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I. Introduction

The choice of an appropriate technology for underdaveloped countries
has been a major source of controversy amoung development economists for
well over two decades. One fundamental issue around which the controver-
sy centers is whether or not the available techology currently being pro-
duced in the advanced Western countries is appropriate for adoption in
less developed: countries (LDC). Specifically, it is often argued that
given the relative abundance of manpower, poor countries may be undermin-
ing their own self interest by indiscriminate adoption of the labor saving
equirment 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 efficiency requires
the equilibration of marginal rates of factor substitution and the (1mplicit)
wage~rental ratio. Given then the relatively low wage-rental ratios pre-
vailing in LDC's, this criterion would seem to imnly the wisdom of adont-~
ing lebor-intensive techn:lques.1 The fundamental fact remains, however,
that much of the equipment used in the LDC's must be imported from the
developed nations with the result that the range of actual technological
choice is to a large extent limited by the technical specifications of
imported Western equipment. Thus the possibilities of choosing labor in-

tensive techniques i1s reduced by the fact that most new equipment is actually

.IBor a summary of the various argumenﬁs and an extensive bibliography
see H. B, Chemery, "Comparative Advantage and Development Policy," American
Economic Review (March 1961).




relatively canital intensiv2 and tharzfore undesirablz from the social
viermoint) whila the older, more labor intensive equinment is either no
longer .being -nroduced or:is-limitsd in supnly ‘and expansive to maintain.l
-+ Viewing..this importatior process in'its'most fundomental form, we

believe that it crystallizes as a choice between new, modern =guipment,
regardless.of country of origin and old, used cauinment--the former being
considerably.more capital intensive than the latter. Thus, although the
new equipment may provide soms range of altarnative factor intensities,
e.g., Japanese equinment may b2 somevhet more labor using than American
enquipment of the same vintage--both ars 1ilely to be labor saving vis-g-
vig the existing twenty-year old equinment frow these same countries,

The importation nrocess determines the ranse of technical choice (i.e.,
the get of feasible factor corbinetions boundzd on onz side by th2 most
modern labor saving equinment and on the other by the oldest profitable

labor using equipment), dictatad larpely by the history of technologpical

progress in develoned countries as well as the speed and direction which
this.process will take in the future and inavitably reflects the economic
imneratives of the develoned countries. This will b2 true regardluss of
vhether the less develuped country adherss to a nolicy of imvorting new

or used 2quipment. Tha prceens is depicted in Fipura 1, whore say t

--1Some evidence suggests that both Jananese and Russian development
was accomparied by some subsiitution of labur for capit - in auxiliary
.-activities such as moveuent of meterials. However, while thare are ur-
doubtedly some short run possibilities for additional labor absorption,
the dynamic labor saving bilas inherent in Vestarn tachnological progress
greatly limits the nossibilities of significant long run labor absorption,
'For discussions of the Jananese and Russian exverience see G. Ranis, 'Fac-
tor Provortions in Japanese Economic Develooment,’’ American Economic Re-
view, XLVII (September 1957), pp. 594-606, and D. Granick, Economic Dev-
elooment and Productivity Analysis: The Case of Soviat lietal Working
Industry,” The Quarterly Journal of Fconomics, LXXI (Jay 1957), pp, 205-
233.
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Fipure 1

repregents the factor pronortions associated with the currently produced
technology and (t - m) reflects ths factor nroportions on the usad equip-
ment which is being scrapnzd by the develoned country and m represents
the averags ape of th=2 devaloped nation's capital stock. Over time this
year's technology becomes thz scrapnad technology of m vears hence, so
that the triangular ‘pencil’ formad by noints t, 0, and (t -~ m) shown in
Figurs 1 rotates to the left, e.g., to (t + 2m), O, (t + m), with an ap-
propriate renumbering of the isoquants to raflect the continued progress
of technology. The implication is clear. Since tha LDC's must import
their technology from the “est, they are forced to follow the blas in-
.herent“in this process regardless of whether or not such a nrocess is in
their long run interests.

Viewed in terms of the dynamics of technological transfer denicted
above, the forceful but static argument that LDC's might profitably adopt
used equipment to accelgrate the process of labor absorption em;tgés as

somevhat myopic. With output groving and replacement as well as net
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investment heing raquired, even the extrime assumpti&ﬁ that all pross
investment is satisfiad by the continuous importation of uvsed eauipment,
vill still imply an increasinp divergsanes batvzen outnut and emnloymant
grovth rates since the limitad supplv of vintare (ﬁ -~ m) eauipment forces
a switch to used 2quinment of.a later viantage with.its lover labor coeffi-
cient, This suitching is required even vazp exiating factor nrices would
lead firms to choosa the pu;chasé'of more'éﬁﬁiﬁﬁégi of vintage (t - m),
Consc=ouently, riven the nr2gent alurndance of lahbor and th2 nrosnective
rapid increase in the notential industrial labor force, it follows .that
regardless of whethar the used equiprant is actually 2conomrically mors: .ef-
ficient in terms of static unit costs than ths modern canital intensive
equinpment, the prospects for sipnificant long run labor absorption in
the industrial sactor become. rathsar dubious.1

Th2 question ther arises as to what ars the alternatives. In our -
representation of the nrocass of tachnolopical trensfer, as lonet as the -
LQQﬂs{haye no control over the direction and sn22d of technical change,
the ggg;a of industrial growth with significant labhor absorntion will be
exceedingly difficult to realize.

-, Glven the structure of world tradins natterns, as lcng as canital
goods production is concentrated almost 2xlusively in developed countries,
the, relatively insipnificant demands of the LDC's for these roods will

have only a negligible imnact on both currsnt production decisions: about

Lror some cross-sectional data on this employment lag see United Ma-
tions. Department of Economic and Social Affairs, The Growuth of World In-
dustry, 1938 1961: Wational Tables (liew York, 19¢3). See also the fol-
Jow-up study, Growth of 'orld Indust 1937-19G1, International Analyses
and Tables (ilev York, 1965), espacizlly n, S-.
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'the:type'Of'hébhihéffd be nroduced and more imnortantly on the ditection
that‘féﬁtof savine, bias will take in th2 future. It 1s ‘for thése reasons
that he'ﬁbuld'éfﬁﬁe for tha creation of domestic cabital qdéds’iﬁahstries
in ieéé‘dgtéfﬁﬁad:gbdhffiggzi&'which ntoduction is s2arad to their own
long run, technological requirements. -

" I1. " Gandrgtine & Domegtic Machine Producing Camacity

1.7 “The ‘auestion of ' @stablishinr ‘donestic éanital coods canacity has rarely
. been pivén serious consideration in th2 d2vslonrment literature. Even when
it has hbeen discussad, th2 =mphasis has been larrely in t=rms of saving
‘foreipr exchange and cost comperisons of domestic nroduction with that of
equiﬁhenf currentiy:'produced in the est.l Abstracting from foreign ex-
change considerations (which we believe to be cartainly imnortant) the
adoption and encourapement of a domestic machin2 rroducing industry capable
of produdidyy ‘effiicient :ldbor .using tzchniouzs for other industries is jus-
tified in dts own right when considerad in the cont2xt of our 2arlier dis-
~cussioﬁ:o£ the sp2ed and ditéétion of t:chnical chang2 in the Tlest, Lét

us state explicitly that the netablishnont of this industry is not nut

L ricerat
forth as: a solution to the smnloynent nroblﬂm at thz cost of d=cr=asina
iy fa Y e & 3 '

th° fate of ‘growth of outnub}through tha a@bvtion of in=2fficient technioues.
Rathef, it iéigio;osed on ﬁhe)assumotion that both outnut and °mnloyment
MRPRRRATE A T LT

growté can be aégilﬂrated. Snecifically, A would arqu2 that the LDC's
should ;féééé;wghair onﬁ agesinery, copvinp initially the °arlinr ;;re

s, o it i A

labor-intensiv° dnsigns of the Western countrins. This would provide thp

possibility of 4liminating much of tho conflict b=twe°n output and employ-

. Iror- ‘exdriple, ‘gee’ United Nations, The Manufacture of Industrial llachin-
ary and Equipment in Latin America I. Ragic Equinment in Prazil (Wew York,
1963) o o
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ngggwggéythwyhile avoiding,. the. important.difficulty. of-designing new; :
igpgg:usingﬁnaohinery,‘ By duplicating carlier; Westarn equipment-they
wgnidﬁgggive the benegit ofjgonttoliingfbpth;tne;direction;andnspeed of;
technicéiﬂthange in their owm countrizs.. .In. effect, this would reverse
the diteotion of technical progress from the. vigupoint.of -the LDC's
since the current ttends in the Western countries would no longer be
a determining feature of the factor-using bias in the LDC s. The copy-
ing of oldet, Western technologv would be capital saving via-a-vis the
equipment which may be currently imported fton the lest. Moreover, if
utban unemployment is eventually eliminsted, the existance of a domesti
capital goods industrv allows the adontion of mote‘recent labor-saying
techniques to be introduced at a speedvconsistent with changing domesti
\factor a;aiiabilities. In effect, then, the domestic production of cap
‘tal goods in the LDC's would allow output nxnansion to continue along
ptocess (t - m) in Figure 1 ag opposod to the forced adontion of more
capital intensive techniques due to the unavailability of vintage (t -~ m)
equipment. Not only would this process alleviate the employment lag but
it also could uell be a major source of extsrnal economias to the non-

SR

capital 3oods sector, especiallv in providing skilled workers to these
otherns»ctors.1 In addition, the possibilities of altering the receives
Westetn bluenrints in a labotbintensive way is greater with the existence
of a domestic capital poods industrv as domestic users of equipment are
onabled to work closely with the nroducars, a feature vhich is of cons

erable importance given the ‘made to order" nature of most machinery.

e 1Nathan Rosenberg has argued that in the United States there wer_
‘major: external benefits derived from the expansion of the capital goods .
'industry. See %is "Technolopical chanjz in th:z Machine Tool Industry, 1840-
 1910," Journal of Economic I'istory, XXIII (December 1963), ov. 414~-43.
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Finally;~arother nossible bénefit derived from duplicating équipment which
has previously-been-produced is the absence of the need for a larga corps
of enginesrs who can design new ﬁnchinefy, although undoubtedly sone‘

engineers"would still be. required.

Although it is often thought to b2 a capital-intevsiv° branch, machin-

.,., '., *t\. fl

ery production is in fact onz2 of the more 1abor—intensiv= industrial
branches‘in most economies. For 2xample, in thz 1J.S, the capital-labor
ratio in the machine nroducing branches is relatively low.1 Perhaps more

:
R T

interesting from the point of‘view of the LDC's is the very low canital-

oA .

labor ratio found for Jananese machinery industry irn 1951 as shown in

I

Table 1 of twenty-one branchos, only seven had lower capital-labor
ratios. One explanation of this nhenomenon lies in the nature of the machine
Table 1l

Direct Capital-Labor Ratios in Japanese ’fanufacturing ~ 1951
! : e P :

Petroleum products 1.200 Matal minirg .172
Coal products - - ' 2682 Fishing .170
Nonferrous metal .363 Machinery and electrical
Chemicals - - - .338 equipmant .161
Iron and steel .337 Apparel .132
Nonmetallic mineral - v Textiles .131

products .298 Papar .120
Nonmetallic minerals 199 Rubber .119
Processed foods .193 Lumbzr and wood .111
Grain mill products " <193 " Printing , .093
Shipbuilding 174 Leather .068
Transport ‘equipment 174 ‘

SOURCE: Institute fon:Social and Economic Research, Osaka University (mimeo).
producing technology. It is most often not amenable to mass production

methods as production takes place in rasponse to specific orders embodying

1See "WI'W, Teontidf S Taput-Odtput ‘Econemics  (London: Oxford 'Univérsity
Press, 1966), pp. 129~133.
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diffﬂring nncification%, while masa oroductgon requires a.continuous;

S

e 4in iy -
'f}ov of similar nroducts.‘ The foundation of the, misconception of.the .,
branch’ capital intensity lies in the confusion betvecn the direct ...

and topal input structure. ¥hile some oggoogepwwbich‘p:odqoq,imoogggngﬁ
:1oou£s;§o the machine branch, particularly metals, are themselves very

gapftallifitehaive, thefs 1s o riecessity o prodice thise domsaticaily,
even 1f'donestic machines ate produced. Mot enly is the machinery
bra’%cﬁ'hot ‘a heavy user of "'(:}anital},: but 1t offers :tfi:e“édvoot‘:oge:' that o
small ‘scale production may be relatively efficient. The absence of sub-
stantial economies of acale 15 the result of théhooecialized; non-mass .
prodﬁiffoﬁﬁnafhré'6f'£ﬁégidﬁé5try; aitﬁohnﬁ forwsome f?péé”of maogioé}ﬁ,
patticdi?%ly'égiioultﬁréi'éouiomeﬁf,\fa;éa'goaio.nroéoction mayxbé boé;
"§1616% On the other hand, es ﬁathaﬁ"késen%éig has ooggeotéd, ;ﬁere';o§:
be "economies of specializatiom," 1.é.,yfirms producing only a limited

range of machinery such as looms may acquire greate; faciliﬁy‘in ofoduc-

¥ S < : PO ;
;1pg even small numbers of ‘machines. Such specialization may, of course,
YA LA B

be limited‘ﬁ? tﬁéaolzeﬁofithk doﬁestic markét. Lare, nownver, the pos-.

sibilitiea for division of lab"r*amOng many of the LDC's. are, obvious..

F"?

Moteover, as we shall suggestbeIow, the existnnce of capital goods inq,

dustri°s in these countries could ‘provide an imnortant means of trans- .

)\,, TGO

mission of technical knowledge ‘Yelevant to their own specific, resoutce,;

endowments,

RN WRENNO

5 The main precondition for the establishment of a capital. goods .

PR

1ndustty 13 the creation of .an anntopriate pool of skilled and .semi--

akilled Jlabor if it does.not .already exist.(QUqfortunatelx,.rela~.,
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tively 1ittle: systenatic offort-his bibn devoted ¥ anaiysiny the
braihing;reéuiremeﬂteﬁfor“given?iﬁahgtriééwaﬁbw&QEE;”aafk ‘ba the'
United:Statésfébonomy*bv?Riéhérd;ECkéﬁé"bidbidéé éomé:éuidellﬁésvio
thextype and intensityiof-traiﬁiﬁﬁ?lihéiy’to“Bé”iéquirédll Uéih@ﬁx
education and vocational’training Fequirsments £6t occupations pre-
pared by the U. S. Bureau of Labor Statistics,” Eclaus calculated the
average amount of training required by vorkers “ir =2ach branch of
U..S. industry. ‘'hile the averare vears of schooling réquiiéaiié
11, similar to that in most branch2s, the avarage p2riod of voca~
tional training in the machine producing industries 15 1.77, one of
the longest. These figures conform vith the general imnression
that this branch is narticularly skill intensivz. How=zver, from
the viewpoint of establishinm canital soods production capacity,
Eckaus' ‘datd probably overstates the nrenaration period as they in~
clude the training of large numbars of enegineers who arz involved
in the:designing and testing of equinment.2 Lneineers and other
technicians would presumably be ne2ded onlvy in much smaller nro-
portions 1f designs were in fact copied from the d2velonad coun-
tries.”: Moreover, the U. 8. data reflact ekills needad in produc?
ing products such as turbines and sophisticatéd’machine tbols, ‘
whereas:we vould hardly suggest that such comnlicated nroducts be é

produced during the early stages of a canital goods ifidustry.’

1pichard Eckaus, “Eeonomic Criteria for Education and Trainisg,"
Reviev of Economicsand Statistics (‘iay 1964). : ,

2Hdﬁever,variat:lons in natural conditions, e.p., mineral avail-
abilities may still require some additional desigring and testing.of
equipment.


http:whereas.re
http:forSi.en

- 10 -
'Eggg§i%pp§ipg thase;b;qsgs,ﬂthe,gducption and; training/ requirements
-a§ﬁ }e§3 formidable when one allows for. the fact that:the absolute:
Fthﬁf?:Qf vorkers to he involved in the branch.is likely to -be:
smg};:f Yhile the costs of treining mav. be: larper.than those for .
other btanches, they may bz viswed as.an -investmert whose returns
g:e_l;kely to be quite high.

:‘Although developed countrias might wall hava o comparative
advant§ge in the nroduction of such 2quipmant, thesr: are numerous
reasons thy they are unlikelv to =ngar~ in such »nroduction, Fore-
most among these is the fact that canital goods nroducz2xs typically
envision the markets of LDC's as being highly volatile due to po-
litical as well as economic instability. Sincz therz is.no domes~
tie market for this equipment and since the variance in expected
returns is likely to be substantial given the aforementioned uncer-
tainties, the costs of crzating the necassary additional canacity
may not be warranted, given the assured returns from the domestic
market.,

Asguming the will and the capacity to =stahlish the branch,
is isglqutput likely to be compatitivzs with that of forzsipn nro-
ducers? First, it must be emphasized that in an important sense
thigquestion is not entirely, relevant as there would be no com-
parable equipment of old design currently being nroduced. in the- -
Western countries for export to the less developedvcounﬁries.
It should be notad, howaver, that if “the labor-using machines
act;ally produced in the LDC- also" rnsulted it ‘kdgher unit capital

costs than the labor saving equipment of the advanced countries,
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then it would nay to‘forego the establishment of the capital goods
industry unless there was o reasonable prasumption that infant in-
dustry arguments had vaiidity. But, as shorm bhelow, avallable evi-
dénce-suggests that even where competitive equipment 1is being pro-~
duced; adverse cost conditions arz not likely to be th2 case.
This 1s not too surprising as we have seen. that the most important
factor of production is skilled labor and its nrice is likeli to be
very lov in comparison with comparzble 1ab6r_in tha advanced coun-
tries., For examnle, a reczant ECLA study in Brazil calculatad the
cruzeliro nrices of domesticallv produced machinas and machine comng-
nents per dollar of imnortad machines to bz as shour in Table 2.

At the time of the study the fr22 market rate was 180 cruzeiros
per dollar and the rate =stablished under the exchangz auction sys-
tem was 250 cruzeiros per dollar. Thus many of the goods were pro-
duced at a price which was less than the intarnational price using
even the lower exchange rate and all were as cheap or cheapef when
the auction rate, which nrobably is a hatter indicator of scarcity
value, is usad.

‘Similarly, the machine tool brench in Argentina has been ex-
ceptionally successful, output exnanding ranidly at prices low
-enough to .allow almost :$2 million of exports annually during the -
years .from 1963 to 1965.1 And, an analysis of -tha structure of

the Israell economy for 1958 indicated that-the real costs of saving

1ECLA, La Fabricacidon de Macuinerias vy Equipos Industriales en
America Latina: IV Las ilaquinas-Herranuentas o°n la Argantina (Santiago
de Chile, 1966), pp. 73-77, cited in Carlos Diaz-Alejandro, Essays on
the Economic liistory of the Argentine Republic, forthcoming.
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Tomestic Production Cost in Cruzeiros
Mvided by NDollar Cost of Imported Equipment

- Cruzeiros per

Type of Ecuipment Dollar
Metal structurza’ direct fired furnacas Y 160.00
Pressure. vessels (towsrs and pressura storage). - 163,00
Large-diameter wzlded tubes ‘ 170.00.
Storage tanﬁs; staam generator-mixers 172,00

Electrical squipment - =2lectricity ducts,
tubinz - stz2el and forged iron tubes.
réfractories and thermal insulation

material 100.00
lleat exchanges and surfacz condensars 183.00
Cyclones 1£5.00
Traveling crapmeg: lifts and lifting taclls 150,00
Tubinn - connnctions -~ oxnansion joints - 200,00
Pumps and comptassors _ 220,00
Electrical equipment - motors and transformars 250.00

SOURCE: United ilations, Thz Manufacturz of Industrial “achinery and
Equipment in Latin America I. Tasic Equipment in Drazil
‘(New York, 1963), n. 20. I .

a dollar of imports in the machinzry branch wv2re amonc tha lowest to

be found in any Lranch in industry, desnites the small size of thz sector.l
Finally, supvort is nrovided in a study by PR.. -foligo and'J. Stern?

of the effactive tariff rate (the rats of protection of.valus added) in

Pakistan,. 1pg;t-data(show that the effective rate of nrotection of .machin-

ery is the lowest for any grouo of nroducts:in Paliistan. Wavertheless,

the rate of growth of outnut in this branch has heen v=ry ranid. Thus,

Ly, Rruno, Interdependence, Resource US° and. utructural Changa in
Israel" (Jerusal°m' Bank of Israzl, 1962). ; -
Tariff Protection, Import Substitut*ow a1d Invnstmant Efficiency
in Pakistar,” Pakistan Development Reviaw -(Summat, :1965)
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despite the .lack of tariff:nrotection, profitability in machine production
must be quite high, implying that the branch may havz a comparative advan-
tage.

Thus, available evidance, although by no means complete, does conform
to our initial expectation that the LDC's may v211 he competitive even in
the production of thz most modern capital gbéds.l Horeover,ianart from
the advantages to b2 derived f;om tha production of 2fficient, labor inten-
sive machines, other benzfits would certzinly b2 significant. Foreign ex-
change shortages fraquently intarrupt devz2lonment nrograms resulting in
either an interruption in the investment nrogram or a reduction in the
current rate of production as intermediate imnorts are cut back. Assuming
that the shortage results from a foreign exchange gen rather than a savings
constraint, the existence of domestic canital rroducing canacity eliminates
to an important extent the naz2d to ohtain foreipn =xchange in order to
transform savings into real investment ,r;ooc‘.s.2 Finallv, even if few indi-
vidual LDC's could expect to producz thz full rangz of capital goods, trade
among them could still sliminate the foreign 2xchange hottleneck, which
given current geogranhic distribution of canital goods nroduction, often
is tantamount to a lack of exnorts to the advanced countrizs.

The'dyﬁamic benefits obtainable from 2quipment nroduction are also
importaﬁf to consider. One result of the recent outpourins of literature

on production functions and technological change has been to focus atten-

11t is also likely that in most of these countries the competitiveness
of the existing branches 1s probably understated as their raw material
costs, particularly of metals, are above world levels as a result of their
use of high cost domestically produced metals.

2For an early statement of the problem which anticipated much of the
recent “'two gan" literature see E. D. Domar, ‘A Soviet Modzl of Growth'
Essays in the Theory of Economic Growth (2w York: Oxford University Press,
1957).
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cLion,on the likelihood,that techricalichange-is :often embodizd -in new
;gy;gment%}, Assumingqthisﬁavproa¢h'to;containna~substantial amount ‘of
descriptive power, the question arisss as to the sourc: of these im-
nrovements, There is historical evidencs that-a large-nart -of this
change has its oripin in.the capital roods branches themsalves, those
actually employsd in the branch constituting an imnortant source of-
new}idaas.z Hovever, thars is still considerablz scone for further
investigation of this important quastion.

Finally, the existence of a canital goods sz2ctor may constitute
a necessary condition for changes in desien rhich resnond to domestic
relative factor scarcities in the 2comomy. Although th2re are at present
clear directions in vhich e capital-saving technology could develon,3
the machine producins industry in ths ast is, for a variety of reasons,
unlikely to follow this course. Thus, in the final analysis, the -long
run economic asnirations of less develored natiors might denend largely

on the successful adontion and continued crowti: of o domestic capital

goods industry.

1See R. M. Solow, “Investment and Technical Progress’ ilathematical
Methods in the Social Sciences (Stanford, 1967). For a recent discussion
of the difficulty of actually measuring such chang2, see D. Jorzenson, ‘The
Embodiment Hynothesis,' Journal of Political Economy (February 1966).

2y, Rosenbarg in “Canital Goods, Tachnology and Economic Growth,”
Oxford Economic Papers (Novembar 1963), provides many examnles from U. S,
2conomic history.

3For a sugpestivz analysis of these nossibilities sze G. I, Boon,

Economic Choice of Human and Physical Factors in Production (Amsterdam:

HNorth lolland Publishing Co., 1964), pp. 59-G5 .-
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