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Technological Transfer, Employment and Development¥

J.C.H. Fei
G. Ranig¥*

While there is controversy on its definition and size, few people
dispute that unemployment is a quantitatively significant phenomenon in
most underdeveloped countries, Unemployment, disguised or open, represents
not only output lost and opportunities missed in terms of involving more
people in creative activity; it also represents a most important inequity
in income distribution and, as such, a major contributing cause to politi=-
cal instability. For these reasons, unemployment is generally acknowledged
as a serious social problem by both academicians and the practitioners of
development planning. In spite of the attention paid to the problem, howe
ever, a positive theory of unemployment for the underdevelgped world has
not as yet been developed.lj This, we believe, is mainly due to the
fact that unemployment in the underdeveloped world is a very complicated
phenomenon but centrally related to economic growth in general and technoe
logical change in particular, At the present time, what we do know of
the causes of unemployment is certain intuitive ideas neither integrated,
from the theoretical standpoint, nor tested from the statistical stande
point. A brief (and by no means, complete) review of the various facets
of the problem which are customarily cited would include the following:

(1) Technology and Factor Endowment. Eckausg/ refers to unemploye

ment as "technical unemployment" where "technical” means non-substitutability

*The authors wish to acknowledge the assistance on the empirical
portion of the paper by Miss Marsha Geier of Northwestern University,

**Professors of Economics at Cornell and Yale Universities respectively,

l/This contrasts sharply with the highly developed theory of uneme
ployment for the mature economy in the Keynesian tradition,

ijichard S. Eckaus, American Economic Review, September 1955,
"The Factor Proportions Problem in Underdeveloped Areas,"”
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between capltsl and lebor in the production process. In dimgrem (la), let
lebor (capital) be meagured on the horizontal (vertical) axis. Suppose
the production contour is the L-shgped Ce-curve (with a corner point at
EE) end suppose the factor endovment point is at the point Fy. Then
cepital constitutes a bottleneck factor and technical unemployment in

the gmount of EoFp units results. Thus; the unemployment problem is
essentially & technological phenomenon and can be defined only relative
to the well known characteristic of relative capital écarcity in the
typical underdeveloped country.

(2) Economic Growth. The sbove characterization of the unemployment

problem immedistely leads to the logical conclusion that rgpld capital
accumuletion (st & rate faster them population growth) is the only wey in
vhich technical unemployment can be elimingted in the long run. It is
then obvious that the unemployment problem can only be understood in the
context of economic growth in which saving, investment and capital
accumulation play key roles. This is; implicitly.at least; the position
of the practitioners of development planning who usually regard the
‘"employment effect" and the "output effect" as the two most importent
eriteria ggainst which to assess the success and failure of s given
econcmic growbh effort.é/

(3) Educstion snd Skill Formation. For those who belleve (e.g.,

SchultzE/) that the development of humen resources lies at the héart of

3/ See virtually eny five-year plan or government policy statement of
recent vintsge.

E/ 7.W. Schultz, "Investment in Human Capital", American Economic Review,
March, 1961.
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economic development and modernization, it is the lack of education and
lebor skills which prevents labor from being fully employed in the course
of the industrializotion effort. Thus, it is only through improvements
in the quality of lebor, through education end/or learning by doing,

that unemployment cen be reduced end output raised. It would seem, after
all, that skilled labor is scarce in most underdeveloped countries while
it is usually the unskilled lgbor force which is unemployed.

(4) Innovetion. One of the most important facts of 1ife in the
development of the contemporary underdeveloped system is the availability
of "importeble technology" whiéh, once imported, constitutes technological
change from the vicwpoint of the underdeveloped society. Since these
imported technplogies originate in industrially mature economies which
are characterized by affluence in cepital and scarcity in lebor, their
transplentation to the underdeveloped system will have relatively small
"employment effects" end possibly adverse "output raising” effects. The
famous success story of Japenese industralization bears testimony to the
fact that it is the ability to implent domestic innovations on top of
imported technology wvhich cen be of the greatest importcnce.é/ Thus, it
would appear thai from both the employment and output standpoints g wise
technology-importation process may be described as technological assimila-
tion which is the compounding of the effects of the importation of a
foreign technology with its adaptation to meke it more suitable to the

indigenous factor endowment.

§7>See Fei & Ranis (Development of the Labor Surplus Economy, Theory and
Policy,Irwin,1964) for e fuller exposition of this lssue.
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The above revicw leade us to the conclusion that while we recognize
that uncmployment has a multiple causction, all the inter-relationships
have not been satisfactorily explored. Vhat we shall attempt to do in this
peper is to integrate these facets into one theoretical framework in the
hope theat this may take us a step closer to a general theory of unemploy-
ment for the underdeveloped economy.

In Section I, we shall construct a general system for the explanation
of employment end output growth. This generel system is broadly constructed
50 as to be useful for an analysis of the four main facets of the problem
identified above. Section II deals with the problem under the assumption
of technological stagnation. Sections III and IV deal with the same
problem when the importation of technology is an essential part of the
picture. (Section III deals with "importaetion" without local "adaptation"
and Section IV with'importation' with "edaptation)) Section V is devoted
to a more careful exeminetion of the availeble chelf of technology importable
from abroad. Finally, in Scction VI the theoretical fremework of this paper
will be examined and verificd in a greliminary fashion in the light of the
experience of historical Japan.

Section I. General Framework

It is the purpose of this section to introduce the main conceptual tools

as well as the general theoretical fremework of this paper.

The Technology of Production

Let K be the capital stock end L the total labor force in an economy in
vhich N is the employed labor force. Let a production function:

L.1l) Q = £(K,N,t)
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be formally postulcted where, for each time index "t", the production
function is asswied to setisfy the condition of constant returns to scale.
Under this gsswiption the unit production contour (i.e., the production
contour 1l=f (K,N, to) wvhich produces onc unit of output at time to,)can
be represented by the curve « o' in diegrem le. This curve completely

describes the ert of production (1.1). We shall refer to the points Ags

Al, Ao <cees on the unit contour as the unit getivities (i.e., unit

production processes), for which the lebor and cenital coefficients are

(vosko)s (ursky)s (up, kp)ew. . Each unit activity determines a cepital-
lebor ratio:
102) T=’K/N (ioeo’ To = ko/uo; Tl = kl/ul; T2 = k2/ U.2 o.ocn)

vhich will be referred to es the technology ratio, end which differs from

the feactor endovment ratio:

1.3) K*=KX/L

since the employed lebor force "N" is generelly different from the total
labor force "L". (In this paper x* will be used consistently to denote
“x per unit L' -- i.e., x per unit of totsl lsbor.) In diegrem la, the

technology ratios are represented by the slopes of the technology lines

Oto, Otl) 0‘t2 evene

The unit activity concept is used to facilitete our introduction of certein
unconventional notions of production. For ecach unit activity (Ai) ve wish
to associate a non-substituteble (i.e., strictly complementary) production
process, as depicted by the L-shaped production contours ey (L =0, 1, 2, 35 ven)

in diagram la. As we have pointed out eerlier, technical unemployment in the
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sense of Eckaus cen be defined with the ald of these contour lines. Tor
exsmple, when the preveiling unit ectivity is A and when the factor
endowment point is F2, technical unemployment is EgFp units. This is
due to the fact that the point F2 lies on the L-shaped contour Cp which

6/

represents the operetion of the unit contour c, on a larger scale.—

As long es the factor endovment ratio is lower then the technology retio
(1.e., K¥ < T), there is technical unemployment of labor. Developrient

with this characteristic will be referred to as unemployment or full

capacity {of cepital) growth. Conversely, K* ST is the defining property

of full employment growth in which a part of capital caracity will not be
utilized., Thus:
1.ha) K¥ < T (uncmploynent growth)

b) K* > T (full employment growth)

In the caoc of en underdeveloped society cheracterized oy an gbundance

of unskilled laobor the unemployment growth cesc is clearly more relevant.

Tnnovations are defined in this peper as gny chenge of the unit activity

throvgh time. Thus, innovations ney be depicted cither by e shift of the

position (generally toward the origin) of the entire unit contourz/, or by
a shift of the unit activity along the scme unit contour, such as a shift
from A, to Al. In short, eny deviation from the current (non-substitutable)

production practice will be vieved as en irmovation. As en illustretion

Tinder the assunption of constant returns to scale, the scale of operction
is OE,/0A,-

7/ This is the conventionsl definition of innovation as used, for exsmple
by Fei end Revis. (op.cit.)
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of this rather unconventionzl concept, let A, (diagram lg) represent the
current technology of en underdcveloped country. In comperison, the
technologies of the industrielly advenced countrics cre characterized,
'in varying degree, by higher technology ratios, i.e., unit activities
which are more "cepitel using" cnd "lcbor seving". Thus, we mey describe
the spectrum of technologies for sll advenced countries by the unit
contour which, from the viewpoint of the underdeveloped countries, depicts
the avaeilability of new, potentislly importeble, technologies. This
contour swmarizes the twin forces of technologicel chenge end cepital
deepening in the developed world. Ve intend to explore its significance
more fully in Section V. Let us eccept for now that, for the less
developed economy,the ectuel innovation process due to the importation
of technology can be described by a movement through time upwerd along

the contour line Ao,Al)A2, es e

Improvement in Legbor Efficiency

ILet the unit contour % @' of diegrem la be given. For ccch unit ectivity
A4 contained in & «' , the inverse of the lgbor coefficient;

L.5) p=/N (= 1/u)

is fhe(gyeragg) productivity of employed lebor. The productivity of lsbor

for each unit activity, i.e., p; = 1/uy (i=1,2.....) is represented by

the rectangular hyperbola in diagrem 1b lined up with the contour map. The
conventional interpretgtion of lagbor prodﬁctivity (Pi) is thot as
"homogeneous lebor" is equipped with more capital goods in the course of

the capital deepening process (i.e., as the unit activity shifts upwverd



8=

along the unit contour Ao’Al’Ae’ «eoes) the productive efficiency of lsbor
increases eutomatically. While such a formulation may be suitgble for

en industrially mature economy, it is inadequate for the underdeveloped
economy. This is because of the much greater importance of the real
learning effort (through formal cducation or "learning by doing") generally

required if the éff.‘iciency of lgbor is to be improved at all.

In keeping with our interpretation of the unit contour above, we shall
interpret the magnitude p; as the demend for lsbor skill of a particular
quality. Moving to the left in diagram 1b simply means that there is &
demend for lsbor of a higher average skill (i.e., p; is "higher") as the
typical worker is required to become scquaiunted with and operate a larger
volume ;)f real capital goods. With increasing technological complexity,
in other words, the average worker needs to be of a higher quality vhich

is indicated by the proxy variable Py

In diagraem lc let time be measured on the horizontsl exis (to the left)
and let the productive efficiency (i.e., the quality) of labor, as
measured by its average productivity (p), be represented by the lsbor

improvement function. Conceptuslly, lsbor efficiency through time is

determined by such factors as education, training, learning by doing, etc.
To simplify our analysis, let us assume that this labor improvement function
is given exogenously. In case lsbor efficlency is improving at a constant

rate, the lsbor improvement function can then be written as:

1.6) ;p='p{_\ei'b or T, =1
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where "i" is the rate of lebor improvement. (In this peper the notation

Ty stends for the rate of increase of x.) Given the labor improvement
function and the unit contour we cen determine the unit ectivity which
wil; actuglly be achieved through time. Thus, at eny time ti, the unit
activity vwhich cen be achieved is Aj as lebor productivity reaches the
level p; (1=1,2,3, +«vss). Thus, in our view, the improvement of labor
efficiency causally determines the prevailing technology when a “technology

metrix" (i.e., a set of unit activities) is given.

Growth of Canital end Labor

In addition to the gbove innovational aspect of the problem, growth
promoting forces in less developed societies, of course, include growth
of the labor force end of the cepital stock. To simplify the enalysis
of the growth of these material resources we shall assume the constency
of the population growth rate (r) end of the aversge propensity to cave (s):
1.7a) L= I, et or Ty, =r
b) 8=I = sQ
c) I= dK/at
Equation 1.Ta) is represented by the population growth curve in diagrem
1d. The time exis (pointed downwerd) is aligned with that of diagrem lc

(pointed to the left) through the 45° line oo'.

The deterministic aspect of our model consists of the interaction of the
forces of innovation end materlal resources accumulgtion. Ve assume

knowlédge of aveilsble technological choice along the unit contour, of



the labor improvement function gnd of the populetion growth curve. Thus,
in Qlegrem 1, at t = 0, given initial lebor productivity at P, and factor
endowment at Fb, we cen determine, from P, the unit technology A,, and

the technology ratio (radisl line Oto) as vell as the employment and output
point (Eo) end the gmount of unemployment EF,. With the gid of the labor
improvement function of (1.6), the savings function of (1.Tb) end the
populetion function of (1.7a), we cen then determine the lsbor productivity
p, end the endowment point F, in the next period. In this wey, the growth

process is dynamically determined es summarized in the employment peth

EOE1E2 secee 81’1(‘1 -tvhe endo‘(nﬂcn’b path F0F1F2 soes o

In the general framework Jjust outlined the determination of the growth

process implies the determination of per cenita income (q*) end of the

degree of employment (N*), or the degree of unemployment through time.

These essential indicetors of economic welfare on which our enalysis

centers will be denoted by:

1.8a) Q% = Q/L (per capita income)
b) N* = N/L (degree of employment)
c) U¥ = U/L (degree of unemployment) where

d) L =U+N

To facilitate our later work, the following formulse will be seen to be
helpful:
1.92) N¥ = K¥/T cievsvecessssss (by 1.8b, 1.3 and 1.2)

b) QF = pN* = PK¥/T ....ee.n. (by 1.8a, 1.5, 1.8b end 1.9a)
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Notice from diggram la that when the endowment path end the employment
path do not intersect, unemployment cen never be climineted through time
(as is seen by the existence of a horizontel gap betveen the two curves).
In our earlicr terminology (1l.la), the cconomy then findc itself in a
permanent unemploynent growth regime. Conversely, when the two paths

do intersect gt some future date, the economy shifts from en uncmployment
to a full employment growth regime. (In such a regime, the vertical gep
between the two curves represents unutilized capitel capscity.) The

point of intersection will be known &s the terminal point which merks

off two stages of growth. Whether or not an economy is successful in
reabhing such a point is an important. aspect.of our-

enalysis.

For easy reference, the general fremevork of this section mey now be
sumarized as follows:

1.108) Q =F (K,Nyt) ceveneesanscnosenssoscananass (L)

b) p
C) K¥= K/IIS Q')" = Q/L; #* =N/L *00000c0e0s00as (193; loaab)

fl

Q/N; T=K/N tseevrsnornsecnsasesesnenses (1.2; 1.5)

a) Tp= & vevrsvrevevsvareseecsccacsisccnarasss (1.6)
€) ML= T eocecosssesocsssessscsscersosossvrscse (1o72)
) I =589 coveosereccsssssscsossassnssosssssss (LoTb)
8) GK/Ab = I eeveveesnssonconcsrsocssscansaces (1o7C)
The model presented here may be viewed as a general framework for enaslyzing

the unemployment problem in the course of growth, teking into account both
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technologicel chenge end the auguentetion of huen end cenitel resources
over time. In the sectiong whiceh follow we shell, by postuleting soe
gpecicl conditions releting to this generel Teesework, explore a nmuber

of typilcal recd vorld citvetions,

Scetion IT. Develowment with Stagnent Technoloryy

One reel world situvetion which mey occur in a less Ceveloped goclety is
conplete concentretion on cenitol sccurulction end neglect of the improve-
Lent of lebor efficicney, leeding to technological stegnetion. This unheppy
cese is typifiecd by the constcney of lcbor productivity, p, which leeds, in
turn, to “he constency of the capital-output retio, k,. Hence the general
fremevwork of 1.10) in the last cection reduces-to§!
2.18) Q = K/,

b) »=QM

c) »=0p,

¢) aifct = sQ

e) L= Lyert

which is, in fact, en extensicn of the familier Herrod-Dorar nocel.

To understend the rules of growth of this model completely, we should note
thet the technology rotio (1.2) becones:

2,2) T/ = kg Py eesesooncs (by 2.labe)

vhich is constent. This means thet the technology line coincices with the
employrent path, i.e., the radial line CT, in diegrem 2 describes both.

As long as the fector endowment ratio is below (ebove) this line, the

8/ tore cactly (1.10¢) redvces to (2.1c¢) when i=o. The constency of lebor
procuctivity (») in turn leads to the constency of kj in (1.1Ce) under
the assunption of constent returns to scale.
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economy is in the unemployment (full employment) growth regime. In the
more iypical unemployment growth regime the constancy of ky immediately
leads to the following femiligr Harrod-Domar growth rates:

2.32) T =1, = s/ko teerissvossecscscsssss (DY 2.lac)

Q
b) Mo = nQ* = s/ko Y 2N vevesecscass (DY 2.385 B.1e)
The fact that the country is in the full capacity growth regime initially
(L.e., in giagrem 2 the point Ej lies below Oéo) is given by the condition
2.4) @=KJ%<T=k&O
As is well known, with the Harrod-Domar model we mgy have the case of
success, with per capita income incressing or of failure, where it
decreases. These two cases ere given by:
2.5%) s/k0 > r (success, i.e., low populetion pressure case)
b) s)ko <r (failure, i.e., high population pressure case)
In the case of "failure" (i.c., the high population pressure case), there
will be contiuvuous decreases of per capits income and of the endowment
retio (2.3b). The latter condition implies that the endowment path (i.e.,
the curve EGF in diagram 2) moves awey from the employment path end hence
the country will never be asble to solve its unemployment problem. Conversely,
the "success" case (2.5a2) implies that per cepits income increases through

time and thet technical unemployment cen be elimingted at some point

in time which is given byg/

2.62) t, = 1 In (T,/K%) or
sfkg - T A
b) t, = (1/h) In (1/8%) «evvoneenneoes (by 2.62; 1.9a)

9/ Hoticc that the value of time (t;) is completely determined by "h" (2.3b)
and the initizl depres of employment I¥. This equetion is easily derived

by ejuating Ty 2nd K7 bt (2.3%) 2nd solving for &..
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In digsgram 2, the success case is given by the endowment path EQH which
crosses the employment path at H at the terminal point. At this point
the country moves into the full employment regime of growth. Capltal
1s no longer the scarce factor end the cconomy can be considered 1o have

reached economic matwrity.

In the full employment growth regime, *the constancy of labor productivity
(2.1c) snd of thz population growih rate (2.1le) imply that output
continues to grow at the same rate as population, i.e., Tb = r. The
constancy of the average propensity to save (2.1d) then dwplies that
investment also must be growing st the seme rate (i.e., “x =r)., We cun
then easily calculate the time path of cepital (X) and of the factor
endowment.ratio (x3)
2.78) I =dK/at = I ¥t

b) K = A+Be¥? where A=K =B B=I /T > 0 scevecvoaasnsss by 2.7a)

¢) Ké= K/L = A/L,e"t + K¢ vhere k¥ = sp /r = B/I,
(proof:”fﬁrﬁ/ib = Io/rl, = 8Q0/rLy = spo/r)

The last equation (2.Tc) shows that K¥ apprcaches a long run stationary
velue K¥ = spo/r. Furthermore, K¥ monotonicslly incrcases if; and only
ify A (dn 2.7) is negative, i.c., if gnd only if

Ko <BorK, < K* or K < K* or koPo < spo/r (by 2.2)59/ or

r < s/,
Notice that the last inequality is the conditicn for success in (2.52)

vhile the underlined inequality states that the stationary value of K#

10/ Tn the recond regime the dnitial value of X7 is ciual to the technelogy
ratio.
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is greater than the initial value K¥ wvhen the condition of success is
satisfied. Based on these results the case of success is depicted in
diagrem 2 by the endowment path E HF, which aepproaches the (dotted)
radiel line in the long run.li/ This dotted line will be recognized as
defining a "Von Neumann state" charecterized by the long run constancy

of the capltal-lubor ratio.

The sbove is a brief but rigorous surmery of all the essential rules ol
growth of the Harrod-Domar model. There are two distinct cases depicted
by the two endowment paths in diagrem 2. In the case of fallure the
country stgs forever in the unemployment growth regime and unemployment
continues to worsen. In the case of success the country reaches a terminal
point where uncmployment disappears end whence it fends towerd the Von
Neumanu regime in the long run. The arrival of this terminal point cher-

acterizes reaching economic maturity.

Let us now exomine the quentitative aspects of our anclysis. Using (2.6b),
we cun easily calculate, for the success cese, the "multiple"” by which

the following economic varisbles must increase et the terminel date over
thelr respective initial values:

l/ﬁg (Q*-multiple ot terminal. -poin%)

2.8a) Q*/Q}

b) QQ, = __L (Q-multiple at terminal . point)
N-%)es /kh
1 . . N -
¢) L/L, = - (L-multiple et “erminsl = point).
N:gl‘/ h

l}/’lh this full employment growth regime, the unutilized conitel cavecitly
at Fy is EEF2 waits.
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We can next investigate the time paths of the degree of employment (1*) ond
of the magritude of unemployment (L-1) in the unemployment growth regime.
The constancy of the technology ratio (2.2) implies that the amount of
employment (1) is proving at the same rate as capital. Hence the degree
of employment is growing at the sume rate as per capita income

(1.e., nﬁ*(=s/ko~r) ) and hence, in the case of success (failure), the
degree of emplocyment graduslly increases (decreases). The magnitude

of unempleyment and its direction cf chunge are given by

2.9a) UL-Nele't - apeleolt

hi

b) au/at = o if and only if v/ (Ny s/ky)

c

AwNV

AN v

Conditicn (2.9b) in combination with our previous enzlysis of the case of
failure {2.5b) immedlately enables us to differentiate the following cuses
in term: of the relstionship between the strenghh of the population pressure
and the ragnitude of uncmployment, through time:la/

2.10z2) high populaticn pressure: sfko < r (U monotonically increases)

b) moderate " N S s/k0 < r < sfko (U first incresses then °
decreases)
c) low " " : r <N s/k, (U monotonically decreases)

Notice that 2.10a is the same case of "failure" duz %o high populstion
pressure s in {2.5b). Ve see that for this cuse, not unexpecleily, the ghsolute
magnitude of unemploymant increases all the timc. Cases (2.10b) and (2.10c),

on the other hand, constitutc iwo sub-cases of the case of "success" in

12/ From 2.9b, we sce that the enalysis of the direction of ch»nbc of U
obviously depends upon tha comnwrﬂfive magnitude of "r" and "E¥ s/k.".
Since 17§ q/k, is losa {hon cﬂ’ acrbyve nurherg mark off thue ﬁ YLETCas
on & positive populadien L*o*'n ( \ s Wnrse lhuce regiorns conas fvate

the thrce casce of 2 10.
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Tzhle 1

TERMINAL AND SWITCHING PCINT CEARACTERISTICS - MODEL OF STAGNANT TOOUNQLOGY

| At Terminpgl Point | A Switching Point
1-1#{0) r s/ o (s/xy)-T Durntics | G ety 75 DarTLion 1 RRj G HE
‘t'm .i_'rx

(1) (2) (3) (%) (5)° (6 (1) (8) (9) (10)
(1) .02 | -0.cO5 F v—- --- - -— ——— -—-

0.025 (2) .ok 0.015 M 1%.876 1.250 | 1.450 --- -— ———

(3) .06 0.035 M 6.375 1.250 | 1.173 —— -—- -

205

(4) .o2 -0.0L F -— - -— - -— -

0.030 (5) .o: 0.01 M 22.31k 1.250 | 1.953 - —— _—

(G) .06 0.03 M T.438 1.250 | 1.250 ——— -— ——

+

(1) .02 -0.005 F -— - -— ~— —- -—
0.025 (8) .ok 0.015 T 34.068 1.667 | 2.344 2.740 1.0k2 0.625

. , (9) .06 0.035 M 14,601 1.667 | 1.hLo ——— ——- ——

! .
105

(10) .02 -0.01 F ——- - ——— — —— ———
0.030 (11) .ok 0.01L T 51.102 1.667 | 1.705 22.31L 1.250 0.750

(12) .05 0.03 M 17.034L 1.667 | 1.667 ——— -~ —

- Failure

T - Success with switching point M - Success without switching point
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(2.5a). Specifically, in the low populalion pressure case (2.10c¢), the
magniiude of wiemploymernt decrcases monotonically until the {terminal
point is reached. In the moderate populaticn pressure case, the magnitude
of wnemployment will first inercase grd then decrecase before the {ermingd
poirt is reached. Thus we cen identify & switching point in the magnitude

of woemployment as the cconomy moves tovord the lermivel parini, The

length of time it tokes to veach this svitchivg point is given by:

2,11) 1, = (1/h) 1n (r/lié‘ 8/%) ceeieriiniiiie. (by cquality in 2.9b)
It way be noted that the moderate population pressure case (2.108) is,
in fact; very likely to occur in the real world (s2¢ Table 1 below)

end henee such & country should not expect its noomployment problea 4o
be solvci‘immcdiaicly.. With the wid of (2.11), we cen easily dedute 4)e

following ivdicatirs vhich the ecoromy exhibiis at the "gwitching polrd",

2012a) Né = r/(s/ko) (decrec of empleymen® gt switching poini)
b) Qx'/Qy'o = r/]gé‘; S/ko (Q-{..nlultiplc ot SWi".-Ching P:Ji'] ")
¥
e) L/t = (v/ig s/ko)r/ ! (Lwdbiple " " .y
a) QfQg = (r/i s/k )Mo (Qamltiple " " "o

As en spplication of the various formulse derived above, we prescn’
Table 1 din which cortaiu terminal evd saitching point chavacieristics ave
caloulated. let us investipate cases with o high (h0)) or & low (205)
Avitial degree of uwnemployment (Column 1), e high (39) ¢ low (2.5%)
degres ¢f populatics pressure (Colums 2), anl rutes of cupital anl inecue

erovth which vary between hich (60), mediun (49) esd lov (23 (Colurn 3).
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The rate of growth of per capita income ("h" in 2.3b) cun then e
calculated Jn{Column 4). Iere we also indicute vhether the caec s
one of "failure", or "success" (vith or wiithout u switching polui)
according to (2.10). For the terminzi date, ve calculale the durstien
of tinme (using 2.6b in Colunm 5), the Q*-multiple (uszing 2.8a iy

Cotwmn 6) end the L-multiple (uvsing 2.8¢,3n Coluwm T). TFor the switchiug
point vhere applicable (i.ce; the poin af which.unom;loymcni begins o
decline gusolutely), in the case of modest population pressure ve calenlate

the durstion (using 2.11 in Colwmn 8), the Q-muliiple (using 2.12y, in

Colurn: 9) and N¥* (using 2.12p,in Colwun 10).

The results of Teble 1 permit us 1o recognize thal for the realistic rangee
of para.rnc-"bers postulated in Celwmnsg 1-3, ¢ll the theoretically possibile
cases arc, in fact, likely to occur. Vhile & low rute of growth of output
or capital (2%) points to failure (and the impossibility of ever solviug
the employment problem) higher capital growth rates (U4 end 6%) poivt to
success. Wilhin these "suecess” cascs, i the initial deprece of unemploy-
ment is low (209), the country can count on conlinuous deercuses in ihe
smount of un-implobmxcn’c- over time; on the other hand vhen the iniiial degree
of uzsmployment is high {(e.g., W0%), tlhe couniry is more likely 1o
expericuce yn incrcease in unemploymz=uvt before vnemplovacut finally Acclines,
Moreover, a slight variziion of the populzilon growth rate (fiom 2.5% %o 3%)
can bring sboul e large change in the "waitlsg time" required for ihe

switching point to be reuched (from 3 years to 22 years in Colwm 8).
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As Tar as the length of tine required to cliuingtc wnemployment completely
(L.c.s 1) is concerned (Colurn 5), in the case of a high rete of

capital grovth (65), the counﬁry cen count on eliwinating wemployment in a
foresceable {uture (from G to 17 yeers). Howcver, vhen the grovth rate

of capitcl is lov, (M), t, beeones so levge (b to 51 yeers) thet the

social and politicel problems grc likely to be difficult to deal with.

On the whole, we cemet evold the feeling thet develepuent under a

situation of stapnent teclmolopy beosiczlly Jeeds 1o pessimistic counclusions.
For exsmple, vhen the initial degree of wneiployent is Yow (209), the
couniry cen ohtain ¢ very modest iuecrcoce in per cepila income, e.go; of

25% in 1 years, by the tenninzl dole. IT the initizl cegree of unciployueal
is high, the cowntry mey reve to welt for 50 yeers 1o redce per caopita

incowre by two~-thirds.

Fortunetely, these somber conclusions rest lergely on the asswuzption of

¢ stetic technology vhich nust be viewed as o syeciel cece. In exploring
the significance of ihese findings for the resl world, hovever, we rust
be quick to adnii thot in 1l too meny cuses such stetie technology
asswpticns underlic the work of development plenucrs. There exichs

a generszl tendency to concentrate on the reel resouvsces sice of the grovih
process while negleeling the Cynarmics of tectnological chenge, especinlly

of the indigenous variety.

Our ennlysis sbove adly demongtrates the inadequeey of such ¢ Herrod-

Dout~r vordd.,  Per ennits dinceore gronth oot otoke riree only dv o fivon
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(unemployment growth) regime end ot reletively modest multiples. In

the second {full cmployment growth) regime per capita income is congtant
and cgual to lgbor productivity, p. Henece the maximum per capits income
multiple for all Ejgg in this world is that which is experienzed during
the first regime in accordance with (2.8), i.e.; Q*#/Q% = 1/H%. This
tells us that the greater the degree of'initial wienployment the greater
the polential per capita income multiple. This underlives the notion thet
unemployment and underemployment constitute the main element of "slack"

in the less developed cconomy and thet their elimination represents the
primary sourcc of potential income gain in « technologicelly stepnent
soclety. Bul cven more importantly it tells us that this modest multiple
is all the. socicly cen ever cxpeet. It dis this'latter conclusion, in
particular, which emphzzizes the insdequacy of the "resources sugmenta-
tion only" approach of Harrod-Domar. A realistic conceptusl fremevork
from toth the theoretical end policy points of view must teke into account

the possibilities of a non-stagnent technology.

Scction JIT. Big Push for Modernizstion

To many & plammer in th: contemporary less developed world the most
popular typc of technologleal chenge is vhat mey be called the "big
push for modernization". This means the introduction, in a virtually
urmodified form, of imported technolsgy of the letest and most advanced
varlety. This type of imnovetion process results nainly from the

influence of the "demonstration effect", i.e., the desire by enlreprencurs,



=01~

usually encouraged by e varlety of government policies, to emulate
productlon functions proved’ feasible elsewhere though usually under

radically different endowment conditions.

As vas explalned in Section I, the evailability of imported ‘technology
wlll be denoted by the unit contour ¢ ¢' in disgrem la. Here the
process of iutroduc_ing the imported techﬁology is depicted by the sequence
Ays Ays Ay oo representivg progress toward more "espital using" end
“lebor saving" technology. 1£ the rapidity of the importstion of
technology is coubtrolled by the rapidity of labozl productivity increase,
we can determine the prevailing unit af;tivit“y through time. Using a
Cobb~-Dougleas function to gpproximale the unit contour @ o » the model
applizeble to the big push for modernizetion follows readily from the
gen.»sra?,l franework of (1.10). By using (3.1u) in place of (1.10a), we have:
(3.2) Q=K N o <g<l implylng

) =p ... (z=x/m)

¢) x=T"% ... (k=K/R)

Q) k=M1 | | (by 3.10¢)

Ve csn then readily derlve the following growth rates:

3.21) Tp = ifet « « (by 3.1b znd 1.103)
b) M =i(l-w)lr=D>o0 . . (by 3.1c &nd 3.2a)
c) ’ﬂ.{kr- - S-D<o.. (vy 3.2b; T = s/k)
-t

d = N,e = i at t =o

) =T ) (T, i )

I e Dt =1 nO/D

e) K=K (&K) = vhere Bfc.= e >1. .. (by 3.23)
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To investigate the dynamics of the "big push for modernizetion! growth
process we see thet since labor productivity is ascumed to increase at
the consbexs rete (Tp = 1) the technology ratio T=K/ (3.2a) and the
capital-output retio k=K/Q (3.2b) are both incressing al positive
constant retes -- as we would expect. Since the average propensity to
gave (s) is assumed to be constant, (3.2¢) indicates that the rate of
growth of capital is decreasing at a constent rate (~D). We cen then
easily compute the tine paths of the rate of growth‘of capital (3.2d)

snd of the cepital stock itself (3.2e). Ve readily see that the rate

of growth of capital (Ty) monotonically decreases to zerc (from its
initiel value Mg ) end that, in the long run, the capital stock graduelly
incresses tc a maximun value () from its initisl velue (Ko)a -1'-3-/ Thus,

the endovment path of disgram la would epproach a horizontal line

asymptotically,

Ve have thus demonstrated the futility of development via +he big push
for modernization epproach. The conclusion is that a country which
blindly imitsies capitsl intensive techniques developed abroad as Teast

as its labor efficiency level permits cannot escape the dismel prosp=e
that capital accumulation will sooner or later ccase. Notice that this
futility thesis is valid regurdless of the madnitude of the savings rete
(0 < & < 1), the rate of labor imorovemrmt (i > o), the population growth
rate {r > o), or the nature of the availsble technological shelf, as
measured by &. Thus, in case a counlry is determined to enbark on a

big push policy, a national effort directed

13/ The solution of this aiffercntial equation will be investigated
lster on (see k<9 end 4.12 below).
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at susterity (raising s), birth control (lowering r) education (raising i)
or the sveilasbility of importsble technology will not be sufficient to

i/

allow the country to escape from cconomic stagnation.

Let us reexsmine vhat is wrong with the "big push” from the "innovation"
stendpoint. ILet the unit contour ¢ &' be reproduced in diagrem 3 vhere
point A is the initial unit activity, with initisl capital and labor
coefficients at (uo, ko). Since innovetion must reduce at least one

of thesc input céefficients, movement from A to poinls within quadrants
IT, III, IV of the “"circle" gbout point A indicates which factor of
production is "saved" (i.e., reducel) or "used" (i.e., increased) becuuse

of the innovation.

As ve have seen in Scction I, if E is the factor endowment point, the
initial technicsl unemployment is ¢E wnits. It is apparent that en
innoveation will

i) increase tecchnical unemployment if the technology ratio
is raised.

11) decrease output if the cepitul-output ratio (k) is raised -
as long as technical unemployment conditions prevail.

It is thus apparent that of all the possibilities of innovations (quadrents
IT, TIT aud IV), the "big push for medernizetion” possibility is the worst
since, when the wovement is in the northwestern direction along o o'

(quadrent 1), it creates wore uncmployment snd depresses output.

14/ This pessimistic conclusion can ecasily be strengthened bv en investigetion
T of what happsnsto the rate of growth of output {Q), employment (i),

per caplia dncone (Q/L) or the degree of erivloyiszat (MM/L). One cin

easily wveorifly the fact 1hzt, in A 2o run, the riie of grovih of

all thess magnitudes will spproach zere  (see equabicn 4.8 velow).
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The difficulty with the "big push for modernization" is the well-
recogaized fact that the heavy cepital using nature of most modern
technigues makes them unsuitable for a capital scarce country.h This
was shown rigorously in 3.2c above where the capital deceleratlon
phencmenon testified to the inherent impossibility of sustaining a
reagonable rate of capital sccumulation. Differently put,.the high
lsbor productivity of modern technology is schieved in the capital
scarce underdeveloped country only et & considersble cost, il.e., only
e limited nuuber of workers cen be employed through time. Thus,
development through the big push for modernizafion route 1s comparable
to developmeni: of economic enclaves under & colonial system, i.e., a
smail portion of the lgbor force is engaged in very capital intensive
projects while the overall level of unemployment continues to rise.
Nelther technological staguation nor the blind use of imported techuno-
logy cen tlms be considered @ viable alternative for the underdeveloped

gsoclety. Other; more imagingtive, alternastives must clearly be cxamined.

While there is considerable consensus smong economists and practitioners
slike on the unfavorable employment effects of imported techrology, much
controversy surrounds the question of the ;utpuﬁ effects. It is, in facs,
a msjor parpoase of this paper to present a more rigorcus formulation of
this problem by examining the nature of both the process of technological
essimilaticn and the nature of the available technological sghelf. The
gbove contreversy can be settled only via an iaveshigaiion of the relation-

ghip between these two important phencmens.
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Section IV. Techuological Asginilation

The fect that imported tecshuology is availsble to en waderdeveloped
soclety 1s probably the most importsul; single "fact of life" affecting
its growth performanmce. We hzve Just seen s bowever, that this sghelf

of technical kmowledge moust be used wi sely if economic development is to
really beaefit. It ie eszcatial for ths underdeveloped cowntry to achieve
a blending of impurded end iciizenous trchnelegy 8> as to brecd a new
technological mix more saituble to vhe typical factor endowment of the

conbemporary undsrdevelopsd econcmy. We refsr to such an immovation

Py}

process &3 btecheologicsl assimilaiicn,

Z’Eechno]mg;l.cal aggimllation connales two releted ideas: the importation
of techimology (as formulated im “he last section) and the "blending”

of this tactmology with indigs-ous Jomovelicng. Tt 38 the second
espect  welch row mesds to be more rigorously formulsted end quantified.
Our analysis of the fubility of 4he tig push for mod-;iniz&tion suggests
that If the deaired or bensficiel resnite are to be achieved by such
"blezilna"y the neb effect of this new freovetional activity must be

In & caplial-ssving or letor-using direction in order to counteract

the opposlie effects canesi ’Ly thne dagortabicn.

Refercinz to dlegrem 3 3o which the 2xiiial waid technology 1s at A, the
importation of technology iz re 1 (&s before) by a change in

“the unit technology from A to B. The landing" of technology ney noﬁ
be depicted by a dowmward ahift of the 'u.ni't; teeﬁno].ogy from B to D

representing a declins in the cupllul~outpub rstlc. Such innovationnl
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blending ectivity msy be equally well described as caplbal glretching

which meems egsantinlly that the underdeveloped cconomy, by stretcb.ﬁ.ng
the use of its scarce resource (i.e., capitel) cen make fuller use of
its abundsnt rescurce (l.e.. l.aﬁor). The beneficisl ngture of capital
strétc*.h:l.ng csn be soen directly f‘;r'c;m both its employment-ralsing effects
gaod its mrtpui voising effects us a congeguance of the decline in the

is
('api,!a }. C"J'Jp.l. ‘jt LJe '-/

For o quaoehl ve measaremeni of the deprse of capital stretching, let
k aud k' deache the capiital-cubpat rebios al B snd D,. respectively.
We defina
hola) m=k/k' >

b) k' =K/Q
yhare "p" ey be reforred 4o as the degrrs of cepltal shratching and
k" is the effective ceplialeculpad retio afer cspital stretch.m
& quentiigtive hregtment of thils phenonenon obviously necessitates on
Investiaslicn of +the foprss which weharicristically determine the

magatbude of "t

Bazteally, 1he strengih of auy such 3mmovatlon must be determined by the
q.ul,.ty of Hhe bumaa rosources witain a socleby. s dncludes such
Tastors g lghor saillg. entrsryen2urigl ghllity as well as government

efficiency end the wisdom of the system's cconomlc policies. This mey

15/ Tn diagesa 3 if ihe endoument pomt .5 fixed gl E as a result of
cepltal strotching, smploymowt ls Increased by bd units. Output
&b polrt b {=0b/0N) is lees Bhom oniput wiopodnd 4 (=01/00).
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be summarized by the quality of the socicty's humen resources as a
product of education und "lesrning by deing ut eny point in time. Ve
moy thus reasonsbly postulate that m is positively related to the level
of lgbor productivity reached. 8Such a behavioristic relation may be

epproxinaicd by ths following cupital gltretehing funclion:

4.2) m= (v/p‘) c>o0

whers };-/pO Is the degres of fncraase oFf lebor produsbivity sumarizing
a socdely's cumlabive expordence wiil cdasging teshnology, and vhere
"o" 15 the eluaticiiy of "o" wiith vesvech o "p/p.". The shapes of the
copltal stretehing functions for altevnaiive valuss of "¢" are given
ir dlsgrsm b, For o=1; (¢ <1 end ¢ > 1), 1he capitel stretching
functicns are reprvessuted by W{ (W0 avd WZz). Tn our forrmlaetion the
value of "5" is obviously s mosh dmporbant parsmeter us it is only
whew the velue ¢f "o ds eufPizlently large theb 1he model of techno-
loglcal aesinilatlion ip sufflolently different frem the big push for
modrralzation cass . (Wase ooy nel &id he cgplisd stretching function

iz W P i.o..'og we gra2 back to the b'ib st f‘&gf’-)o

Ls fa the last szcbicon, ths Gotb-Douglas functies (3.1a) is egain teken

to dascribe the grailebllity of Jdmporis=d tachmelopy. 718 we obtain

b) o = 1f 5b =1/ -1 -c (by b2 end 3.14)

Making vaze or(k.1b) eand p = 0/, we csm resdily caleulate the effective

(dee., post~assimilation) relationship between capltal, lebor and

Kd

432

éu.tpxd
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B 1-B
hha) @ =QK N where

¢/(1-c @) = 1/(1%) (by k.3b)
(1/ (1-c/u) Jeoocoscrasosanennscnes(by 4.3, h.1b and p=Q/N)

b) B
c) Q=1p

]

Fquzedoa (4. h»:») :t‘orm.;lly resenbles a Cobb-Douglaes function where the
Cobb-Donglas cocfficicnt B (in 4.4b), as a function of "e", is repre-
genled by the two bregaches of the cwves in diegram 5. There are three
ertticzl reglons of valves (Cascs, I, 1T emd I3L) Lor "¢" as marked off
by the critical values indicated on ihe herizentwl axis. The three

cases in ascernding maznitudes of "e¢", the cipital-slretching coc-:f'ficien‘cl6
ares

ho59) Cuse cres e <B <l for o<c< (l-a)fer

b) Case two: B>1 for (1~ o)fx<e< L
¢) Case 1lres: B <o for 1fu < e

O s culy 49 case cun dhat (4.ha) resembles o genuine Cobb-Douglas
prodacticn function. In case iwe ('l-hre;o), the uwait production contour

(']::Q{,‘_ r:"';;;l “F ie pusitively eleped and conver (concave) as represcnted by the
carve A0 {A40) in diggram 3. Ju the cuse of-!\.":'o s For example; the imported
capitsl c-‘uﬁl-put rsilo is at point "B" in dlageem 3 cod the emount of decline

of the coplbxl. culpub rabilo dur to capital gstretzhing is BD. The effective

copital culpul ratio (k°) iz a% point "DV,

A formal model of "development with cepitul sssimiletion” coan be con-

structed by, replecing the general preduction functics in (1.10a) -

v

16/ In dizgrea L, the cepllal strelching Tuncd Lor.: corresponding to tha
™o eritie: l viluss ¢ =1/ ¢rdc = (3-4)/ ere ivAicrtcd.
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by (¥.ba). Ta summary, therve ave five parameters ( ¢, c; i, s, r) in
the model swmarizing the availebility of importsble technology (o),
the indigenous capital stretching effort (e¢), population pressure (r),

savings behavior (s), snd the Improvcment of lsbor efficlency (i).

For case one in (4.5), the “assimilalion mcdel" is virtually identical

to the "pig push” moded (fee.; boliy ds effectively 1he sume as 3.)a).
Henece we dnmmedisteldy comr Lo the conc Lusion 1lal to avoid stegnation there
ixmst be & windaoa level of donesile izgenvity or assimilelion as

mandfested In the magnituda cf caplial sircebching.

To Teemulatle this ilea more rigorcusly, we define:

L.6a) R =(1 - )/l (lechmology barrier)

b) Y 2'¢ - R (uss’nnile.‘bl.rm ].&"/”:1‘)
) y ®o (i 2By or o (L /) (mivtmian wssimilation eriterion (MAC))

Wz gholl dedine R as the techuolegy buorvier depenuw ui entirely on the

nedare of the foreige tedhaslogy shelf (Go be examinzd more fully in

jechios V) wnd ihe eselwilstion lever y az the amount of "spreed" between the
domezSie aseimilgbion effort and the forelgn techuology barrier, which

8pread caa b par wyed into additicnul demsstic geowth. Morsover,

Yhe fach that 1be assimiletion laver wast be pcs's'i.t:i ve cin than be
interproted vs the mindimum assinilatidon o Vierion (MAC). For wnless

it 1s sabisfied; i.e.; the indigensus innovabtive effort in response to the
shinulotion of imported techrology is strong encugh to jusl overcoae the

technology barrizy grovih camrot e place in tha lovg avin. In this

o=
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fashion we have shown that setisfyivg the MAC 1s necessary for long term
economic progress. It remalns to be shown that it is also e sufficient

condltion.

Purning nov to the tuvo other cases (i.e.; 4.5 b and ¢), for which the
mindwen aesiwiletion criteria is's.atisfie.d,.,- we ges, from dlsgram 3,
that develcpmeut can be charactervized edihzr by ralsing the capitzl-

lsbor rutlo (Gass twos, ADO) or by lowsring the capital-lsbor reatio

(Case three; vAHiO)., As we would fntuitively expects, the cupital shallowing

case represeols uw relgbively logrger indipgencus cspital stretching effort

(c > 1/e; ) end lesds to & hlgher level of cutput end employment.

Applying the seme Lype of argumenis es in the "big push" model, we obtain

blw) Mg = if8

B) Ty.e 1 (-B)/B =6 <o
c) nTL\- = 0 > o
- oL . ,
a) Ty = Mo ¢ (1]05}‘:- :i.sT]Katl:ao)

&) X =X, g, 39 \nere Fea/055°
cc»mp&c'a‘ule t9 (3.2) in the lest se:ctio:c..ﬁ/ Equation (4.7a) indicates
that iz the ensa of & relatively high (lcr-.-r) cxzpitsal stretching co-
efficlent in case theee (caee tue) of {4.5), the developnsut process
is churacterdsed by capital shalloving (dmpml.nb) a3 T decreases
(increases) through tine. Howaver, it is importent Lo note from (4.7b)

that, reg-ai-dless cf the fine disbinction between the two cases, the

X/ &inee ( ‘}j reﬂ 225 (3.1a) '”1" (2 &7tk Tates dn (baT) are obiaired
o 'i 5 I B R ",:' 1.‘ Ple Whw yahahlorn lf?..'..'?;:a 0,
ihe ratz cf :.t,;.n-»,..'. wd Lot 7-.“?:; -.’.-3 vy bhe ssainiletio
Tevary B hof il te Lorestlpatal A the nodt szetion,
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capital output ratio decrecases in both -~ as long as the minimum domestic
ingenuity test (4.6) is satisfied. It follows from this fact that in
both instances theve wlll be cgpital sccelerstion (4.7c), with the

rate of growkh of cupital increasing ef a constent rate (k.74). The
time path for the capital stock is mocotouleslly increasing toward

infinlty se glven ty (4.Te).

In order to inveshigste the rete of increase of ouiput (Q), employment
(8}, per sepite income (6% = 7/L) snd the degree of employment

(1 = N/L), we havs

l"DBa) TI Q = Tl Q e(]* + 0 es e (.by L‘ode)
b) TI N = 'n lo) egt + 0 "iooooo (b;v l'.ga ':'(1'.'_'1 Tlp o= j)
(!) Tl Q? = Tl o GG"; * © =Ysoo0oo (by l} ‘8& and n L = l‘)

. ) o
a) My =M, PV w6t (by 4.8b and N g, = r)

We cam resdily see that gll the growth rates du 4.8 gre in the form of
L.9) My =MNe e-% + g for M >0 and - >0

Henc;-e. The Benwylor of &ll 1hese reies of gyowth depsnds vwpon the fulfill-
ment of the ondiiicn

£.30) M, g>0 or W > (forq, >o0)

When conditicn (4.20) 15 Mlfiided, ) 5 18 positive and hence x
moavtonically increasts. Convarsslys whan(h.10) 25 not fulfilled,

there exlsts & "svitching point” with dwalioca

b11) b= (1/0) In (-g/,) .eeeo (by setting T = o in k.9)

at vhich the stl.é;n. T ¢hang2s frow nc-.ga‘i‘-i.ve*: to positive -~ and hence
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the time path of x itself is U-shapcd. We can easily deduce the time

path for "x" as

ot

4.12) X=X ct / e™/0  more u=(N,/0) e + gt

Vith respect to the terminal point phenomenon, l.e., the elimingtion of
technicel wiemployment, we see that while the technology ratio (T=X/N)

is growing ot w constent rate (4.7a), 1he c.-ndémucnt ratio XK¥ = K/L

is growing at en incressing 1':-3.‘;'-& (1 oeg‘.»a' by h.7d). Thus.sooner or
later K% will cxtch up with T af the terminsl polat vhere the economy
moves from the wnchploywent phase of growth inte the full employment phase
of growth. Thug; when bhe MAC Leot of (b.Ge) 15

satisfizd, the "waturily" of the econowy (in respeet to the loss

of its lsbor surplus charazherisiic) is also ensured. The duration of
time bafoce the eysbem rezckzs the termingdl poinl omn be obtained by
solving for “t" in

4.13) 1 = 3% where ¥¥ eqtisfles 4,83

In this paper we shall not be concerpsd with the prospects of development
sfber the terednsl paint. Fyoations (4.7) and (4.8) ere valid only before

that podnt 1s reschei.

The oo cnalvels demoasiretes trat the winirme eoolnllation cr iterid
1 didecd ‘ evost oueizl condition

for econcmic development ae measured by the four welfare indicators

in (4.8) as vell as, end nore importsatly, whether or not the soclety
will ever reach: ecoremic meturity. Vhen this condition ig not satisfied,
10/ TrRe 2l i T e equniion

(
of varizdbles ss fdx_ = 1, j’
?.

4.9) tan te re2lfly esived by a separution
: - vhick leads to (.12)
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capital accumulation end growth will ccase; vhen it is satisfied, growth
will succeed in the seuse thal all four indicstors will continue to

19/

inerecage in the long run until the verminal point is reached.

Since only the techrnelogical paramcier "% 'which measurce the avallability
of importal technology, and "¢ which measures ihe dowestic effort in
capitul streizhing,are Drvolesd in ks winjmum as simiiaiion

criverion: c»f‘ {h.6), cur toerlusing sirongly supports the thesls that
gaccessful economic dsvalopment ds esseatlally & prouess ol technological
revolubion brought shout by w galflciantly large adspiive domestic
response 1o the stlmulabicn of dmported technology. it is for this
resson that wa need to examine mire carefully the meuning of the

persmeter @ whicle sumnarlzes Lhe gvailability of impurtazhle techaslogy.

Sestdar Ve Nuyrore of tve Pectmolopl.onl Suelf

A crucial azpopticn of cur anaiysis iz thal the grailability of imported
technclogy can e decocited by s unih contour in the form of & Cobb-
Dougtas fuashion (S.1s). In orisr 4o fully understand vhat lies behind
this contlour we TS, P first of @ll, reslize thal it is Jetermined by

pust expsrisnces of profuriion snd terwy logy in the edvenced and techno-

logy-sxportlos oo lee.

19/ Tn the short run the valuzs of some of these indlcators may decrease.
= Comperirg the four grovih rstes of (4.8) snd making use of (4.10), we
ses that the expanslow of cutzul (TIO%'-' > 0) is wost readily achievable
in the short 1um waile the ecxpanslza.of thz degres of employment
(T % > 0) ds Fhe mosh AULEondt 42 gohieve.  Th is exploins why, in the
develogrnch protoss, 14 12 casler do mest tle Moulpal eriterion” than

Gom Mo gt gl . .
the Touplige ol Conn e
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Tt is well kaowm that the produsiion structure in these industrially
advanced countrics is characterized through time by (i) continuous inmovetion
end (ii) contirucus capitsl deepening. This is dep:l.é‘bed in diagrem 6

in vhich the seguence of unit contours aa'y .bb', ce'y dd' ..... represents
innévations (as they move tox-rér:l the origin) and in which the sequénce

of factor endovment rutios 0A; OR; 0O, 0Dy ... represcnhs capital deepening
(i.e0, Increasing cepltul por heui) through time. The locus of points

A, By Co D wo. thas traces oub & dotbed curve ¢ ¢'. It is this curve,
combining the effscts of Lacovablen end copital deepeuing in the industri-
ally advznsed couniries ow-r‘ +ime, vwhich provides a summary of the
borrowing possitilities for the mﬁdfz’:':lc-.ve;epc-i country. In other words,
the techrology which can be visuslized il borrowed by the underdeveloped
soclety reprs—senﬁsih& export of higtorically reaslized technology vhile

the unresilsed poriien: of erolonrs wa’y b’y c2' o o o are irrelevant.
Tous, the (doitzi) @ @' curve of dlagraw 3 is really “he (dotted) "ex posi”

curve ¢ ¢ cf dlagrsn 6.

For & wiporous smalysls of the dstermingtion of the unilt contoun let
: 4 /1: Astole e gverzge prosuctiviiy of lsbor end let k = KA

deucte the cupital-cuiput rablic In tue tochuology-exporting country.

Xf wa nisusc thatl tee long run growth rates of K end 0,(M,. and Mg )
are constont, ve can easily derive
7 20,
5.1 8) K= QT =
d-w
b) Q= k"1, vhLere
e} o= _Ta oy 5.2, 1 =K/ 4 =Q/)
T:‘ - -:]l‘l
e e e - T ﬂnt

PiY) “nis 3.= guraaned b;,' eiviinsiing L frow =l e gnd Q = dot ¢
5 ey s

of wiit c-f‘ L2280 €00 ;? €9 that L = (o= 1.
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Notice thet 5.1b is preciscly the same “"production function” which we

originally postulated in 3.la (i.ee, by letting @ = 1 in 5.1b ve obtain
the equation of the unit contoﬁr). This is the logical foundation for
our postulation of a Cobb-Douglas function to depict the unit contour

in the first place. Furihcrmore, the ccefficient ¢ is now secn to be

g function of the rates of growih of k wnd d an the technology-exporting

country. The previoucly Jdefiocd concepn  of the technology barrier R,

the assimilation lover y, sud the minlmum assimilation eriterion of 4.6

mey now be expressed in teras of these growth ratss:

5.2a) R=_2L8 =7 k/'ﬂ d (vy %.61, 5.1c)
& .

b) y =c ~R=2c-Mp/M, (ty 4.6b, 5.1c¢)
¢) Y>c0 orec> "‘k/‘nd (oy 4.62, 5.12)

Furtherme €, we racall frow 4.7 ead 4.8 the! the raze of capital accelers-
tion 0 dn the less Jdeveloped cowrtzy le an important paramcter in determining
the behsvior of ali the crucial cconomic varisbles in the system, e.g., K,

¢, ¥, Q%, end N%, We cen now express @ s 5 function of T]d an” T

5.3} 0 = i (B-1)/3 = iy =1 (e /) (by b.To, b4, 5.20)
The rete of cupitel acceleranior © is sesn Lo be proportional to both

th

[s4

rabe of increase of letsr productivity 1 and the assimilation lever y
Taue vhet conbribules Tavorably {o the rapidity of the growth process in

the technology recciving country ie a high ratc of lsbor progress end a

high innovation leverasc effect. Clcarily the icveresge effect will be grealer,

ihe greater ihe dcmestic capital-stretehing capacity.c. Morcover, the
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leverage effect, given ¢, is grester when the asgimilgition barrier

is lower, i.e., vhen there is & higher rate of increase of labor end /
or capital productivity in the advanced country. Thus, we sec a
mechenism through vhich cconomic progress in the edvanced countries can
be transmitted to the wnderdsveloped countries through the borrowing

of tezhnology.

Iet us retrurn now to the fanous coubroversy of the output effect
vis-a~vis the employment effect la e less developed country atlempting
to modernize via « "big push" policy (definel rigorcusly as technologicsl
borrowing without zepifal sirestching). Contrary 4o our earlier conclusion
one cculd isgiiimately argue that & hilgh enough rshe of progress in the
sdvanced country can elimingle the need for c.é;pi'talm stretching in the
uwnderderalopsd eountiy. Many s plaandszg comnission ox foreign sid official
certgloly is of thet visw. The Tach that this argument is not
entirely without, merit c2n realdily be sesn with the ald of diegrem 6.
Vith the fodlzatezd vabs of eapital despening in th: developed country
(iceog O, OF, 03, fD.eo) the unit technology contcur could, in fact,
follow the patt ARV . .o if fancvabionsl intensity ccours ab a high. enough
rate. The gnaps of this curve, it showld te noted, is now comparable
oAk positively sloped pastooaspitsleshrstohing curve dn disgram 3. waus
the argunent for the big push canmot, in fast, be rejected on a p_riori

theoretical grounds eand is deserving of further sttention.

In view of the fauet thut the ehspe of the unit contour in 5.1b is completely
determined by ¢ we cur, by n proceodure endir:ly aralogous to that followed

in k.5 dedoze dhe £ollowing poosidbles casss:
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5.in) 0<@<1 (unit contour negatively sloped)
b) 1<w ( " " positively sloped and convex)
C) @ <0 ( " u 1 1 u concave)

The three possible cases are thus represented by the three dotted unit
contour lines in diagrem 6. Furthermore, we see from 5.lc that ¢ is
determined by the magnitude of the rgtes of improvement of lsbor and

capitel productivity Ty wd 'I‘-k in the advanced country.

The magnitudes of both 'l]d and 'Pk » in turn, cex be traced directly

| to the forces of Jnmovation, capitel sccoumulation end population
growth in the advenced country. We can, for example, postulale =
produci:i.fnn fuaction in the conventicnsl form and define the innovation

intersity J, and the czpital gnd Lgbor elagticity of oulput:

5.5) Q= & (KL%} (zonshant raturns o scule)
. [28)
I t) R (inmovation intensity)

¢) 4 {d»-)(K/Q), #r, i n/a)(mh de + dp, = 1)

e
end de.auc =z the followling growth sguations:

5.6a) T\ﬁ”‘""’%{“f%

b)n=4+%%x
valzh show thadb the magaitude of ’nd snd 'P- ere delermined by the twin growth
premoting foress of I (the ivtensity of inacvation) and 1) K% (the rate of
copitsl decpening )'.—/ " We can then derive the expression for ¢ in terms

of ‘these underlying forces.

21/ For e fullier cxpos:.u:“z &8

a the gatkors' Development of the Labor Svrplug
BCOHO:':y (O“_D. cit. Cf‘c-*;; ar 9))
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5.7) @ =14 = _Jd_ ad  {by S.le ena 5.6)

This then engbles us to invesbigate the regl causal factors which determine

the dema;:ation between the three possible cases of 5.4. For this purpose
we assume,&s before, that the growth psth in the mature economy is
characterized by coniimwus capital decpening {1 xx > o).
5.82) o<@<1 EfMg>0 and Ny >o0

P) 1<gq HEMg>0 sxd Ny <o

c'.) <o Iff g <o
Ve khcvw that oae of the stylized fesetures of the mature economy is that
It i3 chargeierizsd by combinucus inereasss in lebor productivity or
per capita Income. Ttus, for all prezticsl pmpa: s; the positively
sloped und concave unli coutonr possibility in dlagrem 6, (L.e.; 5.8¢c s

with 1 4 < 0} csn be ralad out.

3

This Lesves us with the comsiderstion of the iwo other cases characterized
by rising labor produshivity. The central suesticn now becomes one of
determinirg whal bappese (o the capibel~cubpud rstie over time in the
wEAre emuonye. ‘This problem of the time frend of the cspltal-output
ratic in the midure ewcnny huz besn the gubjech of exhsmstive study

o
in the rezent pust P'/'ﬁﬂo-- of toese gludles sesm 40 indicate long teorm
seculay shabliliiy in ths szpite w:»u el rahlo ™ with some up snd down
swing phases. Ve must now recogaize that thzsc trends also have . considerable
slgnificance for the less developed world snxious to borrow technology

from gbroad.

oncmic Activity (New York,
"5, rieing slightly betwoen
1930, aud slightly falling

22/"“0 inay, Tor ‘::\:e.'u;
4 ‘9) \ ceee 1.1 A 5
1870 and 1900, fad

thersaltar,
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First of all, let us note thet the case of constamey in the cepital-
output ratio, i.e., Ny = 0, is, in faeh, the berderline case, i.e.,
& = 1, between the two cases still under discussion, i.e., 5.8a and 5.8b.
The assimilation barrier R of 5.2s for the two cases can be seen to be
5.98) o<®<1l orR>o0

b) 1<y or R<o

“here exighs & positive inunovation

\-u

Thus wa 322 thst, in the first 2asze
barrier. In thls czse modsrnlzsiion through a big push policy does

not work since we regulre g positive domestic capitel stretching effort,
l.e.; ¢ > 0y tc satisfy the minfmm sesimilation criterion (MAC) of

5.2, Convergely, in the seconl cssey, ws see that the iLonovation barrier
does not exist; hence even if no domzstie ingermuity 1s expended in the
eapital-: ghretching dlrection +he MAS is sgoiisfied and the bilg push can
gueseni. This does ncwy of osovures, doply thet caplisl-gtretching dees
not halp evea if the cgpitalecutput rgtio is felling in the sdvanced
country {5.8t) because .tha rate of cepital sccelergtion in the recipient

country 0 (sse 5.3) cem be raissd ss the sssimilation lever 7 is

Jnereamsl by g larger o,

It should be nobsd that the exigberce and the megnltude of the innovation
berrier depenis on the raturs of tne prowll process In the developed

world; i.e., tha inuncvsbion barrisr R can ba writicn us

5.10) R= ~J + Q’L_E (by 5.20 and 5.60)
Ma
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As (S.Ga) indicates, & given rate of growbh of par capita income or lsbor
productivity 'nd in the mgture economy can be brough’ gbout by different
combinations of J, human ingenuiby, ard Thvs the sugmentation of material

resources.

Equetion 5.10 then ghows that a given rate cf progress in the technology-
exporting country benzlits the reziplent country more if it is brought
T

shoul by raistively lerger deses of & snd relatively gmaller doses o:f‘ Tk*

K]

theough & relsblve lowering of the Inmoveslon barwier. This 1s a logical

T

resuad sines, affber all, whel is being fravamilbied in the intecrngtional
borrowing of teshroligy shoald as mich as pozsible zonshtitube human ingenuity
rebhar tras the conzoyuencs of gipscicr naberigl resssrees. The brosd brush

implicatiors for feralgn assictancs shtrefizey are intoresting. Jn the ear
2 &

dews of Bole’h IV the glvanced zouctries concelved thely ngin dazk to be one
T wgklng the lelornaliongl sbodkpils of knowliedg: and fecimiques availgble

o the lesy Jevelnped wordd; in berme of cur model this is equivelent to

yearg thal £ilowed we have experienced irncreasing

unreldling @. I th

W

2l o the trenzfer of capllbel 1o sugnent the narrowly

Q
bS
W
g
“ f‘
9]
<
>
]
[o ]
LLA

eirammsselted syvings sapecify of tha resiplen’ countries; in our termsy
thiyg 12 eguivalient +o realsiag zo And finglly, in the yveb more recent period,

boe rieliizetlon bas peown the the Inportelion of cepital elone cenmot do

A

the Jjob, but thei it is really the releaze of dowesic energles gnd ingenuity
which lies alt the heart of successful development and must therefore play a
larger role in the forsign assistance strategles of the cepilal exporting

countries; in terws of cur modsl this reans nore atbendion mish be vaid to

ratsing ¢ cad 4 to eszirs thot the npcluer gssimilstion criterion (AC) is
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Section VI, Verification

In this paper, we have congtructed o model of employment end oulpul expansion
by integreting the folilowing grovin-related factors into one explanatory
fremework: popalshion growbh, suvings beheviory, changes in labor productivity,
innovationgl borreowing, gnd the assimilgtior of tz=chnology. As a contribution
to the theory of growth, the model carn be used 50 attenpt to explein
‘historicesl experiorcs. To deslds whai less develioped counlry experience

is, in foot, relovent, let us brlsfly reccemine thz essential "causal

gtracture" of the modsl,

In the causs’ order chuch of diagrsm T, the five ksy behavioristic

sesmpbtlons arz2 irdiceted by the five reclangles, while the direction of
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the arrows indicates the causal order of detemmingtion. The growth of

lgbor efficiency is shown to be significant from three points of view:
technical, cspiial-output and employment. The technical aspect determines,
on the one hand, the imported capital-output ratio ('through the "availability
of imported techmology") end, ox the other, the degree of capital stretching
(through the "demestic cepital stretzhing function"). These together
determine the tecknicel zepact, deee, the lnmovetion process characterized
by "essimilation". With respe:t to the capital-output aspect of things,

the rate of increase of lebor productivity determines the rgte of chsnge

in the caﬁii;al~outp'1't'. ratio (T] ' <0 ) which, together with the savings
function, determincs the rates of growlh of cepitsl (1) K ) end of output

(Tl Q) in the underisveloped country.

Finally,; the growth of lsbhor effirisnzy determines the rgte of growth of
emplovmai (1) n) whro the rete of grovih of cutput is knowa. Ve see
that the populaiice growhk assumption lies ab the "closed end” of the
model end eerres o determine Both Par cepita lozome and the degree of

e /

- s &
empliyment o

Frum the ebove unsly:is ve geoe that our modsl depicts a type of growth in
whleh the incresse of lebor effin leacy w- throush educgticn gni learning
by dzing -- reprezsats ihe Primary grovth premeting force.  Furthermore ’

the significance of this labor prodquctivity ineresse is manifested, in

the first place, as a technological phevomenon vie the assimilation

23/ Notice that the analysis of “he rature of {he svyllable technological
shelf, 1.=., @&, finds its plaze in & ) ler uederstending of the
Imported tochaciogy "ben™ (5.18),  7n the rtetisiioal veritication,
we shall rzsiricl ourgelves.to data of the technology~receiving country.
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process; i.e., in the imitation end edaptation of foreign technology. There
is emple evidence provided by econcmic historisus that post-Meiji Jepanese
growth was characterized precisely by these conditlons, i.c., rapid
expansion of eduaztion end "imitgtive" growth. Thus, in the remainder

of this section, the historical experience of Japan will be analyzed in

the fromework cof our model.

In order o implemaxt the model of the last section, we have to estimate
the vslues of the five parzmeters (a', ry 3. ry 8 ). The following equations

can be uead for thils purpsse:

4
6.08) » =3, o¥7 eeeee (by 1.203)
AN
b) k‘ =aph eo0ecesone (by h-s&,)
C) (] '-"‘ /5,1 e_@ ssc0seesse (by l'ogb)
a) @ = __ 1 . .iieeee. (by L)
1 4% e
A /.
e) L= L, ef% cesvonoos (by 1,1Ce)
) &= ’JQ cevceraes  (Ty 1.101)

vhers g hab "AY dengta: g psransier eztimated by the method of least
squares. The eghbimshlon of (:L,r*, 5) snd P, is giveu by 6.laef -- for
vhich +ime zeriss of cutput (Q), ssrings () pupulation (L) and lsbor
prodestivity p (- 2/0) are regquived. If we ba‘ve s in sidition, the time
gerles of cspital stock (K, ve can estimate "&" and "t" in (6.1b) with
the aid of the time saries of k' (cbserved aspital-outpul rgtio) and p.
We can themuee equation (6.1:24) to estimate “c" amd "¢". Thus all the
paramclers can be estimated when the line scries of Q; Ny K, L, end 8

are ovollable,
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The basic data for Japan, for the period 1888-1930, are presented in
2L

columns 1-4 of tsble two (i.e., for Q, X, end H)‘."‘[ We can then derive

the time series of p=2/N (Colum 5), k' = K/Q (Column 6) end s=dk/at/Q

(Column 9).

The time seriss of p snd k' are indicated in diagrems 8 and 9 in which
the fitted curves (by the least sguore method) are also shown. The
estimated values for p axd k are recorded in columas (7) end (8) of

Table two.

The relationship between p and k' is showm ju the scatter diesgrem (diagrem 10)
in vhich the curvs (6.1b) is shown. The regression éurves of disgrems

85 9, ani 10 may be sammarized ws:

. A A
6.24) p =p, et whers i, = 89.33 grd § = .033
A b A A
b) k' =k’ ¥ whers K] = 9.50 end 8 = -.022
' A
¢) k' =8 p° vnere & #168.6 and@ = -.642

Wa cua then esltimate the paremshers (g, ¢) by (6.1cd) since
6.3) ¢ =in® /inf, =1.128 ... (by 6.2ac)
b) o =1ftf) = 0.67 oo (by 6.33, 6.2¢)
which ere tha two major “larovetion pareameters” of our model. TFor it
is only Iin terms of tbess two pavrsmetsrs that the minimum assimiletion
criterion for success (h.6c) is defined. To see the economic implications

of the gbove nwnerical-results, we cbserve thats

24/ Sex Appendix for explanation of the dsta sources.
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BASIC JAPANESE DATA*{Cont'd)

Year | Output = @ Capital = K | Employment |Q/W =p KX/Q =k' ) kK  s=arh

=N d
) (e (3 v ) () (e ) (1) (8) (9)
1926 | 10,095 40,067.3 60,522 352 3.97 317.03 k.16 .1343
1927 10,554 h1,423.9 61,317 365 3.92 327.8% L.07 .1289
1928 10,696 42,783.9 62,120 367 k.00 339.19 3.98 .1225
1929 | 10,962 3i;093.9 62,938 313 h.02 350.35 3.89  .1h75
1930 12,715 45,710.9 6k, 4150 L9 3.60 362.59 3.81

s anes mn

Y¥8aw fppondix  for explengtion of date sources snd methods.



Ll

6.4) (1-w) /o <c < lly iee., W5 <1.128 < 1.5

and hence (4.5b) is satisfied. Thus the value of the technology berrier R
(k.62) is .5 end the vslue of the azsimilation lever y (4.6b) is .628.

we can lmmediately conclude that: 1) The develomment expericnce of Japan
represeuts a case of "success" in the sense thet the minimum assimilation
criterion (h.6c) is satisficd. This mesns that ihe domestic effort in
the dﬁrec‘t.émn of cepitsl siretcbicg wvas sufficiently strong to compensate
for the wnisyorable effect of the highly zapilsl uveing nature of the
imported techrology. We emn thus cxplain why cutpal (Q) employment (),
per capits inzome (Qf) and the degree of employment (N#) did increase
jn the long run. (wnﬂ"hcr or rot t:hr.'-:sg four welfure in.dicatcrs mgy turn
down in the "short ran” is investigated below,) 2) The domestic capital
sbretohing «ffoxh, bowsver, was nol gulie strong enough to sstisfy
conditica (U.52). This mesns Lhat fov the b years teken as a whole,

Japan developsd wnder coaditions of some cgpitel doepening. This evidence,

of courge, doss not conivedict the fuch thalb for ths asrly years capltal
ghret hing 2ould hare pluyed g much mera Important role. In fact, it is
poseisle thai Jupue could even have shown & ceplial shallowing characteristic

2
in the earlier stages (l.e., with » higher cepitzl stretching coefficient)."y

3) The Jepsnese daba, morecver, reveal that ¢ in 6.7 Lies helween O and 1.,

This depicts the use of the negabively sloping wnit contour (5.9a) vhich

25/ In Fel and Ranis {op.cit) Chupter k4, we, in fact, presented some statistical
evidence that, for the industrial & ctor, capital shallowing gave way
to cepitnl despening eround 1917. Since the possibility of "capital
stretchins is grosters e graster ihe gitlerence betusen the imported
i & 10 reaszon thal et the carly stoge
neetie produetion structwre differs

- 3 I S . \. . oy & e
end the irdtecuoas tacheoliosy,; it gtand
,

i (vuen prosvond
(9

{

pore Jrcio lhe Lorcier loechndlogy r sisge) the rolc of cupital
stretohing is greater. Tais hyrothesis cun be verified by a more gystemgtic
statictics] jrvastiostion than e have unlsrigken here, I.c., by placing
shorter tizme pericds vndsr susminghilon.
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means that Japan was borrowing technology when the exporting world was
exhibiting som'e tendency for increasing capital-output ratios.e% also
means that Japan would not have been able to grow successfully without
a mgjor domesiic capital-stretching effort for which 14 1- , in fact,

Justifisbly femous.

" Once we have determined the mumeriesl magniiude of the three "innovation
pareneters” (o = 1.128, & = .67 and 1 = .033), we cun proceed to
Investigate the predicted velues for the rakes of growth of k'; K, Q,

N, @* and N* (sec causal order chsxt, disgram T) based on these
":Lnnc;va*:.ion‘pat'ametcrs", and then compere these with the directly observed

values. ITn this way, the reasonsbleness of our model can be verified.

To begin wlth, w2 cun qnlczula‘t;a the rate of growth of the cspital-output
retio by the formulg _
6:5) Myr =6 =1 (1-B)/B = -1 (e-(1-a)/w) ... (by 5.3)

' = - 0206 «eo (by 6.3 and 6.22)
which shows Shet toe predizted value for 1y, 1.6, -.0216, is approxi-
mately ijentical to its directly observed velue in (6.2b), i.e., 0 =

-.022 .

As & sscomi shep, the numerlcal valus of 1) k12 the predicted rate of
capital acceleration,is

6.6) N, = Tt = = .0216 (vy b.Toc)

_2_6_)7 Thus, an examiration of purely Jeranese date permits us to conclude that the
caplial oulpul ra%ic of the advenced countriee must have been increasing
during the pericd 1888-1930. This phencrenon can of course be verified by
independent evidence (sse footmcte 22).
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However, the directly observed valus of capital acceleratlon can also
be calculsted from column 3 (Table 2 ). Using columns 3 end 9, we
can estimate the parameters in the following equations:

: A A A
6.78) Ty = Noft where 6= .0b3 (Tg is the rate of growth of capitel)

A
) 8 = 90 et yhere D = .00898 (s is the average propensity to save)

Thus, the observed value (I'é\ = .0b3) iz sbout twice as large as the predicted
velue ?= .0216). This Jiscrepanczy is padtly explajued by the fact that
the averszge propensity to seve is not coastant (a.s ve have assumed in 1.10f)
but is in fext growing at the rate of about 1% a yesr (6.7Tb). For we have
6:8) M =M gfk =T = Tt

g0 that the observed rste of capital acceleration musi be greater then

=Tk ! by the smount of Ty, vwhich is approximstely the case. It is evident
from the caussi order chert (Alagram 7) that the more realistic sevings-
behaviorishic sssmpbion (6.7b) «= ory for that mgbter, other savings-
behavioristic assumptions 'ww could be used in plsce of (1.10f) near the

"eloged ead” cof cur model.

For the remsinder of ibis paper, we shull assume that the rate of cepital
gccelergbion 1s givea In (6.Ta), l.e., ’ﬂnk = § = .,O43. Based on this
gszunption sud the other ﬁammétsrs glready estimated, we can next
"oredict" the muevlesl values of the vates of growth of output (Q),
employment (N), per capita income (Q*) and the degree of cmployment (1)

according to (4.8). We obtein
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6.9a) 1 Q = 006k e O3t .0L43 (by 4.8a, 6.78, 6.22)

O0h3t

b) My = .006ke + .00 (by h.8b,?, 6.Ta, 6.2a)

/
006h e O3t 4 030 (by h.Be, 6.6a)

d) ’"N'J.* = ,006k e -0h3t 001 (by 4,83, 6.'{a)2[/

c) an-

Based on these growth rates we could have calculated the "estimated”
growth paths for Q, N, @¥, end N# (makj.ng use of 4.12) and compared
these "estimated" growth paths with the observed growth paths. However,
instesd of this diffieult compsrison of two time series, let us
concentrate on the enslysis of ths diracztion of change in the rstes

of growth in (6.9) mzking uss of condition (4.10). For this purpose,
it is sufficient tc make the obssrvation that condition (k.10) is
setisfied for all four cuses of (6.9), snd hence that these four growth
retas hars veen ccosistently pos:;..;ive through time. The conclusion

is that th2 Japanzse experience not only sabtilsfies the minimum assimila-
tion erdterion of (%.6c) but, in fact, thet the insovation effort has
bean go em:::eess.f‘ul-'bha'l: employment and per capita output have been
fucreasing from the very beginning of the growth process (i.e., the
gaitehing point phenomenon, as described by k.11 never occurred for any

of thess welfure indicstors).

Since the degree of employnent (I = /L) is monotoniceglly increasing

without bound, full employment will be reached vhen ¥ = 1. Thus our

_’_2—:_'[/ For the estimgtion of 2;;'* snd Thx, the population growth rate is
assumed to be r» = .0116 vhich is the grovih rate of erployment
estimated from column {I) of Table 2.
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model structure in the last section implies a "stages of growth thesis"
composed of an unemployment growth regime, to be followed by a regime of full
employment ?§,/ At "the terminal point" (i.e., when N¥ = 1), the economy
loses its lsbor surplus characteristic as it graduatés into the family

of mature economies. Previous work by the pressnt authors suggested
that such & turaing poivt, in the case of J apﬁn, occurred around 191.7.22/
We mgy now calculate the time required %o reach the "terminal point"

by first computing the growth path of N# (by L.12) as

6.10z) N# r-'biieu/ s /9 where

b) u =(1,/0) e® + (6 -i-r)t dor

c) ©

043, M= .06k, 1=.033, r=.0116
As iudlcsted in 4.13, by zetiing N¥=l in (6.10) and by meking use of the
3/

convenient favt thzb In our medel Qi ~r (=r .001) is apprdximately Zer
we can solve kxplicitly for the Juration of the process before the
temingl polnt is resched:

. ? 3 el/.-.{"\o ‘p
6.13s) + = (r/e) . o '\f.‘.’n"'//.-.‘;) /0 (vhen N# increases to 1) for

[}

ry :\ . % - .
b) g = 083, Ty~ OGN, 1+ .C33, v o= 0116

Thus, we cen calculgte the time pariod till terminal point if we know

the Initlel degres of emplcymant (5¥,) arovnd 1833. Unfortunately, we

_'_2§,F Rigorously, all of cur enalysis in the last section is valid only in
the first stage of growth in vbich unemployment exists.

29/ See Fel end Ranis Chapter L. The result vwas obtained from the
stetisticaily cbserved fact that when the 1lshor surplus condition ceased
to exist, capltsl shailowing gave vay to capital deepening in the
inductrial, cector of the dwalistic swomomy. We did not in our previous
vwork explain vy the tevmingtisn peint sheuld eceur in 1917 and not at
gny other dsts, Cuor wors in this paper suprlies a positive theory
vhich providas.a possibls aNsweTe

30/ 1f this were nod convenierily Tiue, everything would still hold but the

™ ealeulaticn wruld be wore corplizated.
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do not know of sny data on unemployment (disguised or open) for these
early years. Consequently, the hypotheticel values of N¥ = .6, T, .8 and
9 (i.e., 10% to 40% of the total labor force openly or disguisedly
unemployed in 1888) are assumed. Applying (6.10) we obtain the
followiﬁg results:

Initial degres of employment: 9 .8 T .6
(N% in 1888)

Dura’cion.of unemployment phase t:
(years) 12 21 27 34

Celendar Year (2888 + 1) 1900 1909 1916 1922

In the early stuage of Jepansse economls developmett, it is quite unthinkable
that thera sheuld have been no slack in the form of disguised ur.empi’toyed labor
force. We may reasonably acgsume that the initlial unemployment is upward

of 20%; which glves the terminsl point for Japsn somewhere after 1910,

These results, though undoubtedly based on as yet inadequate date arc

Y

supported by indepecdent esrlier work on Japan

Conclvsion

Tois paper has scught to dsmcustrate that s comprebensive theory of growth
for less developed countries not only relates employment and unemployment
w ith g1l {he cotbher cussomary growih phenomena et the eggregative level
but must slso tie up with the ngture of the techrology avallsble for

borrowing from ebroad. Such a genergsl explanstory fremework, of course,

31/See K. Ohkawa and H. Rosovsky "The Role of Agriculture in Modern Japanese
Economic Development", Ecoromic Developmﬂnt snd Cultursl Change, October
1960, for example, as well as the authors' Desvelopment of the Lgbor
Surplus Economy (p_g cH;) We hope that later infcormation now becoming
avellable from the Hitotsubashi Universiiy will meke it possible to
improve our estimgtes.
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should not only be capable of explaining historical experience but also
have substential implications for planning end policy-msking. We have
only scratched the surface in both respects. But the preliminary results
presented here do seem to provide encouragement for further exploration,
in parficular into &) the nature of the reiationship between technological
borrowlng and lending countries at different stages of development; Db)

the precise meaning of s technologlcal gap and Veblen's advantage to the
late~comer nation; c) the relationship between different internal patterns
of growth in the developed world on the development process in the less

developed world.



Appendix ..
Sources for the baslc time series data used Jor the ané.ly‘sis of the growth

experience of Japan:

1)

-

2)

3)

k)

Output date (Column 2) are teken from Ohkewe, The Growth Rate of the

Japanese Ecoﬁomy Since 1878 page 248, Table 4, "Total Reel National

Income Produced”". The dats sare measured in millions of Yen end in

i928~32 prices.
Capital stock estimates (Column 3) are from Fei snd Ranis, Development

of the Labor Surplus Ecorionw pages 126-128. Figures are in millions

‘of Yen and hevs teen deflated by Obkawa's (33. i:@_’_c_.) non-farm price
index, page 130, 1930=100. The "Capitel Stock" figures produced in
this wey are for the industrial sesctor which have baen taken as approxi-
mglions of the csplial smcl; for the economy as a whole. Once more
recent precise capital stock dats become availsble these series should
be revised.

Ewployment data (Column 4) are from Fei end Renis (op. cit.), pages

126-128 Golume 1. Numbers sre in 1000's of persons. We have taken
"total population” as an spproximstion of "total employment”. From
these data, the population growth rute is estimated to be r=1,158%
!(gecmetri:z "tE.’/'éZl'-':x,';f.f for the entire period) which is used in (5.8cd) in
the text at the "closed end" of the model. (See the cé.usal-order.t.:hart
in dlegrsm T). |

The capital-owtput retio, k' in Column (6) is Colum (3)/Column (2).
However, the figure for average productivity of labor (p) in

Column (5) 1s not A/N as defined in Columas (2)/Column (4). Instead,
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the Ohkewa (op. cit), page 250, "Total Real National Income per Gainfully
Occupied Population”. Figures are in 1928-1932 Yen. This is because

we have taken "total population™ as an approxima'l:,ion of "total employment".
(Thus the dete in Column 4 is used in the text only for the estimation

of the total population growth rate r=1.158%.)
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