per 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:
 

Certain differences in the industries of the two countries
 

are important and must be noted. The raw material is essen­

tially different. Though the Japanese do use some American
 

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

shorter staple, more likely to breakage...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 rn somewhat faster than American practice...
 

All of these factors are in some way related to the cheep
 

labor policy. They are there because the labor is cheap.1
 

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

front roll to accommodate the shorter staple cotton when operated at
 

higher speeds.
 

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

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 betweent 

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

lJohn E. Orchard, Japan's Economic Posltion, New York: McGraw-

Hill Book Co., Inc., 1930, p. 367. 
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reports that a competent Japanese spinner working on a 20 yarn count
 

operated from 300 to 400 spin'dles, while an American spinner on tho ser
 

count 
yarn tended from 1,020 to 2,688 spindles, that is, between 1 1/2
 

and almost 
 7 times as many. I 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 earn the
 

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

effort has been made to obtain the largest possible output 

from the expensive equipment and plant. Machinery is 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
 

Sere again given a standard count of yarn, the average Japanese spinner
 

Is seen as tending 240 spindles, while the American counterpart on the sam 

machine tends about 1,000 spindles. As lat- as 1932 weekly man-hours per
 

1,000 homogeneous. spindles of the quality ranged
same from 328.8 in Japan
 

to 164.8 in the United Kingdom and 143.1 in the United States. 3
 

i somewhat similar story can be told with respect to cotton weavng.
 

Once again,
 

the high cost of mill construction is considerably reduced 

if you cinsider the hours during which the mill Is being put 

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

lo2. pit., p. 367.
 

2Th1e Japanese Corton Industiy 
 and Trade, U.S. Tariff Commission,
 
Government Printing Office, Washington, 1921, p. 99. 

3 The World Te'xtlf Ind.tu.try: Econc.n.c nnd Socfal Problems, Vol. 1. 
International Labour Office. Geneva, 1937, p. 209. 
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round during 20 out of 24 hours, while in Europe only 8 

hours are being worked. Effective workirn, time in Eng1aud 

Is less than 38 hours per week, as 2 hours out of these are 

devoted to cilenaing; 
this is done in Japan after working
 

hours.
 

Again the U.S. Tariff Commission reports that "in weaving staple co...
 

sheetings, the ordinary Japanese weaver seldom operates more than two,
 

plain lows, while the American weaver, with perhaps some assistance in
 

supplying fresh bobbins, nornally tends from 8 to 10 plain loom.* 2
 

Perhaps the most convincing evidence that these adjustments along
 

the machines proper constituted a rational response to very marked dif­

ferences in factor endowments was that in weaving, in contrast to epirming, 

the latest automatic equipment from abroad was not, in fact, invariably
 

Imported. Quite frequently non-automatic looms were taken from the shelf
 

instead, permitting more stretching than would have been possible in the
 

case of technologies to the left along that same shelf. Unlike some of 

the contemporary less developed countries, Japan clearly did not wish to
 

ismport ahead of its entrepreneurial and skilled labor capacities. 3 
As the 

Tariff Commission put it,
 

the price of the automatic loom is more than twice that of
 

the plain loom, which, with the additional expense Involved
 

in the importation from the United States or Great Britain,
 

IArnold S. Pearse, Jaan and China, Cotton Industry Report, Inter­
national Federation of Master Cotton Spinners' and Manufacturers' Associa­
tion., Manchester, 1q29, ?. 66. 

2The Jncese Cotton Ind otry p 19J.!ndT,.a. , Pp. :Lt. 

3The U.S. Tariff Cnrmsston (op. cit.) p. 116) reported that a ship­

ment of automatic loooz, imported shortly after the turn of the century, had
been found so difficult to operate, that, after removing the batteries and 
warp-stop motions, they were instead run as plain looms, two looms to a
 
weaver*
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ade the total outlay too high in a country where the interest 

charges on money were"relatively much higher than the cost of 

labor. Japanese mill managers have, therefore, hitherto pre-

I 

ferred to employ more workers and to forego the more labor­

saving but more expensive machinery, in contrast to the situa­

tion in the United States where the high-priced labor is
 

economized rather than the machinery.I
 

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

they concluded, in surmmary, that
 

the average Japanese spinner or weaver tends about one-fourth
 

the number of spindles or looms usually assigned to one person
 

in an American mill. A comparison of the total number of per­

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 indus­

try, per 1,000. spindles, with the number that would be re­

quired on the similar balanced basis under the Japanese condi.
 

tions, confirms the general relation observed, that the
 

Japanese mills require between three and one-half and four
 

times as many operatives as the American. 2 

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 

'The Japanese Cotton Industry 
ird Trade, 2p. cit., p. 116. A related
 
interesting exarpic of tcchr.icz1 fleibi!itv f.- * -.- ' w.hait most engineers
are willing to adx:dt to is providcd by tric 'uyoTaO. iC oom, one of.uLc. 
the few indigenous Jarcse invcntiors in this i.rc ,,. -it .'.3uently ronu­
factured by Platt's and Oldham's unrder 
a Japanese patent, it was adver­
tised to require 20 girls per loom in England; 50 girls had always been 
used in Japan. 

2Ibid., 
p. 113.
 



century, we. have similar 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 s many girls as did the reeling basins 
I 

In Italy. In other areas, well into the twentieth century, Japanese rail­

ways employed 19 workers per mile of track compared with '7 in the U.S.I In 

the production of printed goods, the iollowing episodal account may be in­

structive: 

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 necessar3 

equipment. The rcpresentative was familiar with the modern 

linoleum printing machine, printing several colors at -ne time 

and turning out as much as 15. 000 square yards in 9 hours, but 

he considered it too expensive a piece of equipmentP especially 

since his labor was being paid only about 50 cents a day, and 

so he sought out, in an American plant, an old hand block 

printing outfit. It wos not for sale. Its parts were lying 

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

years old, and the whole outfit had been discarded 15 years be­

fore. But the Japanese representative 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 belo4 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 Sta:es. He started in Japan
 

1Orchard, .22' Sic., p. 375. 
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. new industry in a stage of technical development that had be­

come obsolete years'before in the older industrial countries.1
 

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 activities. In place of mechanical conveyor belts, human conveyor
 

belts are devised. Packaging is more often done by hand. As Orchard again
 

reports, "at one of the largest copper smelters in Japan, clay for the 

Uning of the furnaces is carried down from a nearby hillside on the backs
 

of women. At the plant of the Tokyo Gas Company, coke is put into bags by 

hand and then carried by coolies, some of them women, to the barges in the 

adjacent canal. Coal, even in the larger Tokyo plants, is unloaded by 

band and carried in baskets to the power houses. The ability to sub­

stitute labor for capital in such activities peripheral to the machine
 

proper apparently existed and the quantitative incidence 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, pace d by well-spaced mchinery as part of the same produc­

tion line which contained large numbers of unskilled laborers.
3 

A third type of capital-stretching innovation of which =mch use was 

made in historical JapAn is what might be called the plant-saving variety.
 

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

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

1Orchard, M. cit., p. 246. 

2Ibid., p. 255,
 
3This is very sirilar to contemporary inchods of cotistruction with
 

the use of reinforced concrete in ln.dia and Pakistan. Here a c2.--nt mixer
 
is linked to the fin.1l pouring of the concrete by a long chain of workers
 
passing the ccment from hand to hand; the cement is put in place just be­
foro it is ready to cool and harden.
 



-20­

weaving represent outstanding examples. In the forcer industry silkworm 

rearing, and cocoon production were haindlcd mainly by farmers' wives in 

small home-made sheds, extensions of the rural households. In cotton 

weaving, moot of the yarn was "put out" to farm households, with individual 
I 

loom dispersed in farm houses and vorkshcds. But even in the more modern
 

factory-style spinning industry, preparatory and finishing processes were
 

carried out largely at 'he cottage level.
 

This rather remarkable survival of domestic industry on a subcon­

tracting basis must be explained largely in terms of the exploitation of
 

complementarities between many small labor-intensive operating units and 

the large industrial managecw.r unit. The traditional merchant middlemat,
 

as a representative of the sub-contracting unit, served as both supplier 

and market for the goods to be workod up domestically. A specialization 

of functions as between workshops, even as between the member@ of a given 

family, developed. One-roof economies could be achieved in this fashion, 

I.e. by using cheap labor in cooperation with old fashioned machinery at 

the workshop level, wh'.le 'economi s of scale could be achieved in the finaio 

cing, purchasing and merchandising stages.I 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, 

almost 60 percent in 1895, and retained substantial importance well into 

the twentieth century. Not only lIcquerwere, pottery, porcelain, sake, 

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

l"Sometimes even a single part in n-.t c-Xt'.-cd ! .nc ,' ,om 
but is shaped in one and pai'iced or plaled in anarr.' H. G. , 
"Small Industry in Fconomic DeeloptnanL," Scia R, zr Sept#.ru.si" 1951. 

http:Sept#.ru.si
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over"time ia bicycler, electric lamps and rubber 
were to exhibit the sane 

characteristics. 

Plant amuunts to more than 50 ercent of total itvestment in plant 

and equipment in most counzries. The ability to utilize households for 

puttirg-out operations and thus reduce expenditures on plant undoubtedly 

amounted to a major kind of capital stretching innovation. By deploying
 

familiar but improv.ng machinery over 
large numbers of scattered minL-plants,
 

large amounts of unskilled labor could be deployed in both direct produc­

tion and in satisfying the resulting increased demand for transportation
 

and handling activiLies. 

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

porate pure labor services and, later, domestic ingenuity and skills in the
 

industrial production processes, largely for export. Other, more contem­

porary examples of capital-stretching may be cited. In Taiwan, for example,
 

after the liberalizat .on policies oi the carly 60's substantially reduced
 

distortions in the exchange rate, the interest rate, and the intersectoral
 

terms of trade, mirked labor-usir.- innova:ions took place in the textile­

electronics, and fod procersing industries. 
 Large scale mushroom and
 

asparagus production as agricultural by-employment (similar to silk in
 

Japan), combined with canting procer.cs at the factory level utilizing
 

female labor with greater intensity than anywhere else, is one example. 

While, in 1955, traditional exporto, mn.inly sugar and rice, still amounted 

to 76 percent of total exports, by -968 Lhis had shrunk to 8 percent of a 

uch larger total. Meanwhile export subsrtution in the form of new agri­

cultural products ind, ir.creasingly with p:.'roducts embodying a large 

volaume" of pure labor services has taken hold. The ultir.bte expression of
 

http:procer.cs
http:improv.ng
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the latter trend can be found in the Knoh3Lung rxport Proccssing Zone, a 

tariff-free area into which, .largely under subcontracting arrangements with
 

Japanese or American firms, raw materinls arc imported and reexported after 

value in the form mainly of unskilled labor has been added. Largely as a 

consequence of plant and machinery saving tcchnological change of this
 

type, Taiwan is now reliably reported to be experiencing an un3killed
 

labor shortage and may be one very few LDC's which
of the can face its in­

evitable labor force explosion ahead with some equanimity. 

A similar trend has beelL in the ma-1n& in South Korea. Devaluation 

in 1963 and interest: rate reform in 1964 laid the basis for major changes 

in the output mix as well as in the technology employed in given industries. 

In silk spinning, for example, 33 pe-'cent more workers are reported em­

ployed per unit of capital than in contemporary Japan. A bonded export 

processing scheme, built on th. same international subcontracting principle 

as Taiwan's now yields close to 20 percent of cn export volume which itself 

has been rising at en almest incrcdibl 30-40 percent annual rate over the
 

past three yenro. In 1962 land-based food stuffs and raw materials made 

up 75 percent of tctal exports while 1-;bor-based light manufacturing indus­

tries as a whole, including plywood, row silk, cotton textile, wigs and 

footwear amounted to !5 percent. By 1968 the situation had been completely 

reversed, with 77 perce'ut of the exports in nanufacturIng and only 14.5 

percent in foodstuffa, livesteck And row materials. It chould, moreover, 

be noted that small-.scale tranufa turing exports, i.e. in units of less than 

10 workers, undoubtedly the ost labor-intensive part of the spectrum, 

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



Is Cummory, the typi.cal conterrporary LDC may. be viewed as moving
 
first through an import substitution phase in which pure 
 technological trans­
plantation is likely to be the order of 

4 
the day, while shortages in domestic 

entrepreneurial capacity and other ecooaomic overheads 
are being repaired.
 

Then, as the hothouse temperature is gradually reduced and the economy
 

moves towards greater efficiency with the help of various 
liberalization
 

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 output 
 and employment objectives
 
in industrial develop;rcnt 
 may be subject co fundamental challenge. Both 

the historical experience of Japan ard thaL of raiwan and Korea in recent
 

years illustrate that thc 
cu-re:,t. w.de-sprcad skepticism concerning the
S 

supposed tyranny of the rigid te--chnical coefficirnts may be seriously in
 

error. This error derivc's in the mrltn from an underestimate of the poten­

tial inventiveness of indigenous en:reptxenetirs: once they are given access, 
at a price, to the required inputs. And this Is no trivial matter. For if 
our skepticism here is unwarranted., this would be among the most powerful
 
arguments for acceleratIng the current, rather slow, trend towards liberali­

zation and the erosion of the substantial sh dow price/market price differen­

tials in factor and comnodity markets.,
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