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PREPACE

This study attempts to investigate the maln causes of
technologleal change in 4 very broad framework - an inter=-
national comparison of 2C countries tzken over 14 yecars.
Thile serlous prodblems arise as a result of such ageregation,
1%t 1s surmgested that this is 2 fruitful approach 1f we wish
to 2llow for what appears to bhe 2 very conslderadle mobility
of technolocy. The results presented in this work seem to
confirm thils supposition and offer a bhasis for some rather
novel conelusions especlally with resard to the importance
of expericnce and longe-run effects of czpital accumulation
in determining output,

Conceptually, the dissertation consists of two paris.
One, an econometriec study of the available data which also
constitutes an example of using the analysls of covarlance
to produce a measure of technologlical change. And two, a
theoretical 2nalysis of the results with respect to their
relationship with some of the more important studies in this
field,

I am indedbted to professors Alfred Conrad, Peter Guiman,
Bernard Okun, .and Gerald Sifkian vwho read the dlssertation

and made valuable comments which helped to improve the
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quality of the analysis, Professors Alfred Conrad and Bernard
Okun gave special attention to the econometric part cone
slderably improving some of its aspects. My greatest dedt is
to Professor Alvin Marty, who served as the chalrman of the
dissertation commlittee. His generous helpand the many hours
of intensive discussion greatly contridbuted to the substane
tive quality of this work. Any errors that remaln must de
attributed to ne,

I also wish to acknowledge the contribdbution of the
?ngineéring Department of City College of the Clty Univer-
gsity of New York which made an ample allocation of the ma=-

chine time on thelr computer,
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CHAPTER 1

INTRODUOTION

In trying to account for productive capacity of an
economy one might consider three determlnants: labdor,
capital, and land. If this specification were correct,
that is if the above 1ist of three factors contained all
three determinants of capacity output, the output of the
economy would be fully explained by the ihree inputs.
Except for errors of measurement, there could be no
"residual® output.

Over the last 15 years a large number of studies
atfempted to test the validity of this speclification. It
was soon found that, at least for the industrialized count-
ries, land was not a very important input and could usu-
ally be omitted. The two remaining factors, labor and
capital, were shown to be important and could account for
a large part of the total output (from approximately one-
half to one~third; Nelson, 1964), But the two faotors
could not explain all of the output = a considerabdle resi-
dual remained which could not de accounted for dy labor
and capital alone. For more recent periods this residual,
which was usually called "the level of technology", was
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often found, in fact, to bde much larger than that part of
output whioh was explained by labor and capital (S9o0low,
1957; Nelson, 1964). The importance of that residusl 1is

now obvious = if it ocan de 80 large that it may amount to
nore than one-half of the total output, then it is essential
that we gain some understanding of the nature of the resi-
dual 1f we want to make intelligent predictions and exerw
cise some control over the outputs of the present-day sco-
nomlies,

It seems that the best approach to this probdlem is to
postulate a production function; that 1s to assume that a
unlque relationship exists detween the inpute and the outs
put for all values within the field of our study. We can
then follow the established practice in assuming that there
are only two inputs: labor and capital., This relasténship
can be written as follows:-

v = £(L,K) ,
where V 18 output measured as value added, I is labor
input, and K is capital input. Note that usually no time-
lags are assumed between the varlables so that the effect
of the two inputs ef & given year is supposed to work it
self out on output fully within the same year.

Definition of Technological Change

The above assumptions enabdble us to formulate a defl-
nition of technologlocal change. Taking total differentlal,
the above equation can be, after some manipulation, wrlt-

ten in the following form:-
o -2 -



'.V/v L .l(t/ll) + Ca(t/x) .

The rate of growth of output is equal to the weighted sum

of the rates of growth of the two inputs. If, however, this

specification is incomplete, so that there exlist some other

inputs contributing to the output, then the rate of growkh

of output will dbe not equal to but greater than the welgh-

ted sum of the rates of growth of labor and capital, Thus
we will obtain a "residual” which is usually added to the

above equation as follows:=

/v 2 ay(E/1) ¢ a (R/R) + &/A,

vhere L/L is the residual represented as a percentage

change in the level of technology A. (Solow, 1957)

The definition of technological change can then be

given as follows: Technological change 1s the residual in

the production function after the effects of changes in

labor and capital inputs on output have been accomnted for.

This measure is "neutral"”, that is, 1t is independent of

the levels of the two factors of production or of their

ratios,

1 The same definition is sometimes given in a per-

haps less accurate but much simpler form: Technological

change 1s the rate of increase of output per unit of

input (Solow, 1963). Moreover, for a homogeneous produc-

tion functlion with constant returns to scale, the defle

nitlon can be further simplified (Solow, 1957):

1)

is is a Hicks-neutral technological change where for

ASm , 9n/3K = 0, 3m/3L = O, and dn/dkx = O, Por a
Cobb=Douglas production function with coeffliclents con-
strained to one this is the same as a Harrod=-neutral
technologiwal change where IV/2K = £(V/X). See Uzawa (1961),
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Technological change is an increase in output per man not
explained by inoreses in capital per man. Jolow derived
this definition by postulating a linear homogeneous pro-
duction function which, when differentiated, gives

tohouk,

where v = V/L, and k = X/L . If a Oobb=-Douglas function
is assumed, then a, becomes a constant,

Oout of the definltions given above, the first one
will be adopted for this study since it 1s more exact and
does not require the assumption of any particular form of
the production function. Even so, defining technological
change as a residual can hardly be accepted as a very satise-
factory solution. The residual of the production function
is the effect not only of all unspecified inputs, lnclu-
ding changes in natural resources, but also incorporates
errors of measurement and errors caused by the rigildity
of the mathematical form of the function. As explained by
lawrence Klein (1962) technologlical change should be de=-
fined aBs only that part of the rqs{duul which is the effeot
of the determinants of technologlcal change. In other words,
the estimation of technological change should begin with
economic theory which specifies the determinants of tech-
nological change and which, therefore, can be tested., Inser-
ting these determinants into the production function would
reduce the residual by some, probably a very large part

and thus impute what has been often unsatisfactorily called
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technological change to specified inputs in the production
function. This procedure is a dbasic requirement of econo-
metric theory. In contrast to the abdbove, 30low defined
technologiocal change as a residual of the production funce-
tion and, as a result, ... "Other than as a mechanical
trend varying in some fixed chronological way, Solow did
not have a direct measure of A(t) ~ a nebulous concept of
technioal progress.”" (L. Klein, 1962, p. 110.) Domar (1961)
also thought that a more appropriate name was "the resi-
dual",

Nevertheless, Solow's definition has been widely
accepted, Undoubtedly, one reason was that the term was
introduced into this context by Solow as a part of a brile
liant analysis. But another, perhaps more substantive reae
son lies in the fact that it 1s expected that technologloal
change amounts to virtually all, or at least to a very
large part of the entire residual, Since there is not much
quantitative difference between technological change and
the residual, there would be a natural tendency to use a
more expressive term which conveys far more information
about its nature,

While this line of reasoning is not accepted in this
study, there would be perhaps little point in using here
the term"residual" while a large majority of studies in
this field use the term "technological change", The definie
tion of technologioal change as the residual of the pro-
duotion function will thus be unwillingly adopted for this
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study. The method of estimation, however, will follow the

precepts of soonometrics as descridbed above,

asure f Teo

Defining technological change as thqhyeuidual will
make the measurement depend both, oy the form of the fun-
oction chosen, and on the faoctor coefficients. The latter
may be obtained directly by estimating the production func-
tion or from other equations in the model as was, for ins=-
tance, done by Solow (1957) who used relative shares of
national income as estimates of factor coefficients in a
linear homogeneous production function. Theoretically,
there should be no difficulty in chosing an appropriate
form of the function and the same estimates of faotor coef-
ficlients should bde obtained with both methods as long as
the assumptions are correct, Unfortunately, our knowledge
of reality is so limited that there is little agrsement
as to what assumptions are realistic., As a result we are
faced with a considerable number of studies many of which
are based on widely differing assumptions giving entirely
different estimates of technologlioal change.

Form of the Production Function
The choice is usually limited to Cobb=-Douglas, Constant

Elasticity of Substitution (CES), and Homothetic Isoquant
(HI) production function. While the flexidbility of the
functions increases from Cobb=Douglas to CES and from OES

to the HI function, the increased generality is costly mainly
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because a larger number of parameters is required and, in
the case of the HI funotion, also because of the need to
assume perfect competition and the marginal productivity
principle as applied to factor prices. But the gain that
can be obtained from using a CES funotion 1s small: ...
"The analysis could have been bullt around the more general
CES model, but within a wide range whioch probably brackets
the elasticity of substitution the conclusions are little
different from those drawn from the simple Cobb-Douglas
model." (Nelson, 1964,) The same oonclusion was drawn for
our data from a comparison of results obtained from the
Cobb=Douglas and the HI functions, Hence our study will be
based on the Cobb-Douglas function with unrestralned coef=-
ficients (constant returns to scale not assumed s0 that

the coefficients can add up to more, or less than one),

Estinates of PFactor Coefficients

Rumerous studies in the past lnvolved fitting the
Cobb=Douglas production function to data and widely diffe-
ring estimates of factor coefficlents were obtalned.

Solow (1962) fitted his funoction with a time trend variable
as a determinant of technological change to US data for
1909-61 and obtained a; s 0.89 for the coefficlent of
labor and a, = 0.11 as the coefficient of capltal. The
capital coefficient 1s here very small indeed. Nelson (1964)
suggests that for the US dates for 1929-60 the estimate of
the caplital coefficlent, LY obtalned by regression may be
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as high as 0.5 or greater. "Working econometricians! con-
cerned mainly with practical models capabdble of forecasting
economic variables within a 5% error or better, frequently
assumefixed capital-output, Harrode-Domar model with very
éBBd results, This model was used by Kristensen (1960) for
long=-run forecasts for eight regions of the world and by
Krengel (1962) for Germany. The fixed capitaleocutput model
18 written: A ® V/K , where A is a constant. Multiplying
both sides by K, we get:t V = AX , which is the Cobb-Douglas
funotion with the coefficlent #f capital a, =1 and the
coefficient of labor ay; = O, Thus in these models the
coefficient of capital has been increased to one. Cur own
data for 20 countries over the period of 1950=63, when fite
ted to this model (without labor input and without techno=-
logloal change variable) gives V = o~1+34 gl.09 ’

r 0,98 , '8y = 0,22 . Finally, though it 1s not often
realised, the coefficient of capital can bde larger than

one as, for example, in the model used by the Central Plan-
ning Buresu of the Netherlands (1956): 'V = ana o In fact,
Solow (1962) in the study mentioned above re-run his reg-
ressions without the time trend variable representing teéh-
nological change., His estinmate of oapitallcoefrioiont now
became a, = 1.24 , and Solow, somewhat hastily, dismissed
this estimate as a nonsense result. Actually, this result
is unacceptadble only under Solow's assumption that his
specification of labor and capital as the only determinants

of output is a correct one. We know, however, that this
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specification is incomplete. Assume, for instance, that
there exists another determinant of output, say, the level
of education of labor, E, which has a coefficient of 0,24 .
and happens to be strongly correlated in a given sample
with capital input X. Then the correctly specified funotion
would be
v = Ax 2 5024 |

Since E and K are strongly correlated, however, omitting
variable E would increase the coefficient of capital cone-
siderably above one, Note that this conclusion would be
valid even under the conditions of constant returns to
scale since capital here partly serves as a proxy for the
quality variable E. Under these circumstances the estima=
tes of the coefficients of labor and capital would add up
to more than one even though constant returns to scale do
apply t9 labor and capital. If increasing returns to
scale are admitted, then there is no reason why the ocapital
coefficlent should not exceed one even when there are no
other determinants of output which would be strongly cor-
related with capital. ’

The above discusslon is really nothing but a review
of results of various studies which form the basis for the
controversy between the neoclassical school and the Harrod-
Domar school. One school supports the idea that smooth
substitution between factors of production is possible,
The other contends that the capital-labor ratio is fhxed.
Good empirical results can be found to support both hypotheses.
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Measurement of Technological Change

Much of the classical theory of economic growth was
mainly based oh two assumptions: the law of diminishing
returns, and, impliocidly, constant level of technology.
Labor was measured in natural unite and, in addition, its
quality was assumed constant so that labor in effioclencoy
units was equal to labor in natural units. Assume that
labor in natural units is constant, Now, if we increase
capital input we will have diminishing returns to capital
so that, on Diagram 1, the curve representing production
function Fl will have a gradually diminishing slépe. If
actual data gives points which lie on line ¥, then we nust
assume that the production function Fl—ghifted upwards to
P2 at the same time as capital inoreased from Kl to Ka.
This shift represents technological change which 1s here
considered as a separate factor operating entirely out-
side any changes in labor or capital inputs,

This, however, is not the only possible model., It is
equally valid to postulate non-neutral change in techno-
logy where, for instance, with capital input and techno-
logy perfectly correlated by a logarithmically linear
functlon; the regression would produce the coefficient of
capital input a, = 0.95 with a zero rolidual.l Regressing
K in natural units against output V would give here an

1)!‘c:vr the sake of simplicity 1t is assumed throughout this

aggument that the stochastic error for each observation
is zero.
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incorrect result, due to improper specification of the
function, that the growth of output of a given psrcentage
requires almost the same percentage inorease in X and hence
would appear to imply almost a fixed X/V ratio. This result
would be wrong since what did in fact happen was that non-
neutral innovations biased the estimate of the elastiocity
of output with respect to caplital input, a,, towards unity.

If, on the other hand, technological change 1s at
least partly neutral and capital input and technology not
fully correlated by a log=linear function, then there will
be some dispersion of the points about the regression line
and the slope of the regression line will be smaller. The
coeffiolent of K will be now smaller and, due to the dis-
persion of points which will produce the residual, will
explain only a part of the variation in V. Thus we will
obtain a smaller value for the estimate of the coefficlent
a, (such as, e.g., 0.5)1 and a residual (such as, e.g.,
approx. 45%)1 which is identified as technological change,

Lastly, we may chose to constraln a, to a given value
by, eeZe, identifying it with the relative share of capital.
The coefficlent a, will now be likely to be even smaller
(oo, 0.25)1 and the residual larger (60% or more).1

It therefore follows that in this model the smaller 1is
the value of 85 the greater will be the residual - see
Diagram 2.

1)Those figures are for the United States, 1947-60, as
suggested by Nelson (1964, p. 599).
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If this residual is imputed to technology, then the sise
of the technological change obtained from the regression
will depend oni-

1) the extent to which technology and capital
input are uncorrelated by a loge-linear
function. Note that if correlation between
technology and capltal is gzero, this assures
Hicks-neutral technological change (and
Harrod=neutral in the case of constrained
Cobb=Douglas production function) dut the
converse 1s not necessarily true (see p. 14
below).

2) assumptions regarding the value of 85

The example used above was purposely oversimplified.
Labor in natural units does not usually remain constant
but this does not matter here since the entire argument
can be re=written in terms of K/IL and V/I without affecting
its validity. The assumption of constant returns to scale
is also here necessary but this would alter our results
only in so far that any increasing returns to scale would
be added to technology.

We have seen that the results of regressions fitted
to sets of data which should not de very different in
basic struetural parameters, can vary consideradly when
the underlying assumptions are changed thus giving us
different estimates of the levels of technology. Moreover,
14 must be borne in mind that Solow's (1957) estimate



indicates that while changes in K/L acocount for only 0%
of the changes in V/L, changes in technology explain the
remaining 90%€. Clearly even relatively small non-neutrality
of technology can greatly affect the value of the factor
coefficients in the production funotion,

Assuning neutrality of technology and leaving the Jod
of estimating factor coefficlents and the level of techno=
logy to the regression is far from satisfactory. More
information, either about the size of factor coefficients
or about the extent of correlation between technology
and capital and labor inputs, must hHhe added to the model.
It is very important, therefore, that any information

added must have a very sound basis in economic theory.

Additional Assumptions in Past Studies of Technology
In 2 number of past studies the possidility of tech-

nology occurring as a factor separate from ladbor and ca~
pltal inputs was not admitted. Some of those studlies seenm
%0 have produced very high coefficlents of caplital spu-
riously suggesting the applicadbility of a Harrod-Domar
model. It was only natural, therefore, that this model,
requiring data for only one factor, would galn some popu-
larity among "working" econometricians where 1t produced
very satisfactory results in forecasting without any need
for technologiocal change (T. Kristensen et al,, 1960;

Re Krengel, 1962). If technologloal change does, in fact,
occur in such a way that it brings the rate of growth of
labor in efficlency units up to equality with the rate of



growth of capital in natural units (darrod-neutral tech-
nological change), then diminishing returns to capital
will appear to heve been eliminated an a spurious fixed K/V,
Harrod-Domar result will be obtained from the regression.
In this special case even the fact that technological
change is Harrod-neutral will not enable us to isolate
technological change since technology 18 here perfectly
correlated with capital input by means of a log=-linear
function. The estimate of a, will be 1.0 and technology
will demonstrate itself entirely through this very large
coefficient rather than to accumulate in the residual of
the production function.

- Non=neutral technological change could also blas
upwards the estimate of the caplital coefficlent a, suffi-
ciently to oreate a mistaken impression that a fixed K/V
ratio may, in fact, exist. Since the fixed X/V ratio model
does produce good results in empirical work, and produces
these results with less information, it could be selected
over all others especially when estimation of structual
paraneters is not the main object of the study. On the
other hand, allowing technology to work itself entirely.
or lnrgely; through labor or capital makes learning about
its size and nature very difficult. Since the purpose of
this study is to gain some insight into the way in which
technology is determined, we are prepared to sacrifice the
spurious simplicity of the fixed X/V ratio for the sake

of a more properly specified model with several inputs,
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In many other studies of the type described above,
where the estimation of the coefficients was left to the
regression and where technological change was not explicidly
allowed for, the capital coefficlent was estimated at much
less than unity, As mentioned earlier, Nelson {1964) sugges~
ted that for his data the capital coefficlent might have
been 0.5 or a little larger, As would be expected, this,
much lower coefficient would allocate a substantial part
of the change in output to change in technology (¥/v = 3.1%
Pe+8., and /A = 1.7% Pea., for the U3, 1929-60, Nelson, 1964),

Another set of studles relies on the assumption of
perfect competition and the principle of marginal produc=-
tivity to derive the coefflicients of labor and capital from
relative shares of national inoome, In the face of the evi-
dence on the extent of monopolistic power in our economy,
the assumption of perfect competition seems to be extre-
mely tenuous, But to adopt the principle of marginal pro-
ductivity on the aggregate level after 1ts inapplicadbility
at that level has been repeatedly shown (see, e.g., a mase
terly exposition by Joan Robinson, Economic Journal, June,
1964, pp. 410-7), ls very questionadble. It is agreed that,
undef perfect competition, marginal product of labor would
be equal to the wage. To the extent, which is obviously
not insignifiocant, that this ideal state ia not achleved
in industrial countries, the marginal product of labdor
must differ from the wage. Notealso that the assumption

of perfect competition, in thls case, involves the s$&té-
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of full employment without inflationary pressure. It seems,
therefore, that this approach lacks a proper basis in eco-
nomic theory. Nevertheless, it was employed on a number
of occasions. For the US the relative shares of income
acoruing to labor and capital are approximately 0.70 and
0.30, respectively (0.75 and 0.25 for more recent periods.
Nelson, 1964), Since the ocapital coefficlent has been further
reduced, the effect of technology on output is greater -
with ocapital coefficient of 0.25 Nelson (1954) obtains
A/A = 2,1% p.a., for his data.
lLastly, there 13 a number of studies based on the
assumption that the level of technology is a function of
time (Solow, 1962; Nelson, 1964). It seems that this method
produces the smallest capital coefficient, 0.1l1l, and the
largest increass in technology, 2.5% p.a. (Solow, 1962).
Two comments must be made regarding tha last method.
On the one hand, the proocedure for inserting into the pro=
ductlon function a determinant of technology, rather than
some theoretically tenuous restriction on faotof coeffi-
cienta, is much more acceptable from the point of view
of econometric theory (see p. 4 above quoting L. Klein).
On the other hand, the determinant chosen is time and there
seems to be little in economic theory to support the hypo-
thesis that technology is a funotion of time. Much hetter
determinants can bde found in economic theory than the
chronologically mechanical variabdle representing merely

a time trend.
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Plan of Study
Past investigations can be divided, then, into two

groups: those based on the fixed X/V ratio, and those based
on the neoolasslical model.

In the studies of the first group there is no, or very
little technology as a separate factor in the function and
most of it seems to work itself out through quality ad just-
ments of labor and capltal. Even if this model were a
better representation of reality as far as its assumptions
are concerned, it would be a very difficult model with
which to study the determinants of technology. The hypo-
theses on technology given by economic theory do not ale
ways clearly distingulsh between determinants which work
with labor only, or with capital only, or entirely separated
from the two factors. In fact, in some cases such a clear
distinotion does not seem at all possidle ~ e.g., in Arrow's
hypothesis on learning by doing (see below Chapter V) lear=-
ning occurs in the labor force but it cannot be passed on
from capital industries to consumer industries except when
it is embodied both in the capital of capital industries
itself, and in the capital goods sold to consumer indust-
ries, It 12 not clear how this effect could be entirely
allocated to either lador or capital since the extent to
which 1t will increase total output of the economy depends
not only on how much labor learned but also on how much
of this new kmowledge could be used, given the rate of in~-
vestment and of adaptation of the existing capital assets,



Since the fixed X/V ratio model limits us to one factor,
either labor or capital, it 1s difficult to see how this
problem could he satisfactorily solved.

The second group of studies is based on the neoclassi-
cal model which produces varying, but usually substantial,
estimates of technological change. It seems that, in order
to establish which determinants of technology are appli-
cable to our data, the best method is to add the determle
nant variables to the production function and to postulate
sufficiently low correlation between technology and capital
and between technology and labor so that significant eati-
mates of the coefficients can be obtained for the deter-
minant variables. To the extent to which technelogy is not
correlated with caplital and labor, this ensures that tech-
nological change will be neutral or offsetting. Both, the
assumption of substitutability between caplital and labor
and the assumption of low correlation between technology
and the two factors of production, are very tenuous dbut
they do enable us to isolate technology as a separate factor
which makes it much easier to study 1t., In this context,
then, adding the determinants of technology to the pro-
duction function is the proper method from the point of
view of econometric theory. The determinants, however,
should not be limited to a mechanistic time variadble dut
should include all determinants which are offered by eco-
nomic theory, which are relevant, and for which data can

be obtained.
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The following general plan will, then, be used for
this study. To obtaln results of wide applicabdility, highly
ageregated data will be selected conslsting of pooled
time~series, cross-section figures for 20 countries over
the perliod of 1950-63, Form of the function will be tested
and the Cobb=Douglas production function with unrestrained
coeffici&nts will be adopted. Since both time=-series and
crosse-gectional data are used, 1t will be posslidble to
employ the analysis of covariance and so to find proper
estimates of factor coefficlients together with an estimate
of neutral or offsetting technological change, This excel-
lent technique, which became practlcable only recently due
to the avalilability of electronic computers, will produce
separate series for technological change over time and for
technologlcal change over countries, both serles net of
random errors. Determinants suggested by economic theory
will then be fitted to both serles. It will be found that
the same determinants, with nearly the same coefflclents,
apply to both series, This will enable us to shed the frame-
work of the analysis of covariance which, though very effl-
cient, nevertheless does impose its own rigidity and to fit
the determinants directly into the production funection
applied to all data. This process will test a numdber of
hypotheses and thus establish which determinants of tech-
nology apply to our data,

It will then be shown that the complete functlon can

be transformed, under the assumption of steady growth,
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in such a way that the variable representing the most im-
portant determinant of technology can be merged with ocapital
input. This will have the effect of increasing the value
of the estimated capital coefficient to 0,70 and will thus
offer one explanation of the way in which a bdaslis for a
spurious constancy of the X/V ratio can be created.

What is more important, this very large value of the
capltal coefficient implies that in the long=-run, steady
growth models the importance of capital imput is much
greater than that of labor input. This result contradiots
the conclusions drawn in a number of recent studies which
tended to discount the lmportance of capital in favor of
labor input.

Since the determinants of technology tested in this
study explain a very large part of the residual, it will bde
suggested that the results of this analysis may be useful
in contributing towards a formulation of a basis for a

self=contalned, endogeneous theory of technological change.
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CHAPTER II

GENERAL OUTLINE OF THE STUDY

The Purpose

This study will explore one approach to finding the
main determinants of technology in a wide framework. The
choice of a wide field, involving a very consideradble aggre=-
gation in contrast to studies limlted to one industry, was
based on two considerations. Flrstly, that relatively little
is as yet known about technology, so that a study of a very
basic but general nature seem to be justified. Secondly, 1t
would appear that large sexternal economies may dbe associa-
ted with technology so that disaggregated studlies may well
glve entirely different results from those that would be
obtained for entire economies.
ethod

An econometric study using a production function will
be carried out over the f£i31d of data covering 20 countries
over the period of 1950-63, In order to establish what are
the determinants of technology in this wide context, some
generalizations of the presently available hypotheses will
have to be made, These, howsver, will turn out to be rela=-

tively minor. The choice of determinants will also be
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affeoted but all major hypotheses will de tested with the
exception of only one (research and development expendi-
tures) for which no data are avallable,

'Pinally, the resulting production function, together
with the determinants of technology, will be subjected to
several transformations in order to gain some insight into
the nature of technology and the difference between the

Harrod-Domar and the neoclassical model.

Framework

Since the purpose of this study is to find determi-
nants of wide applicability, the analysis will be made on
a macroeconomic level with a sample of 20 countries taken
over 14 years., This will give a large total of 280 obser=-
vations for each variable. The agricultural seoctor, how-
ever, will be excluded throughout the sample, The reason
for this exclusion is that in many countrlies the agricul-
tural sector shows a very rapld growth of technology, mainly
as a result of breaking down of institutional barriers to
growth, In those countries the agricultural sector can now
release resources which leave this fleld with 1ts relati-
vely low productivity (even with the new technigues) and
enter manufacturing and servicé sectors wvhere productivity
is usually much higher. This shift of resources is often
responsidle for a large inflation of the technology index
without any change in the underlying determinants of tech-

nology in those sectors. While we cannot eliminate all
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changes in the level of technology due to shifts of resources,
we havp the necessary data to exclude the most important

source of those shifts, i.e., the agricultural seotor.

Macro versus Micro

It is frequently contended that a microeconomic study
must be superior to a macroeconomic one since the latter
must be based on sweeping, and therefore unrealistic assump=-
tions, Thus changes in opposite direction within the total
may offset each other and the changes in the total itself,
therefore, may be of little or no value, PFurthermore, the
measure of the total may be meaninglesa. If a production
function, for example, is applied to an entire economy, the
underlying assumption is that the same function applles to
each productive process in the economy, be it a provision
of some simple personal service or manufacture of computers.
Since suoch an assumption is not very realistic, the meaning
of the aggregate production function 1s far from clear and
cannot be considered rigorous,

On the other hand, it must be noted that many of the
macroeconomiec functions have remained remarkably stable
over time. Moreover, from a purely dpractical point of view,
1t will be probably a long time before we are ready to in-
vest suffioclent resources in econometric studied to measure
our variables sector by sector in the entire economy. And
even then the sum of the sectors will almost certainly not

addup to the whole owing to the interaction of the component



parts. In the meantime, however, we surely need some indi-
cation as to how our economies operate and thus must use

the admittedly crude technigues to the best of our ability.
Lastly, it can be shown that with the assumption of perfectly
specified micro equations various errors must result from
aggregation (Theil, 1954; R. G. D. Allen, 1956; 2. Griliches,
1957). But in practice we do not have such a perfect speci-
fication and then aggregation may explain our data better
than a combination of all micro equations (Grunfeld & Gri-
liches, 1960).

Fleld of Study
To assure that our finding will have broad applicabl-

1ity, we have decided to use a macroeconomic approach. Now
we have to chose between time-series, cross-section, or
pooled data, and between intra and inter=country studies.
Time=-series data are more accurate and more of them
are available. But using time-series data with year by year
figures cannot be properly assoclated with the theoretical
concept of comparing an economy in equllibrium at various
pointe of time. Certainly we would expect that much more
than one year is required before the effects of changes in
factors could work themselves out fully throughout the
econonmy. Thus 1t is very likely that time-series data gives -.
us figures for the economy which is, at each point of the
series, some unknow but probadbly substantial and changing

distance behind its equilibrium position,



Secondly, it frequently happens that the predetermined
variables, i.e,, labor and capital, are serlially correlated
and the independent variations in them are very small if
data from one country are used. Thus the number of inde-
pendent observations on predetermined varlables may be re-
duced, in effect, to many less than the recorded obser-
vations (Minhas, 1963).

Lastly, it can be arzued that the exponents of labor
and capital estimated from time-serlies data are, 1n an
aggregate production function, nothing but the ratios det=-
ween the differential rates of growth. In addition, Mender-
hausen (1938) showed that if labor, capital, and output
grow at constant rates, then the ratios between the diffe-
rences in growth would be secularly constant. Such histo-
rically constant ratios would not give us estimates of
exponents of a production function.

Intra=-country cross-sections are far more satisfactory
but they also have one deficliency: a relatively narrow
range of variation in factor prices over the regions of
the same country will limlt the number of techniques ac-
tually in use to comparatively few. Yence, it may be im-
possible to obtain statistically signiricant estimates.,
Purthermore, the results obtained will be of limited value
for making generalizations which would be applicable to a
very wide framework such as is planned for this study.
Thelr relevance to problems of other nations or to prob-

lems of development and growth would be very small.
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Inter=country cross-sections do broaden the flield con=-
8ideradbly. Although this further strains the meaning of the
aggregate production funetion, factor markets and factor
prices differ sufficlently between countries to provide
enough variation for meaningful estimates,

Pooling time=series and cross-sectional data offers
further important advantages, Tirstly, 1t is possible that
different determinants play different roles in creating
technological change over time as against technologiecal
change over countries, In this respect much more informa=-
tion can be derived from pooled data, Secondly, if consi-
derable correlation exists between independent variables
inour sample but is limited to time-series or cross-=section
only, using pooled data may help to overcome this multi-
cllinearity (L. Klein, 1962, p. 61=9) lastly, pooling 1is
likely to reduce the least-squares bias (Klein, ibid).

One serious difficulty remains: assuming that diffe-
rent industries in each country are on the same production
function is not very realistic, Extending this assumption
further to cover different countries makes it weaker stlll
though 1t 18 much less diffioult than extending 1t over
different industries in the same country. The reason for
this 18 that technical differences between different in-
dustries in the same country obviously are quite large.
Technical differences between the same industries in diffe-
rent countries, on the other hand, are probably smaller

with approximately the same technical knowledge largely
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avalladle to most countries, Thus it can be suggested that
the very large diffrences between factor proportions emp-
loyed by the same industiries in different countries are due
not to different technologies (different production func=-
tios) but mainly due to large differences in factor prices
(diffrent points on the same production function) (Minhas,
ibid., p. 15).1 Nevertheless, the meaning of a production
function at this level of aggregation is far from clear,

We would much prefer to use inter-country data disaggre-
gated into narrow sectors so that separate production func-
tions could be derived. This data, however, is not avalladble
and, in any case, the sum of the sectors would glve diffe=~
rent results from those obtalned from aggregative studies
due to the interaction of the sectors.

In the case of technology, where very large mobility
over sectors is likely to exist, thls becomes an important
aspect. Conaider.‘for a moment, a hypotheslis that techno-
logy is mainly on-the«job=learning dependent on the size of
cumulated per capita output, whieh, inturn, depends on cumu-
lated capital per man~hour. If capltal per manshour increa-
ses in one sector, the skill and knowledge of labor and,

given the necessary minimum rate of investment, the techno-

1)The suggestion that technology is sufficiently modblle to

support the assumption that the non-agricultural sectors

of different countries may lie on the same production
funetion confirmed by, e.g., P. Temin[1966) who concludes
that even in the first half of the XIX century, when com~
munications between countries were limited, "... it would
appear that the American and the British employed essen-
tially the same technology in their industrial production."
(even though the factor proportions may have been different),
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logy in that sector will increase. But there are additional
considerations: the nature of inventions and innovations

is uncertain so that frequently they are useful to other
industries rather than to the industry where they origina-
ted and with high labor modbility seorecy may be impossidle;
8ince technology is here mainly an improvement in the skill
and knowledge of labor, with high mobility of such labdbor
technologleal advance will often spread through much of the
entire economy. The original increase in capital per man-
hour in one industry would, under these circums tances,
affect the level of technology in other industries. More~
over, in some cases, the reﬁultant increase in technology
may be greater in some other industry than in the industry
in which 1t originated. This very high mobility of techno-
logy seems to make 1t impossidble to test empirically the
relationship between technologlcal change and capital per
man=hour suggested by this hypothesis if 1t 48 limited to

a single industry or sector, Thus it would appear that tes-
ting of hypothesis about determinants of technology can be
more usefully carrlied out in a highly aggregated, inter-

national framework.

Form of the Production ctio |
Since correct asessment of the determinants of tech~-

nology critically depends on a correct measurement of the

residual, it 1s necessary to avold any errors which could

be introduced by inaccuracles in measuring inputs or by an
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incorrect, or too restrictive, form of the production funce
tion, Thus 1t is very important here that the specification
of the production function be done very carefully.
Cobb=Douglas production function has the advantage of
simplicity and economy in the number of parameters. On the
other hand, it is rigid in that 1t assumes a constant ratio
between marginal and avarage productivity for each factor
which, in turn, implies elastioity of substitution equal
to one (L. Klein, 1962 and M, Brown, 1966)., This rigidity
alone is probably enough to introduce some distortion iato
our results. In addition, there is a problem of underiden=-
tification: withour an independent estimate of the rate of
growth, it 1s impossidle to estimate the returns to scale,
and vice versa (McCarthy, 1965). Moreover, two additional
assumptions are frequently made: constant returns to scale,
and coefficients of labor and capital equal to relative
shares of output. Both assumptlons are suspect, Taken to-
gether they may lead to such results as technological change
in the US, 1929-58, supposedly consisting of 1.677 p.a.
unembodied change, 4% p.a, embodied in capital, and zero
percent embodied in labor - with all that tralning and edu-
cation labor 4id not improve in quality since 1929! Obvio-
usly an unacceptadle result (Intriligator, 1965). The second
of the above assumptions, taken separately, gives labor and
caplital coefficients for the US, 1929-60, of approximately
0.75 and 0.25, But when the assumption of perfect competli=
tion or of sufficiently rapid approximations to equilibrium
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positions is abandoned, the regression is likely to gi;e
coefficients of 0,5 and 0.5 approximately (Nelson, 1964).
Neither the assumptions, nor such a discrepancy in results
could be accepted for this study.

fonstant Elasticity of Substitution function is less
rigid and would, therefore, give better results ln most
cases, It does, however, suffer from two disadvantages,
Firstly, it is less economlic in the number of the parame-
ters needed. Secondly, the distribution of parameter 8
must work Jjointly with the elastlicity of factor substitu-~
tion parameter f and the factor intensity ratio K/L to
determine factor shares., A CES function cannot be completely
specified by knowing 8 and r alone. The units to be taken
for output and the two inputs must also be specified. Since
the CES function is thus not input unit free, its useful-
ness in international comparisons, where the problem of
units 1s very important, is somewhat limited (Clemhout, 1964).

A Homothetic Isoquant production functlion which has
been recently developed (Clemhout, ibid.) is more general
than other functions in this fleld. The form of this function
is:-

A
l. Vv = AZ5,
fg(xrax L Zba(®/D)"

where 2z s Le =
Taking logarithms, we obtaln

2. 1nV = 1nA + A(1nL + by + by (K/L) bg(K/I)2 R
¢ by (K/1)7 + iia)



3. 10V = 1nA% + A(InL + by (K/L) + b, (K/1)?
+ b,(lt/i.)3 RS

where the constant term is 1niA® = 1nd ¢+ Adb, , and
A 1s the measure of returns to scale.

The only a priorl assumption made here is that the
elastioity of factor substitution is constant for all iso-
quants along a ray from the origin bdbut it is not necessarlily
constant along one jisoquant. With the help of a computer
thies function ¢an be caloulated quite easlly. The main dls-
advantage 18 that the assumption of perfect competition is
required in order to estimate the parameters of this funo-
tion. Also the number of varameters is likely to be quite
large.

It has been shown by Kmenta (1964) that the 0ES funce-
tion can be converted within a very close approximation

into a form containing the Cobb«Douglas function:-
Cobb=Douglas:? 1nV = ag ¢ 291nK + a,lnl .

028 (Kmenta's
approximation): 1nV s a, + alnK ¢ a lul + 33(1n(K/I)) .
Starting with this we have found a way to show that
Kmenta's form of the OBS function can be brought, in tumm,
to a close approximation of the main part of the HI funotion.
Taking Kmenta's form as given above, we rewrite it as

follows:-
1nV = ag + ay1n(K/L) + (ay + a,)1nL + 33(1n(K/L))2
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Now chose units for L and K such that:
X/Lsley, where |y| 1s small.

We know that: 1n(l ¢+ y) a y = #y2 ¢ 1/513 - iy“ - cssee o
Then,
10V = a0 #(ap + 81)1nL ¢ 8 (y = 3y2 ¢ 3°)e a5y - 352 + §r3)2.

Since y is small, all 3rd and higher powers of y are
ignored. Multiplying out, simplifying, and reapranging, we
geti~

InV = ay +(ap + 81)1nl + a;y - ialya ¢ a3y2 - a3y3 . a3i34
8o ¢ (8 ¢ 81)Inl & 8,y + (ay = 3a,)y°

= ao¢(apta )Ineay ((X/L)=1)#(ag-tay) ((K/D)%-2(K/L)41)

= ag#(ayea) )Inke (az-ga) )+(2a) -2a5) (K/L)+(a5-3a, ) (R/1)2

= (ao-za1+a3)+(al+a2)(1nL+2§§E;§(K/L)+§§£;§1(K/I)e) .

But this form of the CTS function 18 the same as an appro-

ximation of the HI function with the Jrd and all higher
powers of K/L ignored. Rewriting the logarithmic form of

the HI function (3) again, we havei-

3. 1hv = 1na* + (laL + b (K/L) + bz(x/i',)2 + bB(K/'L)3 $o0e)e
This 18 of the same form as the approxomation to Kmenta's

CES funoction given above where:-

HI coeff's OCES coeff's Gobb-Douglas_coeff's
n = ag = 37 &y ¢ a; ao
> = 2(s1 -a3)/(as + ap) a3
b = al} =-a ay + a as
v3 z (a3 - %31)}(%1 + 35)



This transformation is also of theoretlcal lnterest
since it shows very clearly the relationship between the
three functions: Oobb=Douglas, OES, and HI. Generalization
of the function and thus an improvement in the fit 1is
esgentlally obtained by adding to the Cobb=Douglas function
progressively higher powers of the factor intensity ratilo,
K/L, until the best fit is obtalned.

Thus we are now in a position to use the HI funotion
in thils study to take advantage of 4ts very general nature.
We can also derlve values for the approximations to the CES
and Cobb=-Douglas functions by means of our transformation.
This gain in generality, Mowever, does not come free as 1%
i8 necessary to adopt a larger number of parameters in
order to use the CES function and, in the case of the HI
function, we must also add the assumption of perfect com-
petition., In this way we shall test simultaneously for two
things: one, is the assumption of perfect competition valid;
and two, if it 1s valid, how much improvement will the HI

function give over the CES and Cobb=Douglas functions.

Yariables and Data
Annual data for the perliod of 1950=-63 was obtained for

the nonagricultural sectors of the following twenty countries:

Belgium United States
Luxemburg Mexioco
Netherlands Australia
Germany South Africa
France Colombia
United Xingdom Japan

Sweden India

Norway Italy
Yugoslavia Denmark
Canada Israel
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The variables are as follows:-

V =

2!

E -

output measured as value added, i.e,, gross domes=
tis product in 1954 US dollars at factor cost. Since
an aggregate production function will be used, value
added is the proper measurs of output decause it
eliminates doudble accounting in ocompiling national
output figufes, Striotly speaking, net domestic
product should be used bdbut experience indicates that
available depreciation figures are so often of
questionable value that it is widely believed that
at ptesent more accurate results can be obtained by
assuning the same depreciation rates for the entire
sample and using gross domestic product as the mea-
sure of output.

labor input measured in man-hours employed per year,
ad justed for the lenth of the work-week and for
holidays and vacations.

capital input measured dy the stock of capital.
Estimates of domestic reproducible tangible fixed
assets of enterprise and goverment in 1954 US
dollars at market prices were used,

-« gum of output per man-hour over the last seven

years serving as a measure of iechnloal experlence
« gee Hypothesis 1, Ohapter V.

level of sducation of the population serving as a
proxy for the educational level of the labor foroe.
Measured by average equivalent years of primary edu-
cation per capita, adjusted for differences in the
length of the aoa&emic year, Zducation at secondary
and higher levels was converted into equivalent
years of primary education by welghting. See Hypo~
theslis 2, Chapter V.

rate of labor unemployment serving as a proxy for
the rate of unemployment of all resources in the
economy. See Hypothesis 3, Chapter V.

ces d Construdtio f Variables

Data for V, L, gross investment I,;, and U were obtained

1)

This

variable will be discussed fully in ChapterV, It can

be indicated here, however, that the basis for this variadle

lies in the work of Hirsch and Alchian, and in Arrow's

learning by doing hypothesis where experience is viewed

function of cumulated output,

-
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from Unite Nations Statistiocal Yearbooks, annual issues of
United Nations National Accounts Statistios, and Interna-
tional Labor Organization Yearbooks, Whenever possidle fi=-
gures given by more than one source were cpovss-cheked against
each other and against other evaluated data in "Some Pactors
in Economic Growth in Purope During the 1950's"™, United
Nations, 1964; "Burope's Needs and Resources", by J. Pre=-
deric Dewhurst, Twentieth Century Fund, 1961; "Economic
Growth in the West", by Angus Maddison, Twentieth Century
fund, 1964; "Economic Development of lLatin America in the
Post=War Period", United Nations, 1964; and, for some very
limited data, the offiocial yearbooks issued by the gover=
ments of South Africa, Australia, and India. Some discre=
pancies were foudd, especially in the data for the deve-
loping nations, In those cases the cholce was made in fa-
vour of evaluated data as against raw data because of the
element of unreliability which 1s frequently encountered in
census figures and officlal estimates published by those
nations. Some difficulties were encountered in obtaining
figures for some countries for gross domestic fixed capltal
formation excluding the agriocultural sector. In those cases
it was necessary to make crude estimates by deduoting from
the total investment figures the same proportion of the
total investment as that devoted to agrioulture in natlons
with very similar economies, Similarly, for Mexico, Oolom=-
bia, and India, only spot estimates of the rate of lador

unemployment were avalladble for some years of the 1950=63
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period. These had to be interpolated to obtain complete
time=series and thie was done by making the unemployment
rate follow the same trend as the total volume of exports
of the country involved and by comparison with the variae
tions in the unemployment rates of countries with similar
economles, The correlation between the changes in the rate
of unemployment and the chanrces in the volume of exports
see18 to be very 1lgh for the three developing countries
and within the short period of 1950=63. No regression was
run, however, and only rough estimates were made since
most unemployment rates are very inexact and are presented
as only two=dl-lt indeces anywayv.

Data for ecapltal stoek for all countries with the
exception of Italy, Tenmark and Israel, were ohtained fromi
"Statistics of National Wealth for 18 Countries", by
Th.D, van der Telde in Income and Wealth, Series V111, 1959,
International Association for Research in Income and Wealth,
Bowes & Bowes, London. For Denmark, a very long serles
for net domestic investment was extracted from "The Natio-
nal Product of Denmark, 1870-1952" by Kjeld Bjerke, the
same source as ahbove but Serles V, 1955. The series for
net domestic investment was then updated till 1963 and
used to construct, by the perpetual inventory method,
estimates of capital stock for 1350«63, Depreciation rate
used was that given for Denmark by Colin COlark in "The
Conditions of Economic Progress", St. Martin's Press, 1957.

Por Italy, an estimate was made by Vera Cao=Pinna in
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"validité Théorique et Zmpirique d'une Prévision Globale

de la Oroissance de L'édconomie Italiennede 1958 4 1970",
Burope's Puture In Tigures, J.R. Geary, editor, Amsterdam,
1962, Por Israel: "Capital Stock Employment and Output

in Israel", by A.L. Gaathon, Special Studles No.l, Bank

of Israel, Jerusalem, 1961, Both estimates were evaluated
by E.S. Kirschen in "A Projection Model For The Developed
Market Economies", Studies In Long=Term Economic Projections
for the World Econony, United Nations, 1964, and are com=
parable with the estinates for the other countries given
above. All capital stock estimates were extended to give

in each case a complete time-series for the vperiod 1950=63
by applyiang the series for net domestic fixed capnital
formation quoted above, Where‘necessary, these were derived
from gross investment figures by emvloying Colin Clark's
estimates of depreciztion rates.

Data on educational levels of the population are
extremely scanty and very unreliable, Even for the United
States, where the quality and breadth of statlstical data
seems to be much greater than in other countries, educa-
tional levels data are available only for census years,

In trying to constuct, therefore, a reasonadbly good

measure of educational levels for all countrlies and all
years of the 1950=63 period, the following method was emplo=-
yed. The best source that could be found was the Adjusted
(for comparability) School Enrollment Ratio in the Stati-
stical Yearbook, 1963, pp.96=110, UV®S00, United Nations,
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1964, This series gives the percentage of the total
population of the eligible ages enrolled in both, primary
and secondary schools. The figures glven have heen made
comparable by ad justing for the length of the academic

year which varies from country to country, dbut the weight
attached to one year of secondary education is the same .

a8 for a year of primary education. Since this is not very
realistic, the geries was reconstructed with heavier weight
given to secondary eduoation. T™is was achleved by disa-
ggregating the unweighted serles »y means of comparison
with unadjusted disazgregated data given in the Compendium
of Soclal Statistics, 1963, UNESCO, Tables 60 and 61,

Tnited Wations, 1964, in order to isolate the adjustment
factor used, This factor was then applied to tie unad justed
disaggregated data in the compendium thus givingtwo adjusted
series for enrollment rates in primary and secondary schools
gseparately. Relative welghts were obtalned by converting
into index numbers average wage rates for workers with
different educational levels, Thiswage data was easlly
obtained for the United States from the Statlstical Absiract
For the US for 1965. The welghts obtained were: 1.00 for
primary, 1.34 for secondary, and 1.74 for higher education.
But no sources could bde located for any of the other
countries in the sample, It was found, however, that the
government of Fgypt established wage differentials which
would give weights of 1.00, 1.67, and 3,34, This information
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was obtained from the Egyptian Consulate, Since Ezyptian
economy is similar to the less developed economles in

our sample, these figures can bHe adopted as the higher
l1imit of the range of weilghts applicable to our countries,
In addition rouch estimates were made by several officials
in the Statistical Department of te United Natlions

which succested that for the United Kinsdom, France,
Wdestern Fermany, “elzium, Netherlands, Denmar:, and

Norway the following welghts alght be sultable: 1.00,
1.45, and 2,35, This is approxinately one third of the

way between the welghts for the United States and the
welisnts for the underdeveloped countries and appears to
cover by far the larcest numher of ohservatlions in our
sample., Slnce =ven quite lar~e differences hHetween tihe
various sets of wel~hts would not affect wvery -uch

the ceneral nattern of the chanees 1., the yelsirted measures,
this set was accepted.l The welghts were then applied to
the two series of enrollnent rates for the primary and
secondary levels and a single ad justed and welghted serles
of enrollment rates was produced. The data for both, the
unwelghted and welghted enrollment rates was avallable for
all countries in the sample and for three well-spaced

years for each country: 1950, 1955, and 1960. This data

1)2w1 Griliches (JPE, 1963) shows that for the US agricule
ture in recent years it makes little difference what
weights are used for constructing a single measure of
education,
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now had to be lagged a mininmum of five years., If school
enrollment figures are to serve as a proxy for the educatio=-
nal level of the labor force, the enrollment measure
must be lagzed untll the students at the average level

of advancement leave school and Join the labor force.
Since most primary and secondary school systems require

ten years of study, the average level of advancement

ust be flve yeara, assumincs a constant rate of enro-
11lment and no loss of students in the internediate years,
Probably a longer lag would be more realistic as graduates
newly Jolning the labor force would not be llitely to be
able to exert uch influence on the productive processes
for several years. Introdvcinz a lag longer than flve
years, however, would “rine our data into ths World War 1l
years walch would introduce uandue distortlon for most of
the couatries used in this study. Thus the lag of flve
years was apnlled to the ficures of the two sets of the
enrollment rates previously obtained. Ais the next step,
interpolation was carried out to produce complete series
of rates for each year from 1950 to 1963 for each country.
Since interpolation over l4 years oa the hasis of only
three observations is somewhat uncertain, the following
test washmade. It is expected on the theoretical grounds
that considerahble correlation exlsts between changes in
educational levels and changes in the level of capltal

per man-hour. The general vattern of change of the enrolle



ment rates obtained by interpolation was, therefore,
compared for each country with the general pattera of
the chiange of the level of carcital per maaehour. Te
patterns obtained were very similar in each case aad
the two serles (welchted and unwelcited enrollzent rates)
were accepted, therefore, as varia“les for testin: in
re~rressions.

Finally, an attenpt was made to ~onstruect a direct
measure o7 t-e leve’ of educatirn of the poopulation
by collatin~ data on the average aunher of y-ars of
education for the oonulation of ezech ecountry., Census
flerures slvian averace anuner of yecars of sducation
for various countries were found in the TDemograpiic
Yearbook, 1263, Table 14, :nd 1974, Takle 35, Unlted
Natlons, 1754 and 197€, respectively, 2ud thls was
conplementedl “y few, ™1t carefull: evaluated, Tlicures
given in "Ti2 ?nsidual Fretoar and Teononle Frowth",
pr. 44 aad 50, Or=anizat'on for “cononic Tooperation
and Develonmeat, 1964, Tiese sources pro’uced disasgre-
gzted d2ta on primary, seconlary, 2ud 1l-her education
which was combined 1nto a2 single statistic of "equivalent"
vyears of primary education by applylins the set of welehts
used previously. The data was also ad’usted for the
lenzth of te academic year by means of the correctlion
factor ohtained a%ove. This gave a relatively good measure
of education in terms of the average numoer of adjusted,

equivalent years of primary education for each population.



The figures thus obhtalined were then evaluated and it
became immediately obvious that census figures glven for
some countries and some years were completely unreliable,
Thus, accordins to fisures guoted in the Mexican census
for 1950, the educatlional level in Mexico was higher than
the educatlonal level of FrancZ; It seens that the method
by which these data were collected allowed considerable
exaggeration without a provision for crosse=checking of
the final results. “onsideranle imnrovenent eseems to
have occured, however, by the tinme the 1950 census was
taken,

As 3 result of evaluation, firur=s for only 14 out
of 20 countries were 1c-~ented 2and out of these only for
four countries we nhad fisures for hoth, 1950 =nd 1960,
™is would have made it iaposeille to construet a rellia-
ble series fnr each vear of the perioqd selected for thils
study i1f 1t were not for the compnlete 4ata on the adju-
sted and weighted enrollment rates which were found to be
hi~mly correlated with the number of years of education
( r20.89 ) so that they could be used for extending the
partial data on the years of education over the reaainder
of the countries and years in our samvle.

The 11z correlation between the enrollment rates
and the years of education is not unexpected. Allowinsg
for the necessary lags, the following relationshlp exlste
between the average number of years of education of persons
transferrins from schools to the labor force, 1, and the
enrollment rates among persons of eligible age, Ei- yN=Ta,

where a 18 the number of years required to complete pri-
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mary and secondary education. Since the figures for E
used by us are already adjusted for differences in the
number of years of study at those levels, a can be
assumed constant, Ignoring higher education and education
required by persons above the school age, and allowing

for the required lage, we would expect that E would
be very highly correlated with ¥, This would be especially
true 1f the lags used were long enough to cover the transe
fer of a great majority of students and, therefore, involve
a relatively large proportion of the total labor force. In
addltion, we must assume that the average level of educa-
tion among the students leaving education and Joining the
labor force is the same as among all the students leaving
the schools including the ones who wlll not Join the labor
force, and that the level of education among the students
Joining the labor force is correlated with the average
level of educatioﬁ of the entire iabor force, Even though
strong correlation exists for our data between the enroll-
ment rates and years of education, 1t would seem that these
assumptions may prove to be too tenmous to allow us to use
the enrollment rate data as a proxy for eduoatiop. They may,
however, be considered more acceptable if cross-checked with
less complete but more reliasdle data as, e.g., when we use
the enrollment rate figures only as a helyp in interpolating
the yeérs of education data. Thus it seems that enrollment
rate data should provide a reasonably good basls for exten-

ding the data on years of education over the entire field
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and the series of the years of education thus constructed
will be adopted as the main proxy variadle for the level
of education of labdor.

All three series will be used in regressions. In the
ocase of the first proxy of adjusted but unweighted enroll-
ment rate, however, the coefficient obtained will turn out
to be very small. The second proxy of adjusted weighted en~
rollment rate will give a much greater coefficlent but with
a substantial variance. The third proxy of adjusted equivae~
lent years of primary education wlll give a slightly smaller
coefficient but with consideradbly reduced variance.l Thus
the choice of this series as the main proxy measure of the
educational level of labor appears to nave been Justified,

At this point it should be perhaps mentioned that this
study does not assume that education 1s all investment and
not consumption. This point is fully dlscussed in Chapter V
where 1t is supgested that the low estimate obtained for
the coefficient of education may well be an indication of
the extent to which formal education is in fact consumption
as far as the total material output of the economy is con-
cerned,

Raw exchange rates for national currencles are far too

much affected by various controls to be used as a real in-

1)The estimates of the coefficlents of all three measures
are significant at the 95% level. The t ratios are: 3,25,
5.81, and 7.69, respectively.



dicator of the true exchange value. Fortunately, several
sources were found of evaluated data., It seems that the
best of these i3 the set of ad justed exchange rates glven
in the "Growth of World Industries, 1938-61", p. 310, Uni-
ted Nations, 1963, and that is the set that was adopted for
this studyafter it wae carefully compared with exchange
rates also given in: "Yearbook of National Accounts, 1964",
p. 389, United Nations, 1965; and "Patterns of Industrial
Growth, 1938-58", p. 444, United Mations, 1960.

Expected Errors and Blas
All figures for developing nations may well be low due

t0 lnadequate data collection machinery. Some error is ex=-
pected from this source but nothing very important dbecause
the number of developing countrlies in our sample 1is small
and we are dealing with the nonazricultural part of the
economy only where data collection 1s more efficlent in
those countries.

In less developed nations a larger percentage of the
total output of goods and services 1s not exchanged on the
market and is not, therefore, included in national figures,
On the other hand, this effect is likely to apply to a much
smaller extent to labor, and particularly to caplital, both
of which will probably bde reported in national figures more
fully than output., Thus relative efficiency of those coun-
tries, in comparison with industrialized nations, will pro-
bably be shown lower than it should be., In actual results
for this study, however, it was not apparent that this blas
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caused any distortion,

The main measure of the educational level of labor
adopted for this study has two main weaknesses: firstly, it
employes the average number of years of education for the
entire population and not for the nonagricultural labor
only; secondly, it uses the trends of the enrollment rate
for the purpose of extending the measure of average years
of education over the entire field - hence blases of the
enrollment rate will be partly imposed on the measure of
the average years of education.

Rezarding the first polnt, some blas 1s expected from
the fact that the measure covers the entire population ra-
ther than the labor force alone. It 18 reasonadle to expect
that the less skilled part of the labor force has an educa=-
tional level lower than any other group in the economy. Thus
inoreases in the general educatlonal level of the entire
population may well occur in such a way that the increases
in the education of less skilled labor are proportionately
greater than the 1noréaaes in the education of non-workers.
To the extent that, with development, the educational level
of workers increases faster than that of non-workers or that
the proportion of workers in thé total population inoreases
at the expense of more highly educated non=-workers, a con=-
sistent bias will be introduced which will result in the
proxy measure showing a smaller increase in the educational
levels than in fact ococurréd among the labor force. Whille

perhaps not very large, this blas will operate to some extent
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both, over time and over the ranpe of countries from less
to more developed.,

Another source of bdblas is created because the proxy
measure, which covers the entire population, should exclude
not only the non-workers bdbut also all the labor engaged in
the agricultural sector. We would expect that the educatio-
nal level of agricultural labor is lower than that of non=-
agricultural labor. For the Unlited States that difference
amounts to some 18%. (Average, unweighted number of years
of education of the farm and non=-farm population in 1960
was 8.8 and 10,7, respectively. This was extracted from the
1960 Census of Population, Vol. I, Part 1, P. LII, US Dept.
of Commerce, 1961.) Tence a bias will be introduced due to
large differences between the relative sizes of the agricul-
tural sectors of the less developed countries (India: 50%,
Colombiat 37%) and those in industrialized nations
(Germany: 8%, Belgium: 7%, U.K.t 4%, U.S.: 5%; all figures
are for 1958), and because of varying educational differen-
tials between the two sectors. The blas is likely to cone
sist of exaggerating the decline in the number of years of
education from the industrialized to the developing counte
ries beyond what it really 1is in the nonagricultural sec=
tors. A similar effect may be expected to exist over time
as the relative size of the agricultural sectors diminishes
over time in virtually all the countries in the sample, bdut
this effect is not likel¥ to be large due to the fact that
the period involved is not very long (14 years).

48 -



Thus the variations in the proxy variable will be some-
vhat greater than the variations in the level of education
of nonagricultural labor. On the other hand, out of 20
nations in our sample 14 have agricultural sectors which are
very small in relation to the total slze of thelr economies
(from 4% to 16%) and the blas in question would be, theres
fore, of little importance for 70% of the observations in
our sample, Sincé the two blases desceribed in this section
are not very large and have opposite effects, 1t seems to
be reasonably safe to assume that the extent of their com=
bined influsnce will be very limited.

The second polint is concerned with the blas caused by
using the enrollment rate as the proxy for the average years
of education, Here two sources of possible bilas come to mind,
Mrstly, the proportion of persens dying and persons come-
pleting thelr education and entering non-school population,
i.e., the provortion of net change in the non=-shool popu~
lation to 1ts total, is assumed constant. This unrealistlec
assumption is probably a source of an error rather than a
blas,

Secondly, a lag of at least five years must be assumed
to allow changes 1in the enrollment rate to change the level
6! education measured in the average number of years of edu=-
cation per person. But this lag will vary consideradly from
nation to nation since it tends to be shdrter for countries
with lower average level of education of the youth than
for those with higher educational levels. This will intro-
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duce a'conaistent blas because there was a substantlial ine
crease in educational levels over time for virtually all
countries. As we have assumed an uniform lag of five years
for all countries, the countries where the actual lag 1s
less than five years will have a higher level of education
shown than that actually attalned and the opposite will be
true for countries with an actual lag greater than rivé
years. That 1s, the enrollment rate as a proxy measure will
tend to give too high a level of education in less educated
countries and too low a level in highly educated ones.

This proxy will thus tend to contract the range of the edu-
cational variable. Furthermore, an error will be introduced
due to differences in the rate of increase in educational
levels between the countries, Portunately, the rates of ine
crease of the educatlonal levels did not vary excessively
for our countries (from 10 to 30% approximately, over
1950=60) and for 12 out of the total of 20 countries the
variation was only from approximately 20% to 25%. In addie~
tion, the period of 14 years is relatively short so that it
is relatively unlikely that a large blas could be accumu-
lated. Furthermore, this measure of the enrollment rate
only partly affects the series of the average years of edu-
cation and only a part of 1ts blas, therefore, can affect
the measure of the average years of education. Agalin 1t
seems Treasonable to assume that the influence of the blas
discussed under the second point will de very limited though

some accumulation of errors should perhaps be expected.
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In conclusion, only very small, possidly insignificant,
bias is expected to apply to this proxy measure consisting
of the average, equivalent years of education for the popu=~
lation as a whole and constructed by computing an ad justed,
weighted, arithmetic mean of the years of education obtai=-
ned at the primary, secondary, and higher levels,

Regarding capital input, we know that capital stock is
a poor measure of capital input malinly because of variations
in the rate of capital utilization. Thus, we would expect
not only that there will be considerable errors in the mea=
sure, but also that a consistent bias will be introduced,
Variations in capital stock are probably smaller than the
variations in capital utilized since changes in capital
stock are a smoothed out verslon of changes in utillzed
capltal due to changes in the rate of utilization which
allows for a time lag and a reduction in the strength of
immediate response to changes in demand., Given the same
changes in output, therefore, the coefficlent of capital
stock will be larger than the coefficlent of utilized capl=-
tal would be. Using caplital stock as a measure of capital
input will, in this case, gilve an upward bias to its coef=
ficient since we know that over time the capital utilization
rates were in general increasing between 1950 and 1963. On
the other hand, this was ﬂot & very regular trend and, in
any case, this factor would not apply to the cross-sectlo-
nal part of our sample. While some upward dias may be ex-

pected, 1t 18 not likely that it would bde very large.
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Variations in labor employment are sometimes used as a
proxy for changes in capital utilization but in a cross-
sectional sample these two measures would differ far too
much to be emploed effectively. For example, labor employ=-
ment rates for US and Germany in 1954 were both approxima=
tely 94.84 but capital utilization was 78% for the US and
924 for Germany. Moreover, the capital utilization rate in
Germany slightly declined between 1954 and 1959 from 92%
to 90% while labor employment over the same years increased
from 94,8% to 98.2%¢ (World Zconomic Survey, 1957, p. 159,
United Nations, 1958, and Tconomic Survey of Europe, 1961,
United Nations, 1962),

Exchange rates are very likely to introduce errors bdut
there are two mitigating circumstances, Pirstly, the rates
used in this study are a considerable improvement on the
rates used in the SMAC study (3olow, Minhas, Arrow, and
Chernery, 1961) because the exchange rates used by us are
given by a more recent United Natlons study which evalua«
ted several previous studles, one of which was used for
the SMAC paper. Moreover, the set of exchange rates accep=
ted for this study was checked by us for consistency with
other, more recent but less complete sets and was found
free of unexplainahle deviations. %ven the less elaborately
evaluated set used by the SMAC study, however, was accep=~
table since no difficulty on its account was apparently
encountered in that study. Secondly, covariance analysis

is used in our work and country dummies will pick up any
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errors arising out of exchange rate distortions. This will
8till affect our measure of changes in technology from
country to country (relative efficiency) dbut it will leave
our measure of technological change over time (technologie-
cal advance) free from any errors caused by exchange rates.
In general 1t appears that there is no reason to ex=
pect that any large blases would occur in the variabdbles
discussed above, Much larger errors, on the other hand,
must be expected than those that would be normally encoune
tered in a study of a single process industry. This defl-
ciency must be accepted as the price to be paild for the
advantage of obtaining broadly applicable results which also
reflect the great mobility of technological knowledge.

Errors of Specification

The very purpose of this study is to use multiple reg=-
ression with the analysis of covarliance and a relatively
large number of varlables to eliminate the possiblillity that
a particular variable would appropriate much of the influ-
ence of other, and perhaps more relevat variables merely
because it happehed to have been correlated with them. It
seems that in economlics many variabdles are highly correla-
ted with ech other so that it is frequently possible to ex=-
plain most of the variation of one variable by a greatly
oversimplified and incorrectly specified model. The nume-
rous examples of spurious correlation in economics are well

known.
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To minimize errors of specification both, the form of
the function and all the variables suggested by economic
theory were carefully scrutinized, Out of the hypotheses
that have gained more gensral acceptance, several are not
applicable to a pooled, time-series, oross-section study
using entire non-agricutural economies and some of the others
had to be adapted. Of those that were relevant, however, all
were tested with the exception of research and development
expenditures for which there w2s no data, In additien,,
final results were used to give some support to a further
hypothesis concerned with the effect of fast growth of out=-

put on the coefficlient of educatlon.
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CHAPTER III

PILOT STUDY AND TESTS OF FUNOTIONS

To ascertaln that the data lends 1tself to the treat-
ment suggested in Chapter II, a pllot study has been carried
out. All 20 countries have been included but only the period
of 1952-56 has been used, taken as a single time interval,
thus eliminating changes over time. The suggested functio=-
nal relationship is as follows:-

Ve £(LK).

This study 1s, therefore, a cross-sectional analysis
and, since conslderable time is allowed for the economle
forces to work themselves out, the economies can be consi-
dered to be near their equilibrium points. Thus this pllot
study is in the nature of a long=-run analysis,

The study will also test relative suitadbllity of pro=-
duction functlions of different mathematical forme and the
validity of the associated assumptions,

Cobb=Douglas Production Functlon
All data have been converted into natural logarithms

and a multiple regression has been run on a computer of the
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followin function:-
1. 1nV = a5 ¢ 8y1nL ¢ aalnx .

Stepwise multiple regression program has been used
throughout this study to be able always to observe the eff-
ects of adding further variables into the function. For this
function the following values have been obtained:-
la, lnV = «1,23815 + 0,18916 1nL ¢ 0,92027 1lnk .

(0.06274) (0.00844)
R = 0.99168 ; standard error of estimate, s, ® 0.,2003 ,
Numbers in parenthesis are standard erros of the coefficlents,

This result with {ts very good fit, small errors, and
coefficients summing to a value not too different from one,
can be subjected to the usual criticizm levelled against
Cobb=Douglas studies. Phelps Brown (QJE, 1957) polnts out
four features of the Cobb-Douglas results, three of which
are relevant here: a good fit of the regression, the coeffi-
clents summing up to approximately unity, and stabllity of
the coefficients over time and over sections. Regarding
tine series studies, Menderhausen (1938) showed that the
estimated coefficients will be very likely simply to express
e relation between two differential rates of growth which
are purely historical, Phelps Srown concludes: "... fitting
of CobbeDouglas function to time serles has not ylelded,
and cannot yleld, the statistical realization of a produc=-

tion function." Now the regression given above is a cross-



gsection and not a timeeseries study. 3ut fitting of the
Cobb=Douglas function to cross-sections over industries in
the same country is also criticized by Phelps Brown: "...
the goodness of fit and ... the frequency with which the
exponents ... sum to near unity would both follow from a
predominating tendency of ... {output, labor, and capital)
to vary in the same proportion between one industry and an-
other. ... the extent of agreement between the values
found for (the coefficlent of labor) in different times and
places would be explained i1f these values in fact depended
on the actuzl share of earnings and this was much the same
in the cases concerned." The latter will tend to occur if
"the differencesbhetween the net value product assoclated
with differences in relative factor intake will be in great
part simply the counterpart of the costs of those intakes
reckoned at prevalling factor prices. It 1s true that the
rates of return to labor and capital, industry by industry,
differ for various reasons, random and systematle, from the
average rates reckoned for the whole economy; but in genee
ral the differencd between the net value products of two
industries will be correlated with the difference between
the total remuneration of their factors reckoned at the ave=
rage rates found in the two taken together.,"

Since we are using here cross-sectional data taken
over countries, the applicability of Phelps Brown's criti-
clzm is limlted because the baslc observations he makes re=-
garding inter-industry comparisons are less relevant in in-
ternational studies. Specifically, the scatter of observa-
tions on the production surface will tend to be much greater
in international studies than in cross-industry studies; and
secondly, while the differences between the rates of return

to labor and capital from industry to industry in one country
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may be small, they would be expected to be much larger bete
ween different economies so that the effect of this source
of bias would also he very consideradly reduced. Thus it
may be suggested that although the goodness of flt, near=-
nesg of the sum of the coefficients to unity, and the sta-
bility and meaning of the coefficients in regression (la)
are all subject to some doubt becsuse of the limitations ine-
herent in fitting Cobb=Douglas functions, nevertheless,
these estimates should be much more reliable than those ob-
talned from timee~series data only or from cross-gsections
limited to only one count.ry.1

Another problem inveolved here 1s heteroskedasticilty.
If reference is made to the list of countries in our sample,
i1t can be seen that extreme differences in the size of the
economies are very likely to cause increases in the variance
of the coefflolents as the slze of the economy increaes.,
Yence the estimated coefficients, while remaining unblased,
will nevertheless become inefficient (Klein, 1953, p. 53;
Johnston, 1963, pp. 207-11). This point will be discussed
in Chapter IV.

Homothetlec Isoquant Production Function
The form of this funetion is V = Az1 » 88 described

in Chapter II. The function is very flexible and allows for

I)Note, however, that this regression includes no provision

for estimating the level of technology, the influence of
which seems, in this case, to have been appropriated by
the capital input. Thus the meaning of this coefficient
18 not at all clear - see discussion in Chapter I.
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variable elasticity of faoctor substitution. In order to cal=-
culate the values for this function, however, it 18 nece=
ssary to use =dK/4L ® w/r to obtain dX/4L, where w is

the wage 2nd r is the return on capital (see Olemhout,1965).
For this we 1ust assume perfect competition. This restri=-
ctive assumption 1s, therefore, the price we must pay for
the #aln in flexibility.

The £7S function does not require the same assumption
of perfect competition but it is =2lso more restrictive
than the HI function since 1t is hHased on constant
elasticity of substitution and it needs a larger number
of parameters than the Tobb=Douglas function. 4s, however,
we ave found a2 way of derivine from the YI function
very close anproxinates to coefficients of H»oth, Cobbe
Douglas and £38, functions, the usefulness of the CES
function in this context would be very limited., It is now
possihle to calculate the more flexihle HI function and
compare the results with those obtained from the Cobb=
Douglas function. If necessary, a cholce can then be made
between the assumption of constant proportionality
between average and marginal p»roduct of each factor
(nobb=Douglas function) or of perfect competition with
a more flexihle 7I functlon.

The HI function was calculated as followsti=~-
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Ve Ail, where A 18 a measure of returns to scale, and
lnz s~ 1nL ¢ Zbn(K/L)? savlnL+ g(X/L) with #(X/L) ®
bo + Dy (K/L) + ba(K/L)2 4 bs(RK/L)> ¢ ceven

g(x/1L) can alsoc be calculated from:-

2. g(x/1) = 1/((1 = wL/rx)("/L)).

Thus we caleculate 1/({1 - wL/rX)(%/1L)) for eac: npoint
and fit a polynomial of ¥%/L to 1t. Then we add lal to
the value of @(7T/1L) ~iven by the polynomial for each
point and obtalin a series for lnz. ™rom this we obtaln
tie regression of v 8 Azx.

In order to make the conversion of I function
coefficlents into 7735 and Cohb=Douglas coefficlents
possible, however, units in which X/L is measured qust
be changed so a8 to bLring the X/L ratio as iear to one
as possible. ™e unlt of measurement of X was changed,
therefore, from $1.00 to 3%2.50 . Tals still gives a
range which is far too large (0.13 to 2.72) dut after
four poorest and five richest nations are excluded the
range 1s reduced to 0.80 = 1,18 which 1s gquite acceptable.
Moreover, 1f the “est fittinz polynomlal consists of
lower power terzs only, the size of the range would
matter much less,

The results of #(X/L) & 1/((1 - wL/rX)(K/L) were
plotted on the y axis and 0.4K/L on the x axis. The above
formula shows that when wL/rX approaches one, tie (nega=-
tive) value of #(%/L) approaches infinity. This imme-
diately eliminates the four nations with lowest wL/rX
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which are also the four least developed economies,

The remalnins countries fall very near to a2 linear
regression line indicating that the polynomial will bve
probably of a very low order and the large range of
K/l values obtzined when five most advanced countries
are included should not distort our results.

India, Colombla, "lexico, and Japan were, therefore,
excluded and values of 0,47/L from power one to power
ten were calculnted for thie remainins 18 countries.
Powers hil~her than ten were not calculated because with
hi~her order volynomials the results willoften hHe meaning-
less due t- the accunulatinz errors in computliag 2an 1lle
conditioned ma'rix. The data for 16 countries have heen

fed into *he computer and the followlanr has heen obtained:-

2a, F(O.4K/L) 8 -2,921 + 1 ooggéo JAX/1) .
0.16
r = 0.83862 , 5 ® 0,3859 .

mhe computer has also worked through higher powers aand
a8 ziven this result for the highest ri-
2b.  P(0.4K/L) = =2,20093 - 0.2605(0.4K/L) ¢ 0.51155(0.4K/L)?
- 0.00106(0.4%/1)7 .
Now R ® 0,84603 but s, ® 0.4057 and standard errors
of all coefficients are much righer. The previous result
seeme8 to be better.
It would anpear, therefore, that a linear functlon
gives the best fit, with all the “icher powers of 0.4K/L
getting zero coefficients, This strongly suggests that
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it is ressonable to assume the Cobb=Douglas function and
that making provisions for more flexidle functions would
not improve our results materially.

Adding values given by @(0.4K/L) to the values of 1lnlL
for each observation we obtain the series for 1ﬁz. The fol~-

lowing regreession was then fitted:-

De 1nV & 1nA ¢ Alnz .

[}
The results weret=

3a. 1nV = 1.,55720 « 1,01866 1nz .
(0.10555)
res 0.92806 ’ B8 B 0.6166 .

Next, we insert the coefficients obtailned previously
in (2a), by ® =2,921, by = 1.0009, bp,byebys sees =0,
into the formula convérting them into approximate Cobb-
Douglas (or OES) coefficients (see Chapter II). The results
are that the capital coefficlent, a,, comes out close to
one and the labor coefrioient, a1, close to zero.

Thus we obtain, as a long-run result, a spurious, flxed
X/V ratio, Yarrod-Domar model. This is not too different
from the Cobb=-Douglas result we obtained before (la)
where the capital coefficient was 0,92 and the labor co-
efficient was 0,19 ., The HI function does not seem to have
any advantage and it forced us to exoclude four countries
fromour sample and to assume perfect competition. The assum=-
ption of perfect competitlion, particularly for studies ine
volving international comparisonswhere there 1s very little

labor mobility, does not appear to be realistic, The HI



function will be discarded, therefore, in favor of Cobb=
Douglas,

We know, however, that the numerical result we have
obtained strongly suggests that a spurious, fixed X/V ratilo,
Harrod=Domar model may apply to our data. This is not un-
usual and, as mentioned earlier, this model was used bdy
Klein, Kirschen, et al., on many occasions, This model seems
to give excellent results in long=run studies., On the other
hand, we know that for ahort-runl. time~series studies we
should perhaps expect much smaller coefficlents for capltal
input, viz, Nelson's (1964) coefficlient for the United
States amounting to only 0.5 « Since the pilot study is
based on cross~sectional data, results spurlously implying
a Harrod-Domar model should not be perhaps unexpected. This,
however, still leaves the conflict between a fixed K/V
ratio model and the neoclascslcal approach unresolved. The
difference between coefficients produced by the long-run
as against the short-run studies will be examined later in
the light of results obtalned from the main study based on
pooled data.

As the final result of this pilot study we will con-

clude that the crosse-sectional part of our data, which forms

I)By short-run we mean here one calendar year sinoce annual

figures are usually employed in time=-series studlies. Long
-run 18 a period of time sufficiently long to allow the
main effects of changes in the economy to work themselves
out to such an extent that the economy may be considered
near its equilidrium point in respect to those changes. In
our case those changes would be changes in labor and ca-
pital inputs. Cross-sectional and even perhaps time-series
studies using decade rather than annual figures are usu-
ally considered to be long=-run studies,
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a majority {arprox. 607), is z2menahle to a2 production
funetlion approach and we wlll accept the CobbeNouglas
function with unrestrained coeffliclients as a most
convenient and realistic form of the production

function for our data.
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CIAPTER 1V

TSTIMATION OF TECTWOLOGICAL CHANGE

This chapnter describes the statlstical technigue
and the estimatlon »rocedure used to derive separate
time series 2nd crossesection ceries for tie level of
technology. 3oth series will then »e converted into
index nuahers to ellminate negzative values which cannot
be converted into logaritims., In this wvay we will obtaln
two sepirate series, one ~iving technolosical advance
over time 2nd the other relitive efficlency of various
countries, T™is will enible us to test the two serles
separately so that, 1f neces-~ary, different deter:inant
variibles or the same varianles with different coefflclents

can bYe fitted to the two serles,

Form of PTunction

fobb=Douglas function (not rostrained to constant
returns to scale) will be used as the result of our
pllot study. That study showed that the Cobb-Nouglas
function offered greater advantages than the II function,
™ rstly, 1t did not need the assumption of perfect
competition or the use of the wage rate data = both very
unreliable in international studles. Secondly, it did not

require excluding four countries from our data. Thirdly,
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the K/L polynomial fitted to tre #(X/L) serles was of
the first order and, as expected, the results given by
the two functlions were very simlilar, All of the above

points, with the exception of the second one, also apply

to the 207 function.

Statistical Technlique

ultiple repgression with analysis of covariance
will be used. Covariance analysis involves inserting
into the nroiuction functlon a dumay variable for each
country nd each veoar., T™ils rethod has a number of
theoretical and statistical advantaces over the tradi-
tional methodis of measuring productivity, such as the
single equasion least gauares method applied to non-
pooled data or the factor shares method, or the two
methods combined. ™irstly, 1t 2llows to separa‘e
techno0logical chanee from +the contribution of physical
factors without makin~ it necessary to lmpose on the
empirical model the twln restrictive assumptlons of
constant returns to scale and competitive factor pricing.
Zoth assunptions mu=st be used 1n the factor si1ares method
as exenpliflied by the work of Solow, Kendrick, and others.
Secondly, it produces the actual rates of technologlcal
advance for each year and the rates of relative efficlency
for each country rather than accept the assumption of
constant rate of technological change as 1s usually done

when production functions are fitted to timeeserles data
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(Tinberzen, Solow). Thirdly, it reduces the simultaneous
equasion bYias of single equasion least squares regressions
(I.7J0och) and lowers the tendency towards indeterminacy
of the production function coefficlents due to multie-
col 'inearity in 4-ta (I. Xlein). Tourthly, the technolo-
zilcal chanzs serles 1s computed rather than obtained

ag a residual and 1is, therefore, net of errors wilch in
the traditional residual methods are collected in the
productivity index. The disadvantage of the method lies
in the very larse number of parameters whilch must be
egtimated, thus considerably r=ducins the nunber of the
degrees of freedom (%i. 30ldbercer, Tconometric Theory
P.222 1964), The method ean only be used efflelently,
therefore, wien larse blocks of data are available (the
nunher of observations in this study is 280). Secondly,
the computational bdburden is tyvicaliy so large that 1t
usually caanot be tackled without the “elp of an ele-
ctronic computer « 12 hours of machine time were used

in this study.

Estimation Procedure

Regressions were run-on cutput 7V with labvor and
caplital inputs, 1L and K, as independent variables, and
with time and country dummies to remove from the coeffi-
cients of L and X as much of the influence of other
unspecified hut correlated independent variables ag po-
ssible. Yext, the technological advance (technological ad=

vance over time obtained from the coefficients of the time

dummies) and the relative efficiency series {technologiocal



change over countries obtained from the coefficients of the
country dummies) were each tested separately for the deter-
ninants suggested by the hypotheses, That 1s, regressions
using the same variables were run separately on the tine- .
series data and the cross-sectional data, The coefficients
designated as determinants of technology turned out to be
very nearly the same in both cases, It was possible, there-~
fore, to pool time=series and crossesectional data, After
the form in which the determinants of technology were to de
inserted was ascertained, the complete function was run
using the full set of data and final values for all the
coefficlents obtained., As the last step, the entire reg-
ression, including the determinants of technology, was
re=run together with 311 dummy variables to see 1f there was
8t11ll enough unexplained residual left to give significant
coefficlents for any of the dummies and if there was any
trade-off between dummy varlables and any of the other in-

dependent variables,

Assumptlons

1. Capital input can be defined, measured, and 1s inde=-
pendent of other variadbles., The difficulties encounte=-
red in formulating the concept of capital are well known
(Joan Robinson, et al.). This study assumes that this
problem can be solved, In addition, the study employs suc-
cessfully an alternative measure of capltal input, cal=-

led "new capital", which allows for differences in
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capital utilization.

24 The relationship between the inputs and the output in
our sample can be represented by a Cobdb=Douglas produc=-
tion function, wiihout any time lags in any of the va~
riables and with unrestrained coefficlents,

Do Technological change is unembodlied, l.e., it 18 not
assoclated with labor or capital inputs,

In contrast to capital-embodied technological change
which consists of the development of the new models of
capital goods, unembodled technological change involves the
development of the new methods of production (4. Green, 1966).
Embodiment of those methods in new capital goods is here
considered of little consequence to changes in output in
relation to the importance of the development of the new
methods, This approach may be of questionable value where
the rate of gross investment 1s near zero but it is probdabe
ly reasonable to suggest that once a new machine 1s being
built 1t makes 1little difference to its cost whether very
little or a great deal of new technology is embodlied in it.
In this case it would be the level of technology and not
the rate of investment that would be the main determinant
of output (after labor and capital). Embodiment in capital
(Solow) 1is, howevér, rejected mainly because it 1s not clear
how 1t can be relevant in the long-run (cross-sectional
analysis) = see Phelps[1962) and Chapter V below. Moreover,
embodiment usually assumes constant rate of technologieal

change which is contradicted by our results. On the other
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hand, due to the form of the function, the determinants of
technology are entered multiplicatively and thus can be
viewed as weights for labor and capital inputs,

It 1s also assumed that technology is independent of
capital input to an extent sufficient to enable us to obdb=-
tain a sienificant measure of technology. Thls requirement
must apply, of course, to all variables but it is being
mentioned explicidly here and in the case of capltal above
because of the conceptual difficulties associated with these
two varlables. If technology is a function of K, and not,
for example, of K/IL, we shall be unable to disentangle the

two varlables,

Regression. Functions

A8 a result of the above assumptlions we arrive at the

followlng functioni=-
1. QuASL "KM~ e ,

where Q is output, M materlals input, and T technology. This
function can be transformed (Minhas, 1963) into the well=-

known Cobb=Douglas form:-~

a1 ap
2, VeioL treoel

where V is value added,

Regression Punction with Analysis of Covariance
This method adds dunmy variables for all years and all

countries thus removing from the coefficlents of L and K
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as much of the influence of other correlated independent
variables as is possible, The method is not perfect since
1t assumes that there exist cross-sectional coefficients
which are constant over the 14 years, and time-series co-
efficients which are constant over the 20 ocountries. This,
however, is a less restrictive assumption than those usu-
ally adopted and the method should enable us to obtain a
vry important improvement in technique., The general form

of the function 1s nowte

e InV = 245 + allnL + aean ¢+ bgDo ¢ b1D1 * co0e & b13013 +
+ °BEDBE + cLUDLU + soeet cISDIS + U,

vwhere numerical subscripts are given to time dummles
(0O = 1950, 1 = 1951, e%tc.) and letter subscripts to country
dummies (BE = Belgium, LU = Luxemburg, etc.). u stands for
a multiplicative error term assumed to glve

E(uy) = 0, for all 1i's;

( ) 0, for 1 % 3;
T(ugu =
i j di' for i = Jt

In order to fit this functlion 1t is necessary to set
elther the general constant ap and one of the dummies
equal to zero, or one of the time and one of the country
dummies equal to zero, Otherwise we shall get a singular
matrix which cannot be inverted (A, Goldberger, 1964, p.220),
In this study n1 and DAU were chosen for supression sinoe
this would give the smallest loss of information - among

the coefficients of several time and crosse-sectional
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dummies which were all near zero, these two had the largest
variance and were, therefore, least significant,
Taking total differencial of this function and integ-

rating we obtain:-
Jel 1nV = ap + a;1al 4 a,1nk 4 by 4 04 4 U,

where be's give the level of technology for each year for
all the countries taken together, and cj's give the level
of technology for ecach country over the entire period of
1950-G3. Since b,'s are measured from zero, Aby's will give
technological advance over time; cd's are measured from the
general constant a, and ch's, with each ch s cJ - 8g
will give differences in relative efflclency of the count=
ries 1n the sample.

We can thus obtain two serles, one for technologleal
advance and the other for changes in relative efficlency.
Tor convenlence, we will reserve the term "technological
change" for denoting both, changes over time and changes
over countries, while the term "technologlcal advance" will
be used, as before, for changes over time only and the
term "ohanges in relative efficiency™ for changes over
countries, -

A1l regressions'in this study were run wlith stepwilse

multiple regression programs,



PMitting (3) to our data gave the following resulti:-

Ta, 1nV = 0.09954 ¢ 0.,60163 1nL ¢ 0.41959 1nkK ¢
(0.05823) (0.03539)
-0.,01342 D, (0,02023) +0.03263 Do (0.03867)
+0,0 D, supressed =0.03923 J74 (0.017510
#0.00000 Dy (0,02004 «0.21463 1 0,03529
+0,03500 D5  (0.02017 -0.30731 DIZ (0.11366
#0,05130 D7 (0.02054 -0,05597 2¢° (0,09266
+0,06190 Dy  {0.02137 =0,07056 nﬁ% 0,11872
+0.07254 D2 (0.02249 +#0.11158 DX (0,02868
40,08572 D5 (0,02460 -0,50140 DY (0.0413
40,10763 Dg (0.02597 +0,31800 D0 {0.0361
40.13633 D7 (0,02762 +0.54498 D 0.16825
+0,14762 D77 {0.02921 «0 406740 ngg 0.05255
+0,15978 D12 0.,03089 +0,0 D l'upressad
+0.17369 D32 {0.03265 -0.32350 DAY (0.04241
13 -0.42790 D34  (0,06953
~0.91843 pC0 (0.13418
-1,09731 DI 10.14636
-0.49241 pIN (0.08639
+0.00871 DIT {0.05405
-0.32760 DD  (0.10465).

R = 0.,99921; standard error of estimate, s, = 0.0634,
Numbers in parenthesis give standard efrors of the coeffle
clents,

.All coefficlents are slgnificantly different from zero
at the 95% level of confidence except for Dy, Dpny Dpps Dyps
DHE' and DDE‘ All of these wre very nearly zero anyway 8o
that very little information is lost by assuming them equal
to zero, Regarding the time dummies, the standard errors
are in moet cases too large to give the 95% level of
confidence between the adjoining coefficients dut this 1is
not true for the non-ad joining coefficients, The time dume
mies were naturally arranged consecutively from 1950 to
1963, Since the differences bdetween the levels of techno-

logy for each two ad joining years cannct be large, the
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differences between the coefficlents of adjoining time
dummies in our array must be relatively small, Statisti-
cally there is no reason, however, why the time dummies
should be arranged in the order of years -« any random arran-
gement is equally acceptable., Since the number of such non-
consecutive arrangements is very large, and the coeffioclents
would be significantly different (at the 95% level of cone
fidence) in all of them, it can be assumed that all time
coefficients are significant.

The problem of heteroskedasticity may, however, have
some adverse effect on our ability to test the significance
of the above coefficlents., As mentioned previously, extreme
differences exist in the size of the economles in our sample,
It is very likely, therefore, that heteroskedasticity will
occur (Malinvaud, 1966, p. 256; Kuh, 1963, p. 92.) and 1ts
effects must be consideredi(=- underestimation of the varian-
ce of the coefficients which may amount to as much as 25%
(Theil, 1951) or even to 447 (Johnston, 1963,- p. 210) in an
extreme case; the resultant possibility of errors in testing
hypotheses; and finally, making the method of least=squares
applied to untransformed variables inefficlent (Malinvaud,
1966, pp. 256-57). There exist methods, however, which can
be used for countering heteroskedastioclity. Firatly, using
logarithmic forms of functions, such as, for example, a
Cobb=Douglas production function, where "extreme value probde
lems are mitigated since extreme large or small values are

given relatively less weight." (Kuh, 1963, p. 93.)
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Secondly, by replacing the initial variabdbles with variables
divided by a quantity measuring the size of the economic
unit (Xuh, Malinvaud),

In the case of our estimates we have used logarithmic
relationships and it 1s reasonable to expect, therefore,
that the effects of heteroskedasticlty were mitigated to
some extent, Secondly, in estimating the coefflcients of
labor and capital together with those of the dummy variabe
les, the estimates of of the coefficients of labor and
capltal were not efficint and, while the relationshlps do
not seem clear, a possibllity exists that, because the dummy
variables plck up the s8lze effect, the estimates of the
coefficients of the dummy variables may be inflated. Since
these in turn are used as a measure of technological change,
some inflation of the coefficlents of the determinants of
the technological change could also occur, On the other hand,
the technological change series is measured in logarithmic
terms 8o that differences between observations are percen-
tage changes in the level of technology. Secondly, 40% of
our sample is taken over time and is not, therefore, affec=-
ted by heteroskadasticlty. Both serles are then separately
regressed on the determinants of technologlcal change, all
of which are in a deflated form. The estimated coefficients
are very similar in both cases and both series, therefore,
are pooled together in final regressions, It would thus
seem very likely that, as a result of using logarlthmic
relationships, pooled data, and a deflated form for the
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dterminants of technological change, the effects of hetero-
skedasticity on the determinant variables have been largely
eliminated,

Level of Technology: Time-Serles and Cross-Sectional Series

We have obtained from our regression two series, One,
a series giving technological advance from 1950 to 1963
extending from =1.3% to 17.4%, or a total of some 19% for
14 years. There was no technologlecal advance from 1951 to
1952 and from 1956 to 1957. The other, a serles of relative
efficiency ranging from =1.10 for India to 40.54 for the
United States, Since all relationships are logarithmic, all
differences between coefficlents of the dummies within each
set are percentage differences in terms of output V. Thus
technological advance from 1952 to 1953 was equal to 3%%
incorease in output, after the effects of changes in labor
and capital inputs have been accounted for. Similarly, the
difference in the level of technology (relative efficiency)
between Germany and the United States 1s approximately 85%.
With the same labor and capital (but also with a much lar-
ger X/L) in terms of the total number of equivalent units
of 1nput,l the United States produces 85% more output,

Both, the technologlical advance serles and the rela-

tive efficlency series, had to be convérted into index

1)Inpm: in equivalent units ies that amount of labor and ca=-

pital inputs which, ceteris paribus, produces the same
output. Thus any combination of labor and capital inputs
along the same 1ao§uant represents a constant number of
equivalent units ‘of input,
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numbers before they ocould be used in further regressions,
The two serlies, as given above, contain negative nunbers

of which logarithms cannot be taken, We must, hoever, allow
for the possibllity that a non=linear relationship may exist
between technology and some of 1ts determinants, In that
case 1t would be necessary to convert all values into loga=~
rithms in order to obtain a loge~llinear relationshlp. The
technological advance series was converted into index num-
bers by adding 1.00 to each’observation, giving a range of
0.9866 to 1.1737. The relative efficiency series was based
on 10,00, giving a range of 8.003 to 10.440.

Different numbers were used for the index base in the
two cases but thls does not matter as long as the determi-
nants of technology all enter the function multiplicatively
in the same way as labor and capital. This can be demonst-
rated by showing that the index base will be absorbed by the
general constant of the equation. Consider equation (3).
Adding the index base constant b to all dummy coefficlents
will give us (by + S)Di for each dummy term. The dummy
can only assume the value of zero or one, In the first case
the entire term disappears., In the second case the term
becomes by ¢ B, where b 18 a constant and will be inoor-

porated by the regression into the general term 8qe



CHAPTER V

HYPOTHESES

This chapter describes the hypotheses about the deter-
minants of technology which have recelved some support in
the literature, are relevant, or can be adapted to 2 macroe
economic framework, and are sultable for quantification and

econometric testing.

entire period o at activity.

This hypothesis is a result of studylng a family of
geveral hypotheses, all of which concern themselves with this
type of an effect which has been shown to be very important,

The first one of these is thc "Horndal Tffect" as re-
ported by T. Lundberg and elaborated by I. Svennilson into
the hypothesls that technological change 1s partly deter=
mined by on-the=-jobelearning by labor, worklng with new
and 0ld capital. Further studies in the United States attest
to the surprisingly great importance of this factor
(S. Noris, W. Salter, T, Wright, 7. Hirsch).

Another hypothesis was presented by A. Alchian {1959
and 1963) who differentiated two dimentions related to
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output: the rate of output per unit of time and the total
volume of output (ocutput cumulated over the entire period
of production). Alchian suggested that the larger the to~
tal volume, holding the rate constant, the lower will be
the average cost. Technology is here a functlon of output
cumulated over the 1life of the technlque, As the sane pro-
duective process is repeated, oxperience 1s gained and pro-
ductivity increases, 3ut if a new, entirely different pro=
cess 1s started, all old experlence is lost and we nust
start with zero experlence,

%Ze Yirsch {1952 and 1956), in an earlier work, tested
two aspects of 2 very similar hypothesis, ¥Flrstly, he
showed that 1t 18 not the time over which production has been

carried out that matters but the cumulated output. Secondly,

Hirsch demonstrated that in reality the differences between
the 014 and new techniques are usually very small as far as
most individual work 1s concerned. Jence experience acqul=-
red with the old technlique i3 very largely applicable to
the new technlque so that productivity at any time t 1s
esgsentially a function of experience acquired during the
entire life of the plant and not of experlence acquired over
the 1ife of 2 single technique only. P. Verdoorn (1956)
also used output cumulated over the 1life of the plant and
confirmed Hirsoh's findings.

On the other hand, cumulating output over the entire
1ife of the productive unit is not really necessary., Mrstly,

if the productive unit existed many decades, very old
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experience acquired when, e.g., 1t was producing nails, 1is
of 1ittle usefulness now when the unit is producing, e.g.,
tractors. It i8 relatlively recent experience that is most
important, In international comparisons we know that manu=-
facturing production has been carried on for a very long
time in all countries in our sample, Some countries come
menced industrial production much earlier than others bdut,
as very old experlence is not of much value now, such
differences can be ignored and the time over which to cu=
mulate output can be assumed the same for all countries,
This assumption may appear to stand in contradiction
to the fact that technologlcal advance proceeds at different
rates in different countries. Thus 1t may seem that in the
United States, where technolosical advance 1s raplid, old
experience becomes outdated faster and cumulation of out=
put should be ocarried back over a smaller number of years,
In India, on the other hand, where techneloglecal advance
1s probably much smaller, old experience becomes outdated
more S8lowly and cumulation should be ¢arried back over a
greater number of years. This argument, however, is falla=
clous, It is the relative, and not the absolute levels of
technology that count. Technological advance in the United
States -may have been faster but, at the adbsolute level of
technology in the United States, techniques 30 years old
may be more similar, in terms of experience secured from
them, to the present techniques used in the Unlted States
than techniques only 20 years o0ld are similar to techniques
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used in India now. Hence, from the point of view of the use=
fulness of 0ld experience, cumulation of past output should
be greater in the United States despite faster technologli-
cal advance., There 18 no a priori reason why we should not
assume the same time period for cumulation of output in
the measure of the level of experience in various countries,

In addition, even 1f such changes in the length of cu=-
mulation were relevant, they could apply to a very small
part of our sample, Out of 20 countries, 16 are similar in
technology used in nonagricultural sectors, Timee-series
data over 14 years would not be affected at all, Thus only
124 of all of our data would be affected seriously by this
consideration even 1f i1t were shown to be relevant. Jence
1t seems safe to assume that a constant perlod of cumula=-
tion will not distort our overall results.

Secondly, given a constant period of cumulation, we
can decide on the length of that perlod, Ideally, we would
wish to use long perlods of several decades but this is not
possidble due to lack of data, We know, howeéér, that the
rates of growth of output in our countries remained very
stable over long periods of time (S. Kuznets, 1961; C. Clark,
1957). But given a constant period of cumulation and a cone
stant rate of growth, any short period cumumlation will glve
an exactly proportional measure of any long period cumula-
tion.

Over more recent perlods, considerable variatliond oc=-

curred during the Great Depression and World War II but the
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relative patterns of growth for 16 out of 20 of our counts
ries remained surprisingly stable (D, C. Paige, et al.,
1961), Henece, in most cases, short period cumulation will
not be likely to misrepresent the international relation=-
ghips between the long=-run cumulations even when those ine
clude large shorte-run disturbances. In addition, the impor-
tance of these shorterun disturbances will rapidly decline
with the passage of time owing to fast economic growth in
the post-war years,

The practical limitations on our choice are, on the
one hand, a period longer than that of the business cyele
within which the rate of growth varles conslderably, and,
on the other hand, a perlod as long as is compatible with
the avallabllity of reliable data. Unfortunately, both
avalladbility and reliability of data were gravely affected
by World War II., Thus cumulation of output for 1950 (first
year of our time=-series) should not go back further than
1946 or 1947 which would give a cumulation of 5 or 4 years
only. This is long enough to smooth out business cycles bdut
is 8till very short so that it must lean rather heavily on
the assumed regularity of the patterns of the rates of
growth, Since 1ohger cumulation ¢an be made for later years
of our time-series, a compromise cholce was made of T years
cumulation.

This period may have an additlional advantage in that
it seeme to be near to the average life of techniques as

" ~indicated by the average life of machinery (U.S. Internal
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Revenue Service, Schedule D, gives for 1962 a number of es=
timateé of the average life for various types of machinery.
Allowing for differences between the United States and
other nations, 7 years could be chosen as a reasonable ove-
rall average). Even though Hirsch demonstrated that almoat
all of the experience from one technique is usually "inhe~
rited" into the operation of another, some advantage may
accerue from that, on average, our period of cumulation
spans one complete technique.

Quite short periods of time were used effectively for
cumulaetion in several studles = 4 to 6 years (monthly data)
by Hirsch, 10 years by G. Sahota (1964). Our own results
also show that 7 years may be a sufficient period for our
data. Correlation between this varlable and the residual of
the production function was very high (r = 0.98) and the
variance of the coefficlent very small 1lndeed,

The early studies (Hirsch, Alchian) used cumulated oute
put as a measure of on-the=job=learning. Those studles, how~
ever, dealt with productive units of approximately fixed
size in terms of inputs over the periods studied, On=the=
Job=learning accrues, however, mainly to individual workers.
Thus, the hypothesis of on~the=jobelearning suggests that
doudling of the output assoclated with a doubling of the
labor force (and the necessary increase in capital) would
not increase appreciably on=the=job=learning of each worker
since output per worker would remeln the same, In our

sample, however, very large changes in the size of the lador
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foroe oococur and 1t is necessary, therefore, to employ cumue
lated ocutput per man-hour rather than cumulated total out-
puts The use of this measure for experience was suggested
by Je Verdoorn, T. Haavelmo, G. Sahota, and others,

It appears, hoever, that on-the=jobelearning hypothe=
sls has been too narrowly formulated. Assuming constant
life of productive facilities, it is only the amount of
output per man=hour prevalling in the particular produce
tive process, or in the sector of the economy studled, that
affects on=the=job=learning, According to the hypothesis,
the amount of output per man<hour in other sectors does not
matter. In other words, learning acquired on the Job is
perfectly immobile, This restriction seems unnecessary and
18 removed by postulating above the much broader Hypothesis
(1) where by "technical experience" we mean not only the ex=-
perience acquired due to sectional V/IL but also that com-
municated from other sectors, i.e., that due to global V/L.
Thus mobility of locally acqulred experlence is allowed for.

It is now necessary to design a sultable measure. The
measure used for onetheejob=learning 1is -ig s Where t is
the length of the productive process. Since the results of
our regresslions, as will be seen later, strongly indlecate
the existence of constant returna to scale, we can writet
% g Ao el (g)aa. But this means that our measure is really
cumulated caplital per man-hour, subjected to the exponential
coefficient ap, and multiplied by the level of technology.

That 1e, the measure uses K/L measured in efficlency units.



Tow 1t 1s implied that this measure reflects local
onethe=job=learning only since only local X/L is used.
It 1s apparent from the ahove formula, however, that

v/L also includes AoeT

whlenh will clearly vary with
changes in glohal X/1 2nd the associated changes in the
level of experience as long as there exists some nobi-
11ty of tecninleal knowledge, Thus using XE as a proxy
measure z2utomztlcally ~1llows for learilns from the
experleuce oI others .ul, In fuct, hls proxy is not

su! tzhle for onethce=Jobelcaraing Hut 1s far beiter
sulted for measnuring "techiniczl oxperience™ as defined
2hove, The foaraulation of the tecochnical expericnee
hypotheslies does not requlire Ly chanze Yl proxy measures
irn an ar-resstive study, sucs as thls one, where cntlre
non=agricultural ecoromnies 2re used as slnle units,

On 2 —ore disangreszted level, Tiowever, 1t would e
provaily useful to employ instead two proxles, one local
(K/L)32 and one (!{/]'_-)512 for t:e entire manufacturing
sector, especlally where the dlflereiice hetween the two
variables 1s considerablz,

Te second type of ypothesis that vas consldered
w2s dealing with a partial determination of tecinologieal
change by improvements in the quality of new physical
capltal. The need to evaluate these improvements 1is

sug-ested by two considerationste

1, "he conventional price indeces used to convert
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capital in current prices to =2 measure 1n constant
prices overdeflate 1t because they do not take iato
account changes 1. the quality of capital (D. Jorgenson,
Ze Griliches)., This source of error exists only over
time "nd 1s +thus partly elianinated in our study ty the
cross=sectional influeunce which is z21sn larger (20 countries
vsS. 14 years). 4ilzo using K# will elinminz=*e nmuch of this
error,
2. Camhrid~e school of capital emhodied technologleal
chanege as ~iven, e.fZe, in 7. Zaldor's "technlcal progress
function™, T™Mere are two variants of tils approachi-

{(a) Vint-re embodinment of techunologicrl change
(R. Solow, L. Johausen, 2, Massel) involves an exozeneously
clven conctant rate of techinological chance which is
embodied every vear in that year's investment., Thus old
capltal develons relative inferiorlty and it »econmzs
necegsary to convert 211 vintares into equlvalent canital
stoclk by weichtine each vintame by the technology of the
year in which it was produced. The longerun imnllications
of this hyrothesis, however, do not aprear to be relevant
to this study whilch 1s concerned wiih the determination
of the rate of techinological change itself. In periods
ofrelatively high Ainvestment the average age of capltal
will “He lowered, the rate of modernlizatlon higher, and
the productive system aearer the technologlcal frontier,

This improvement, however, can last only as long as the
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investment is increasingat an increasling proportionate
rate, Wnen invetsment activity declines, the process is ree
versed, This approach is relevant as to the effects on pro-
ductivity of short=run bursts of investment but 1t does not
seem to contributeto the determination of the longerun rate
of technologlcal change (Phelps, 1962).

In my paper on "Growth Implications of Optimum Allo~
cation in Diminishing Oost Industries™ (1964) I postulated
a hyrothesis that the rate of technological change is not
an exogeneoﬁsly glven constant rate dbut is itself a function
of the gap between the technology actually used by the pro-
ductive system and the technologlical frontier, I have not
yet, hoever, elaborated this idea into a formal presenta=
tion and this hypotheais will not be, therefore, tested
here,

(b) Learning by doing in capital goods industries hypothe=
sls as proposed in Arrow's celebrated paper suggests that
the rate of technological change is partly determined by the
rate of investment in producer capltal goods, In capital
goods industries, on-the-job-learning in one perliod is em=
bodied in capital goods produced in the next perlod. Hence
the rate of quallity improvement of machines 1s a runction'
of experience galned in producing them. This self-con-
tailned theory of endogeneous technologlcal change possesses
great intellectual attractiveness and has been shown, for
individual industries, to be as important as the on-the=-
job=learning effect. It is not at all clear, however, why
on«the«job~learning should occur in capital goods industries

only and not in services and consumption industries as well.
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Thus, despite the fact that Arrow applied his hypothesis to
the entire economy, it is believed that 1t should be applied
to sectional studies only (P. Hahn & C. Mathews, 1964), When
the entire economy is used, it scems that this hypothesis
largely reduces 1tself to our technical experience hypothe-
sis which embraces all productive processes,

To test Arrow's hypothesis we would have to use invest=
ment as a determinant of technology. We have good reason to
believe, however, that investment 1s very highly correla-
ted with capital input (simple correlation between K and
-tI i3 0,987). Meither is this correlation spurious,
Goodwin's hypothesis that investment is a function of the
difference between actual and the optimal levels of capital
utilization implies that investment could he used as a pro=
xy measure for capital input. It is thus not clear how
Arrow's hypothesis can be tested in a Cobb=Douglas produce
tion funotion framework. Nevertheless, Arrow's hypothesis
provides additional theoretical Justification for our hye
pothesis since Arrow's basic idea 1s the same as ours: in
a macro=-econonic context the level of technology is large-
ly determined by learning by experience which is a function
of cumulated output. )

Joan Robinson also suggests (1962) that the rate of -
technologlcal ochange 18 not autonomous but that "there is
a strong connection between the drive to accumulate and
the drive to inorease productivity". This probably implies
that AT/T = £(AX/K), using X for size deflator, which
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integrates to T = f(K)., If this funotion is assumed loga=-
rithmic, Ka3 will be the proxy for technology in

o1nK X 3, If the funotion is assumed
linear, technologloal change cannot be isolated and will

1nV = af a,1al + a

come out through a larger coefflcient of capltal and in-
creasing returns to scale., Thus it 18 not clear how thils
hypothesis should be interpreted and it cannot, therefore,
be tested until it has been restated in more formal terms.

Thus 1t seems that, out of the above seét, some hypo-
theses, while interesting, are not yet sufficiently formu-
lated for testing in this model, and others can be shown
to be elther irrelevant or to reduce to our single hypothe=-
sls of technical experlience, This is applicable only to our
aggregative study where entire nonagricultural sectors of
the economles are used as single units., We shall test,
therefore, only for one hypothesis in this fleld, namely
the technical experlience hypothesis, using.tg as the
measure of this experience,

After all the results of this study have been obtali-
ned, prof. Alvin Marty drew my attentlon to an inaugural
lecture by Nicolas RKaldor delivered at the University of
Cambridge on ¥ov. 2, 1966. Prof. Kaldor's lecture covers
what is, in effect, an outline of a theory of economioc
growthi=-

"..s the purpose of my lecture to-day is ... to sug-
gest an alternative approach which seeks to explain the re-

corded differences in growth rates in terms of the stage of
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economic development attained by different countries .. o"
The first part of his lecture, however, offers an
extensive theoretical diseussion of the most important, in
his view, determinant of technological advance which, though
it is a broader concept, is in part similar to that offered
in our study: learning as the product of experience measu~
red by cumulated past output. Kaldor's lecture seems to pro=
vide an additional theoretical justification for our hypo=-

thesis and his conclusions based on the results of his
brief econometric study closely parallel our first resultiss
increases in the productivity of labor are due less to ine
creases in capital than to increases 1ln technology which
itself 18, to a large extent, determined by cumulated past
output serving as a measure of acquired experience.

Kaldor begins his analysis by suggesting that changes
in the productivity of labor are malnly due to two factors,
The first but a much less important factor is investment:

"differences in investment behaviour explain residual diffe-
rences which are relatively less important (in relation to
increasing returns)™. Much more important is the second
factor which consists of increasing returns in the Kaldo-
rian sense which are mainly inocreases in the skill of la-
bor due to an inoreasing division of labor and learning
from experience, The level of productivity due to this fac-
tor "is a function of cumulative output',

Kaldor poses his problem as follows:-

"Since the differences in growth rates are largely
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accounted for by differences in the rate of growth of proe
ductivity (and not of changes in the working population),

the primary explanation must lie in the technological field
« it must be related to the behaviour of productivity growth,
Is there some general reason which makes the rate of increa=
se of output=per=man, for the economy as a whole, depene
dent on the rate of growth of manufacturing production?"

A8 a result of some statistical evidence, Kaldor limits
the dependence to the rate of growth of manufacturing pro-
duction only, not to that of the entire economy. The rate
of growth of the manufacturing sector has been selected
by Kaldor as the maln determinant of productivity in the
entlre oconony, Kaldor continuest-

"It has been suggested that because the level of pro=-
ductivity in manufacturing activities 1s higher than in the
rest of the economy, a faster expansion of the high-produc-
tivity manufacturing sectore pulls up the average; and
also that the incldence of technlical progress -~ as measured
by the rate of growth of productivity ~ is higher in manuface
turing activities than in the other flelds, so that a grea=
ter concentration on manufacturing increases the overall
rate of advance. eee.y nelther of these suppositions seem
capable of explalning the facts. The differences in the
level of output per head between different sectors, as
Beckerman (1965} has recently siaown, arc quitc incapadle of
explaining more than a small part of the observed differen-
ces in froductivity growth rates, 4n terms of intere~sectoral
shifts.* The second proposition, if it were factually correct,
would relate the rate of economlic growth to the size of the
manufacturing sector {in relation to the whole economy): ...
1t would make the rate of economic growth the highest in
those countries whose industrial sector ... 18 the largest.
On this test, therefore, Britain ought to come out near
the top, not at the bottom of the league=tadble. But quite

1)

Por Britain. For other countries the agricultural sector
would have to be, in most cases, excluded from thls argu-
ment.
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apart from this, the proposition 1s factually incorrect ...}

in many of the countries examined, productivity growth in

agricul ture and mining has been higher than in manufacturing.
There 1s, "owever, a ‘hlrd posslible explanation

= the exlistence of economles of scale, or inereasing -

returas, which causes productivity to lncrease in response

to, or as = bdbyevroduct of, the increase in total output.

that manufacturine activities z2re suhject to the 'law of

inecreasing returns' was of course a well=known coatention

of the classical economists. ... As (idam) Smith explained,

the dlvislo . of labor depends o2 the extent of the market... o«

Veo=classical writers, with one or two famous cxcevtlons,

1lil¥ke Marshall 2nd A1lyn Youung, tended to lconore, or to

underplay, this phenomenon. As Hahn and Matthews (1964)

renarked in a recent ~rticle 'the reason for neslect is

no doubt the difficulty of fit+*tinz increasing returns

into the prevallinc framework of perfect coapetition

and aarcinal productivity factor pricing'."

In our 3tudy, however, we are using nelther of the
abhovr assunptlions 2ad -re =2llowing the Ja‘a itself to
~lve us 2n estiqnte of the coefficlents of capital and
l1~%or. evertheless , our estimites, like those of
virtu:ll: 211 econoustric investigators tefore us, still
indicate ¢onntant veturns to scale. Xaldor contlnuesti=-

"HYowever Adam Smith, like both Marshall and Allyn
Young after him, emphasized the interplay of statle and
dynamic factors in causing returas to increase with an
increase in the scale of industrial activities., A greater
division of lavor 1s more productlive, partly because

it pgenerates more sikill and kiaowshow; more expertise in
turn ylelds more iunovations and design luprovemeints. ...

Learning 18 the nroduct of experience « which meand,
as %Erow Eas shown, that pro ucfivif% tends to zrow the
aster e Iaster output expands; alS50 means tnat the

Tevel of productivit ES a functlon ol cumuilative output

'rom the beginning] rather than o e rate of produciion
per un me,

~ We can see that Kaldor includes in his "increasing

returns" three separate factors. Firstly, the efrect of

1) :
My itdlica.



indivisibllities to which Kaldor does not seen to attach
much importance = this is 1n 1line with most econometric
findings. Secondly, learning produced by increased
speclalization due to greater division of labor. This
effect would take place when total output increases but
output per worker remains constant, In thls case the
skili of lahor increases bhecause the field of productive
activity of each worker has bheen narrowed so that each
produces more of fewer items., The outrut per worker

of ezch 1tem produced has heen Increased dy reducling the
nunber of ltems cach worker is producin~m. It is =n
inererase in the cumulated outnut per work:=r of each

i1ten that enales the worer to acqulire srexter experieace
11 relation to each 1tenm he 12 producing and 1t 1ls also,
therefore, a cause of an inern se 11 mls total productivity
due t» specialization., Sut this 1s not the only way in
which "learning as the product of experience™ can be
obtained since an increase in the cunulated output per
worker can also be secured by other means such as Iincree
asinz the amount of c¢2vital per worker, increasing iais
education, etec. Thus 1increases in the cumulated output
per worker due to, e.g2., lncreases in capi©al per worker,
and not to pure increases in scale holding capital per
worker constant, will also lead to lncreases in hils
experience and skill and this is the third factor which
must be included in Kaldor's total effect. In fact, most
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studies indicate that increases in returns to scale are
probably very small while large unexplained residuals are
allocated to increasgses in technology. It seens that the
third factor must be an important one and this is not
unexpected sinece increases in the cunulated output per
worker contribute fully to experlence while in the case

of increases to scale only that part of the inerease

in scale contrihutes to s=xperience whici will “e assoclated
with an increased division of labor = =nd in m=2ny insta-
nces this part mpay be very small indeed.

Tf we 1-nore the first factor, we are left ulith ex-
nerience as the mal deterainzant of productivity and we
can then say with ¥2ldor thnt "Learning is the product
of experience - yhich means *hat tha level of producti-
vity is a function of cumlated outpit...” Since Taldor
does not differencizte between the second znd third
factors, he uses cumulnted output as 2 proxy measure
for experience. In our study we must rely, however, on
the lon~ zerles of econometric studies whith, bveginning
with P.7., Douglas's celebrated work, seem to be consistent
in indicating the existence of constant returns to scale
(A.A. Walters, Tconometrica,'63, Ta-les I through V).

In steady zrowth (where the percentage rate of growth

of output is constant) using cumulated output as an
independeat variable in a Cobb=Douglas funection will
reduce 1tself to increasing returns to scale by increasing

the sum of the coefficlents of capital 2nd labor. (Kaldor
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overcomes this difficulty by ascuming that the K/L ratio
is constant.) Since many of the econometric studies
mentioned above must have to an extext covered perlods
of anproximately steady growth, lncreasing returns would
have demonstrated themselves at 1easf %; some extent on
a substantial unmher of occasions. Since thls was not
the case, we seen to e Justified in rejecting pure
increases 1ia scale {increases in totzl output with X per
worker constant) as an important factor 1in lnereasing
productlisity. As 2 consequence we are induced to reiy
only on the third foctor in Xaldor's total croductivity
eflfect, that 1s on learning vy experlence whlech 1c a

function of cnuazulated output per worker,

his, nowever, does not undernine the relationship
Yetwe-n "aldor's 2ain arzument and our hypothesis of
technieal exnerience., Thus Faldor's discussion vrovlides
a “asis and 3 broad theoretical franework for our 1ypo=-
tiesis 2nd a Justification for using cunulated output
a8 a proxy varlable for exverience.

In the next section Xa2ldor quotes Allyn Young to
establish the ar»plicabllity of this hypothesis in a mocro-
economic context. He suzgests that so many of these
activities assocliated wlith expanding experience
involve ",..the emergence of new processes and new
subsidiary industries, {that) they cannot be 'discerned
adequately by observing the efrfects of variations in the

size of an individual firm or of a varticular industry'."
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At any time there may bYe industries in which learniag
from own experience may hecome relatively small. "They
may nevertheless benefit from a ceneral Iindustrial
expansion which, as Young said, should be 'seen as an
interrel=ted whole'.," It wwvould appear tﬁat this argument
refers to what we have described as a hlzh mobllity
of technical exverience wlthin one economy. It was for
this reason that we have declided +to use an internatlional
comparison of entire nonagricultural sectors of different
economnies since it would not have heen possinhle to
asnoclate properly the full effects of the deterainants
with *he changes in the level of technology caused by then
1f this were to be done within one narrow sector or
iadustry.

The very lumpori-nt gquestion of the dircction of
causality is discussed nexti-

" There are soie economists who, whilst adnitting
the statistical relationship between productivity growth
and production growth, argue that it says nothing about
cause and effect: the Verdoorn Law, accordinc to this
view, m2y sinmply reflect the fact that faster growth
rates in productivity induce, via thelr effects on
relative costs and prices, a faster rate of growth of
demand, and not the other way around,

This alternative hypothesis, "owever, is not fully
specified - if 1t were, its loglcal shortcomings 1would
at once be apparent. If the rate of growth of productivity
in each industry and in each country was a fully auto=-
nomous factor, we need some hypothesis to exn»lain 1it,

The usual hypothesis is that the growth of productivity

is mainly to »e exnlained by the progress of knowledge

in sclience and technology. But in that case how is one

to explain the large differences in the same industry

over the same period in different countries? Yow can

the progress of knowledze account for the fact, for exanple,
that in the period 1954«60, productivity 1in the German
motor=car industry increased at 7% a year and 1in Britaln



only 2.77 a year? Since large segments of the car industry
in both countries were controlled »y the same American
firms, they st have had the same acceses to the impro-
venents in knowledge 21d know=now. ees

Moreover, to ~stzhlish this alternatlive hypothesis,
1t 1s not enourh to poctulate that productivity ~rowth
rates are autonomous. It is 21s0o necessary to assune
that dlfferences in productivity zrowth rates between
different industries and s=zctors are fully reflected in
the movenent of relative pricee (:nd not in relative
novenents of wazes aand other earnings) and furtier, that
the price=elasticlity of d-mand for the products of any one
industry, or for tie products of minufacturins lndustiry
28 a whole, z2re 2alwavs gre«ter th2a uultyt none of thils,
27 far 13 I 'Mmow, Mg been cuhmitted to econometrice
verific~tion."

In thiz =tuly ¥-Yler relles on the 1hove ar~uneat
to luetlfr the directlion of causality Letween prodactivity
amd the cuulzizd output represaiatia~ exserience. The
arrunent nvaers to e quite sufflclent 0 ectzhlish
gatdiresctional eius21ity iy the deslred sense 2nd 1s,
ther=fors, ~1:11ly adopted Ior our 2tuly., In ad’iti-u

te this arcucent, Mow:ver, w- ar

iE

emnloy.ng, in 2ffect,
% tivwe=la~ 1n our re~re:clon T actions clace the cutput
is cumulated over 2 a nhe~ of past sears = thus our
el2im reoardins e directiorn of crus<iity froa cunulated
outoyut p=r wo_kgr to currexnt ontut 1c stron sy suprorted
by thls “2ctor.

Raldor thaeu roes on to Alscuss the po~sidillty that

n

*he offect of experiencs, a5 neasured Ly custulated output,
on current output "is a phenomenon pecullarly assoclated
with ... 'sccond=ry' activities = with iandustrial produ-
ction, including public u*tilitles, construction, as well

ag manufacturing - rathor than with the poinary or tertlary
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cectors cf *he economy."

T oy not cutscsting that the T rdoorn rel tionchip
apnrlles only %o m~aufacturing ctivities 4.0 o But its
a-plie~tion outside *Me industrial ficld is clearly far
more limited, It certalnly Jors not apply, on the evideace
of the stat'sties, tu i ricuilture :nd ninin., where the
srowth of uroduetivity In a-riculture 1s mercly the »ni-sive
coasequznce of e ab-orbtien of turplus labor in secondary
nd tertiary occupations, an' 0% n-cexs rily 2 r~fl-ction
of *rue technolosical pro~ress or of hicher investnent per
unit of output."

It 1+ %2is l-st -odint tii .t laduced us to exclude the
sriculturil cector frow our ~tudye. Anin-~, however, g not
gxelulded 2:vtly “ecau 2 of the 1 ¢k of sufflclently detalled
d “2 "u* m:inly becaure there wpre:rs to be no "hiddea une
employment" 4n minin-~ 25 2 wiole. Moreover, unlike Kaldor,
we are not Interosted in the Interesectoral »cl . tl nchlps
‘rithin the —coromy Sut in th- overall Llavortance of various
det-rmin~nts of technolorye.

There remalns the *2r3i-~ry secteor, services, = which
togethar account “or 40-5C per cent or more of the total
output -nd employment of the advanced countrli:-«, Cv-r nuch
of thir fle1d learninc by experlence nust elearly play 2
role eee o But eee In trancport =2nd ~ommunicstions st.tlste
ical evidence shows no correlation tetiween productivity
growtih and »Hroduction ~rovwth, In ... distribution, »roduct-
ivity = mcaninsg ~ales per enloyee = tends to grow the
feoster the faster the rize in =szoregate turnover; bat in
this cas+, 1t 1s nerely a rcflection of the changing inci-
dence of excess capaclty generated by 1lmperfect competition,
and not of true economlies of scale, In other words, nroducte-
ivity may rise in antom~tic response to the rise in consump=
tion caused by the growth of productlon in the prim=ry or
secondary sectors = Just as the productivity of the milkmun
doubles, without ~ny technoloslical change, when he leaves
two bottles of milk outside each door instead of one bottle."

Excluslon of the tertlary sector enadbled Kaldor to
obtain some interesting results reg=rding the relatlve

importance of experience in varinus sectors and as a frctor
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in the theory of growth. Thls undoubtedly was a fruitful
annroach in Kaldor's study which was designed to eluclidate
a specific apnliecation of the theory of growth, Our investe
1gati~n, however, i1s nmalnly concerned with only one, and a
different 21sp-ct of the throry of ~rowth, nanely t.e estl-
mation of the relative inportance of what aprear to be the
main determinents o~ technolorlecal ch-nce. Jonce the
relitlonuships hetween the sectors and their relevance to
the t eory of rowth are outslide our torms of referz=nce,
while our attentlion 1s centered on the dete minants of
technolony relevant, 1f pos=sidble, to all the lmportant
sectors of th: economy. It 1s necessary to exclude the
asricultural ~ector becauce, ac mentioned atove, the
existence of "hidden unemployment" -rould seriously dictort
our r-sults. I*“ wo:1ld not zeen that this would avvly, how=-
ever, to the min‘ne sector and even more to the tertlary
sector. 1s Kaldor himself says regardine the tertlary
sector: "Over much of thils field le=rnines by exverilence
must clearly play =2 role ...". Thus in the tertiary sector
there 1s conslderable leurning by experience and any
"automatiec reasponse'of its »roductivity to the rise in
demand will not distort the azzregate r sult since 1t will
merely repr-sent an actual extension to the tertiary sector
of a chnge in overall productlvity. Yence the inclusion of
this sector will result in our study producinz valid estimae

tes of coefficlents applicable to the entire nonazricultural

economy.
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A regression run by Kaldor for data on 12 countries
in the period 1953/4 - 1963/4 gave numerical results which
are very clo=e to those obtained by Verdoorn =2nd other
investigrators. Ve have 21so compared Kaldor's estimates wlth
our coefficients and found the same similarity in the ‘esults
though the coefficlient of exnerience given by our reszressions
18 somevh:t l-rrar (about 0.6 azainst Kaldor's 0.5). It muast
be borne in mind, howevsr, that our results are not, stricte
ly speakiacs, conpar~ble with Kaldor's results, “aldor ascumed
factor intensity ratio, K/L, constant which en=abled hinm to
simpiify the relati-nships in als regressions to two variables
only. Since in our -tudy data, statistical techniques, nd
computin~ facllities were gll 2vallable, 1t was not necessary
for us to ~dopt this relatively risid nethod. Consequently ,
mul “iple rescression techniques were used in our work enabling
us to avoid makin~ unnecessarily restrictive 28sumptions, and
lorzely elimin-ting the possibility, always pnresent 1n simple
regressions, that the coefficlient of the indenendent variable
has ao-ropriated the influence of other independent variables
not specified in the regression fimction “ut correlated with
the specified indevendent variable. On the other hand, Kz2ldor's
method seems to have the advantage of allowlng the dynanmle
rel~tionships to have a greater influence on "is estlnatees
since he uses longerun rates of chanzie 28 his data rather
than the annual fizures of the levels of variables. 3rcause
Kaldor 1s very interested in the dvnamic asp ct of the
theory of crowth, this advantace mi-ht well have more than

offset for him the disadvantaces of his nethod,.

- 100 =



In general, Kaldor's analysis, as nresented in his
inaugural l-cture, provides us wlith additional theoretical
basis for our hypothesis of technical experlence, measured
by cumulated output per worker, 2s the main determinant of
tzchnological chznme, Howev:=r, my findings indicate that
the cumul~=ted levels of output per worker ar- thenmselves
erucially desendent on cumulzated levels of capltal ner
worker and zo* on nure chan~2s in sc:le holdineg capital per
worker con~tant, With this dicstinction in nind, 1! remalns
tie case that Kaldor's theoretlical analysis 2nd ls eapiri-
cal findincs are in the spirlt of one of our basic hypothe=~
seg, namely th2t tceinleal exverience, as measurcd by

cumulated output per worker, ic the moc% lmvortant determinant

of the lsvel ol technologye.

™is hypothesle ha~ been first »rojosed nd tested by
T. Schultz, and later stndied by 2. %riliches, A. Tanz, and
%« Becker. Thlle this hypothesis has been well worked, I
have nev r seen a very convineing explanatlon way more
formal educ:tlon 8ioculd, of itself, make labor more produc=-
tive, to the great extent usually suggested, in produecing
what 1s predominantly physlical output. It seems rather that,
zranted some basic level of educ-:tlon, more formal educztion
would mainly affect output by increasing le-rning abllity
and ~daptability to change. This would tend to closc the

zap between tochnology us~d and the technological frontler
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and could also perhaps push the frontler further on by
increasing worker's ability to gain more t-cunical experie
eince from the same amount of X/L. Barrings, however, strong
correlation hetween the level of educ~tion of workers and
that of r:s-arch and development teams, this e fect could
not be as strong as is implied. “ven if higher formal
education of workers were stroizgly assoclated with the
cducational levels of sclentists and development englneers,
this would still m~ke 1t vervy unlikely that a strong effect
on the rate of technolosical chan~e ~-~uld be produced.
This is not to say, of course, that formal educatibn is not
producins possibly very larce nonemonetary gains thich may
greatly eninnce nntional welf-re. But there does not seem
to be a plausible explanation of how formal education of
workxers could increase material output of the economy to
any larce extenit.

A. Maddison ('64) comments rez vdinc 12 larpest weste
ern nationst~ "... 1t may be coacludad that in the 1950's
gov-rnments made little attept to grar thelr e=ducational
spendine to the crowth needs of the econony. Tor 1t there
any evidence that the educatlional ~ffort bore nuch relation
to the rrowth rate of the economy." T. Balo~h's criticism
(Ryklos, '64, p. 263) zoes even further in that ne Iiscounts
the possibility of the existence of a functional relation-
ship between educz2tion and output:~ "The precisely proport-
ional relationshlip between the number of =ducated and nztional

income means that education is regarded as a homogeneous
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input with simple constant returns, stable over time and
between historlical perliods. This is even 1in raspect of

the relatively more highly developed countries a- odd

sort o supnositlion, which could not be sustainecd for a
second on mature reflection.” Lactly, the international
Policy Conference on Economic 3Srowth, 0.E.C.D., Summary
Reports, Washincton, Cct.,'6l, p. 10, reports: "The
Conference had a full discussion on whether expendlture

on educ~tion should be viewed as comsumptlon or iavestment,
It w's accepted tant these two asproets of educatlonal
svending could not be disassociated ee.e™e (The participants
were: TeAs Lewls, I. Sveunilson, J. Tinbersen, F. H-rdvison,
Y¥,0., Bossz, T, Schultz, T. Paloch, et al.)

On the oth~r hand, the four ~tudies mentioned at the
ve~sinnine of thils sec*tlion =ive, in most cases, lrrre coef=-
ficients to educ-:tisn. The following critiecisms, aowever,
can be madet most studies did not use co:neting variables
such as t-chnical exnerlence as=zcciztcd with cumulated

V/L with whic: educatign 1s ~trongsly correlated. Socondly,

~

it 1s posslible that abie persons o%tain more =ducetion
rather than the education pro uces more ahility. In this
eaée the index of education would serve merely as an index
of ability and would have nothinz to do with the contribut=-
fion of education to output, unless the study us:s internat-
ional comparisons ({such as this one) where thls effect 1is
eliminated, Lastly, educztlion is likely to be, to some

extent, a consumption sood. M™us it will he probably
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purchased in grrater (possibly in incre-singly srerter)
~uanti*les by tiose who "1ive "ish-r incom:s, ie., by those
who, by and larae, already are more productlve., This effect
will =2lcso tend to attribute un unduly larze Importance to
educ-tion,

In thls study the first two effeets have been elinina-
ted by eunloying 2nalysls of covarlaics wlth other varladbles
and by usln-~ lanternational data, T™he thilrd effect ecannot he
entirely eliminnted but it iz expected thzt 1t 1s f:r less
inmror+tan thaa the other twos orecover, whlle 2l ity lnconme
reclo-ients probabvly purch.ze aor- ~duc:tion in 211 countries,
ccanslderahle v riztionns 12 tale pronea~iliy Troa country to
coun'ry are likely *c 4iminlshh the correl:tlon Letween
1:mor wrolinetivity e to ¢th r fr-ctors 'nl the aloun® of
edue .tlon »urch-oed for con-waptlone Tauc evea Zhe Uilrd
effcet will De sun11 r in - Lat-aztioanzl civdy than 1n a
national stul; wier: ¥the dilf crences lu "he hove proresusity
from scetor Lo seetor v Likely to Lo mueh smozller,

The 1021 of duc-tion of the non-ugricﬁltural l:bor
Sorece was mezasuced by threc nroxy variables {see Thanter II,
Pr, 31=36, and pn. 37=40) . Mrst, orimary and s:condary
school enrollument rate for the popul:xtion of elligibvle ages,
lagged 5 years., Sccond, *he came nrollment rate but welghted
for the »rim~ry and sccondary lev=1ls by tie indeces of
estimated average earnincs of prsons with prinmary 2s against

persons with s coudary education, Talrd , aver:~e weipghted

years of educ:tlon for the wiole population. Comnlete data
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were not available for thals =roxy and tie flgures obhtalined

hid to be extended over the entire fleld of t:e sample by

u~ing the ze -sure of the welghted anrollment rate which

is ighly correl ‘ted with averaze welghted years ol educatlion.
The sinple corelxatlon Letween the »roxy me:xsures and

the level of tzchnolo~y v ric- from ~ ® 0,64 to r = 0,94,

V~riance of the coefflcleuts 1s =o small that even coef-

ficlents s =211 as  0.014 are si-mificant at the 357

level of confildence,

: ~y is p.rtly det-rmined by the rela-
onenip ' . emand_and SUppLy.

A. ¥addison (Tco. %rowth in the West) express=s thils

nyprothesis as follows: "Ties deomand 2also had an effect on
nrotuctivity. The direct lapmet of = ulz: level of actlivity
may well bhe to lowsr produ~tivity by brincing the least
efficlent resources 1lnto oper:.tion, tiough this 1s probadbly
offset by the better usze of resources made possible by the
gre-ter steadiness of demand. 3ut hich =2nd steady demand
also affects vproductivity favorably by stimulating invest=
ment, research and product development."M:ddison then
explains thzat *hls is subject to th: limitation that *there
is8 no rapid inflation which would increase considerably the
risks of investment and force the entrevreneurs to retrench.
The hypothesis is really quite siamples 4f 21l resources are
already well commlitted and aggregate demand 1s still press-
ing for nore output, entrepreneurs will turn to the only

altarnative left - more proiuctive techniques - and will
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invest in research =nd innovation. Wigh and steady demand
with no ranrid inflation wlll accelerante tochnologlceal
change.,.

Since there was no rapid inflation in any of the coun-
tries here studied ov r the period 1950«63, whille the rates
of unemployment of lubor v-ried zreatly (decade average for
PR: 1e3%, VeKe; 2.5, UeSet 4.5% = variation of 927% and
80% rosnectively), we aeed not concern ourcelves undaly
with price v ri:=tions and can concentr-te on unemployment
ratzs. o measure exists for une:ployment rates for all
resourcess hut relaitively ~ood data are avallable for
labor. Since 1t seems t-2t in the akove hyrvothesls unemploy=-=
ment of labhor =muy well be much more important than that of
oth~r factors {due to 1ts of”eet on hi~-er wage demands
and entrepreneurs' attempts to meet those denzads and
offset hirher ware costs with hi-her »roductivity), *he
une :ploym=nt r.*e of labor -urz sts 1tself as 2 very'food

proxy measure,

Jypothesis 4: Technology is partly determlned by time.

If this relationship exists, then it is a measure of

our ignorance. Thlie hypothesis has been used by J. Tinbergen
and by Solow in his vintace enbodiment approach., If our
stuir nroduces a sienificant coefficient for the time
variable, then that part of technologlcal chance must be
imputed to 1t until better or more explanatory v-riables

are found or better analytical tools constructed. After
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the v-riables explaining technological change are inserted
back into the production functlon, 1t wlll be tested azain

with time dunny variables to see 1f any time trend remains.

Hypotheses Not Tested

A number of hypotheses were not tested for lack of
data, Of these the only one that 1s widely accepted
as very importsnt is the hypothecls concerned with the
effect of rescarch and development expenditures on techno=
lory. Unfortunately, o 1ittle data is avnilable in this
f1eld that we are unable to test thls hypothesls, It 1s
very likelyr, therefore, thaat our other vairiables, whilch
may well be stronsly correlated with the expendliures on
research and development, will avrroprizate some unknown
part of the 1nfluence of thls variable on techrnologleal
change,

Lastly, somethins —erhaps should be sald regarding
the methodolocy employed in this type of econometrice
testine, The method used here 1s that we take =2n accepted
or a wildely discussedhypnothesis and use a varizble to test
it. The result, then, is in one sense nezative in that
the hypothesis is "not rejected rather than definiltely
"proven". In general, if it is possible, we try to cover
the entire fileld by testing as many hypotheses as are
relevant,reasonzbly widely accented, and capable of
econometric testing. fe then accept the "not rejected"

hypotheses and, since there are no other hypotheses

- 107 =



which are a recognized part of economic theory and are
capable of explaininz our phenomena, we construct our
conclusions on the basis of the "not rejected"hypotheses
as i1f those 1wypotheses were actually proven, This,

of course, has the obvious weakness that 1 many cases
the tested proxy varizile may be considered to represent
some other, less knowa or even not yet formulated hypo-
thesis. Tis, for example, may he shown 1: the rcase of
on=the~Job=learninc hypothesis ‘there the proxy variable
uéed would he compztihle with a hypothesicthnt techinnlory
1s a function of past technologlical orogress and capital
accumul-tion which, 1a turn, were due to 2~ exogeneous
factor ¢f hich propensity to innovatleon :nd canital
accumlation, Onur tests do not differentlite between
these two Wyvothacus = the oanly rornds for not consldering
the alternative mypothesis 1s that it has not been videly
accepted or dlscussed ia economiec literaturc and is =not,

therefore, a »art of accepted economie theory 1. thils field,
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TIAPTER V1

TTOD OF ISTINIATION

Since 1t 1s possibl: *hat differeat determinant
varlables and/or different cocfflclents anply to techno=-
lozical advance ovar tine as amalnst relative efficliency
over countries, ws will run sepirate regressions on
t1ese two series, The level of tecinology over tlinme l1ls
ziven by the series of coefflelents of time dummles
converted into indscx nunhers and the level of techunology
over couatries 1s eiven by the coefflelents of couutry

dumnmies, less the -cneral coastint a converted into

o'
index nuavars a3 descrived earlier (see Chapter 1V, pv.

65-67)0

Yariables
The followlng varliables were used in regressionsi~

G = level of technology over time (technological ad-
vance).

P = level of technology over countries (relative effi-
Oiency).

t% - output per man=hour cumulated over the past seven
years serving as a measure of technical experience.

E - average, weighted years of education for the entire
population. This variable was chosen as the proxy
for the level of formal education of nonagricultu-
ral labor. Enrollment rates were also tested but
gave poorer results.
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U - adjusted rate of unemployment of labor serving as
a proxy variadble for the relationship between aggre=
gate demand and supply.

The same three variables, {g y E, and U, were fitted

to the G series and to the F series.

Form of the Punction
T™wo forms will bYe tested (following L. G. Telser, 1962):

4,1 G = b, + blln):% ¢ b,InT & b 1nU + u ,

3

This corresponds to:
a a 3 a a
v=A0L1x2(}:}E)33405u.

Ang,
4,2 InG = b, + blan% + boln% ¢ byInU ¢ u ,

which corresponds to:
a; 8, Bo(zg)blEban3
VaApL K" e u .

Both forms will also be used with the P serles, The
two forms are tested in order to minimize the possibility
of mis=-specification of the form of the function and have
different implications regarding the nature of the returns
to the variables concerned., The characteristics of the re-
turns to a variable, say E, can be determined by taking
the second derlvative of the function wlith respect to that

variable,
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Thus,

2 -b
%?“- s -5 (O, for (4.1), and
2 b,6(b, - 1
%—;&- = —2-—(—-§!-—L % (o} » for (4.2)0

Hence the variable concerned has a decreasing marginal
product in (4.1) and an increasing, constant, or decreasing -—
marginal product in (4.2) depending on whether b, 1s greater
than, equal to, or less than one. Function (4.2) can tell
us whether any countries are investing too much in the se-
cond input and also 1f it is proper to use (4.1) in the
first place., As can be seen from the results of the four
regressions given in the next chapter, function (4.1) appe=-
ars more consistent and gives smaller standard errors of the
only significant coefficient, The numerical values of the
coefficient of Z% is less than one indicating decreasing
marginal product and, therefore, noevidence of underinvest-
ment in this input. It is alsc proper to use this form since
the results of fitting (4.2) indicate diminishing returns
to all inputs,

If the results of regressions indicate that the same
variables with very similar coefficients apply to both, the
technological advance G series and the relative efficlency
P series, we will be in a position to insert these determl=-
nants directly into the production function. This would en=~
able ug to test the relevance of the determinants in both,

the timee-series and the cross=sectional data.

o 1l]



In any case, asthe last step, we will re~run the reg-
ressions with determinants of technology and also with time
and country dummles to test for the relevance of the time
trend, to assess the extent of the trade~off between the
determinants of technology and the dummy variables, and to

obtain an estinate of the final residual.
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CHAPTER VII
TESTS OF HYPOTHESES
This chapter describes tests of ell hypotheses used in this
study beglnning with the test of the form of the function

sultable for regressions on technologlecal advance G Beries

and relative cfflolency P serios (see Chapter VI, above).

Regression Functions

The following regressions wers obtalaeds-

bola G = -2.123160 + 0.747309 1nJ¥ ;
{0.10790)

r = 0,99110, Se = 040074,

4e2a 1nG = =3.064657 + 0.645812 InJ¥ ;
(0.09704)
I = 0099187’ Se = 000924-
5ela F om 7.965928 + 0.663612 1nz§ :
: {0,04575)
r = 0,97880, sg = 0.3037,
Se28 1n?P = 2.088055 & 0,068940 1n 3

(0.00508)
r = 0,97661, 8e = 0.3162,

PMgures in parcnthesis ~ive standard errors of coefflclents.
Coefficients of © and U were not significant at the 907
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level of confidence,

Tunctions (4.1) and (5.,1) seem to be more @qonsistent
regarding the value of the coefficient of][% which eppears
to decline suddenly in (5.2) to a very low value of 0,069,
What 4s more important, standard crrors of the coeffielients
are lower in (4,1) and (5.,1) in relation to their coeffi-
clents (P values arc: 47.9 against 44,2, and 209.9 against
123.5). The differsnces between the coefficents of correla-
tion and the standard errors of ~stimate are not significant.
Pinally, the form of (4.,1) =nd (5.1) lends 1tself to 2 simp=-
ler and theoretlcz2lly mors acczpiable insertion into the
production function (see Thapter VI above)., Punctions (4.2a)
and (5.22) will b~, therefore, rcjected.

Thile ahalysis of covariance enables us to get much
better estimates of the coefficlents of labor and capltsal,
and to isolatc and separate technologleal advance and re-
lative efficicncy serles, 1t does impose its own rigid form.
Bearing in mind this shortcoming of the method, the above

test gave us the followlng results:-

1. There is no evldence that T and U are important deter-
minants of technological advance and relative efficlency.

2. Changes in technical experience are a very important dee
terminant of both, technologlcal advance and relative

efficlency. In view of large r2

and small s,, this one
variable seemingly explains some 95% of the variation in

technology, this conclusion being reinforced by 1ts
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consistency over time-series and crossesectional analysis,

But we have not specified all determinants (e.g., expendie-
tures on research and development) and, to the extent that
our variable may be strongly correlated with other determl-

nants, 1t will appropriate thelr share of influence on the

level of technology.

3+ The coefficlent of zz 1s very similar for both, technolo=-

glcal advance and relative efficlency. The same probabdly
applies to E and U where the coeffliclents were not signli-
ficantly different from zero (both, the absolute values of
the coefficients, and their varlances, were very small),
e are justified, therefore, in inserting all three va=-
riables back into the production function. This will eli-

ninate the rigldity assoclated with the analysis of cova=
riance method and thus should enable us to odtain better

results,

Regressions of Expanded Production Function
The following was obtalned:-

6 InV = -1,81124 ¢ 0.88496 1nL + 0,11358 1nkK +

(0.,01616) (0.01851)
+ 0.83722 1n}§ + 0,06875 1nE ,
(0.01776) (0.,00804)
R = 0.99921 ™ se - 0.0598 .

The results for R and s are very impressive indeed., Clearly,
a very considerable improvement occurred over the two input

production function (where R = 0,9917 and s, = 0,2003) and
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this function with »nly *two det~rminants of technology

~iv~s rosults 18 ~ood as the vro'uctlon function with

34 dummy varliables (see p. 73 - X ® 0,9992 and s, = 0,0634),
The coefficient of T 1s sm=21l. The coe“ficlent of U 1s not
significant at tie 95% level of confidence.

This functl-n w~s 2lso run with welchted enrollment
rates rather than the average years of educatlon as a proxy
for the :ducation=l level of l-.bor. This, howev-r, cave
poor-r resulis hecause -~lthourh the coefficlent was slizhtly
hirher (0,07702), its s'andard error was much sreater
(0.01325 ~r~ainst 0,00894). This wie =2lso reflected in the
stand=rd error of estimate which was 0.0622 against 0.0598.

Yext, the same re~sression was run with the annlysls of

covariance to test for the time trend and the "mexplaine=d

residual,
Te 1nV = =1,25621 ¢ 0.72443 1nL ¢ 0.25234 1nkK ¢
(0.01233) (0.01937)
¢+ 0,62491 1nJ$ ¢ 0.03911 1n= +
(0.01529) (0.00465)
+0,04725 Dy {0.01101 -0.05988 Dy, ¥501488
-0,02367 D 0,01019 =0.12701 Dyy Dpg 01398
+0.07628 D3g (001319 +0.14016 DU 10202078
+0.13719 Dgp (0.01576 =0,19742 Dyy (0.01965
+0,07101 Dpx {0.01602 -0.06229 Dy 0,01489
40,10098 Dgy (0.01369) +0.03860 Dpn (0.01395).
R -~ 0099958 . Se = 0.0411 .

We observe that all time trend has been eliminated. The rane

ge of the relative efficlency has been reduced from =-1,10 (IN)
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to 0.54 (US), down to =0,20 to 0.14, a mere 21% of the pre-
vious range, six countries out of 20 eliminated, and the
pattern of the rest largely reduced to minor varlations. The
coefficient of U is still insignificant and the coefficient
of ¥ has been somevwhat reduced., But this trade-off between
dummies and the weaker variadles must be exoected and need
not necessarily be taken as lowering of the validity of their
coefficlents,
One qualification of our results must, however, be made
here, The coefficlents of 22 s When regressed with the G
and ® series where there was apparently no possibility of a
spurious correlation bdetween the technologlcal chaonge series
and ZE s were 0.747 and 0.663. In equasion (6), however,
the coefficlient of Z% 15 0,837 and 1t is possible that,
to the extent to walch it exceeds the valuc of the previous
two coafficients, it has been biased vpwards as a result of a
spurlous correlation with output V.
The following conclusions are now drawni-

1. Technical experience appears as by far the most lmportant

determinant of technology.
2. Bducatlional level of the labor force seems %o be a

weaker determinant of secondary importance,
3. We can explain, mainly by means of the technlcal expe-

rience variadle but also with some assistance from the

educational variabdle, practically all of technological ad=-

vance and over 3/4 of the relative efficlency.
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4, Hypotheses 1 and 2 (technical exverience and educ-tion)
are accepted subject to the qualificatlions under points

2 and 3 above, ypot-eses 3 and 4 (demand and time trend)

are rejected.

Zffect of Crowth on the Im-ortance of the Detcrminants.

Tille discussing Hypothesls 2, 1t was argued that the
funeti-n ~f form:l edue-tion, amonz others,is not so much to
contrihute %o nzaterlal output ~s to proiuce a’z2ptatility
and 2bili*y to learn. ™he negatlve pa~t of that sux-ection
seems to be wply c:afirmed but to support the ososltive rart
we would "1nvre to show thrt, under ceondltions where adaptae
L11ity and 2Hility to learn are very uteful, the coefficient
of 7 ic hi~her, ™12 coefficlent of T s'iould be higher for
fast growinq, w1d slower for slowly zrowlns; ccoiromies thun
the value =~iven Ly function (6). The followincs hypothesis

attempts to deal with this n»nroblen.

Jypotheslis t The coefflclent of tie level of formal
eﬁucaron of 12DOr vVariable 1S o funotion of the rel-tion=-

SNLlp LetwWween the rate of ~rowin of output per maznour and
The level of Tormzl clucation 0F 1a00T.

As an exanple: ay ® f(‘b}%ﬁ&l - B}, where the coefficient

of B 1s simply a linexr functlon of the difference between
the percentage changme in output per manhour and the level

of formal educntion of labor. Thus E has a gr-ater positlve
effect on V/L in fast orowing than in slow growlns countries,

wherec 1t may ~ven become negative. The sugrested causallty

is as follows:=-
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2e

b.

Ce

d.

The 1igher is the V/L, the hl-her is the level of
complication of techniques, and the hirher 1s the
necessary basic rate of ®,

The facter 1s the ~»rowth of V/L, the greater tae need
for ~daptanility and 1bility to learn and the preater,
therefore, 1s the output productivity of E.

Since educatlon offers probably very larre non-material
gains (which 2re not ineluded in V), 1%t is vory likely
th2t © 1s usually lnecreased far beyond the b sle rate te
securs cuch ~2ins, Thus consideration (a) above would
not be lumwortant. 3ut such hich rates of = woull drive
1ts m r~in=l produet in terns of V down to very low
levels,

In f:nt rrowinsg ecouonics thls effect would be partly
offset, Put wher~ V/L 1c constant or only zrowlng very
slowly, such hish rates of T may provide l-bor with
learning 2nd adaptability levels much higher than those
required %o execute their precent tasks. Tils "lack of
challenge", porhamns conbined with a "revolutlon of
expectations" efreet, nay nake the m-rsinal product of E
negzative in terms of V., Thls would be espeelally true
for those slow growing countries whero hlch value 1s
attached to non~=materlal gains accruing fron forumal

education.

Evidence Supvorting 'lypothe=is 5,

Ideally, we would wish tc run recressions to obtain

e —
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a serics of coe”ficlents of E for countries with varying
rates of rrowth, 11d then to run a regression to estlaate
the functional relationstip su~rmested In this hypothesis,
Unfortunz+t21ly, *1ls can:0t be done here because our model
of 20 coun*tri~= hacomas very unctable when fewer thaan 5 or
% couatries are ured in a resression (24ding, removin~, or
exchan~in~ on> cowitry seriously ~ffects tae values of the
coefficients) « Ti: test 72 ¢=n do wader t:.:se clrcumstances
is t¢o divide our comasries iato two or three ~roups arcording
to thelr »ates of ~rowth. Thls will not enable us to test
i~ Wypotiosis “ormally ot will provide us wilth ursful

1adictione »g to %ie validity of thlc 2nproach.

Secrogsion Munctlons Ascessin: Bffects of Zrowtii.

Th.e folledun- t:bvle ~lves 1963 T/L levol: in 19254

73 dollzrs nzr ran-hous 21d e nerceanitaze chniive in thiat

level {rom 1950 to 1963,

Ji 0.52 1287 nT 1,05 627 YO C.73 307
I3 1,19 95% IT C.21 (o7 NT 0,93 297
SW 2,09 837 LU 1l.29 537 CA 2.7C 267
FR 1.53 8679 AU 2.0%5 527 UK 1.15 24%
T 1,28 727 0 1.61 527 0C 0655 207
SA 1l.,10 70% DE 1,38 457 I7T 0.19 o7
BE 1.39 63”7 7S 3.590 337
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The 20 coun’rics were divided 1ato two ~roups of

10 and two resr-ssions wers rminte

+ 0008075 in©=
{0.03024)

-~
C.'JOOQ .

(0000697)

8. InT = =1,70352 ¢ 0.87491 1aL 4 0,11906 1nK +
(0004985) (0003892)
PAST
cot™1ns + 0,36203 1nJ§
{0.04935)
Qs 0,99753 . Se &
Qe 1InV = «1,50307 ¢+ £0.85112 1nL 4 0,11407 117 »
(C.01562) (0.01677)
SL,OW :
ooTIRITS + 0.71971 1n¥# ¢ C.04611 1nT
(0.020%2)
' 2 = 0,99904 .

The cocfficlznt of T changces to 0.0°
countries (which 13 well 2bovs the average
0,046 for the slow growing countries. This
support for our hypothesis oven though thae

ly crudz,

Se = 0.0462 .

for fast ;rowing
of 0.,069), and to
suppli~s some

test ls cxtrenmee

In order to cxplore this somewhat uncertain avenue

further, 2 second cttempt was made utilizing o more elabo-

rate technique. The 20 countrles were divided into three

groups according to the order given by 431%5%1 - E . This

gave a somewhat different order of countries:-

PAST MEDIUM
JAT 0,52 ME -0,12
IS 0.22 cO0 =0.12
SA 0.21 NE =0,13
TR 0.15 YU -0.20
SW 0.13 BE =0,21
IT 0.07
IJU -0 009
IN =0.12
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The fast and the slow groupes were made equal but larser than
the medium group to provide more stabllity. For the same
reason Belgium was added to the medlum group. The results

are a8 follows:=

10, 1InV = =1.37113 + 0.88425 I1nL + 0.08279 1nkK +

PAST (0.05377) (0.,04853)
coUNTRI=S + 0,00803 1n%y + 0.10423 1n= .
- (0.0510%) (0,03322)
R = 0,90484 , S ® 0,0627 .

11, InV = «1,60130 4 0,33754 1nL + 0.,15743 1nk ¢+

(0,05118) (0.05272)
MEDITM
cOUNTRT =S ¢ 0.,83174 1nz% ¢ 0,05814 1nE .
{0.04945) (0.,01888)
b 0099911 . S, B 010658 .

l12. 1nV = «1.51002 + 0.83791 1nL + 0,11655 1nkK +

(0.01607) (0.01776)
SLOYW 7
cOUNTRIES + 0.80897 1n}& ¢$ 0,04248 1n% .
~ (0.02129) (0.00722)
R = 0.99960 . Se = 000426 ™

These are good results. The coefficient of = varies 1In accor-
dance with "ypothesis 5, giving it some support.

To conclude, asquations (8) to (12) give definite sup=-
port to Hypothesls 5. But we are unadble to test the‘hypo-
thesis formally and the equations display consideradble in-
stabllity., It scems, therefore, that the data and the model

cannot offer us more information in this respect.
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Relative Importance of Varlables in jAccounting for Qutput

™is will Ye ealeulated for various countriles and

croups of countries ov.r time, as also for differences
between countrics for the entire perlod. The purpose is to
1llustr te what part of actual chanres 1n total output could
be alioéated to ¢1auzes in variosus lnputs. This will indicate
what wag the ralative inmportance of warlous determinants
within the s mple studied. Punction (6) will be used for all
cross=sectional czleculztions and for "medium" growinz countries
over time c<ince 1t iIs the most general function and 1s more
reliable than function (11). Only for studyins changes in
"slow" and "fast" ~rowin- cowntries of more extreme type,
will functions {(10) 2nd (12) %e used,

It nust be rorne in mind thzt these tables should he
viewed only as an 1llustrati-n since 1t is not proper to
apply our functions tos sin~le nations or to'v;ry small
groups of nations. The correct srocedure for individual
countries would be to estimate thelr own functlons for data

disagpgregated luto as many sectors as vo=sible.
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CIAPTZER VIII
COVCLYSIONS
Before the final conclusions can be presented 1t willl
be necess~ry teo introduce a2 number of qualifying statements.

dditional u~lific=tion.

Qur resultsc indlcate that techinical exnerlience, as
measurcd hy [%, i85 by f2r the ~ost lmportant determinant
of t-chnolocr. Since this v-riable explains so much of
technolonical chwmre, 1t 15 reasonanle to suspect that 1t
may be strongly correl-t~sd with capltal Invested in research
and developnent. Due to lack of da*a we were unable to iiaclude
R&D as a varlable bhut on theoretical srounds it should be a
determinant of technology of some consequence., To state this

hypotheslg:=

othuesis 6: Technology is partly determined by capital
nvested in research and development.

It may be surnested, for example, that as K/L increases,

the marginal product of capital in production nust decrease
and eventually 1t will pay to invest some of 1t in R&D.
Thus as X/L increascs so does capltal invested in R&D.
Tach hisher X/I would then be acsociated with hicher capital
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in R&D and a hicher level of technology. Due to the nature
of R&D, 1t 1s li%ely that it r-sponds only to suztained
expenditures -nd only after a time las. Thus thls effect
should be ~tronsly reflected in cumulated K/L. Since K/L
is correclated with V/L, 24D expenditures ~re probably
hirhly correlated with cumulated V/T which w:s the proxy
for techinlcal exverience in our functions.

Thus t"is proviso nmust be alded to cur Aypothesls 1l:
the proxy u-ed fTor mezsurins teciinleal exrerlence is probdably
hizhly covrelated with copital invisted in RD so th-t conme
unknowm »-rt of +the influence allocated by our rezrezslons

to techininral cxrerienes scheuld we innuted to capital in R&D.

Recultc of T:sts of Hypothescs.,

In a Mizily ~ogregative study using eantlire non-a-rilcultural
sectors of the ceonomias 412 2 poolsd, timeeserics, cross-
sectl anl a;—mlysis,ﬂi% varii~le alone ex»lains alzozt all
of *thz tecunolorlcal chanve, We have uted thls varlable as
a proxy ncasure of technlcal ewperlence walely 1s an exnaansion
of on=the=job=lcarnin~ and learnlins by doin+ and consists of
two paris: 1) the Torndall effect = onethe=job=lecrning with
no outside influences, and 2) onethe=Jjoh=lezrnin~g of lator
working with larzer capltal and output elsewhere zand :om=-
municated to labor in this productive process.

Z% 1s used as a proxy for technlcal experlence but

the proviso given on page 127 must be added to this
hypothesis. In view of the 1mportance appropriated by this
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proxy it 1gc likely that it is a» ropriating the influence
of, at lea~t, one unspecified variadble, Cz2pltal in R&D
cuggests 1tself since 1t is probdavly t.e aost 1mpoft;;t
unspecified variable. "hus vy far the most ilmportant determe
inants of tcchnolory are nost likely technical experlence
and capital in R&D, 1n'unknown rclative proportions.l

The lev:l of formal educﬁtion 1s accepted 28 a deter=
minant of technolosy but 1ts 1Importance in our d:ta seems to
be very smalle In view of the difficultlies eacountered in
the attempis to di~entanugle the consumption and lavestment

asy

i

cts of zducatlional cxpenditures, tils result should not
perh2ps be unexpected. Reference si1suld be nade, however,

to two additlonnl obrervations., Plrstly, the long=-run,
steady zrowth coefficient of cducation (sce p.130 below) is
1ulte larie., Secondly, our Hypotizsis 5 (see Chapter VII)
~uggested that though formal education may not be very
Important 25 2 determinant of output and ic ltself partly
output, 1t may have = much grexter effect on output when
output ltcelf 1c ~rowin~. "Thlle it was inmpossivle ‘o test
formally thls hypothesls, some evidence was found indicating

that the hypothesis is conmpatlble with our data.

1) While it 1s not proper %to make comparisons beitween this
study and investigatlons limited to sectors or single indus-
tries, 1t should be perhaps mentioned here that emplrlical
results of studles in those fields seemed to have falled to
produce satisfactory evidence of the influence of R&D expen=-
ditures on technology (Z. nriliches, ATR Proc., '65, p.345).
These r-sults were not, however, taken by the investigators
to mean that such a relationshlp does not exlst,
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The two hypotheses of"ering aggregote demand =2nd the

time trend as detecrminants of technology are rejected.

Some JImplications.

Conslder the follorin~ +ransformation of our p»roduction

functions-
a as = a a
1. V = Ao L 1 K ({g) E 5 40
@
Now in steady growth we have AELZZEI ® g = conste,

v/L
- . _
so that, t% 2 7(1 - g)3 é = n% s Where n is a constant.
Applying this to equation (1) we get:-
ay Ap T a8z 8y
%L X° (af) 35t

a S =i a a a
n ot Jglyogt

Qe v

Je v

L

Combining constants Ap and n and simplifyin-s, we obtain:-

al-a 32 34
4, v = ot 11555 ¢l=e3 o155

a
where Ag.ﬁ_(Ao n 3)1-a3 .

Inserting the values obtained inregression (6), we getti-

AO L088 K.ll (nE).84 E.OT

29 K.'TO E.42

230 v ]

ba, = v=AatyL

Thus in steady growth independent variables 2 and 3
reduce to one varliable and the steady growth coefficient of

caplital becomes 0,70. Now two additional considerations must
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ve introduced., In ecuation (2a) the coefficient of % is
nearly equal to tc coefficient of labor. Assuming that

the two coefficlents are, in fact, equal, equrtion (2a)
reduces 1+self +>» V S Ag K E.GO - the fixed canltale=ocutput
ratio of - s»rurisus Harrod=-Dom:r result. Sccondly, even 1f
the two ccefficlents are different, equation (42) suouws

thit the steady ~rowth coefflclent of education 1s 50 larce
that, 1f ther~ 4~ a considerable corr=latlon between capital

and educztion innuts, omitting vari-ble 7 Trom the »rodnction

functlion woald brian=z thiz ostliats of the candl'lal coefficlent

f)

claose % unity. In 2 zo0del slth coefficlants constral:ied to
one this would =-al: tend to rroduce 2 spurlcus Harrod-Dom-r
resultse Thrce pur-ly e v irlcecal rosults explaln how Jor our
data in aa overslanlitTi-d *wo fuctor model thz techuioloc~lieal
caraze aay blzs the 2ztinete of %0 2apital coefllelent for
those gecilore aad verlods wiere ~teady rowth oxis*ts to any
irioortznt oxte %,
Thus diTf:wont result~ 1u v risuc vtudles; sozetines

“ivin~t 2 zm.ll coo®iclent of canltnal incut 1 lins with
e n-oclas~ie:l model ad szsactliace produeln- i coefflelent
sufflelie..tly close to one to 1mply.a sourlous Farrod=-Dom .r
model, c~n he rnrobadbly explained to a largeé exteut by the
followlne factors.
1. Shorterm, time=ceries -:odels tend to nroduce small

coe "ficients of cazital larsely becaure they sive only

tae immediate effect of capiltal on output excluding any
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]

~ffeet cariivel acc. il tlon oy fiave a0 Yhe quallty
of 1u uts, Statlctically, vhle ¢ffecet will Le thrwon
out 2as the rezildual of the vroductlon fuactlion, a..arently
2t wurcoseclated vith cavitalaccumul-otion at wll.

e In %o lon =2, steondy crouth modrlz She efteet of canltal
aecumulotion on e ogquallty of inputs will Lo Izmputed to

-

czrl ol sivins o dlur o easeficteat of eanltisl lnput., In

-

meny o8 e,y lacludin ue o ovm 1 a, this coe'?ictcnﬁ asy

@)

well 2 weavglizte the volue of 1oC thus imeolyins a spurious
Toooroldeloncr 2osult,
Ze Twonr Aa *he loorerun, ctend; crowih o dols thie recsultis of

- L ~ . I R - P - - TN N F] P
v ri-ous studlcos oo very contlioce vly odus Lo ofuer det- rnle

nte o of Lochaololy, Suty owe IAND ex endifurc., iloh uay
e Ni~ln ecowrcelcted SN 2l il nceuamulotion ont owill

N

LNfeet, thovalorce, SThe coelliclent of euxitil. In addlitlon,

mox-1b1ly vo.rtly tacorrelated d=toralnantt of tcgmmology, such

~8  edue.tion, war oroducoe towe rosidual In the Zrotuctlon

funetion, *thou~hr it ;7 ald bLe prodably qulte sunall.

™a~e noinis seen Lo tirew co.ie 11 Mt on the 2osasivle

reacons for 1l .arwe differe ces in the zstliies of the cawnltal
coefficlent obizined ln different studies, The imaln concluslon
here seems to te that the production functlion scitudics to he
more fruitfl should includes amon~ the iuputs not only labor
and capltal Yt also the miin det-rmin-n*ts of technolocy.
Studles which exclude the determin-nts of technolorcy, or

which simnly assume an exo~eneously determined, constant
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rate of *technolo:lcal e¢hance, 11ay e .silly Teal to vacue
and porslibly erroneous co-.cluslons.

Since our empirieal results glve ay ¢ a, = 0.999 ,
we can assume constant returms to scale and ree-write {(4a)
as follows: E = AN (E)‘70 E.#Q. Tenoring the effeet of
education, this =quation suggests that V/L is a function of
K/L.l Thus technlcal experienc: measure ZE is to a large
extent 2 function of cumulated %, where the function allows
for the originzl level of technology and diminishing returms
to capital., In cconomic terms this implies that V/L 1s a
funetion of %/L and technology but since technology itself
18 largely determined by %/t {if cducation is ignored), the
cumulated V/L varlable ean merge with capital input giving
2 very high steady growth coefficlient of capital. Thus it

appears that the rcason why we obtalned technologleal change
a8 a residual of the production function was malnly because

it was rather unreasonably assumed that the effects of caple
tal input nust work themselves out fully within one year
and also because growth was not steady. Since the effaots
of capital input did not work themselves out in one year,
we had technological advance which was elther ignored, assua

ned God-given, or imputed to quality changes of lnputs.

1l _
)This applies to steady growth conditions only but if we

refer to the argument on p. 130 abve, we can see that,
within quite a large range of the variation in the rate of
growth, the disruption of the functional relatlonship bet-
ween V/L and K/L would not be large. Thus, to a conside-
rable extent, this argument can be generallzed to include
conditions of non-steady, though regular growth.
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As it happens, quality changes of inputs, if that is how we
wish to consider changes in technology, secem to be largely
dependent on what is basically cumulated K/L. Thus we are
back to ecapital input,

This implies that short dbursts of investment activity
are not immediately very productive, It 1s the longer-run,
sustained duildup of K/L that gives high returns. Thus it 1is
difficult to start growth but easier to continue 1t aftef
several yecars. Also, when investment 1s drastically reduced,
most of the effect on growth 1s not immediately apparent and
thus a temporary illusion can be created that 1t is possidle
to have both, more consumption and the same high rate of
growth as deforc,

Similarly, the benefits of investment 1n education,
though these seem to be much smaller as far as the materlial
output is concerned, appear to acrue mainly in the long=run.
Rapld changes in the level of educational expendltures willl
have 1little immediate effect, In fact, a sudden increase in
such expenditures may actually reduce the national product
since 1t will absord resources and will probably have only
a negligivle positive effect on total output in the first
few years after the students leave thelr schools. The long-
run effects, on the other hand, are likely to be important.
In addition, all educational beneflits may be somewhat greater
in fast growing economies,

The consequences of assuming an exogeneously given

rate of technological change, which is independent of K/L,
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are well 1llustrated in J. Tobin and A, Okun's statement:
"Why should we save now when our saving produces nothing
better than Jet alrplanes, while the saving of our children
will produce transport rockets to take us, or rather thenm,
to Furope in 10 minutes?" Solow carries thils argument to its
loglcal conclusion (Solow, 1965): "It is commonplace that
anticipated obeolescence reduces the rcturn any private
entrepransur can expret to reallize on an investments eceee
Indeed, 1f soclety to-day suddenly oxpects a higher rate of
technical progress ... , then soclety must revise downward
the rate of r-oturn 1t expects to earm on current saving.
esese The net private rate of return is thereforc .o , the
same as tho social rate of return."

Solow 1s fully aware of attempts to make technology en-
dogenously determined and recognizes that 1f, for instance,
Arrow's hypothesis is right, Solow's conclusions cannot be
valid, It seems, however, that Solow rejected thesc modcls
gince his entire argumgnt and his emplrical comparison between
the United States and Western Germany are based on an exoge=-
neously determined, constant rate of technologlcal change.

This view of the soclety as a speculator trylng to
outguess the vagariesa of the exogeneous rate of technologlical
change 18 not very satisfying. Nevertheless, the analysis 1s
clearly correct i1f exogeneously given rate of technologleal
change 18 assumed., But our results contradict this assump-
tion., Technology is largely a function of cumulated K/L.

Hence private return on investiment may, or may not be adver-
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gsely affected by an advance of teschnology and obsolescence

= 1t depends on how thelr own investment will affect thelr
technology and to what extent thelr technology 1s a funetlon
of other investments. Similarly, sockel and private returns
on investment are not identical - soclal returns are almost
certain to bhe much higher with the exception of perhaps such
investments as in some product developments and advertlsilng
where private returns may be higher, This, of course, is not
to say that Solow's argument is not applicable to a possibly
very large area where investment in productive activities
has little, or no effect on technology applicadle to those
activities. There private (but almost cerainly not social)
rates of return will be lowered by obsolescence caused by
advances of exogenously determined technology.

The trend <f 2 number of recent investigations was to-
wards discounting the importance of capital input in favor
of quallity varlables such as quallty of labor input, age of
capital, etc, This study sucrgests a wlider framework of a
self-contalned theory of endogcneous technological change
which 1s mainly a function of changes in cumulated K/I.
Capital input, in this form, is vry important indeed when
given sufficlent time to work itself out fully. The quallity
variables of technical experience, knowledge acquired through
R&D, and possidly other quality variasbles as well, seem to
have been mainly serving as carriers of K/L's influence
over time,

Thus what has been usually mezasured as technological
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change conslsted in fact mainly of technical experience and,
most likely, of R&D output, the two varlables belng almost
entirely determined by distridbuted lag effects of capital
per man<hour, Whatever remained could have been probably exe
plained to a large extent by the long=run effects of changes
in the educational level.

Limitations
But this argument must not be ecarried too far. Pirstly,

we chose a highly aggregative approach which can be severely
eriticlized in connection wilth the rigourocus meaning of such
a production function. Other considerations may well offsct
this disadvantage., In any case, the results, 1f accepted,
will have very wide applicability. Because of this very fact,
however, they will 2lso be subject to possidly important
additions and modiifications when applled at the national or
sectoral levels,

Secondly, technic2l experlence 1s not the only determi=-
nant of technology. Education is also a factor of some cone
ge2quencce and even though its short-run effects on output
scem to be very smsll, in the long=-run, steady growth models,
and perhaps ecspeclally for fast growlng economlies, educatlon
may be an input of very considerable importance, Moreover,
we had to construct a compositec measure of the level of fore
mal level of education of labor., Even though it seems to bde
a good mezsure it may contain errors which could have had
some effect on the estimates of the coefficient of this

variable,
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Thrdly, finding a unifying link of the cumulated K/T
varlable does not mean that the variadles which carry its
influencd over time ar~ of no consequence, It is very impor~
tant to know how chanz~s in cumulated X/T are worked out
through techuleal zxpericacs, probably R&D, and possibly
other varladbles, into finzl incroases in output, The econo=-
mic process in which thls varilabl- determines output 1s no
less important than the *nowlsdse of the oxtrnt of 1ts ine

fluenc-,

Summary Comment

™is study reversss ths trend of . nunker of recont
stuiles tow~1ls discounting thr importance of capltal in
favor of labor input, time trend, some quality varlables,
ctce Tt scems that ecpital input, in its X/T form, is very
important ind=ed whoen glven suffiecient %time to work 1tcelf
out fullr, The quality varliable of technleal experlence, and
probably other qualidty varlables as well, seem to have been
mainly servinc as carriers of K/I.'s influence over tine,

Thus what has been frequently measured as technoloclesal
change consisted 1un fact mainly of technlcal experlence and,
nost likely, of R&D output, the two varlables being almost
entirely determined by distriduted lag effects of K/L, and,
probably to a much smaller extent, of changes in the educa=
tional level, In addition, in the case of tlmeeseries stu-
dieg, those indeces of technological change might have well

also included increases in the rate of capital utilization
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(due to inadequate measures of capital input).

The final results of this study secem to imply that there
exists, in a very broad context, a basle variadble of cumulae
ted capital per man~hour which, when supported by a variadle
measuring the level of eduction, can be offzred as a bhaels

for a selfacontalned theory of =ndogeneously determined

technologieal chance,
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