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I, Intrﬁduction

The choice of an appropriate technology for underdeQeloped countries
has been a major source of controversy amoung development economists for
well over twé decades, One fundamental issue around which the controver-
sy centers is whether or not the avallable techoldgy currently being pro-
duced in the advanced Vestern countries is appropriate for adoption in
less developed countries (LDC). Specifically, it is often argued that
givan the relative abundance of manpower, poor countries may be undermin-
ing their own self interest by indiscriminatz adoption of the labor saving
equinment which has emergad as the natural response of developed countries
to their own labor scarcities. The economic rationale usually provided
 for this argument is the textbook dictum that static =fficiency requires
the equilibration of marginal rates of factor substitution and the (implicit)
vage-rental ratio; Givan then the relatiﬁely lov wage-razntal ratios pre-
vailing in LDC's, this criterion would seem to imnly the wisdom of adonf—
ing lesbor-intensive techniques.1 The fundamental fact remains, howaver,
that much of the equipment uszd in the LDC's must be imported from the
developed nations with the result that the range of actual technological
choice 1is to a larg= extént limited by tha technical specifications of
imported Vestern equipment. Thus the possibilities of choosing labor in-

tensive technicues is reduced by the fact that most nesw equipment is actually

1For a summary of the various arguments and an extensive bibliography
see H. B. Chenery, 'Comparative Advantazc and Development Policy,' American
Economic Review (March 1961).
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ralativaly canital intensive and therefora undasirablzs (from the‘social
viewmoint) whila the older, more labor intensive equinment»isreither no
longér baing nroduced or is limited in supnly and =xpensive to maintain.?!
Viewving this importatior procazss in its most fundamental form, we
believe that itrcfystallizes as a choice betwzen n2v, modern 3auipment;
recgardless of country oonrigin‘and 0ld, us=2d =2ouirmert--th2 former being
cbnsiderably.more.canital intansive than tha latter. Thus, althoughvthe
nev z2qulpment may nrovides some range of alternative factor intensities,
e.g., Jananese equinment may bz somevhat more labor.using thar American
equipment of the same vintage--both ara lilely to be labor saving vis-a-
glgﬁthe existing tvanty-vear old =quipment from thess sams countries.
The irmportation nrocess detérmines the rarge of technical choice (i.e.,
the s=t of feasibles factor corbinztions bourndzd on on: sidz by thz most
modern labor saving esquinment and on the other by the oldest profitable

labor using eauinment), dictatzd larg=ly by thz history of technolorical

progress in daveloned countries as wall as the gpead and direction which

this process will taks ir the future and inavitably reflscts the econonic
imneratives of the develoned countries. This will b2 true regardless of

vhether the less develorad country adherss to a nolicy of imnorting new

or usad 2quinment. Tha process is'depicted'in Figur= 1, wvhare say t

1some evidence supgasts that both Jaranesa and Russiam develonment
was accomparied by soma substitution of labor for capitsl in auxiliary
activitizss such as movement of matzrials. However, while thare arz ur-
doubtedly some short run possibil?ties for additional labor absorption,
the dynamic labor saving bias inharent in 'estzrn tachnological progress
greatly limits the nossibilities of significant long run labor absorption.
For discussions of the Jananese and Russian exnerience see G. Ranis, ‘Fac-
tor Pronortions in Japarese Economic Develoomant,’ American Economic Pe-
view, XLVII (Septembar 1957), pp. 594-6G0G, and D. Granick, Economic Dev-
elooment and Productivity Analysis: The Case of Sovizt listal Uorking
Industry, Tha Quarterly Journal of Fconomics, LXHI ('ay 1%57), pr. 205-
233, ' '




Firura 1

reprasents the factor'pronortions associated with ﬁhe currently produced

achnology and (t = m) reflecte ths factor nronortions on the usad quip—
ment which is being scrannzd by thzs davelopnzd country and m renresents
the averanz ar= of‘tha d2vzlopad nation's capital stock. Over tima this
year's technology bezcomes th= scrapnad technolﬁgy of m vears hencs, so
that tha triangular nencil  formad by nointes t, 0, and (t - m) shown in
Figurs 1 rotatss to the left, e.p,, to (t + 2r), 0, (t + m), with an ap-
nronriate ranumbering of th2 isoquants to reflect the continued progress
of technolopy. Tha imnlicafion is cl2ar. Since tha LDC'srmust import
theirbtechnology from the West, they ars forcad to follow the bias in-
herant in this procass repardless of whether or not such a rrocess is in
their long run interssts.

Viewed in tzrms of the dynamics of technological transfer denicted

above, thz forceful but static argumaznt that LDC's might profitably adept
used =equipment to acc2lerate the process of labor absorption emerges as

somevhat myopic. Uith output srowing and razplacement as w2ll as nat
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investment being required, evenﬂthe extrame assumption that all gross
invesfment is satisfiad by the céntinuous importation o’ vsed eguipment,
will still imply an dncreasing divérgeﬁce betwazn output and emnloymant
growth rates since the limited supplyv of vintace (t - m) egquipment force:
a switch to used equipment 6f a later vintage with its lower labor coeffi-
cisnt. This switching is required zven wher 2xisting factor prices would
lead firms to choose the purchasz of more enquipment of vintagz (t - m).
Conseguently, givén the nresent ahtundance of labor and thz nrosnective
rapid increass in ths nofentialrindustrial labor force, it follows thaf
regardless of whethzr the used equipmant is actually =conorically morz ef-
ficient in terms of static unit costs than the modern canital intensive
"2quinment, the pfospects for significant long run labor asbsorption in
the industrial scctor bscome rather dubious.l

Tha question then arises as to what ars the alternativee. In our
represantation of thz nrocsss of technological trensfar, as loae as the
LDC's have no control ovar thz dirzction and sm22d of technical- chonga,
the goals of industrial growth with significant laber absornticn will bz
exceedingly difficult to realize.

Givan the structure of world trading natterns, as lcng as capitel
goods production is concentratad almost exiusi?ely in devzloped countries,
the velatively insipnificant demands of thz LDC's for these soods will

“have only a2 negligibls immact on both currant production dacisions about

1por some cross-sactional data on this employment lae s=e United Ma-
tlons, Departmant of Economic and Social Affairs, The Growth of World “a-
dustry, 1938 1961: Hational Tables (llew York, 19¢3). See also the fol-
low-up study, Growth of '"'orld Industry, 1937-1%61, Irnternational Analyses
and Tables (ilew York, 19¢5), esp=zcially n. ST,
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the tyns of machine to b2 nroduced and mors irnortantly on the difaction'
that factor saving Bias will take in thz futura, It is for theses reasons
that we would arouz for tha creation of domestic capital goods industries
in less developed countries in which nroduction is ge=arad to their oV

long run techrological ra2quirements.

I1. Generating a Domestic Machine Broducing Canecity

| The aquestion of =stablishinr domestic canital goods canacity has rarzly
bzen aiven s2rious consideration in th= da2valopment lit=arature. Even when
it has been discussa2d, ths 2mphasis has bean larpely in terms of saving
foreirn 2xchangz and cost comparisons of domzstic nroduction with that of
equipment currently producsd in the Tast. 1 Abstracting ffom foreign ax-
changz considerations (which we belisve to b2 czrtainly imnortant) the
adontion and encourapgzm2nt of a domestic machina nroducing industrv capable-
of producing afficiant labor using technioueﬁ for other industries is jus-
tified in its own risht when>considered in the context of ocur =2arlisr dis--
cussion of‘the srzed and direction of tachnicel changs in the Vest. Let
us state explicitly that the establishmant of this industry is not put
forth as a solution to thz employment problem at thz cost of dacrzasing
tha ratz of rrowth of outnut through the adoptiorn of inaofficient ;echniques.
Rather, it is proposed on the assumpntion that both outnut and emnloyment
growth can be acczlzrated. Soecifically, ¢ would arcuz that the LDC'?
should nroduca their orm machinery, copvins initially the =arlier more
labor-intensiva designs of the Vastern countries. This would provide tha

possibility of =liminating much of ths conflict batwean output and employ-

lror example, see United'ﬂations, Th2 Manufacture of Industrial YMachin-
2ry and Equipment in Latin America I. DRasic Equioment in Prazil (Mew York,
1963).




- ¢ -
ment growth while avoiding the imnortant difficulty of designing new,
labor—usiﬂg machinery. By duplicating =zarlier Westarn equipment they
would derive the benefit of controlling both tha direction and speed of
technical éhange in their o+m countriz2s. In effect, this would reverse
the direction of technical prograss from the viewpoint of the LDC's
since the current trends in thz Weétern countries would no longer be
a determining feature of the factor-using bias in the LDC's. The copy-
ing of older, Western technologybwoﬁld be capital saving.gigféjgig the
equipment which may Ee currently importad from the Vest. loreover, if
urban unamployment is eventually eliminatad, the existence §f a domestic
carital goods industrvy allows the adoﬁtion of more recent labor-saving
techniques to be introduced at a sn2ad consistéﬁt with changiﬁg domestic
factor avéilabilities. In effect, then, thz domestic production of capi-
tal goods in thé LDC' s vwould allow output expansion to continqe along
process (t ~ m) in Figure 1 as opposad to the forced adontion of more
capital in:ensive techniques due to thes unavailabilitv of vintage (t ~ m)
equipment. Mot only wduld this process‘alleviate the employment lag but
it also could w21l be a major source of external economizas to the non-
cépital goods sector, especilally in providing skilled workérs to these
other sectors.1 VIn addition, the possibilities of altering the received
IWestern bluenrints in a labor-intensivz way is greater with the existence
of a domestic caﬁitalvgoods industry as domestic users»of squipment ar=
enabled to work closely with the nroducers, a fzature which is of consid-

erable importancs given the "made to order’” nature of most machinery.

- INathan Rosenberg has argued that ir the United States thare were
major external benefits derivsd from th= =2xpansion of thes capital goods
industry. S=e his "Tachrolopical “hanizz in thz ‘achine Tool Industry, 1840-
. 1210," Journal of Economic I'istory, XXIII (D=2cember 1963), no. 414-43,
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Finally, another nossible bznefit derived from duplicating equinment which
has preﬁiously been producad is thz ahsence of the need for a larga corps
of engipeers vho can desipn new machinery, although undoubtadly some

engineers would still bz rzquired.

Although it is oftén thought to bz a capital-intensiva Branch, machin~
ery production is in féc# onz of the more labor-intensive industrial
branches in most =conomies. TFor gxamplzs, in th= 1.S. the capital-labor
ratio in the machine ﬁroducing branches is relativaly lov.1 Perhaps more
interesting from the point cf view of the LDC's is the very low canital-
labor ratio found for Japanese machinery industry ir 1951 as shown in
Table 1l; of twanty-one branches, onlv saven had lowzr canital-labor -
ratios, Onz =xplanation of this nhenomenon lies in the nature of the machine
Tabl=z 1

Direct Canital-Labor Ratios in Japanzse "'anufacturing -~ 1951

Petroleum products 1.200 Matal mining .172
Coal products .682 Fishing 170
Nonferrous metal .363 tjachinzry and =zle2ctrical
Chemicals .338 equinmant : .161
Iron and steel . 337 Apparel .132
Nonmetallic mineral Textiles .131
products . 208 Papzr .120
Nonmetallic minarals .199 Rubbar .119
Processad foods .193 Lumb2r and wood .111
Grain mill products . 193 Printing .093
Shipbuilding 174 Leath~r .068
Transport ecuipment 174

SOURCE: 1Institute for Social and Economic Research, Osaka'University (mim=0).
producing technology.b It is most

methods as production takes place

lgae 11, W, Lzonti2f, Input-Output LCconomics (London:

often not amenabls to mass production

Press, 1966), pp. 129-133.

in response to spacific orders embodying

Oxford University
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differing specifications, while mass production reauires a continuous
flow of similar nroducts. The foundation of the misconception of the
branch's capital intensity liss in the cénfusion betwveen the direct
and total input structure.b hils some branches which produce important
inputs to the machine branch, particularlv metals, are themselves very
capital intensive, there is no necessity to produca fhese domestically,
even if domestic machinés are produczd. HNot only is the machinery
branch not a heavy uszr of canitél, bﬁt it offers the aavantage that
smzll scale nroduction may be‘relatively.efficient. The aBsence of sub-
stantial econcﬁies of scale is the rasult of the specialized, non-mass
production nature of the industry, althourh for somg tvpes of macﬁinery,
particularly agricultural eguimment, largz scale nroduction may be pos-
sible. On the othzr hand, as ‘lathan Rosznbers has suggzsted, there may
be "“economizs of specializétion,“ i.2., firms producing only a limited
rang2 of machinzry such as looms mav acquire ereater facility in nroduc-
ing even émall nunbzrs of machines. Such specialization may, of course,
be 1imited by thz size of the domestic market. Izre, howaver, the pos-
sibilities for division of labor among many ofrthe LDC's are obvious.
Moraover, as wz shall sugpgest below, the existaence of capital goods in-
dustries in these countrizcs could provide an imnbrtant means of trans-
mission of technical knowledge relevant to their own specific resource
endowments,

The mezin precondition for the establishment of a capital goods
industry is the creétion of an annropriate pool of skilled and szmi-

skilled labor 1if it does not already exist, Immfortunately, rela-



tively little systematic 2ffort has bzaen davoted to analyzing the
training requirszmentes for given industrizs. However, wvorlk on the
United Statas economy by Richard Eckaus provides some guidelines to
the tvne and intensity of training 1lil2ly to be rqquired.1 Using
education and vocational training raquirements for occupations pre-
pared by the U. &. Bureau of Labor Statistics, Eckaﬁs calculated the
average amount of training requirad by workers in zach branch 6f

U. S. industyry. ‘''hilzs tha averarz years of schooling resquired is
11, similar to that in most branchzs, the avarage pariod of voca-
tional training in the machine producing industries is 1.77, one of
the longest. These filpures conform with thz g2neral impression
that this branch is narticularly skill intensivz. UHoweaver, from
the viewpoint of zstablishing canital soode production capacity,
Eckaus’ data probably ovarstat=s the nrenaration pariod as thay in-
‘clude the training of lz2rp= numbars of ehgineers who er= involved
in the designing and testing of equinment.2 Ineinsars and other
technicians would nrasumably be ne2dad only in much smaller nro-
portions if designs wers in fact copied from thz da2valoned coun-
trias. llorezover, the U. S. data reflact e¢kills nz2ded in produc—
ing nroducts such as turbtines and sophisticatad machine tools,
whereas wa vould hardly suggast that such comnlicated products be

produced durinn thz 2arly stanes of a canital goods industry.

lpichard Eckaus, ‘“Leconomic Criteriz for Education and Training,”
Peviaw of Economicsand Statistics (iav 19G4).

2., . , , ,

Hogwever, variations in natural conditions, e.¢., mineral avail-
abilities may still raquire som: additiomal dasigring and testing of
equipmant,
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Even ignoring th=se biases, the =ducation and training requirements
are less formidabhle when onz allows for tha fact that the absolute
numb=rs of worlkars to be‘involved in the branch is likely to be
small, 'hile the costs of ;raining mav be largar than those for
other branches, they may be viewsd as an investment vhos2 returns
are liksly to bz quite hiph.

Although developed countriés1might well have a comnarative
advantaze in the production of such zquipment, ther: arz numarous
r2asong why they are unlikely to ehgaﬁ, invsuch nroduction. TFore-~
most among these is the fact that canital goodsrnroducars tyrically
envision th2 markets of LDC's as being highly volatile due to no-
litical as well as economic instabilitv. Sinece there is no domas-
tic market for thic equinpment and since thz variance in exnectad
‘raturns is likely to be substantial givén.the aforementionad uncer-
tainties, the costs of craating th~ necsssary additional canacity
may not bz warranted, given the agssuread returns from the domestic
markat., |

Assuming the will and the canacity to astablish the branch,
is its output likaly to be compatitivs with that of foraign nro-
ducers? Filrst, it must he gmnhasized that in an important sense
this quesstion is not entirz2ly relavant as there would be no com-
parable equibment of old design curréntly being »roduced in the
Yestern countries for export to tha 1essrdeveloped countries.

It should be noted, howzver, that if the labor-using machines
actually nroduced in thz LDC alsc rasulted in  hkdgher unit capital

costs than thz labor saving equipment of the advancad countriss,
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then it would pay to forego the =stablishment of the capital goods
industry wnless there was a2 reasonable presumstion that infant in-
dustry arguments had validity. But, as shorm below, available evi-
dence suggests that esvan wherg competitive equipment is being pro-
duced, advetrsa cést conditions arz not likelv to be th2 case.

This is not too‘surprising as we have sez=n that the most important
factor of preduction is skilled labor and its nrice is likely to be
very low in comparison with:comparablé labor in the advanced coun-

tries, TFor examnlz, a razcent ECLA studv in Drazil calculatad the
cruzeiro nricas of domestically ﬁroduéed machinas and machine'comno—
nents per dollar cof importad machines to ba as shour in Table 2.

At the timz of the study the fr2z market rate was 180 cruzeiros
rer dollar and the rate sstablished undar the exchangz auction sys-
tem was 250 cruzsiros ner dollar. Thus many of the géods-were nro-
ducad at a price which was less than thz intarpational price using
even the lower exchangez rate and all ware as cheap or cheaper when
the auction rate, which nrobably is»a hatter indicator of scarcity
value, is us=ad.

Similariy, the machine tool brench in Argentina has been =2x-
ceptionally successful, output exranding ranidly at prices low
enough to ollow almost $2 million of exports annually during the
years from 1963 to 1965.1 And, 2n analysis of tha structure of

the Israeli economy for 1958 indicated that the r=al costs of saving

lECLA, La Fabricacion de Macuinerias v Equipos Industriales en
America Latina: IV Les ilaquinas-Herranusntas 2n la Argzntina (Santiago
de Chile, 1966}, pp. 73-77, cited in Carlos Diaz-Alejandro, Essays on
the Economic liistory of ths Arpentinz Republic, forthcoming.
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Table %

Demzstic Production Cost in Cruzeiros.
Pivided by Dollar Cost of Imported Lquipment

Cruzeiros per

Type of Ecuipment Dollar

Metal structurz: dirvect fired furnacas © 160,00
Pressure wvannzls (towzrs and pressurse storage) 163.00
Large~diamatzr walded tubes 170.00
Storags tanks steam generator-mixers ' v - - 172.00
Electrical equiumant - z2lectricity ducts; '

tubing - stael and forged iron tubes:

refractories and thermzl insulation

materisl . ' , 120.00
Heat.exchaLges cnd surface condemsars 183.00
Cyclones _ ' 185.00
Traveling crames:; lifts and 1liftirg tackls ) 10,00
Tubing ~ comansctions ~ =2xrnansion jointe 200,00
Pumps arnd comprassors 220,00
Electrical equipment - motors and transformars 250.00

SOURCE: Uaited tlations, The Manufacturs of Industrial Machinery and
Lgquipment in Latin America I. Dasic Equipment in Brazil
(Maw York, 1963), o. 20.

a dellar of imnérts in th2 machin=ry branch wvars zmone tha lowest to

bz found in any branch in industry, desnita the smallrsize of thz sector.l
Finally, support is wrovided in a study by R. Soligo and J. Stern2
of the effzctive tariff ratzs (the rats of protection of value added) in
Pakistan. Theiv data shoﬁvthat the 2ffactivz rate of protection of machin-

ery is ths lowart for sny proun of oroducts in Paliistan. Haverthaless,

the rate of growth of outnut in this branch has heen vzry rarid. Thus,

b, Bruno, Interdenendence, Resource Use and Structural Changz in
Israel (Jerusalsm: Bark of Israsl, 1962).

2'Tariff Protection, Import Substitution and Investment Efficiency
in Pakistan,” Pakiston Deovelopment Deviawv (Summer, 1965)
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desnitz the lack of tariff nrot=ction, profitability in machine production
must be quite high, implying that the brench may have a comparativs advan-
tage.
Thus, availabla evidence, although by no means complete, does conform
to our initial expectation that the LDC's may 7211 Be competitiﬁe even in

1 {oraover, enart from

thz production of the most modern capital goods.
the advantages to be derived from the productiorn of efficient, labor inten-
sive machinas, othzr benzfits would certzinly ba significant. Foreign ex-
changs shortages frequently interrupt dav2lopment nrogfams resulting in
either zn interruption in thz Investment nrogram or a reduction in the
current rate of production as intermediate‘imﬁorts are cut back. Assuming
that the shortage results from a forsipn exchange gan rather than a savings
constrairt, the existence of domestic canital rroducing canacity eliminates
to an important extent the ne2d to ortain foreign =xchange in order té
transform savings into real investment goods.2 Finally, even if faw indi-
vidual LDC's could =xpact to nroducz th2 full rangz of capital goods, trade
among tham could still 2liminate the foreign zxchange bottlsneck, which
given currsnt gezogranhic distribution of canital goods nroduction, often
is tantamount to a lack of exnorts to the advanced countrizs.

Tﬁe dynamic ben=fits obtainable from z2quipmant nroduction are also

important to considsr. One result of thz recent outpouring of literaturz

on nroduction functions and tachnclooical chanre has been to focus atten-

11t is also likely that in most of thesa countries the comnetitiveness
of the existing branches is probably understated as theair raw material
costs, particularly of metals, are abovz world levels as a result of their
use of high cost domestically procducad metals.

2For an zarly statemznt of the problem which anticipat=d much of the
‘recent 'two gan’’ litesrature s2e L. D. Domar, A Scviet ilod2l of Growth
Essays in the Theory of Economic Growth (fTavr Yeork: Cxford University Press,
1957).
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tion on the likalihood that techniéal change‘is often embodied in new
equipment.l Assuming this anproach to contain a substantial amount of
descriptive power, the question>arises asvto tha sourcz of these im— |
pfovements.' There is historical evidence that a large nart of this
chaﬁge haé its oripin in the Capitalvgoods branches themselves, those
actually employzd in the branch constltuting an imnortant source of
new ideas.z However, tﬂare is still considerable écope for furtherr
investigation of this important qpsstion.

Finall?, the. 2xisterce of a céanital goods sector may'conétitute

a neca2ssary conditiorn for changes in dégiﬁn ~hich respond to domestic
relative factor scarcitias in the =conomy. Although th=are are at”present
clear dirsctions in ﬁhiéh F2 capitalfsaving technology could develop,3

the machine ptroducinn industry in ths ‘'est is, for a varisty of reasons,
unlikely to folleow this course. Thus, in the final analysis, the long
~run economic asniréfions of less daveloned natiors might denend largely
on the successful adontion and continuad grovti of 2 domestic canmital

goods industry,

- 1gee R. ™. Solow, “Investment and Technical Progress lathematical
Methods in the Social Sciences (Stanford, 19567). For = recent discussion
of the difficulty of actually measuring such changz, sez D. Jorzeunson, The
Embodiment Hynothesis,” Journal of Politicel Lconomy (February 1966).

2y. Rosenbers in "Ganital Goods, Tachnology and Economic Growth,™
Oxford Economic Papers (Hovembzar 1263), provides many examnles from U. S.
2conomic history.

3For a suggpestivz analysis of these nosgibilities sz2 G. X. Boon,
Economic Choice of Human and Physical Factors in Production (Amsterdam:
Horth olland Publishiug Co., 1964),vpp. 59-§5




