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THE FACTOR-PROPORTIONS PROBLEM IN UNDER-
DEVELOPED AREAS *

by ReS Eckaus.

- THE CONCEPTS 'STRUCTURAL DISEQUILIBRIUM' , 'OVERPOPUIATION', ‘TECH-
nological unemployment' and 'underemployment' appear frequently in the li-
terature on underdeveloped areas and there is considerable discussion of
the comparative desirability for use in such areas of relatively labour-
intensive or capital-intensive techniques. This paper is intended to help
_Cl rlfy some of the underlylng issues and to begln to provide a theoretical
basis for thelr analysis. '

 Many of the underdeveloped areas of the world have large agrarlan popu~
lations in which there is either persistent open unemployment or in  which
the marginal productlvity of the working force is so low that it is common
y bélieved that'withdrawal of a sizable fraction would not significantly af
feet outputs This seems to be the case to varying degrees for much of Asia
and the Middle East. Other countries, such as Italy, show persistent urban
as well as rural unemployment or underemployment. It is a common feature of
“the unemployment in these countries that it fails to respond to fiseal poli
' ey measures designed to increase employment by stimulating effective demand.
Use of conventional income-generating techniques appears in fact to create

inflationary pressures and balance-of-payments difficulties long before full

* The American Economic Review, September 1955, Reprinted by permission of

the American Bconomic Association and the authors The author wishes to
express his gratitude to the Center for International Studies, under whose
auspices he did the work upon which this paper is based, to the seminar
group of the Center for criticism and encouragement and especially to F.M,
Bator and P.N. Rosenstein-Rodan. He is also indebted to P.,A. Samuelson and
Re Solow for their interest. An Italian translation of this article appear-
ed in L'Industria, November 1955.
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employment is approached.

This interpretation of the condition of many underdeveloped areas has
led to the formulation of a number of alternative explanatory hypotheses
whnich are presented in Section 1le One of these hypothesés appears, at this
stage of investigation; to be particularly fruitful in casting light on some
of the outstanding characteristics of underdeveloped areas and is elaborat
ed in Section 1l Two approaches to the problems 6f empirical testing of the
hypotheses are outlined in Section 111.

The hypotheses presented below suggest that the unemployment difficult-
ies of underdeveloped .areas are not basically due to lack of effective dem-_

and but stem from market imperfections 9lim1ted ~opportunities for technical

isubstitution of factors and 1nappropr1ate fdctor endowments.l The teghniques

o e e e

of anaiysis of factor~market imperfections are well known.2 The implications
of limited technical substitutability of factors were first analysed by Abra
ham Vald3 and more recently by the linear programming techniques.4 Further
deveiopment of the theoretical analysis in this paper consists mainly of an
elaboration of geometrical techniguesy which are used to apply the theory s
pecifically to the problems of underdeveloped areas.
1o THE FACTOR-PRCPORTICNS HYPOTHESE o

The snalysis which follows has grown out of the suggestion by C;P. Kind
leberger that underdeveloped areas such as Itely are characterized by
'structural disequilibrium at the factor level'., This concept, formulated by

Kindleberger and E. Despres, is i@entified as followss:

};J/ The hypotheses and dnalysis have come to be known at the Center for in-
ternational Studies, Massachussetts Institute of TechnOIOgy, as the
Ifactor-proportions’ probleme
_ggd/ Eogoy Joan Robinson, Essays in the Theony of Employment, 2nd ed. Ox—
ford, 1947519 che 2.
3 / A. Wald, 'Uber einige Gleichungssysteme der mathematischen Ckonomie',
Zeitschr., f. Nationalokon,, Dec. 1936, V1l, 636=70; cf. also W.L. Valk,
Productirm, Pricing and Employment in the Stati: Stete (London, 1937), p.58.
_ﬁu/ E«g>4 Rs Dorfman, Applicetion of ILinear Programming to the Theory of
the ®irm (Berkeley, U.S.As, 1951). In his paper 'Full mnloJment ‘and’
Pixed Coefiicients of Production! (Quarterly Journal of Bconomics, Peb.l1l955,
pp. 23-44), M. Fukuoka also relates the assumption of fixed coefficients in
production to the problem of unemployment.



Disequilibrium at the factor level may arise either because a single fac-
tor receives different returns in different uses or because .the price rela-
tionships among factors are out of line with factor availabilities.t

This suggestion has been the starting point for two types of explenation
of unemployment‘or underemployment in underdeveioped areas. The firs+t. type
assunes that available technology would permit full use of the working force
at some set of relative prices and finds the source of unemployment in var-
ious types of 'imperfections' in the price.system. The second type suggestis
that there are imitations in the existing technology or the structure of dg
mand which lead to a redundancyfof labour in densely populated, underdevel=~
oped areas. The two types of hypotheses are combined in Section 1l to ob-
tain a more general analysiss '
The Market Imperfections Hypotheses

In the accompanying figure the vertical axis represents the rate of real
wages. and the‘horizontal axis the amount of labour, The curves DD' and SS're-
present the aggregate supply end demend relations for a typicel industry if
factor markets are competitive. Under competitive conditions the wage rate
would settle at E.°

“Wage A
rate

Quantity of ILebour
services

Figura T

1l / CoPes Kindleberger and E. Despres, 'The Mechanism for Adjustment in In-
ternational Payments- The ILessons of Post-war Experience', The Ameri-

can Economic Review, Proceedings, May 1952.

2 / Pixed supply and demand curves such as those in Figure 1, suppose, of
course, constant resources, technology and consumer tastes.



fguppose9 however, that trade union pressures, immobility of labour, govern-

.ment social legislation or other factor-market imperfections meintain the
wage rate at W rather than allowing it to fall to E. The effective labour
supply curve would be WS'. At the higher _wage rete the demend for labour
would not absorb all the labour available and it could be said, as Kind-

leberger does, that, ceteris paribus, the wage rate does not represent fac}

;Ior endowmentse o
To isolate the influence of various.types of imperfections let us now
consider a case in which factor mobility, or leck of it, is not important
‘and continue to confine the analysis to aclosed economy. If the system had
;become adjusted wa particular complex of rigidities there would be no need
1 for factor mobility in the absence of changes in techniques or tastes.l
f— The comparative use of the factors of production, depending es it does

on the factor-price ratios and technology,would, however, reflect .the 'true
‘availability of Jabour only if wages _were kept at E in Figure I, If wages

. et

,are kept at W there is an 'artificielly’ high ratio of the price of labour to
..he price of capital. Since we are expliclitly assuming that factor substitu-
%ion isy in faet, possible, a a_structure of pr@duotion may reault with a high-
ev gapltalmlabaur rutic thoen otherwise. If the diagram were representative of

e S Y s m—————— St 4 e

large parts of an economy, as output increased full employment of the given
lobour force would require the use of more capital than if the structure of
productior were adjusted to a lower labour-capital price retio, unless the
substitution effects were offset by increasing returns to scale. In a coun=-
try in which capital wes scarce and unemployment of considerable magnitude,
the attempt to achieve full employment by use of relatively capital-intensive
investment would be more likely to lead to inflation end balance-of payments
ifficulties, short of full employment, than if more labour-intensive tech-
igues were used.

e acme

N~
(’ The development of sociel policy in economically underdeveloped areas

{» / '1f effective demand always moved up and down in the same well-worn

‘ channels, a supply of each type of labour would always be ready wait-
ing tn meet demand for it, when effective demand expanded, and the question
\gf mobility would not arise.' Joan Robinson, op.cite., pe 30.



frequently proceeds more rapidly than economic growth, Imitation of the tech-
niques of more advanced countries is not confined to technology. Elaborate so
cial security legislation end aggressive government-encouraged union movements
are often found in densely pbpulated, low per capita income countries which
are just on the threshold of economic advancement. There is little or no scope
for such devices for raising wages except in the relatively more advanced and
well organized sectors. Therefore, new industrial projects may face the pros-
prects of wage rates quite different from those prevailing in the handicraft
and agrarian sectors and thus may be compelled to use different factor propor
tions. These considerations suggest that the foregoing analysis may be quite
Lgelevant for underdeveloped areas., .

(— The next step in the anslysis is to abandon the assumptions of constant
'technolcgy and consumer tastes and to investigate the effects of changes in
the composition of demand for goods and factors due to such influences as
changes in methods of production or in the directions or levels of demand as
< result of changes in tastes or foreign competition. In this second case,as
ine level of aggregate effective demand rises, goods will be demanded in aiff
erent proportions than formerly and the location and megnitudes of the demand
for factors of production will shift. If labour is not mobile, or if it takes
considerable wage increases to shift it, then factor disequilibrium such as
lepicted in Figure 1 for the preceding case of constant tastes and technology
would develop in certain industries., An increase in the level of effective
demand would push other industries to the limits of capacity relatively quick
1y in this second case. Money wages and prices would begin to rise, not uni-
formly but in the 'bottleneck' sectors, prior to the achievement of general
full employment. New investment in these sections would tend to increase still
further the substitution of ecapital labour while offsetting tendencies in the
relatively stagnant sectors would work slowly, if at all. The balance cf pay
ments under the pressure of growing domestic inflationary pressures and in-
creased demand for capital imports would tend also to develop deficits at an
earlier stage in the expansion of national income. This could all be superim-
posed upon and could aggravate the 'factor disequilibrium' previously discuss

ed, It would be distinguishabley however, as there would be evidence of excess

iy
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capacity and stranded capital-goods resources indicating sn original mis-
iﬁ}location or a structural shift.
5 Trere is at least superficial evidence to suggest that the factors s-
itressed in this hypotnesis may be operative in some underdeveloped countries.
Por exemple, although Italy has a persistent unemployment of about 2 million
in a population of around 47 million, there are also some sectors of the Ita
lian economy, such as shipbuilding, in which there is persistent unused
vhysical capital plent and equipment. Moreover, we would expect that in ul-
derdevelbped areas the working force would be even more bound by tradition,
reluctance to change location and barriers to socisl as well as physical move
ment than is the case in more advanced, industrialized countries: this would
also contribute to the problems created by structural chenge.
(’ Closely related to this second hypothesis is an explanation which locates
kthe source of factor disequilibrium in barriers fo the entry of new firms in-
to profitable industries whose expansion is limited by various types of mono-
poiistic restrictionse This and the other types of 'imperfections' could aggra
"yate the 'factor disequilibrium’®.
f” Ine further related hypothesis remains to be considered here.1 Suppose
U that, whatever the actusl characteristics of the production function and de=
gree of technical substitutabiiity of factors, businessmen believe that they
face a production funetion with constant coefficientsy i.e.y; no factor subs-
\EitutiGn is possible. Indian businessmen, for example, may believe that the
"American way' of producing is the best and only way and that this always in-
volves high ratios of capitsl tc labour. Plant engineers>accust0med to emulat
ing 'Western' technology may not be sensitive to the range of choice azctually
available ir manufacturing processes and mey impose unnecessary technical
constraints on managers in underdeveloped countries. Thus in Figure 2, al-
though the solid lines, X9 Kpeeo may represent the real contours of the pro-
duction function, businessmen may regerd the dashed lines x"l, x“2-.. as the
ones along which they must moveo
In this case the expansidn path P would be independent of the factor-

price ratiosy and,; therefore, of the supply curve of labour such as indiceated

3 G e - D ST D €D G

1 _/ 1 am indebted to F. M. Bator for the suggestion of this casze,.



in Figure'le Expansion of effective demand would tend to run into the limits
"~ imposed by capital capeciyy brior to the achievement.of full employment with R
consequeni inflationary tendencies and'belance-ef-payments difficulties.

This could take place even if Figure 2 were not characteristic of all sectors

of industry. | |

N

e GF
S L

.Figure'VZ
i The TechnOIOgical Restraints Hypothesis

it is fairly common for observers to repert finding modern, capitalein-
tensive equipment ahd’techniques used in underdeveloped areas where relative
factbr prices would suggesffythe use of more labour-intensive techniques. I
should naﬁ like to suggest thet the ﬁse‘of the 'modern’ techniques is not
necessarily irrational emulation but the result of real limitations in the
technological choices available, and that this, in turn, is a major source
of labeuruemployment problems in-uﬁderdeveldped areas. At this point the ex
position will be oversimplified to indicate in stark outline the nature of

W

the'arggmente In the next section the hypothesis will be combined with some .
of the market-imperfections hypotheses in an attempt to describe some of the
m jor characteristics of underdeveloped and overpopulated areas by the use
of a relatively simple‘theoreﬁieal framework,

r' The basic assumptions of the following analysis are: (1) in large sectors

of an economy there are only a few alternafive processes which can be utili-
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,]zed; (2) these processes are relatively capibal—intensive.l There have been
frequent comments which describe certain features of underdeveloped and over
populated areas as essentially the result of limited variability in the coef-

. ficientshpf prodqpﬁion. An example of this kind of comment is the frequently
;hserved ;ﬁﬁdé}éﬁﬁ1;§ment' in agriculture, where this is taken to mean that,
with agricultural techniques remaining unchanged, withdrawal of farm labour
would not reduce outpute. ‘

- The Case of One Good, Two Factors and One Process, In the first, most

i
4simple case t0 be considered, suppose that only one good is produced in the

economy, national product which requires two factors, capital and labour.
Assume also that only one process can be used K

to produce national product, i.e., that the J

factors must be used in fixed proportions.This c x3

situvation is prepresented in Figure 3, where

the heavy black line represents national out- { X,

put, xl of 1 units; the lighter lines represent | :

higher outputs. Quite irrespective of relatiwe - ‘xl

factor prices, points a,b,c, etc., represent

the combinations of factors which will be 0 9;
Figure 3

used 10 produce output and the slope of = the
line joining these points is equal to the constant, capital-labour ratio.

‘ Only when the factors of production are actually available in propor-
tions equal to the fixed capital-labour ratio is there the possibility that
both can simultaneously be fully utilized. If the actual factor endowmentis
off the line Oabe, for example, at point E, there must inevitably be some
unemployment of labour which is not amenable to any fiscal or monetary poli-
cy for its alleviation. lLabour is a redundant factor and only by increasing

{1 / A production 'process' is a way of combining different factors of pro-
duction whose proportions are determined by technology, although the
scale of production and thus the absolute quantities of the factors used *°
‘may be freely variable. '
2 / Confining the analysis to only two factors is not essential but highly
convenient for geometrical demonstrations.



'leasu pertially of “this kind

/, Two or More PrOcesses.; buppose'now that a second and a third relative-

1y more labourflntensive pracess is developed for the production of the

I 'hat three processes are now available.This
is represented in Flgure;4 %y‘the:ex1stence of two more right -angled cons
tant-product lines for .a’ unlt of output and two additional expansion paths,
Ocd and Cef. ' :

In addition to the alternatlve combinations of factors which may be used
to produce a unlt output represented by points a and ¢ and e, the lines ac
and ce also represent comblnatlons of factors which will yield a unit of
output. It is possible to. be between a and ¢ on line acy for example by us-
ing the first process and the second process in different combinstions. If
the resourcee are taken away from the first process, output would fall.
But if these.reeeurces areﬂthen used in the second process, output would
rise. It can be shown rlgorouslyzl and may be appreciated intuitively that
there is some w1thdrawa1 of factors from process 1.and subsequent use in
process 2 whlch will. restore output to the unit level, Correspondingly the
line bd represents comblnations of mrocess I and process 2 and of the two

factors capltal and labour which .are: optimal for the production of the x

3 2

level of outputo
In this second case where several processes are available the proportions

in which the two factors can be used are not confined to either the expan-

€2 ey wnw e o v e

1 _/ 1 recognize that it is-stretching a definition considerably to call re-
dundant factors 'unemployed'. However, since it is specifically the hy-
pothesis of this paper that the labour called 'unemployed' or 'underemployed’
in underdeveloped areas is redundant, 1 shall, with this warning, use the
terms interchangeably.
/ Cf. Dorfman, opecite, pp. 39-41
3 / It can be seen by draw1ng a line from a to e that, for any output, any
combination involving processes 1 and 3 would require more of at least
one factor than a combination of processes 2 and 3.
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sion path of the first process or the expansion path of the second process,
or both, but may be any place within the area bounded by Cab and Oef. Thus
the factor endowment El, while inevitably implying some unemployment of la=-
bour when only the first process was available, can now be fully utilized by

using'thetfirst process‘on a smaller scale and swithching some of the capi-

- tal to the second process. If, however, the factor endowment should be out

;side‘fhe area‘bounded by5the two expansibn paths, at E2 or E3’ for example,

structural unemployment‘of capital capacity or of labour would ensue in exact

ly the same manner as in the'préceding'case of one process, regardless of

t{actor—price ratios or fiscal policye.

Figure 4
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i If more than two processes are available to the economy, full employ-
ment of all factors will be possible at a nonzero wage so long as the pro-
portions in which factors are endowed fall oﬁ or within the limits set by
the processes with the most extreme faétor—ﬁse raﬁios. This suggest an ob-
servation which is, by now, aimosf trite: reduction of underemployment in
overpopulated areas réquires the addition of scarce factors. This, may, how
‘everg be accomplished in a varlety of ways, such as the use of dry-farming
{me thods sand drought-and heat-resistant hybrlds which increase the land a-

‘Lvallable for farming.

(’ In the case in which gust one process is available, changesﬁn relative
factor prices cannot affect the proportions in which factors are used. This
is not true when there are_fwo or more processes available., In this case
factor proportions employed will, in competitive markets, vary with factor
prices'énd the achievemént of full employment, if technologically possible
with the given fécfor endqwment, will depend on factor prices. In Figure 4
‘rl,%ﬁandirg are constant-expenditure.1ines illustrating three possible sets

of factor prices. The line r. has the special feature that its slope is e-

qual to that of the constantfproduct curve between points a and c.l

If the price ratio of factors were of the Ty orry types .only one pro-
cess end one ratio of factors would be used, To employ completely each of
the factors in an endowment like El, the very special factor-price ratio r,
would be necessary. A factor-price ratio slightly different from T, would
be sufficient to move factor-use ratios away from E1 to one of the isoquant
vertices. Moreover, having reached a vertex of an isoquant it would be possi-
ble for large changes in relati¥e factor prices to gccur without leading
139 factor substitution.

Two Goods and Two Factors. An interesting question is whether the restric-

tion of the analysis to only a single good is responsible for the character
of the conclusion. By use of an Edgeworth-Bowley type box diagram we can con
tinue to have the advantage of graphic techniques without loss of simpli-

- e 0« an e e e e

1 / Constant expenditures lines r, and r. could be drawn analogously to
r, ¢ eand r,, with a qlope equal to thgt of ce, and less than that of

ce respectivelyo

~
Fi
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city and extend the analysis to the case of two goods.

Let us now assume that we have two goods Xy and X, each of which can
be produced by two,fixed-proportions processes, and that constant returns
to scale prevail,l only two factors, capital, K, and labour, L, are used,
Figure 5a shows a few of the infinity of equal-product lines which could be
drawn for different outputs of the two goods. The solid lines refer to pro-
duct 1 4 the dashed lines to product 2+ In Figure 5b, these isoquants are
use to contruct a box diagram. The dimensions of each side of the box repre-
sent the total amount of factors available. Any point within the box simul-
taneously repfesents four cuantities: the amount of capital and the amount
of labour used in producing X4 which is determined by measurement from the
lower left-hand cornery; and the amount of capital and the amount of labour
used in the X2 industry, measured from upper right-hand corner.

Figure 5b provides the basis for the derivation of the'effic¢iency locus’
for the two goods Xy and x20 If production takes place at any point off this
locus, it is possible by recombination of factors to produce more of one
good without diminishing the output of the other. If along the efficiency
locus corresponding amounts of the tﬁc goods are read off and plotted on a
chart as in Figure 5c¢, the transformation of production-possibility curve be-
tween x, and x,.. is obtaired.

1 2
To locate a point on the efficiency locus we must specify a

N - Process K%

»1,

>
Pigure 5b "1

1l / The assumption of constont returns to scale is , of course, maintained

not because it is considered the best description of reality but for
its analytical convenience. Some comments on the effects on the analysis of
dropping this assumption are made below, pp, 367-8,
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particular amount of X to be produced and

find the maximum of X, which ecan simultaneo-

x]_‘k ‘ ”usly be pfoduced. Graihically,we must move
o S » ' elong‘the specified X isoquant crossing x,
D ' 'equal product lines until we reach the high-
\\\\\\‘C est x2 isoguaﬁt obtainable., The optimum posi
\\\» tions achieved will thus be located at tangen
éB cies of the X, and X5 equal product lines
5(? K !;2‘ where the lines just touch without crossing.

Since, in the present case, each equal-prod-
uct line is made up‘of segments of straight lines, the optimal positions will
be corner tangencies. By repetition of this meximizing process for a series
oflpoints‘the entire efficiency locus can be detefmined.

‘Bince in the present case the efficiency locus for the two goods is a ra-
ther complicated succession of line segments we shall trace it out careful-
ly. Starting at 0 , ero output of x,, the meximum output of x, obtaimable
is indicated at point A and could be computed by dividing O A by the scale
factor applicable to process x'2. If output of Xy is now increased relative
to x2, it will be most efficient, at first, to use process x'1 and for x

2

to be produced with process x'.; produwction of Xy would then move along the

5
expansion path OIB and x2 shoild decrease along the expansion path x'2 to
point B. In this first stage capital is a redundant factor and labour is re-
latively scarce. The economic system adjusts tb this condition by direct-
ing the use of the most capital»intensive_prOCesses t0 be used for the pro-
duction of both goodse

As producﬁion of X, is expanded beyond éoint B it would be best now to
use both process x'l and process x"l in combinations indiceted by the in-
tersection of 0 A with the constant-product lines for commodity X, as long
as these 1ntersect10ns lie between the expansion paths of x'l and x"l pro-
duction of x, should continue to be by means of process x'

2 2
This second, stage is indicated by the points on the segment BC which belong

alone, however.

to both the combination of x'l and x"l and process x' 0° By tracing a2long an

% isoquant between B and C it can be seen that shiftlng to the expansion
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path 02
put of x

A makes possible a larger production of x, for the particular out-

2

1
is decreased, capital becomes

than if we had remained on the path O.,B. As production'of X1 is

expandedlin this stage and production of X,
more scarce relative to labour due to the relatively high labour-capital
ratio of the resources released by the decrease in production of Xye
In the third stage, as output of xl is farther increased, it is most
efficient to use only process x"l. But now for any given output of Xy
the maximum amount of x, can be obtained by wuse of the more labour-intens-

ive process x"é in combination with process x'.. The third stage on the e-

2

fficiency locus is indicated by line CD.
Finally, still further expansion of production X continues to be best

done along the expansion path of process x"l untily, at point E, Xy is

being produced to the complete exclusion of x In this fourth and final

stage the‘output of x, should be produced on1§ by process x!',.

Only in the fourth stage and the first stage of the efficiency locus
would optimum allocation imply some unemployment of one of the factors. In
the firs stage the unemployment of capital for different outputs of Xy and
%, is indicated by the vertical distan¢e between lines AB and OlB° In the
final stage the unemployment of labour is measured by the horizontal diste
ance between lines DE and DOzo

Actually the occurrence and qualitative significance of any of the sta-
ges depends on both technology and factor endowments if process x"l were
relatively more labour-intensive than is shown, its expansion path would
pivot to the right and stage 2 in Figure 5b would be prolonged. As common
sense would suggest, development of a sufficiently labour-intensive process
for Xy could cause stages three and four to disappear entirely and with them
the possibility that there could be an 'optimal' configuration which invol-
ved unemploymemt of labour., A similar effect would result from a decrease
in the amount of labour endowment. This could be depicted by squeezing to-
gether the léft~and~right-hand sides of the box in Figure 5b. Increasing
the labour supply would mean stretching the box horizontally. This would not
only increase the range of outputs associated with stage 4 but also, if push-

ed far enough, first eliminate stage 1, the capital unemployment stage, and
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then stage 2.

The points ABCDE on the technical transformation curve in Figure 5S¢
correspond to the similarly lettered points on the efficiency locus 1n Fi-
gure 5?51 At first when only a little Xi is produced and , relatively, a
lot of X, we should move along the segment AB using process x"1 and x‘2o
Unemployment of capital associated with this segment on Figure 5b will be
reduced as we approach B. Relative labour scarcity is limiting along this
segment and the slope of the line segment AB will depehd on the ratio of
the labour inputs of output of x, t0 x,. The relative labour intensity of

2 1

process x'_ compared to process x'i as drawn on Figure 5a accounts for

the steepnzss of the segment,

The line segment ED on Figure 5¢ has an exactly analogous justification
to thet for the segment AB, labour unemployment will be reduced as D is
approached from point E. Capital is the only scarce factor and the relative
capitél intensity of process x'“l as comparéd to process x"2 accounts for
the flztness of Do

Point C is located c¢onveniently relative to points B and D. More of Xq
is produced at C than at B, though not so much more as produced at point D.
Likewise less leis.produced at C than at B though not as much less at D,
The segments BC and CD will be straight lines as can be verified by noting
in Figure 5b that, due to the assumption of constant returns to scale in
all processes; there must be a constant ratio between changes in output of
x2 along the line 02A between C and B; for example, and changes in output
of xye

It was pointed out with regerd to the efficiency locus in Figure 5b that
changes in factor endowment and technology could shorten, extend or even
completely eliminate various stages of the efficiency locus. This applies
also to the‘separate segments of the technical transformation curve. The
technical transformation curve of Figure 5c¢ illustrates all the possible s-

tages which could be produced by this simple case, from unemployment of ca=

J;J/ In the constant-returns-to-scale- case, only relative factor endowments

are important in determining the shape of the transformation curve. If
the absolute factor endowments were changed while relative factor endowments
remain constant, it would amount to sliding the north~-east-and-south-west
vertices of the box on the connecting diagonal,
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pital to unemployment of labour. It should not be presumed that this range
of possibilities will actually exist in a particular system at any one
time . Rather, it is the hypothesis of this paper that technology and factor
endowments in underdeveloped areas are such that a segment like DE, in which
labour is redundant, is important in their transformation curves.

To demonstrate the importance of demand conditions for employment when
the conditions assumed in the present hypothesis exist,we shall draw a trans-
formation curve in Pigure 6 consisting only of stage CD, along which there

is full employment of both capital and

labour, and the labour-redundant stage

Xl“ | DE. This can be envisaged as.the result
of a high rate of population growth
which has stretched the labour axis

=

very far. We can now see that actual a-
chievement of full employment depends

on the relative demands for tre two goods.

Market baskets whose composition falls

T2 along CD will allow full employment;
Pigure 6 ‘along DE labour will be redundant. A geo-

metrical demonstrétich Which is suggestive, fhoughllacking in rigoury can
be fiven. Suppose that the lines il and 12 represent two different possibil-
ities for the community's indifference curve for the two goods. Only in

the case in which the indifference curve is tangent along CD will optimal
output imply full employment. The community must face a conflict in goals
between full employment_and maximum value of output if 12 is in fact its

1

indifference curves Extending the analysis to include many goods would

1 _/ A major qualification to this anelysis, still on the static level, is

the possibility that the shape and position of the community indiffer-
ence curves might not be independent of the particular processes or combina=~
tions of processes which are usedy, To handle this difficulty it would be nr¢ -
cessary to determine the shifts in income distribution which result from
changes in factor prices and t0 explore the differentials in tastes of the
recipients of the different types on income.
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widen the renge within which factor endowments could vary without unemploy-
ment of one or more factors resulting. There would, however, still be no
guarantee that the COmpositioh of goods demanded would always hit on a full-
employment point . ' '

It ﬁay also be obsefved‘that if it is possible to buy and sell in fore-
ign trade at price ratios bétween the slopes of CD and DE, full employment
would again be possible though not neceésary.TO determine wheiher or not it
would result, it would be necessary to know the reciprocal demands for ex-
ports end imports. _ '

It would Dbe possible to elaborate this model now by investigating
the implications for‘the analysis of market imperfections such as were con-
sidered in the previous section. This extension will be postponed to the
following section, however, and applied +to a model of underdeveloped areas
designed to be spmewhat more realistice. As it stands the present analysis
gives us, I'believe, important insight into the problems of underdeveloped
aresso It’presenfs a hypothesis which helps account for the inflationary
tendéncies of underdeveloped areas wder the impact of programmes deésigned
to raise efféctive demand y and for the stubbornness of unemployment in
such arease. |

The anaiysis of this section also provides a more precise definition
for the ‘techﬁological unemployment' mentioned in Measures for the Econo-.
mic Development of Underdeveloped Countriesol Technblogieal unemployment
may be a real.problem for underdeveloped areas if it is defined,. as in this
section,; as redundant labour arising from resource and technological res=-

traints and the structure of demand.

11, A MODEL OF UNDERDEVELOPED AND
OVERPOPUIATED AREAS 2

Though the analysis of the previous section is suggestive, it is hard to
believe that all of the unemployment and under-employment in underdevelop-

ed areas represents literally useless'labouro Moreover, the assumption of

1 / United Nations, Department of Econbmic Affairs (Wew York, 1951).

2 / 1 am particularly indebted to P.N. Rosenstein-Rodan for discussion of
the issues raised in this section. ' C :

o
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only a few alternative processes and a guite limited range for substitution
of factors does not seem to fit Qell the teChnological 6haracteristic$ of a
number of importanf'industriés,Aas, for eXample, agriculture. I shall
attempt therefore to move towards greater realism by use of a two sector mo-
© del (oné sectidn with fixed; and one with variable coéfficients ofrproduct-,
ion) and investigafion.of the effects of market imperfections in such a sy s-
tem. To thé-assumptionvaf limited opportunities for substitution in some in-
dustries is added the ‘hypothesis that in many other industries there is a

7oonq1derable range of varlablllty in the proportions in whlch factors can be

L:medo

41gure T
{’1 will be useful to 1nit1ate ‘the discussion under. the assumption that each

of the two sectors produce the.same.producta uﬁppose,that in Pigure 7 the

cons tant-product lines of the fixed-coefficient industry are represented by
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the lines x19 x ooool and the. constant-product lines of‘the variable co-
efficlent 1ndustry by the llnes x! 19 x'2....;v ,

The output x1 could be produced by the factor combination and. technique
represented by point 1 or any mfthe factor combinations using the variable-
proportions. technique represented by the line x'l. Moreover, following the
reasoning on page 356 above, it is also possible to produce Xy by simultane-
ously using both the, fixedacoeffloients and variable-coefficiants techniques.

1A110fthajdnes vhich could: be drawn from point 1 to line x' represent e comb-~
ination of methods whieh would produce outpux Xl, all such lines fall between
the lines la and 1b which are drewn from point 1 just tangent to line x‘1 2
The'efficiency locus'for specified outputs can be traced out be determining,
- for given amounts of one of the factors, the minimum amount of the other fac-
‘ter\necessarykto produce the output. If this is done for output Xy when very
little lebour is available it is best to produce by the use of the variable-
- coefficients process_alohe; a representative factor use for this case is at
point?po“As more labourvbe¢omeshaﬁailable.the minimum amount of caepital re-
quired to‘prqducéhxl is fowmd by sliding down the variable-coefficients cons~-
tant~prqdﬁct }iﬁe to&innt 2. Line al represents different combinations of
the variabléﬁéaefficients technique located at a and the fixed~coefficient
‘process. When the labour avai?able is. furthpr increased, the minimum amounts
- of capital’ necessary 1o produce Xy are found by moving alone line al. As lab
our available is still further increased the line 1b is the next segment of
the @fflciency locus used, for reasons analogous to those given for the use
- of segment al. Finally, when labour is increased beyond the amount aveilable
at point b,again only the variwble-coefficients method should be used to pro
duce Xje

Qutput xl could also be produced by process combinmtions and amounts of

factora which do not lie on the efficiency locus, of course. Line pl repres-

_n/ Although the constantwproduct lines for the fixed—coefficments sector
are drawn ir Figure 7 as if only one process is available, the demon=-

stration 1s perfectly general and its implirations are applicable when more

then one process is available for the fixed-coefficient industry.

g_/ am indebted to R. Solow for. the crlticism of a previous paper which
led to this formulation.

@

0
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ents a series of such combinations, using in varying proportions the vari-
ablé-coafficients techniques>located at p or n and the fixed-coefficient pro-
cess located.at point l. Any combination of methods along pnl, however, would
result in higher costs for Xy than a method found on the efficiency locus; me=-
thods along pnl could also be used to produce larger amounts than Xqe of
course, many lines like pnl could be drawn between a 1 and the vertical por-
tion of the fixed-coefficient Xy isoproduct line and, analogously, between
1b and the horizontal portion of the fixed-coefficient isoproduct line., Lines
iike Im, of whieh meny could also be drawn, represent combination of methods
which wéuld also producé Xq9 but require more of both labour and capital than
points on the efficiency locus. The boundaries of lines such as 1m are the
vertical and horizontal portions of the fixed-coefficients Xy isoproduct line.
Figure 7 embodies the constant-returns-to-scale assumption for both the
fixed-coefficients and varisble-coefficients method. This is not necessarily
the most realistic or relevant assumption however, nor does the relative po-
sition of the two types of curves; or the shape of the vsriable-coefficients
isoqusnts necessarily correspond closely to reality. It is useful to recognize
Cther; specialvcaées‘which may have important empirical significance. In
Figure Ty for example, only the extremes of the isoproduct curves of the vari-
| ab1e4ccefficiénts techhique Were a part of the efficiency locus for any parti-
cular outpuf, and, as drawn, relatively little substitution was possible at
such extremes. It would, of course, be possible to draw figures in which the
'efficient' isoproduct ridge lines follow the variable-coefficients lines so
as te¢ allow substitution of factors over a considerable range.

The effect of divergent rates of return to scale on the shape and slope
of the constantéproduct ridge lines is illustrated in Figure 8 for one possi
ble set of relations, In the fixed-coefficients process it is assumed thot
there are increasing returns to scale (shown-by decreasing .distances between

Xq5 Xy X5 along any ray from the origin). In the variable-coefficients me=
thod constant returns to scale are the'rule (shown by constant distances be-

tween qug x'29 x°3, along a ray from the origin)e. In this example, the effi
cient isoproduct lines change their_shape ag output is increased. For output
X, only the variable-coefficientsvconstant—product line is relevant. For

output X, the ' efficient' disoproduct ridge 1line involves wuse of
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" both the fixed-and variable-cb-
Ka ' : - efficient techniques. Finally, for output
i : X3y only the fixed-coefficent technique is

o

efficient'and the ridge lines involving the

™

x33 ' variable-coefficient method necessarily have
x5 a positive slope.

\Q—-—WX' X
i . 2 Figure 8 provides the formal basis for
} . 1 < - some useful deductions. Changes in faector
1 1 - prices which might at one scale of output

"}_J

i induce shifts in the proportions in which fac-
i .
; tors are used, may not induce such shifts
3 PMigure 8 at another scale of output or may only pro-
I

duce smaller shifts. Likewise techniques of production not feasible at one
scale of production may'become mandatory for efficiency at another scale.

In Figures 6,7 and 8 it 1s particularly clear that in order for the sys-
tem +o tzxvel along its most efficient production isoquant it is necessary

that factor prlces be flexible, Factor-price rigidities would meke parts of

the efficient consteant-product lines unattainable for profit-maximizing busi-

}neésmena‘
(’" e can now go rapidly through an analysis of the two-sector model hypo-

' thesis assuming that each sector produces a different commodity. The geome-

trical representation of this, using the box diagram technique introduced in
the previous section is'ptovided by Figure 9a., The assumption that for X, on=
ly two alternative processes are available is maintained for convenience;

the resulting production-possibility’curves'for X, are shown by the solid
liness The assumptlon of varlable coefficients in the production of x2 is lim-
ited to the sector between its ridge lines because at these ridge lines the
marginal productivity of one of the factors becomes zero and further input of
this factor would have no effect on outputll.

The production functions for Xy and<x2'are reproduced in the box diagrem

1l / It is assumed that there is no disposal problem and, thus, that the pro-
ductidn isoguants do not bend-back on themselvese.

L]
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in Figure 9b: the dimensiohé ofhfhe!bbx'are détérmined by the factor endow-
{ments_.lvﬂsing'thés box diagram we can trace out the efficienecy locus for
the two products by repeatingly asking the question, 'For a given amount of
fxl what is thé maximum amount of X, which can be produced?' In the process
of tracing out the efficiency locus, the transformation curve cen be drawn
for the two goods. . |

’Stafting at Oi, zero output of X1, the maximum amount of X, producible
is given by O2A.'If‘the output of Xq is increased relative to X it would
be most effiéient at first to use process. x'l for Xq and to produce X, by
travelling along its most capital-intensive ridge line. 02A. This represents
optimal behaviour up to point B, In this stage although both products are be-
ing produced capital is a redﬁndant factor. This results in spite of the vari
ability of coefficients in production of X, because outside the upper ridge
line of x, capital has.zero marginal productivity. Stage 1is represented on
the transformation curve in Figure 9¢ as segment AB.,

, R , , H 7 0
KA S : ‘ B : I B\ v 2
Rocess x) X e ‘j /)\l
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> \
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Figure 9b

The éfficiency'locus from B to C is traced out by finding the succes-
sion of points at which the X, constant-product curves touch the highest X,
constant-product curves. In this stage process x'; will be used for x; and

a varying combination of factors for X, The segment of the trensformation curve

1/ Again only the ratio of the factor endowments is important as long as
constant returms to scale is assumed,
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for this stege, BC, will be curved as equal increases in production of X

[

along x'1 will not result in constant changes in output of Xpe Only along
rays from the origin O2 will ecual distances imply equal differences in out-

‘ put of x,. BC will be concave to the ori-

2 v
gin as is'normal' for transformation

W

curves;vgraphically_it caﬁ be seen that
smaller and smaller changes along x'l are
needed in order to move across equsl
cbangesviﬂ output of Xy As production
moves from B to C the points at which x'l

corners touéh the x, isoquants will be

2
characterized by smaller and smsller

isoquants, correspond-

‘slopes on the X,

T, ing to the decreasing capital-labour ra-

_ : . tio used in the production of x,. At

Pigure 9e: - - some point, C, the capital-labour ratio
‘1n A will become equal to the capital-labour ratio represented by the ne
gotively slanting portion of the X isoquants. A ray from the origin 02 to
point C will intersect every xz‘isoquant at a point with identical slopes.
Thus CD, the third stage of the efficiency locus and the trongformation curve
will be the series of tangencies of the negatively, slanting portion of the

Xy isocusnts, representing combination of yrocesses xl and . x"1 and the X,

isoquants along the ray 020. The segment of the transformation curve corres-

ponding to CD lies on a rey from O, and thus the equal jumps across the Xy

 isoquants will mark out constant cianges in production of Xpe

At point D and for further increases in output of-x1 relative to X, it
would be best to use only process x"l for production of x,. The segment of
the transformation curve, DE, corresponding to IE on the efficiency locus ,
is.curved.for-réasons.similar to those which created the curvature of segment
BC. | | PR o |
- The final'stage of‘thé efficiency locus is the labbut wemployment stage. -
The marginal préductivity of labour has fallen to zero in the x, sector and
in a perfect factor market wages would fall to zero. EF represents this final
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stage on the transformation curve in Figure 9c.

ABCDEF in figure 9c is the full trensformation curve for this case.

There are now curved as well as straight-line-segments, and the kinks char-
‘acteristic of the previous transformation curves have disappeared. 1

In Pigure 9b, as in Figure 5b, it is possible to visualize the effects
of structural changes by altering the shape and position of the production
isoquents for each product 2nd the dimensions of the box.

‘The box diagram approach helps to clarify the implication of the differ-
ences in,éubstitutabiiity in the fixed-coefficient and variable-coefficient
sectors. It is élear that the outputs at which one or another factor becomes
‘redundent will be determined by the limits of subtitution in the variable-co-
efficients sector and the most extreme 18bourQand-capital—intensive process-—
es in the fixed-coefficient sector, not by the discontinuities of the latter
sector. These have other important effects, however,

Suppose that the respective demands for output are such that a large part
of the svailable capital is drawn into the capital-intensive and fixed-coeffi-
clent sector. The smount of labour which can be absorbed in these sectors is
dependent on the amount of capital available. Since capital i3 a scarce faector,
labowr employment opportunities in this sector are limited by its availabili-
ty rather than by demsnd for outpute. The relatively plentiful labour supply
is then pushed into the variable-coefficient sector and absorbed there as
long as the marginal value productivity of labour is higher than the wages
it receives. o '

In this case; as in the models of the preceding sections, unemployment
is not due to lack of effective demand and as a result cannot be relieved by
conventional contracyclicael economic policy designed to stimulate spending.
If employment opportunities in the fixed-coefficient sectors were limited by
capital scarcity'or some other resource bottleneck, an increase in demand ra-
ther then stimulating additional output would only create inflationary pres-
sures. Likewlse in the variable-coefficients sectors if the marginal product-

© e e s s 508 W axy

1 / Being off the efficiency curve, it may be noted, is like being on an i-
soquant lm in the single-good case. Cf, Migure 7 above.



ivity of labour were zero, the first effects of an increase in demend for
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output would be an increase in prices without an increase in production. If
more of the.scarce factors were made available to the fixed-coefficient sec-

tors, more labour could then be employed énd would be used, if there were an

(82

effective demand for its output. Additional amounts of the scarce factors in
the voriable-coefficients sector would also increase labour productivity and
outpuv if demand were adeqﬁate.

It 1s possible in this case of two gectors, one of fixed and one of veri-
able coefficients, for a divergence to exist between the full~employment out-
put end the output with maximum value, Just as in the case of fixed-coeffi-
nient processes for each of two goods, as depicted in Figure 6 above, This
could result even if there were no market imperfections. If, in Figure 9c,
the community indiffarénce ourves were like i, rather than 12 80 that the tan-
gency occurred in the capitel-secarcity, labour-surplus stage, the divergence
could ewisto On the other'hand, community~-indifference curves shaped like 12
would meon  that it would be possible for full-employment output and meximum-
value output $0 be indenticel, This demonstration is subject to the same
qualifications spplied to the one~good case,

Jithout empirical knowledge; it is not possible to evaluate certainly
‘he relative importance of each of the stages of the transformation curve 9e.
Tovsvary amcobding to the hyvothesls advancecd here the transformation curve

‘for underdeveloped areas would consiet mainly of the high labour~intensity
&ffd labour-unemployment segments such as DE and EF,

7 a2 have thus far in this section assumed the existence of competitive mr-
!hets and profit-maximizing entrepreneurs. 'We have shown that , even under
such assumptions, technology, factor endowments and final demands may combine

in ways which make it very difficult for underdeveloped areas t0 solve their

{problems of uhemployment and underemployment. It is possible novto broaden -
;the analysis by combining it with the analysis of the effects of market im-
%perfections discussed in Seetion 1 to determine whet further problems are -
‘created when some of the assumptions of competition are dropped.

Behind the transformation curve lie many fine adjustments as factors are

rhifted from one industry to another and recombined in varying proportions
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to obtain the maximum output from one industry for given outputs of the
other industry. It has been assumed in deriving the transformation curve
that the necessary adjustment would be zccomplished as they would be in a
perfect factor market. But flexihllity within wide limits is required to
achieve every po~s1ble position on a transformation locus such asg that in
[Figure 9c. When imperfections and rigidities of various types obstruct the
}movaments of factors and prices. the system will not be able to achieve its
optimum transformation ocurve but will instead do no better than to move a-
long wsome other, lazss than 6ptima1 curve. Limited factor-price flexibili-
ty mey be ouite serious when at least one good is produced with fixed-co-
efficlent processes. If rigid faoctor prices render a relatively labour-inte
msive process  mprofitable, the only elternstive process may involve a big
jump to & quite cavital-intensive process as weel as a drastic obstacle to
substitution in the varisble-coefficients process,

Jince we are interested in the effeect of imperfections in the fector mar-
kets, it will be useful to distinguiszh trensformation curves which assume
perfect adjustments in the factor‘markets; these will be called ftechnical
transformation curves’s Tronsformation curves which take into account market
imperfections will be different from the technical trensformation curvess
these latter relations will be designated 'merket transformation curves .1

Different types of markat imperfections will create different types of shifts
away from the technical transformation curvé, 80 there is not one market
transformation curve for each technical transformation curve but many.

It may help to approximate reality to assume that factor-price ratios
in the voriable-coefficients ssctor are relatively more flexiltle than those
in the fixed-coefficlenic gector (@re relatively more flexible than those in
the fixed-coefficients sectog} fhis might result from differential strength

o D G €W Y WD

__/ The effect of factor-merket imperfecticns in shifting the market trens-

formation curve inside the technical transformation curve has been point-
ed out and analysed for international trade by G, Halerler, Some Problems
in the Pure Theory of Internmational Trade', The Economic Journal, June 1950,
LX, 223=40 and by I’s Sanuelson, 'Ivaluation of Real National Income', Oxford
Heonomic Papers, Jan. 1950, 11 (XN.S,. ), 18-19 for welfare economics; others
have probably also noted the effect.
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of union orgenization or susceptibility to government wage controls.Suppose
for example, that by means of union pressures or minimum wage legislation
real wages of labour were maintained so that in the fixed-coefficients sec-
tor the Jabour-capital price ratio was get above that represented by the s~
lope of the constant product curve combining processes xi a x'i in Figure
9b; the factor-price ratio in the variable~coefficients sector may still be
assumed to vary freely. The cost~minimizing combination of factors is deter-
nined for sny particular output at the point at which the production-possi-
{bility schedule for that output touches the lowest expenditure line, If the
‘ production~possibilityvschedule has any slope at.this;point, it is a condi=-
tion of equilibrium that this slope be equal to the factor-price ratio which
| determines the slope of the expenditure line. As a result under the present
assumptions process x'i would never be wused, It would always be more profit-
» The transformation curve

2ble to use process x! alone in producing x

would he ARCGH in Fig&re 9¢; this is below t;e technical trensformation
curve and has a much longer range of unemployment. If both sectors were char
acterized by such high, inflexible factor-price ratios, the economy's trans
formoti:n curve would approach ABCJ.l ‘

Darriers to the movement of factors would have the effect of moving the
warket transformation curve even further inside the technical transformation
curve and increasing the range over which a factor is redundant.

- Thug inperfections in factor markets have several undesirable effects.
They reduce the smount of goods available and create a wider range of combi-
noetions of goods over which labour mey become unemployed, depending on the
gtructure of final demand, ,

Alihough the effects of rigid wages.on the tronsformation curve of the
econcmy are clear, welfare judgements as to the results of removal of the
factor-price rigidities are subject to the same qualifications es in the pre
vious case. Much depends on the effects of a change in methods on the income

kéistribution, and, via income distribution, on cammunity preferences.

€L € € Gs W 0 e Y 0 WD

1 / Barriers to capltal movement created by monopoly may create situations
analogous to thase described ab0ve resulting from labour-market imper-
fectionsa

)
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111, EMPIRICAL VERITICATICN

The -nalysis above is based on hypotheses which can be tested empirical-
ly and which deserve to be given factual content. "“mpirical testing requires
measurement of the proportions in which productive factors canm be and are
actually used. Hssentially the objective of such research woulb be an invest-
igatisn of production functionse.

Although the concept of the production fimction has been familiar for
gome time, its enpirical investigetion has,y-as is common, been neglected with
important noteworthy exceptionse. In this conexion it should be noted that even
though it is sometimes presented 2s an analysis of productive processes and
it p2rmineology .is taken from the theory of production, input-output analysis,
as it now stands, does not reveal\the technologies actually in use in an eco=-
nomy. For this purpose a much higher degree of disaggregation would be neces-
sary than is currertly oracticed or appears feasible. Interindustry flows may
strongly reflect historical incideats by which certain technical processes
gre coneentrated in a particuler sector which subcontracts for other sectors.
Or, if similar technical ppcesses are widely used, the interindustry flows in
a particular year nay reflect different cyclical patterms in industry; one
incdustry producing at its capacity may subcontract to another industry which
has equipnment capable of performing the necessary operations and is cyclical=

-

P S, : o o s .
ly depresseds Studies of capital coefficients made for input-output tables

o

0 indicate, however, a methcd which can be used for a factor-proportions stu-
2
©
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'y
- The objective of the process analysis spproach newly developed at the
Jand Corporation is exactly the empirical determination of production func;
tione The emphasis of the process analysis approach in establishing 21l the
slternatives on & productinn-possibility échedule, which is essential for
programmimg9is somewhst different from e faetor - proportions study. For the
.l;/ This point is made with force by H; Ylarkowitz in roceses Anslysis of the
Metal Vorking Industries, The Rand Corporation (santa Vorica, 1953), PP«
7-8.

2d/ Bapecially the studies made by the Inter-Tndusitry Analysis Branch of the
Office of Chief %conomist, Bureau of ¥ines, U.S. Department of Interior.
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- latter .stﬁdy not only‘thefrange of possibilities but the relative frequen-
cies of their use end dynamip considerations involved in choice are import- ¥
ante. The methods of procesq analyais can also be used for a factor-propor-

tions study, however. . = o ' 7

" For the study~ofufadtdr‘proportions;tWO general approaches seem to be
available.  The first, suggested by 1nput-ouﬁput studies of carital coeffi-
clents ‘and which will be called the 'produét analysis' method, involves a
census in euch plant studied of the amounts of each type of factor of pro-
duction used in the expansion of the output of a particular producte The
second method, based on classifications of technical processes, requires
the.determinatioﬁ of the cqmbinations of faetors actuallyvused by firms to

~perform certain stendardized 'tasks's. These approaches to the factor-pro-
portions study are not necessari]y logically separate, nor should they ale
ways be eompletely different in application, The great advantage of process
anqusi9 in precise 1dentification of outputs can compensate for the weak-
ness of produet anelysis where multi-product plants are involved. The advant=
‘age ‘of prodw t analysis in ineclusion of a2ll contributing inputs ean be im-
portant when uesing the procesa~ana ysis approach where it is difficult to i-
solate the contributions of all inputs. Thus, it is importent in particular
cages to have in mind e méthod combining both theproduet and process analyses.
“ The application of product enelysis ben be made in two ways: (1) By
abstracting the data required from the engineering plans which are prepared
»when‘a new investment is undertaken énd'which list the eonstruection, equip-
ment,'labour>and materials.required for the operation of phe plant. Account-
ing records pf'new investmeht expénees could also supply part of the neces-
sary’tﬁfofmatioh.'(Q)-By neans of 'factor inventories' of existing plants to
provide for these pfants-the information which the investment plan analysis
provides for new expansions. No. easy and automatic application of product a-

AN

nalysis techniques is possib;e in the face' of problems such as those rais-
~ ed by multiproduct firms end the measurement of the expansion of capacity.
These problems can often be overcome, I believe, to make this a fruitful me-
thod o ' | _ '

Process analysis is based on the conception that 8ll productive activity
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can be divided into separate teclmicﬁliproéesSes with similar outputs whose
inputs can be identified and comrared. Process analysis thus provides another
logically satisfactory approack to study of'factbrdproportions. The process—
analysis approach can mor:over provide the basis for a comparison of factor-

proportions by final orodusts, and thus for an independent check of factor-

proportions computad by the product-inalysis method. This could be achieved

by determining the appropriste physical processes and levels of activity ne-

cessary for the outpuy of rarticular final product end aggregating their

factor inpﬁtse The‘procsdume just“deacribed is, in fact, that actually used
in modern engineering practice in plint and équipment design and layout. .
The disadvartage of tle process-snalysis approach, however, stemming

- from the kinds of inforaation which would be gererally avsilable. I believe

oceurs precizely where the product-analysis method is strong. The inf orma-
tion fér the prbcess~anm1ysis appraach must come from the records of inputs
to particular procésses and these records, because of the purposes for which
they are kept, will seldom be sufficiantly detailed and conprehensive as to
the inpute involved in o process. As a result it will often be necessary in
usingiﬁhe procesg=unalynis approsca To estimate the contributions of 'indi-
rect' inputy to the processes studieds

| A major souree of information for the application of the process-analysis
appfoach nzy Le th:’timm~cmfds‘kapt fby Many firms, These cards list for each
worker the time which he tokes at each type of machine which he uses to per-

‘ form the-operationm or. the particular niece. These cards wduld have the la-

bour inputs and machirnes specified for particular tasks and often contain
othzr uéeful data as wells The job sheets which accompany production orders
are also sources of infopm:ztion as tley list the time per unit and in total
required by each tjpe of’ mechins and process to‘finish a particular item.

CCNCLUSIONS

In this paper @ number of diferent hypotheses have been developed and
combined for the purpose of explaining outstandihg features of some under-
developed areas: the persictencs of unemployment and underemployment, the

coexiztence of 'modern'capitel-intensive techniques and methods using a

great deal of labour and little capital, and large differentials in fector
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‘returns in different sectors. I ﬁave suggeéted.that to a considerable de-
gree these condltion& may ‘be the result of ‘@ few characteristic conditions:
factor«market imperfections, and limited technical substitutability of fact-
ors, with divergences bétWeeﬁ the proportiohu in which goods are demanded

‘and in which they can be supplied vl th ful’ use of available factorso

ﬂactor—market 1mperfeetions'rh10h limLt factor mobility create employ-
ment problemu in und*reﬂployﬂd arsas with low per ‘capita incomes and limit-

,ud cayital reso»mces which are not olfxermnt in kind but are much different
;nvdegree from ﬁhOo&ﬁx;mtan in nhc nore advanced countries.
| ;ﬁheﬁ'theﬁpropOxtiOnsfin which fretors cen be combined are variable with-
out limit, i;e,, with dﬁcreasiﬁg bat alwajsbpasitive'marpinal returns to la-
bour, adamtlonal labour can always produce additional’ output. If the techniw

el c*uﬂos’ci1;11.1::%:‘:)1.1:i.1;,},r of Lo etors is limlted, as is suggested here, the possib-

111ty cf-labeur_ralund sney &LlSGSa fven il there are some gectors in which
'labour ziwpr'héw a positive marginal product thﬂr@ my be a divergence be-
_&ulen maxlmum value Soutp Yt ;“4~ ull amployment output if there ig insuffi-
01mnt demand *or the outyut of thn&~ fﬂﬂtora. Thess possibilities, are agein

more impartant for the undardavwlowad ars whose resouvres smiowment are of-

ten not vuited to the fﬁctor prcdor+ionff dictated by the oo aologiecal lea~
ﬁvhip of advanoe countrnes. Differcacas in income disiribution and the
'raﬁge of produut» may also make llmlted teehnlcsl substitutability 2 more

p“eaaing problem in und rdaveloped than in aﬁvanced areas.
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