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PREFACE

This 3tudy attempts to investigate the main causes of 
technological change in a very broad framework - an inter­
national comparison of 2C countries taken over 14 years.
TThiln serious problems arise as a result of such aggregation, 
it is suggested that this is a fruitful approach if we wish 
to allow for what appears to be a very considerable mobility 
of technology. The results presented in this work seem to 
confirm this supposition and offer a basis for some rather 
novel conclusions especially with regard to the importance 
of experience and long-rum effects of capital accumulation 
in determining output.

Conceptually, the dissertation consists of two parts. 
One, an econometric study of the available data which also 
constitutes an example of using the analysis of covariance 
to produce a measure of technological change. And two, a 
theoretical analysis of the results with respect to their 
relationship with some of the more important studies in this 
field.

I am indebted to professors Alfred Conrad, Peter Gutman, 
Bernard Okun,and Gerald Sifkin who read the dissertation 
and made valuable comments which helped to improve the

ill



quality of the analysis. Professors Ilfred Conrad and Bernard 
Okun gave special attention to the econometric part con­
siderably improving some of its aspects. My greatest debt is 
to Professor Alvin Marty, who served as the chairman of the 
dissertation committee. His generous helpand the many hours 
of intensive discussion greatly contributed to the substan­
tive quality of this work. Any errors that remain must be 
attributed to me.

I also wish to acknowledge the contribution of the 
■'Engineering Department of City College of the City Univer­
sity of Hew York which made an ample allocation of the ma­
chine time on their computer.
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CHAPTER I

INTRODUCTION

In trying to acoount for produotive oapaolty of an 
economy one might consider three determinants * labor, 
capital, and land* If this specification were correot, 
that is if the above list of three faotors contained all 
three determinants of oapaolty output, the output of the 
economy would be fully explained by the three inputs*
Except for errors of measurement, there could be no 
"residual11 output*

Over the last 15 years a large number of studies 
attempted to test the validity of this specification. It 
was soon found that, at least for the industrialized count* 
rles, land was not a very important input and oould usu­
ally be omitted* The two remaining faotors, labor and 
oapital, were shown to be important and oould aooount for 
a large part of the total output (from approximately one- 
half to one-third; Nelson, 1964)* But the two faotors 
oould not explain all of the output - a considerable resi­
dual remained which oould not be accounted for by labor 
and oapital alone* Por more recent periods this residual, 
whloh was usually oalled "the level of technology", was



often found, in faot, to be much larger than that part of 
output whioh was explained by labor and oapital (Solow,
1957; Nelson, 1964), The importance of that reaidual is 
now obvious - if it can be so large that it may amount to 
more than one-half of the total output, then it is essential 
that we gain some understanding of the nature of the resi­
dual if we want to make intelligent predictions and exer­
cise some control over the outputs of the present-day eco­
nomies.

It seems that the best approaoh to this problem is to 
postulate a production function; that is to assume that a 
unique relationship exists between the inputs 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 relationship 
can be written as followst-

7 • f(L,K) ,
where 7 is output measured as value added, L is labor 
input, and K is oapital input. Note that usually no time- 
lags are assumed between the variables so that the effect 
of the two Inputs sf a given year is supposed to work it­
self out on output fully within the same year*

Definition of Technological Change
The above assumptions enable us to formulate a defi­

nition of technological ohange. Taking total differential, 
the above equation can be, after some manipulation, writ­
ten in the following formt-



V/V « a^t/t,) ♦ •
The rate of growth of output is equal to the weighted sum 
of the rates of growth of the two inputs* If, however, this 
speoifleation is incomplete, so that there exist some other 
inputs contributing to the output, then the rate of gro*tth 
of output will be not equal to but greater than the weigh­
ted sum of the rates of growth of labor and capital* Thus 
we will obtain a "reBidual" whioh is usually added to the 
above equation as follows:-

V v  = a^L/l) t a2 (K/K) ♦ k/k , 
where k/k 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 is the residual in 
the produotion funotion after the effects of changes in 
labor and capital Inputs bn output have been acoofBited for* 
This measure is "neutral", that is, it 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 aocurate but muoh simpler formt Technological 
change Is the rate of Increase of output per unit of 
input (Solow, 1963)* Moreover, for a homogeneous produc­
tion function with oonetant returns to soale, the defi­
nition oan be further simplified (Solow, 1957)t

^Thls is a Hicks-neutral technological ohange where for 
k/k : m , *m/9K s 0, lm/bl s 0, and dm/fck ■ 0* For a 
Oobb-Douglas produotion funotion with ooeffioients con­
strained to one this is the same as a Harrod-neutral 
technologisal change where * f(V/K)* See Uzawa (1961)*



Teohnologioal change la an increase In output per nan not 
explained by inoreees In capital per man* Solow derived 
thia definition by postulating a linear homogeneoua pro­
duction funotion which, when differentiated, gives

I » i ♦ * 4  •
where v ■ V/L, and k a K/L • If a Oobb-Douglas funotion 
is assumed, then ag becomes a constant*

Out of the definitions given above, the first one 
will be adopted for this study sinoe it is 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 satis­
factory solution* The residual of the production function 
is the effect not only of all unspecified Inputs, inclu­
ding ohanges in natural resouroes, but also incorporates 
errors of measurement and errors caused by the rigidity 
of the mathematical form of the function* Am explained by 
Lawrence Klein (1962) technological change should be de­
fined as only that part of the residual which is the effeot 
of the determinants of technological ohange* In other words, 
the estimation of technological ohange should begin with 
eoonomlo theory whioh specifies the determinants of teoh­
nologioal change and which, therefore, oan be tested* Inser­
ting these determinants into the production function would 
reduoe the residual by some, probably a very large part 
and thus impute what has been often unsatisfactorily oalled

4



technological ohange to speolfled Inputs In the production 
function* This prooedure is a basic requirement of eoono- 
metrlo theory* In oontrast to the above, Solow defined 
teohnologioal ohange as a residual of the produotlon func­
tion and, as a result, ••• "Other than as a mechanical 
trend varying In some fixed ohronologloal way, Solow did 
not have a direct measure of l(t) - a nebulous oonoept 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 oontext by Solow as a part of a bril­
liant analysis* But another, perhaps more substantive rea­
son lies In the faot that It Is expected that teohnologioal 
ohange amounts to virtually all, or at least to a very 
large part of the entire residual* Slnoe there Is not much 
quantitative difference between teohnologioal ohange and 
the residual, there would be a natural tendenoy to use a 
more expressive term whioh conveys far more Information 
about its nature*

While this line of reasoning Is not aooepted in this 
study, there would be perhaps little point In using here 
the term"resldual" while a large majority of studies In 
this field use the term "teohnologioal ohange"* The defini­
tion of teohnologioal change as the residual of the pro­
duction funotion will thus be unwillingly adopted for this
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study. The method of estimation, however, will follow the 
preoepte of econometrics as deeorlbed above.

K»Mur»a«nt of T«ohnolo«lo»l O h m m
Defining teohnologioal ohange as the residual will 

make the measurement depend both* the form of the fun­
otion ehosen, and on the faotor ooefflolents. The latter 
may be obtained directly by estimating the production funo­
tion or from other equations in the model as was, for ins­
tance, done by Solow (1957) who used relative shares of 
national lnoome as estimates of factor ooefflolents 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
ficients should be obtained with both methods as long as 
the assumptions are oorreot. Unfortunately, our knowledge 
of reality is so limited that there is little agreement 
as to what assumptions are reallstio. As a result we are 
faoed with a considerable number of studies many of whioh 
are based on widely differing assumptions giving entirely 
different estimates of teohnologioal change.

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

Elasticity of Substitution (CBS), and Homothetio Isoquant 
(HI) production function. tfhile the flexibility of the 
funotions inoreases from Oobb-Douglas to CES and from CBS 
to the HI funotion, the inoreased generality is costly mainly



beoause a larger number of parameters la required and, In 
the oase of the HI funotion, also beoauae of the need to 
assume perfeot competition and the marginal produotlrlty 
prlnolple as applied to faotor prlees. But the gain that 
ean be obtained from using a 0E3 funotion Is small: ...
"The analysis oould have been built around the more general 
033 model, but within a wide range whioh probably brackets 
the elasticity of substitution the oonoluslons are little 
different from those drawn from the simple Oobb-Douglas 
model." (Nelson, 1964.) The same ooncluslon was drawn for 
our data from a comparison of results obtained from the 
Oobb-Douglas and the HI functions. Hence our study will be 
based on the Oobb-Douglas function with unrestrained coef­
ficients (constant returns to scale not assumed so that 
the coefficients can add up to more, or less than one).

Bst^ates of Baotor Ooefflolents In the Oobb-Douglas 
produoilon funotion

Numerous studies in the past Involved fitting the 
Oobb-Douglas produetion funotion to data and widely diffe­
ring estimates of factor ooefflolents were obtained.
Solow (1962) fitted his funotion with a time trend variable 
as a determinant of teohnologioal ohange to US data for 
1909-61 and obtained a^ m 0.69 for the ooeffiolent of 
labor and a^ a 0.11 as the ooeffiolent of oapital. The 
oapital ooeffiolent Is here very small Indeed. Nelson (1964) 
suggests that for the US data for 1929-60 the estimate of 
the oapital ooeffiolent, ag, obtained by regression may be
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as high at 0*5 or greater. "Working eoononetriolane? eon- 
oemed mainly with praotioal models capable of foreoat ting 
eoononlo variablet within a 5% error or better, frequently 
attuneflzed capital-output, Harrod-Domar model with very 
good results. This model was used by Kristensen (I960) for 
long-run foreoattt for eight regions of the world and by 
Krengel (1962) for Germany. The fixed oapital-output model 
it written: A a V/K , where A is a constant. Multiplying
both sides by K, we get: V * A3C , whioh it the Oobb-Douglas
function with the ooeffiolent if oapital a2 » 1 and the 
ooeffiolent of labor a^ s 0. Thus in these models the 
ooeffiolent of oapital has been lnoreased to one. Our own 
data for 20 countries over the period of 1950-63, when fit­
ted to this model (without labor input and without teohno­
logioal ohange variable) gives 7 s *"1«34 ,
r2 s 0.98 , By s 0.22 . Finally, though it is not often 
realised, the ooeffiolent of oapital can be larger than
one as, for example, In the model used by the Oentral Plan-

a©ning Bureau of the Netherlands (1956): VT s iK .In faot, 
Solow (1962) in the study mentioned above re-run his reg­
ressions without the time trend variable representing teoh­
nologioal ohange. His estimate of oapital ooeffiolent now 
beeame a2 s 1.24 , and Solow, somewhat hastily, dismissed 
this estimate as a nonsense result. Aetually, this result 
is unacceptable only under Solow1s assumption that his 
specification of labor and oapital as the only determinants 
of output is a oorreot one. We know, however, that this

8



speolfioation la incomplete. Assume, for instance, that 
there exists another determinant of output, say, the level 
of eduoatlon of labor, E, which has a ooeffiolent of 0*24 
and happens to be strongly correlated in a given sample 
with oapital input K* Then the oorreotly speoified funotion 
would be

r = a 2 e0-2* .
Slnoe E and K are strongly correlated, however, omitting 
variable E would increase the ooeffiolent of oapital con­
siderably above one. Note that this oonolusion would be 
valid even under the conditions of constant returns to 
scale since oapital here partly serves as a proxy for the 
quality variable E. Tinder these olroumstanoes the estima­
tes of the ooefflolents of labor and oapital would add up 
to more than one even though constant returns to scale do 
apply tf labor and capital. If increasing returns to 
soale are admitted, then there is no reason why the oapital 
ooeffiolent should not exceed one even when there are no 
other determinants of output whioh would be strongly cor­
related with oapital.

The above discussion is really nothing but a review 
of results of various studies which form the basis for the 
controversy between the neoolassloal school and the Harrod- 
Domar sohool. One sohool supports the idea that smooth 
substitution between faotors of production is possible*
The other contends that the oapital-labor ratio is fixed.
Good empirical results can be found to support both hypotheses.



M»»»ur«m«nt of Ttohnolonloal oh«n«»
Much of the classical theory of eoonomlo growth was 

mainly based on two assumptions: the law of diminishing 
returns, and, implioidly, constant level of teohnology. 
Labor was measured in natural units and, in addition, its 
quality was assumed constant so that labor in efflolenoy 
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 oapital 
so that, on Diagram 1, the curve representing production 
function P^ will have a gradually diminishing slbpe. If 
aotual data gives points which lie on line P, then we must 
assume that the production funotion 7^ shifted upwards to 
?2 at the same time as oapital increased from K^ to Kg*
This shift represents teohnologioal change which is 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 oapital input and techno­
logy perfectly correlated by a logarithmically linear 
funotion, the regression would produoe the ooeffiolent of 
oapital input a2 = 0.95 with a zero residual.^ Regressing 
K in natural units against output V would give here an

^Por the sale of simplicity it is assumed throughout this 
argument that the stochastic error for eaoh observation 
is zero.

10
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L = cons.

Diagram 1

V « AK1,0L^r cons

Diagram 2 Lns labor in natural units.
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ineorreot result, due to improper speoifleatlon of the 
funotion, that the growth of output of a given peroentage 
requires almost the same peroentage lnorease i n i  and henoe 
would appear to imply almost a fixed l/V ratio* This result 
would he wrong sinoe what did in fact happen was that non* 
neutral innovations biased the estimate of the elasticity 
of output with respect to oapital Input, a2, towards unity* 

If, on the other hand, teohnologioal ohange is at 
least partly neutral and oapital input and teohnology not 
fully correlated by a log-linear funotion, then there will 
be some dispersion of the points about the regression line 
and the slope of the regression line will be smaller* The 
ooeffiolent of I will be now smaller and, due to the dis­
persion of points which will produoe the residual, will 
explain only a part of the variation in V. Thus we will 
obtain a smaller value for the estimate of the ooeffiolent 
a2 (such as, e.g., 0.5)1 and a residual (suoh as, e*g*, 
approx* 45%) whioh is identified as teohnologioal change* 

Lastly, we may ohose to constrain a2 to a given value 
by, e*g*, identifying it with the relative share of capital*
The coefficient a2 will now be likely to be even smaller

1 1 (e.g., 0*25) and the residual larger (60% or more).
It therefore follows that in this model the smaller is

the value of ag the greater will be the residual - see
Diagram 2*

^These figures are for the united States, 1947-60, as 
suggested by Nelson (1964, p* 599)*

- 12 -



If this residual is imputed to teohnology, then the sise 
of the teohnologioal ohange obtained from the regression 
will depend oni-

1) the extent to whioh teohnology and oapital 
input are unoorrelated by a log-linear 
function* Note that if correlation between 
teohnology and oapital is zero, this assures 
Hicks-neutral teohnologioal ohange (and 
Harrod-neutral in the ease of constrained 
Oobb-Douglas production funotion) but the 
converse is not necessarily true (see p* 14 
below)•

2) assumptions regarding the value of a2*
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 
oan be re-written in terms of K/L and y/L without affecting 
its validity* The assumption of constant returns to soale 
is also here necessary but this would alter our results 
only in so far that any inoreasing returns to scale would 
be added to teohnology*

Me have seen that the results of regressions fitted 
to sets of data whioh should not be very different in 
basic structural parameters, oan vary considerably when 
the underlying assumptions are ohanged thus giving us 
different estimates of the levels of technology* Moreover, 
it must be borne in mind that Solow's (1957) estimate

- 13 -



Indicates that while changes in t/L aooount for only 10£ 
of the ohanges in V/L, changes in teohnology explain the 
remaining 90^. Clearly even relatively small non-neutrality 
of teohnology oan greatly affeot the value of the faotor 
ooefflolents in the produotion function.

Assuming neutrality of teohnology and leaving the Job 
of estimating faotor ooefflolents and the level of teohno­
logy to the regression is far from satisfactory* More 
information, either about the size of faotor ooefflolents 
or about the extent of correlation between teohnology 
and oapital and labor inputs, must be added to the model.
It is very important, therefore, that any Information 
added must have a very sound basis in eoonomlo theory*

Additional Assumptions In Past Studies of Teohnology
In a number of past studies the possibility of teoh­

nology occurring as a faotor separate from labor and ca­
pital inputs was not admitted. Some of those studies seem 
to have produced very high ooefflolents of oapital spu­
riously suggesting the applicability of a Harrod-Domar 
model. It was only natural, therefore, that this model, 
requiring data for only one faotor, would gain some popu­
larity among "working" eoonometrlolans where it produced 
very satisfactory results in forecasting without any need 
for teohnologioal ohange (T* Kristensen et al*, I960;
H* Krengel, 1962)* If teohnologioal ohange does, In faot, 
occur in such a way that It brings the rate of growth of 
labor in effiolenoy units up to equality with the rate of

14 -



growth of oapital in natural units (Harrod-neutral teoh­
nologioal ohange), than diminishing returns to oapital 
will appear to have been eliminated an a spurious fixed XA» 
Harrod-Domar result will be obtained from the regression*
In this special ease even the faot that teohnologioal 
ohange is Harrod-neutral will not enable us to isolate 
teohnologioal ohange since teohnology is here perfectly 
oorrelated with oapital input by means of a log-linear 
function* The estimate of ag will be 1*0 and teohnology 
will demonstrate itself entirely through this very large 
ooeffiolent rather than to accumulate in the residual of 
the produotion funotion*

Hon-neutral technological change could also bias 
upwards the estimate of the oapital coefficient a2 suffi­
ciently to oreate a mistaken impression that a fixed K/V 
ratio may, in fact, exist. Since the fixed K/V ratio model 
does produoe good results in empirical work, and produoes 
these results with less information, it oould be selected 
oyer all others especially when estimation of struotual 
parameters is not the main object of the study* On the 
other hand, allowing technology to work Itself entirely, 
or largely, through labor or oapital makes learning about 
its size and nature yery difficult* Sinoe the purpose of 
this study is to gain some Insight into the way In which 
teohnology is determined, we are prepared to saorlfioe the 
spurious simplicity of the fixed k/V ratio for the sake 
of a more properly speolfled model with seyeral Inputs*

15



In many other studies of the type described above, 
where the estimation of the ooefflolents was left to the 
regression and where teohnologioal change was not explloldly 
allowed for, the oapital ooeffiolent was estimated at muoh 
less than unity. As mentioned earlier, Nelson (1964) sugges­
ted that for his data the oapital ooeffiolent might have 
been 0.5 or a little larger. As would be expected, this, 
muoh lower ooeffiolent would allocate a substantial part 
of the change In output to change In teohnology (i/V - 3.1^ 
p.a., and 1/A s 1.7# p.a., for the US, 1929-60, Nelson, 1964).

Another set of studies relies on the assumption of 
perfect competition and the principle of marginal produc­
tivity to derive the ooefflolents of labor and oapital from 
relative shares of national lnoome. 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 Its inapplicability 
at that level has been repeatedly shown (see, e.g., a mas­
terly exposition by Joan Robinson, Sconomio Journal, June, 
1964, pp. 410-7), Is very questionable. It Is agreed that, 
under perfect competition, marginal produot of labor would 
be equal to the wage. To the extent, whioh is obviously 
not Insignlfloant, that this Ideal state la not aehleved 
In industrial countries, the marginal produot of labor 
must differ from the wage. Notealso that the assumption 
of perfect competition, In this case, involves the stfrtt

16



of full employment without inflationary pressure* Zt seems, 
therefore, that this approach laoks a proper baala in eoo- 
nomlo theory* Nevertheless, It was employed on a number 
of oooaaiona* For the US the relative aharea of Income 
acoruing to labor and oapital are approximately 0*70 and 
0*30, respectively (0*75 and 0*25 for more reoent periods. 
Kelson, 1964)* Sinoe the oapital ooeffiolent has been further 
reduced, the effect of technology on output la greater - 
with oapital ooeffiolent of 0*25 Kelson (1964) obtains 
A/A ~ 2.1# p.a., for his data*

Lastly, there is a number of studies baaed on the 
assumption that the level of teohnology is a funotion of 
time (Solow, 1962; Kelson, 1964)* It seems that this method 
produoes the smallest capital ooeffiolent, 0*11, and the 
largest Increase In technology, 2*5# P*a* (Solow, 1962)*

Two comments must be made regarding tha last method*
On the one hand, the prooedure for inserting into the pro­
duotion function a determinant of teohnology, rather than 
some theoretically tenuous restriction on faotor coeffi- 
oienta, la muoh more acceptable from the point of view 
of eoonometrlo theory (see p. 4 above quoting L. Klein)*
On the other hand, the determinant ohoaen la time and there 
seems to be little In eoonomlo theory to support the hypo­
thesis that technology la a funotion of time* Much better 
determinants oan be found in eoonomlo theory than the 
ohronologioally meohanioal variable representing merely 
a time trend*
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Plan of Study
Past investigations oan be divided, then, Into two 

groups: those based on the fixed K/V ratio, and those based 
on the neoolassloal model*

In the studies of the first group there Is no, or very 
little teohnology as a separate faotor in the funotion and 
most of It seems to work itself out through quality adjust­
ments of labor and capital* Even if this model were a 
better representation of reality as far as Its assumptions 
are oonoemed, it would be a very difficult model with 
whioh to study the determinants of technology* The hypo­
theses on teohnology given by economic theory do not al­
ways clearly distinguish 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 
distinction does not seem at all possible - e.g., in Arrow's 
hypothesis on learning by doing (see below Chapter V) lear­
ning occurs in the labor force but it oannot be passed on 
from oapital Industries to consumer industries exoept when 
it Is embodied both in the oapital of oapital industries 
Itself, and in the capital goods sold to consumer indust­
ries* It is not dear how this effect could be entirely 
allocated to either labor or capital sinoe the extent to 
whioh it will inorease total output of the economy depends 
not only on how much labor learned but also on how much 
of this new knowledge oould be used, given the rate of in­
vestment and of adaptation of the existing oapital assets.



Sinoe the fixed K/7 ratio model limits us to one factor, 
either labor or oapltal, it is diffioult to see how this 
problem could be satisfactorily solved*

The seoond group of studies is based on the neoolassi- 
cal model which produoes 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 determi­
nant variables to the production function and to postulate 
sufficiently low correlation between technology and capital 
and between technology and labor so that significant esti­
mates of the coefficients can be obtained for the deter­
minant variables* To the extent to which technology is not 
correlated with capital and labor, this ensures that tech­
nological change will be neutral or offsetting* Both, the 
assumption of substitutability between capital and labor 
and the assumption of low correlation between technology 
and the two factors of production, are very tenuous but 
they do enable us to Isolate technology as a separate factor 
which makes it much easier to study it* 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 meohanlstio time variable but 
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, he used for 
thie study. To obtain results of wide applicability, highly 
aggregated data will be selected consisting of pooled 
time-series, cross-section figures for 20 countries over 
the period of 1950-63* Form of the funotion will be tested 
and the Cobb-Douglas production funotion with unrestrained 
coefficients will be adopted. Since both time-series and 
cros8-sectional data are used, it will be possible to 
employ the analysis of covarianee and so to find proper 
estimates of factor coefficients together with an estimate 
of neutral or offsetting technological ohange. This excel­
lent technique, which became practicable only recently due 
to the availability of electronic computers, will produce 
separate series for technological change over time and for 
technological ohange over countries, both series net of 
random errors. Determinants suggested by economic theory 
will then be fitted to both series. It will be found that 
the Bame determinants, with nearly the same coefficients, 
apply to both series. This will enable us to shed the frame­
work of the analysis of covariance which, though very effi­
cient, nevertheless does impose its own rigidity and to fit 
the determinants direotly into the production funotion 
applied to all data. This prooess will test a number of 
hypotheses and thus establish which determinants of tech­
nology apply to our data.

It will then be shown that the complete function 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 teohnology can be merged with oapital 
input* This will have the effeot of increasing the value 
of the estimated oapital ooefflolent to 0*70 and will thus 
offer one explanation of the way in which a basis for a 
spurious constancy of the K/V ratio can be created*

What is more important, this very large value of the 
oapital coefficient Implies that in the long-run, steady 
growth models the importanoe of capital input 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 Importance of capital in favor of 
labor input.

Since the determinants of teohnology tested in this 
study explain a very large part of the residual, it will be 
suggested that the results of this analysis may be useful 
in contributing towards a formulation of a basis for a 
self-contained, endogeneous theory of technological change*
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CHAPTER II

GENERAL OUTLINE OP THE STUDY

The Purpoae
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 considerable aggre­
gation in contrast to studies limited to one industry, was 
based on two considerations* Firstly, 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, it 
would appear that large external eoonomles may be associa­
ted with technology so that disaggregated studies may well 
give entirely different resulti from those that would be 
obtained for entire economies*
Method

An econometric study using a production function will 
be oarrled out over the flftld of data ooverlng 20 countries 
over the period of 1950-63* In order to establish what are 
the determinants of teohnology in this wide oontext, some 
generalizations of the presently available hypotheses will 
have to be made* These, however, will turn out to be rela­
tively minor* The ohoioe of determinants will also be
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affeoted but all major hypotheses will be tested with the 
exception of only one (research and development expendi­
tures) for whioh no data are available*

Finally* the resulting production funotion, together 
with the determinants of teohnology, will be subjected to 
several transformations in order to gain some insight into 
the nature of teohnology and the differenoe between the 
Harrod-Domar and the neoolasslcal 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 eaoh variable* The agricultural sector, how­
ever, will be excluded throughout the sample* The reason 
for this exclusion Is that in many countries the agricul­
tural sector shows a very rapid growth of teohnology, mainly 
as a result of breaking down of Institutional barriers to 
growth* In those countries the agricultural sector oan now 
release resources which leave this field with its relati­
vely low productivity (even with the new techniques) and 
enter manufacturing and serviod sectors where productivity 
is usually much higher* This shift of resouroes is often 
responsible for a large inflation of the teohnology index 
without any ohange in the underlying determinants of teoh­
nology in those sectors* While we eannot eliminate all
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changes In the level of technology due to shifts of resouroes, 
we have the necessary data to exclude the most Important 
source of those shifts, I.e., the agricultural seotor*

Macro versus Mloro
It is frequently oontended that a mioroeoonomle study 

must be superior to a maoroeconomlc one slnoe the latter 
must be based on sweeping, and therefore unreallstle 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. Furthermore, the 
measure of the total may be meaningless. If a production 
funotion, for example, is applied to an entire economy, the 
underlying assumption is that the same function applies to 
each productive process in the economy, be it a provision 
of some simple personal service or manufacture of computers. 
Since suoh an assumption is not very realistic, the meaning 
of the aggregate production function is far from clear and 
cannot be considered rigorous.

On the other hand, it must be noted that many of the 
macroeconomic functions have remained remarkably stable 
over time. Moreover, from a purely practioal point of view, 
it will be probably a long time before we are ready to in­
vest sufficient resources in eoonometrlc studied to measure 
our variables sector by seotor 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
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parts* In the meantime, however, we surely need some indi­
cation as to how our economies operate and thus must use 
the admittedly orude techniques to the best of our ability* 
Lastly, it can be shown that with the assumption of nerfeotlv 
speolfied micro equations various errors must result from 
aggregation (Theil, 1954* R. G. D. Allen, 1956; Z* Grillohes, 
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- 
liohes, I960).

field of Study
To assure that our finding will have broad applicabi­

lity, we have decided to use a macroeconomic approach* Now 
we have to chose between tlme-series, cross-section, or 
pooled data, and between intra and inter-country studies* 

Tlme-serieB data are more aocurate and more of them 
are available* But using tlme-series data with year by year 
figures oannot be properly associated with the theoretioal 
concept of comparing an economy in equilibrium at various 
points of time* Certainly we would expect that much more 
than one year is required before the effects of changes in 
faotors could work themselves out fully throughout the 
economy* Thus it is very likely that tlme-series data gives -* - 
us figures for the economy which is, at each point of the 
series, some unknow but probably substantial and ehanglng 
distance behind its equilibrium position*
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Secondly, It frequently happens that the predetermined 
variables, i.e., labor and oapital, are serially 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 variables may be re­
duced, in effect, to many less than the recorded obser­
vations (Mlnhas, 1963)*

Lastly, it can be argued that the exponents of labor 
and oapital estimated from time-series data are, in an 
aggregate production function, nothing but the ratios bet­
ween the differential rates of growth. In addition, Mender- 
hausen (1938) Bhowed that if labor, capital, and output 
grow at constant rates, then the ratios between the diffe­
rences in growth would be seoularly 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 deficiency* a relatively narrow 
range of variation in factor prices over the regions of 
the same country will limit the number of techniques ac­
tually in use to comparatively few. *?enoe, it may be im­
possible to obtain statistically significant estimates. 
Turthermore, the results obtained will be of limited value 
for making generalizations which would be applicable to a 
very wide framework suoh as is planned for this study.
Their relevance to problems of other nations or to prob­
lems of development and growth would be very small.
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Intor-country oross-sections do broaden the field con­
siderably, Although this further strains the meaning of the 
aggregate production function, factor markets and factor 
prices differ sufficiently between oountries to provide 
enough variation for meaningful estimates.

Pooling time-eerie3 and cross-sectional data offers 
further important advantages, Firstly, it 1b possible that 
different determinants play different roles in creating 
technologieal change over time as against technological 
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 is 
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 still 
though it is much less dlffloult than extending it over 
different industries in the same country. The reason for 
this is that technical differences between different in­
dustries in the same country obviously are quite large, 
Teohnieal differences between the same industries in diffe­
rent oountries, on the other hand, are probably smaller 
with approximately the same technical knowledge largely
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available to most oountries. Thus It oan be suggested that 
the very large diffrenoes between faotor proportions emp­
loyed by the same Industries In different oountries are due 
not to different technologies (different produotlon funo- 
tios) but mainly due to large differences in factor prices 
(diffrent points on the same produotlon function) (Minhas, 
Ibid., p. 15).* Nevertheless, the meaning of a produotlon 
funotion 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 produotlon fune- 
tlons could be derived. This data, however, is not available 
and, In any case, the sum of the sectors would give diffe­
rent results from those obtained 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, this becomes an important 
aspect. Consider, for a moment, a hypothesis that techno­
logy is mainly on-the-Job-learning dependent on the size of 
cumulated per capita output, which, intum, depends on cumu­
lated capital per man-hour. If capital per man-hour increa­
ses in one sector, the skill and knowledge of labor and, 
given the necessary minimum rate of investment, the teohno-

*^The suggestion that teohnology is sufficiently mobile to 
support the assumption that the non-agricultural sectors 
of different countries may lie on the same produotlon 
function confirmed by, e.g., P. Temin(1966) who oonoludes 
that even in the first half of the XIX century, when com­munications between countries were limited, "... it would 
appear that the American and the British employed essen­
tially the same technology in their industrial production.n 
(even though the faotor proportions may have been different).
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logy In that seotor 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 mobility seoreoy may be impossible; 
slnee teohnology is here mainly an improvement in the skill 
and knowledge of labor, with high mobility of such labor 
teohnologloal advance will often spread through much of the 
entire economy* The original lnorease in capital per man- 
hour in one industry would, under these clrcumstanoes, 
affect the level of technology in other industries* More­
over, in some caseB, the resultant Increase in technology 
may be greater in some other industry than in the industry 
in which it originated* This very high mobility of teohno­
logy seems to make it impossible to test empirioally the 
relationship between teohnologloal ohange and capital per 
man-hour suggested by this hypothesis if it 1b limited to 
a single industry or sector. Thus it would appear that tes­
ting of hypothesis about determinants of technology can be 
more usefully carried out in a highly aggregated, inter­
national framework*

Torm of ’fee Production Funotion
Slnoe oorrect asessment of the determinants of teoh­

nology critically depends on a correct measurement of the 
residual, it is necessary to avoid any errors which oould 
be introduoed by inacouraoles in measuring Inputs or by an
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ineorreot, or too restrictive, form of the production funo­
tion* Thus it it very important here that the speoifioation 
of the produotion function be done very carefully.

Cobb-Douglas produotlon funotion hat the advantage of 
simplicity and economy in the number of parameters• On the 
other hand9 it is rigid in that it assumes a constant ratio 
between marginal and average productivity for each faotor 
which, in turn, Implies elasticity of substitution equal 
to one (L* Klein, 1962 and M. Brown, 1966)* This rigidity 
alone is probably enough to introduce some distortion into 
our results. In addition, there Is a problem of underiden­
tification t wlthour an independent estimate of the rate of 
growth, it is impossible 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 assumptions are suspeot* Taken to­
gether they may lead to such results as technological change 
in the US, 1929-38, supposedly consisting of 1.67^ p*a* 
unembodied change, p.a* embodied in oapital, and zero 
peroent embodied in labor - with all that training and edu­
cation labor did not improve in quality since 1929. Obvio­
usly an unacceptable result (Intrlligator, 1965)* The second 
of the above assumptions, taken separately, gives labor and 
capital coefficients for the US, 1929-60, of approximately 
0*75 and 0*23* But when the assumption of perfeot competi­
tion or of sufficiently rapid approximations to equilibrium
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positions is abandoned, the regression is likely to give 
coefficients of 0*5 and 0*5 approximately (Kelson, 1964), 
Neither the assumptions, nor such a discrepancy in results 
oould be aooepted for this study*

Constant Blastlolty of Substitution funotion is less 
rigid and would, therefore, give better results in most 
cases* It does, however, suffer from two disadvantages* 
Firstly, it is less economic in the number of the parame- 
ters needed* Secondly, the distribution of parameter & 
must work jointly with the elasticity of faotor substitu­
tion parameter j> and the factor intensity ratio K/L to 
determine factor shares* A CBS function cannot be completely 
specified by knowing & and ^ alone* The units to be taken 
for output and the two Inputs must also be specified* Since 
the CBS function Is thus not input unit free, its useful­
ness in international comparisons, where the problem of 
units is very important, is somewhat limited (Clemhout, 1964)* 

A Homothetic Isoquant produotlon funotion which has 
been recently developed (Clemhout, ibid*) is more general 
than other functions in this field* The form of this function 
is i-

1* fo(x)dx Jlndc/t)11 
r ■ Lewhere z * Le

Taking logarithms, we obtain

InV s InA ♦ X(lnL ♦ b0 «• b^K/L) ♦ bg(KA)2 ♦
. v .



3. InV s In  A.* 4 X (ln l 4 b^K/t) ♦ b 2 ( * / t ) 2 *
4 bj(K/t)^ 4 • t * •) i

where the oonetant term is InA* ■ InA 4 Xb0 , and 
X  is the measure of returns to scale.

The only a priori assumption made here is that the 
elastloity of faotor substitution Is oonstant for all iso­
quants along a ray from the origin but it is not necessarily 
oonstant along one lBoquant. With the help of a oomputer 
this funotion can be calculated quite easily. The main dis­
advantage is that the assumption of perfect competition is 
required in order to estimate the parameters of this funo­
tion. Also the number of parameters is likely to be quite 
large.

It has been shown by Kmenta (1964) that the OES func­
tion ean be converted within a very close approximation 
into a form containing the Cobb-Douglas functioni-

Oobb-Eouglas* InV s a0 4 a^lnK 4 a^lnL •

OSS (Kmenta's 2
approximation)! InV a a0 4 a^lnK 4 a2lnL 4 a^(ln(K/L)) •

Starting with this we have found a way to show that 
Kmenta's form of the C M  funotion oan be brought, in turn, 
to a olose approximation of the main part of the HI function.

Taking Kmenta's form as given above, we rewrite it as 
follows i-

InV s a0 4 a^ln(K/L) ♦ (a2 4 a^JlnL 4 a^(ln(K/L))2 •



Nov chose units for L and K suoh that*
K/L s 1 ♦ y , where |y| is snail*

We know that* ln(l ♦ y) a y -  £y2 f - iy* - ........
Then*
InV s a0 e(a2 ♦ ax)lnL ♦ ax (y - $y2 ♦ ly3)* a5 (y - ^y2 f iy5 )2*

Since y is small, all 3rd and higher povers of y are
ignored* Multiplying out, simplifying, and rearranging, ve 
get *-
InV s a0 *{a2 ♦ a^lnL ♦ a ^  - $axy2 f a^y2 - a^y3 ♦ a^iy*

O■ a0 ♦ (a2 ♦ ajjlnL ♦ ajy ♦ (aj -

s a0f(a2fa1)lnI.+a1 ((K/L)-l)*(a3-ia1) ((K/L)2-2(K/l)+l)

r a0*(ag+ai)l n t * ) + (2a1-2a3) (K/L)+(a3-Jai) (K/L)2

s (a0-|a1'faj) + (a1+a2) (lnL+2h^(fC/L)*^li!i(E/L)2) .

But this form of the CBS function is the same as an appro­
ximation of the HI funotion with the 3rd and all higher 
powers of K/L ignored* Rewriting the logarithmic form of 
the HI funotion (3) again, we havei-
3. InV ■ Ini* ♦ (InL ♦ b^K/L) ♦ b2 (K/t)2 + b3 (K/L)3 ♦•••)• 
This is of the same form as the approxomatlon to Kmenta's 
CDS funotion given above wheret-
HI ooeff's CBS ooeff's Oobb-Douglas ooeff's

Ini# ■ a0 “ *V2*i * aoX ■ â  ♦ a2 â
h  ■ 2(®i -?3><fci * aaK a2b2 * (aj - ̂a^J/Ca^ ♦ a2 )
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This transformation Is also of theoretioal interest 
sinoe it shows very clearly the relationship between the 
three functionsj Oobb-Douglas, 023, and HI* Generalization 
of the funotion and thus an improvement in the fit is 
essentially obtained by adding to the Oobb-Douglas funotion 
progressively higher powers of the faotor intensity ratio,
K/L, until the best fit is obtained*

Thus we are now in a position to use the HI funotion 
in this study to take advantage of Its very general nature*
We can also derive values for the approximations to the CES 
and Oobb-Douglas functions by means of our transformation*
This gain in generality, however, does not come free as it 
is necessary to adopt a larger number of parameters in 
order to use the 0E3 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 
thingst one, Is the assumption of perfect competition valid} 
and two, if it is valid, how much improvement will the HI 
function give over the 0E3 and Cobb-Douglas functions*

Variables and Data
Annual data for the period of 1950-63 was obtained for 

the nonagrloultural sectors of the following twenty countriest
Belgium
LuxemburgNetherlands

United States 
Mexloo 
Australia 
South Africa 
Colombia

Germany
VranoeUnited Kingdom JapanIndia

Italy
SwedenNorwayYugoslavia
Canada Denmark

Israel



The variables are as followst-
7 - output measured as value added, i.e., gross domes- 

tls product in 195* US dollars at faotor oost. Sinoe 
am aggregate produotlon funotion will he used, value 
added is the proper measure of output heoause it 
eliminates double aooountlng in compiling national 
output figufes. Strlotly speaking, net domestic 
produot should be used but experienoe indicates that 
available depreciation figures are so often of 
questionable value that it is widely believed that 
at present more accurate results can be obtained by 
assuming the same depreciation rates for the entire 
sample and using gross domestic product as the mea­
sure of output.

L - labor input measured in man-hours employed per year, 
adjusted for the lenth of the work-week and for 
holidays and vaoations.

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

T* - sum of output per man-hour over the last seven
years serving as a measure of technical experience 
- see Hypothesis 1, Chapter V.

E - level of education of the population serving as a 
proxy for the eduoational level of the labor foroe. 
Measured by average equivalent years of primary edu­
cation per capita, adjusted for differences in the 
length of the aoademlc year. Education at secondary 
and higher levels was converted into equivalent 
years of primary education by weighting. See Hypo­
thesis 2, Chapter 7.

U - rate of labor unemployment serving as a proxy for 
the rate of unemployment of all resources in the 
economy. See Hypothesis 3, Chapter 7.

Sources and Construction of 7arlables
Data for 7, L, gross Investment Xg, and U were obtained

This variable will be discussed fully In Chapter7. It can 
be indioated here, however, that the basis for this variable 
lies in the work of Hirsch and Alohlan, and in Arrow's 
learning by doing hypothesis where experienoe is viewed 
as a function of cumulated output.



from Unite nations Statlstioal Yearbooks, annual Issues of 
United Nations National Accounts Statistics, and Interna* 
tional Labor Organization Yearbooks* Whenever possible fi­
gures given by more than one souroe were oress-cheked against 
eaoh other and against other evaluated data in "Some Faotors 
in Economic Growth in Europe During the 1950vsN, United 
Nations, 1964; "Europe's Needs and Resources", by J. Fre­
deric Dewhurst, Twentieth Century Fund, 1961; "Economio 
Growth in the West", by Angus Maddison, Twentieth Century 
fund, 1964; "Economic Development of Latin America in the 
Post-War Period", united Nations, 1964; and, for some very 
limited data, the offioial yearbooks Issued by the gover­
nments of South Africa, Australia, and India* Some discre­
pancies were found, especially in the data for the deve­
loping nations* In those oases the ohoioe was made in fa­
vour of evaluated data as against raw data beoause of the 
element of unreliability which is frequently encountered in 
census figures and official estimates published by those 
nations* Some difficulties were encountered in obtaining 
figures for some oountries for gross domestic fixed oapital 
formation excluding the agricultural sector* In those oases 
it was necessary to make crude estimates by deduoting from 
the total investment figures the Bame proportion of the 
total investment as that devoted to agrloulture in nations 
with very similar economies* Similarly, for Mexico, Colom­
bia, and India, only spot estimates of the rate of labor 
unemployment were available for some years of the 1950-63



period* These had to be interpolated to obtain complete 
time-eeriee and thie iraa done by making the unemployment 
rate follow the same trend ae the total volume of exports 
of the oountry Involved and by comparison with the varia­
tions in the unemployment rates of countries with similar 
economies. The correlation between the changes in the rate 
of unemployment and the chansee in the volume of exports 
seens to be very high for the three developing countries 
and within the short period of 1950-63. Ho regression was 
run, however, and only rough estimates were made since 
most unemployment rates are very inexact and are presented 
as only two-dir*it indeces anyway.

Data for capital stock for all countries with the 
exception of Italy, Denmark and Israel, were obtained from* 
Statistics of national Health for 18 Countries”, by 
Th.D. van der Heide in Income and Health, Series 7111, 1959, 
International Association for Research in Income and Health, 
Bowes & Bowes, London, For Denmark, a very long series 
for net domestic investment was extracted from ”The Natio­
nal Product of Denmark, 1870-1952” by KJeld BJerke, the 
same souroe as above but Series 7, 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 1950-63* Depreciation rate 
used was that given for Denmark by Colin Clark in ”The 
Conditions of Economic Progress”, St. Martin’s Press, 1957* 
For Italy, an estimate was made by Vera Cao-Plnna in
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"Validity Thiorlque et Empirique d'une Provision Globale 
de la Orolssance de L'Aconomie Itallennede 1958 A 1970", 
Europe!s Future In Figures, J.R. Geary, editor, Amsterdam, 
1962, For Israel: "Oapital Stock Employment and Output 
in Israel", by A.L. Gaathon, Special Studies Mo.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 Economy, United Nations, 1964, and are com­
parable with the estimates for the other countries given 
above. All capital stock estimates were extended to give 
in each case a complete time-series for the period 1950-63 
by applying the series for net domestic fixed capital 
formation quoted above. Where necessary, these were derived 
from gross investment figures by employing Colin Clark's 
estimates of depreciation 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 statistical 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 reasonably good 
measure of educational levels for all countries and all 
yearB 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, UNESCO, United Nations,



1964. THls series gives the percentage of the total 
population of the eligible ages enrolled in both, primary 
and secondary schools. The figures given have been made 
comparable by adjusting for the length of the academio 
year which varies from country to country, but the wiight 
attached to one year of secondary education is the same 
as for a year of primary education. Since this 1b not very 
realistic, the series was reconstructed with heavier weight 
given to secondary education, Thi3 was achieved by disa­
ggregating the unweighted series by means of comparison 
with unadjusted disaggregated data given in the Compendium 
of Social Statistics, 1963, UHESOO, Tables 60 and 61,
United Uations, 1964, in order to isolate the adjustment 
factor used. This factor was then applied to the unadjusted 
disaggregated data in the compendium thus givingtwo adjusted 
series for enrollment rates in primary and secondary schools 
separately. Relative weights were obtained by converting 
into index numbers average wage rateB for workers with 
different educational levels. Thiswage data was easily 
obtained for the United States from the Statistical Abstract 
For the US for 1965* The weights obtained were: 1.00 for 
primary, 1.34 for secondary, and 1.74 for higher education. 
But no sourceB could be located for any of the other 
oountries in the sample. It was found, however, that the 
government of Egypt 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 Egyptian 
economy is similar to the less developed economies in 
our sample, these figures can he adopted as the higher 
limit of the range of weights applicable to our countries.
In addition rough estimates were made by several officials 
in the Statistical "Department of the United Nations 

- which suggested that for the United Kingdom, France,
Western Germany, Belgium, Netherlands, Uenmarh, and 
Norway the following weights might be suitable: 1.00,
1.45, and 2.35* This is approximately one third of the 
way between the weights for the United States and the 
weights for the underdeveloped countries and appears to 
cover by far the largest number of observations in our 
sample. Since even quite large differences between the 
various sets of weights would not affect very much 
the general pattern of the changes in the weighted measures, 
this set was accepted.^ The weights were then applied to 
the two series of enrollment rates for the primary and 
secondary levels and a single adjusted and weighted series 
of enrollment rates was produced. The data for both, the 
unweighted and weighted enrollment rates was available for 
all countries in the sample and for three well-spaced 
years for each country: 1950, 1955, and I960. This data

^Zwi Oriliches (JPE, 1963) shows that for the US agricul­
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 minimum of five years. If school 
enrollment figures are to serve as a proxy for the educatio­
nal level of the labor foroe, the enrollment measure 
must be lagged until 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 ntudy, the average level of advancement 
must be five years, assuming a constant rate of enro­
llment and no loss of students in the intermediate years. 
Probably a longer lag would be more realistic as graduates 
newly Joining the labor force would not be likely to be 
able to exert much influence on the productive processes 
for several years. Introducing a lag longer than five 
years, however, would ‘■ring our data into the World War 11 
years which would introduce undue distortion for most of 
the countries used in this study. Thus the lag of five 
years was applied to the figures of the two sets of the 
enrollment rates previously obtained, is 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 14 years on the basis of only 
three observations is somewhat uncertain, the following 
test was made. It is expected on the theoretical grounds 
that considerable correlation exists between changes in 
educational levels and changes in the level of capital 
per man-hour. The general pattern of change of the enroll­
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ment rates obtained by Interpolation was, therefore, 
compared for each country with the general pattern of 
the change of the level of capital per man-hour. The 
patterns obtained were very similar in each case and 
the two series (weighted and unweighted enrollment rates) 
were accepted, therefore, as variables for testing in 
regressions.

Finally, an attempt was made to construct a direct 
measure of the levo’’ of education of the population 
by collating data on the average number of y ~ars of 
education for the population of each country, Census 
figures giving average number of years of education 
for various countries were found in the "demographic 
Yearbook, 1963, Table 14, uid 1964, Table 35, United 
Nations, 1?64 and 1965, respectively, and this was 
complemented 'y few, hut carefully evaluated, figures 
given in "The lesldual Factor and Economic Crowth", 
pp. 44 and 60, Organization for ‘"'conomic Cooperation 
and development, 1964, These sources produced disaggre­
gated data on primary, secondary, and higher education 
which was combined into a single statistic of "equivalent" 
years of primary education by applying the set of weights 
used previously. The data was also adjusted for the 
length of the academic year by means of the correction 
factor obtained above. This gave a relatively good measure 
of education in terras of the average number of adjusted, 
equivalent years of primary education for each population,
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The figures thus obtained were then evaluated and it 
became immediately obvious that census figures given for 
some countries and some years were completely unreliable* 
Thus, according to figures quoted in the Mexican census 
for 1950, the educational level in Mexico was higher than 
the educational level of ‘Trance. It seems that the method 
by which these data were collected allowed considerable 
exaggeration without a provision for cross-checking of 
the final results. Considerable improvement seems to 
have occured, however, by the time the I960 census was 
taken.

is a result of evaluation, figures for only 14 out 
of 20 countries were accented and out of these only for 
four countries we had figures for both, 1950 and I960.
This would have made it impossible to construct a relia­
ble series fo r each year of the period selected for this 
study if it were not for the complete data on the adju­
sted and weighted enrollment rates which were found to be 
highly correlated with the number of years of education 
( r«0.89 ) so that they could be used for extending the 
partial data on the years of education over the remainder 
of the countries and years in our sample.

The high correlation between the enrollment rates
and the years of education is not unexpected. Allowing
for the necessary lags, the following relationship exists
between the average number of years of education of persons
transferring from schools to the labor force, H, and the
enrollment rates among persons of eligible age, Ei-
where a is 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 lags, we would expect that E would 

be very highly correlated with ST. This would be especially 
true if the lags used were long enough to cover the trans­
fer of a great majority of students and, therefore, Involve 
a relatively large proportion of the total labor force. In 
addition, 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 will 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 education of the entire labor force. Even though 
strong correlation exists for our data between the enroll­
ment rates and years of education, it would seem that these 
assumptions may prove to be too tenuous to allow us to use 
the enrollment rate data as a proxy for eduoatlon. They may, 
however, be considered more acceptable if oross-oheoked with 
less complete but more reliable data as, e.g., when we use 
the enrollment rate figures only as a help in Interpolating 
the years of education data. Thus it seems that enrollment 
rate data should provide a reasonably good basis 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 he adopted as the main proxy variable for the level 
of eduoation of labor.

All three series will be used in regressions. In the 
oase of the first proxy of adjusted but unweighted enroll­
ment rate, however, the ooeffioient obtained will turn out 
to be very small, '̂ he second proxy of adjusted weighted en­
rollment rate will give a much greater coefficient but with 
a substantial variance. The third proxy of adjusted equiva­
lent years of primary education will give a slightly smaller 
coefficient but with considerably reduced variance.Thus 
the choice of this series as the main proxy measure of the 
educational level of labor appears to have been justified.

At this point it should be perhaps mentioned that this 
study does not assume that education is all investment and 
not consumption. This point is fully discussed in Chapter V 
where it is suggested 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 
ae far as the total material output of the economy is con­
cerned •

Raw exchange rateB for national currencies are far too 
much affected by various controls to be used as a real ln-

^The estimates of the coefficients of all three measures 
are significant at the 95# level. The t ratios are* 3*25, 
5*81, and 7.69, respectively.



dioator of the true exchange value. Fortunately, several 
sources were found of evaluated data. It seems that the 
best of these is the set of adjusted exchange rates given 
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 was oarefully 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 Nations, I960.

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

to Inadequate data collection machinery. Some error is ex­
pected from this source but nothing very important because 
the number of developing countries in our sample is small 
and we are dealing with the nonagricultural part of the 
economy only where data collection is more efficient in 
those countries.

In less developed nations a larger percentage of the 
total output of goods and services is 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 muoh 
smaller extent to labor, and particularly to oapltal, both 
of which will probably be 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 bias
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oaused any distortion.
The main measure of the educational level of lahor 

adopted for this study has tiro 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 biases of the 
enrollment rate will be partly Imposed on the measure of 
the average years of education*

Regarding the first point, some bias is expected from 
the fact that the measure covers the entire population ra­
ther than the labor force alone* It is reasonable 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 
increases In the general educational level of the entire 
population may well occur in such a way that the increases 
in the eduoatlon of less skilled labor are proportionately 
greater than the lnoreases in the education of non-workers*
To the extent that, with development, the educational level 
of workers lnoreases faster than that of non-workers or that 
the proportion of workers In the total population lnoreases 
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 occurred among the labor force* While 
perhaps not very large, this bias will operate to some extent



both, over time and over the range of countries from less 
to more developed*

Another source of bias is created beoause the proxy 
measure, which covers the entire population, should exclude 
not only the non-workers but 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 United States that difference 
amounts to some 18#* (Average, unweighted number of years 
of education of the farm and non-farm population in I960 
was 6.8 and 10*7, respectively* This was extracted from the 
I960 Census of Population, Vol. I, Part 1, p* LIX, US Dept* 
of Commeroe, 1961*) T̂ence 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#, 
Colombia: 37#) and those in Industrialized nations 
(Germany: 8#, Belgium: 7#, U.K.: 4#, U.S.: 5#; all figures 
are for 1958), and beoause of varying educational differen­
tials between the two sectors* The bias is likely to con­
sist of exaggerating the decline in the number of years of 
education from the industrialized to the developing count­
ries beyond what it really is 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, but 
this effect is not likely to be large due to the fact that 
the period involved is not very long (14 years)*
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Thus the variations in the proxy variable will be some­
what 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 seotors which are 
very small in relation to the total size of their economies 
(from 4# to 16%) and the bias in question would be, there£ 
fore, of little importance for 70% of the observations in 
our sample* Sincd the two biases described in this section 
are not very large and have opposite effects, it seems to 
be reasonably safe to assume that the extent of their com­
bined influence will be very limited.

The second point is concerned with the bias caused by 
using the enrollment rate as the proxy for the average years 
of education. Here two sources of possible bias come to mind* 
Firstly, the proportion of persons dying and persons com­
pleting their education and entering non-school population, 
i.e*, the proportion of net change in the non-shool popu­
lation to its total, is assumed constant* This unrealistic 
assumption is probably a source of an error rather than a 
bias.

Secondly, a lag of at least five years must be assumed 
to allow changes in the enrollment rate to change the level 
of education measured in the average number of years of edu­
cation per person. But this lag will vary considerably from 
nation to nation slnoe it tends to be shorter 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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duoe a consistent bias beoause there was a substantial In­
crease in eduoational levels over time for virtually all 
countries* As we have assumed an uniform lag of five years 
for all oountries, the countries where the actual lag is 
less than five years will have a higher level of eduoation 
shown than that actually attained and the opposite will be 
true for countries with an actual lag greater than five 
years* That is, 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. Fortunately, the rates of in­
crease of the educational 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 addi­
tion, the period of 14 years is relatively short so that it 
is relatively unlikely that a large bias 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 its bias, therefore, can affeot 
the measure of the average years of education* Again it 
seems reasonable to assume that the influence of the bias 
disoussed under the seoond point will be very limited though 
some accumulation of errors should perhaps be expected.
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In conclusion, only very small, possibly insignificant, 
bias is expected to apply to this proxy measure consisting 
of the average, equivalent years of eduoation for the popu­
lation as a whole and constructed by oomputlng an adjusted, 
weighted, arithmetic mean of the years of eduoation obtai­
ned at the primary, secondary, and higher levels*

Regarding capital input, we know that capital stook is 
a poor measure of capital input mainly beoause of variations 
in the rate of oapltal utilization* Thus, we would expeot 
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 
stook are a smoothed out version of changes in utilized 
capital 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* Grlven the same 
changes in output, therefore, the coefficient of capital 
stock will be larger than the coefficient of utilized capi­
tal would be* Using capital stock as a measure of capital 
input will, in this case, give 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 not a very regular trend and, in 
any case, this factor would not apply to the oross-seotlo- 
nal part of our sample* While some upward bias may be ex­
pected, it is not likely that it would be 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*8j{ but capital utilization was 78# for the US and 
92# 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 Economic Survey, 1957, p* 159, 
United Nations, 1958, and Economic Survey of Europe, 1961, 
United Nations, 1962).

Exchange rateB are very likely to introduce errors but 
there are two mitigating circumstances. Firstly, the rates 
used in this study are a considerable improvement on the 
rates used in the SMAC study (Solow, Minhas, Arrow, and 
Chemery, 1961) because the exchange rates used by us are 
given by a more recent Uhited Nations study which evalua­
ted several previous studies, 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 unexplainable deviations* Even the less elaborately 
evaluated set used by the SMAO study, however, was accep­
table slnoe 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 
still affeet our measure of changes in technology from 
oountry to country (relative efficiency) but it will leave 
our measure of technological change over time (technologi­
cal advanoe) free from any errors caused by exchange rates.

In general it appears that there is no reason to ex­
pect that any large biases would occur in the variables 
discussed above* Much larger errors, on the other hand, 
must be expected than those that would be normally encoun­
tered in a study of a single process industry* This defi­
ciency must be accepted as the price to be paid for the 
advantage of obtaining broadly applicable results which also 
reflect the great mobility of technological knowledge*

ErrorB of Specification
The very purpose of this study is to use multiple reg­

ression with the analysis of covariance and a relatively 
large number of variables to eliminate the possibility that 
a particular variable would appropriate much of the influ­
ence of other, and perhaps more relevat variables merely 
because it happened to have been correlated with them* It 
seems that in economics many variables 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 errorB 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 general acceptance, several are not 
applicable to a pooled, time-Beries, cross-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 was no data* In addition,, 
final results were used to give some support to a further 
hypothesis concerned with the effect of fast growth of out­
put on the ooefficient of education*



chapter h i

PILOT STUDY AND TESTS OP FUNCTIONS

To ascertain that the data lends Itself to the treat* 
ment suggested in Chapter II, a pilot study has been oarrled 
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

V a f(L,K) .
This study Is, therefore, a cross-sectional analysis 

and, since considerable time Is allowed for the economic 
forces to work themselves out, the economies can be consi­
dered to be near their equilibrium points. Thus this pilot 
study is in the nature of a long-run analysis.

The study will also test relative suitability of pro­
duction functions of different mathematical forms and the 
validity of the associated assumptions.

Oobb-Douglas Produotlon Function
All data have been converted into natural logarithms 

and a multiple regression has been run on a oomputer of the
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followin function*

1. InV * a0 ♦ a^lnL ♦ aglnK •

Stepwise multiple regression program has heen used
throughout this study to be able always to observe the eff­
ects of adding further variables Into the function* ?or this 
function the following values have been obtainedt-

la. InV s -1.23815 + 0.18916 InL ♦ 0.92027 InK .(0.06274) (0.05844)

R ■ 0.99168 ; standard error of estimate, se ■ 0.2003 .
Numbers in parenthesis are standard erros of the coefficients.

This result with its 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) points out 
four features of the Cobb-Douglas results, three of which 
are relevant here: a good fit of the regression, the coeffi­
cients summing up to approximately unity, and stability of 
the coefficients over time and over sections. Regarding 
time series studies, Menderhausen (1938) showed that the 
estimated coefficients will be very likely simply to express 
a relation between two differential rates of growth which 
are purely historical. Phelps Brown concludes* H... fitting 
of Cobb-Douglas funotlon to time series has not yielded, 
and cannot yield, the statistical realization of a produc­
tion function.n Now the regression given above is a cross­



section and not a time-serie3 study. But fitting of the 
Cobb-Douglas function to cross-sections over industries in 
the sane country is also criticized by Phelps Browns ”... 
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 coefficient of labor) in different times and 
places would be explained if these values in fact depended 
on the actual share of earnings and this was much the same 
in the cases concerned,” The latter will tend to occur if
"the differeneesbetween the net value product associated 
with differences in relative factor intake will be in great 
part simply the counterpart of the costs of those intakes 
reckoned at prevailing factor prices. It is true that the 
rates of return to labor and capital, industry by industry, 
differ for various reasons, random and systematic, from the 
average rates reckoned for the whole economy; but in gene­
ral the differenod 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
cizm is limited beoause the basic observations he makes re­
garding inter-industry comparisons are less relevant in in­
ternational studies* Specifloally, the scatter of observa­
tions on the produotion 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 oapltal from industry to industry in one country
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may be small, they would be expected to be much larger bet* 
ween different economies so that the effect of this souroe 
of bias would also be very considerably reduced. Thus it 
may be suggested that although the goodness of fit, near­
ness of the sum of the coefficients to unity, and the sta­
bility and meaning of the coefficients in regression (la) 
are all subjeot to some doubt because of the limitations in­
herent in fitting Cobb-Douglas functions, nevertheless, 
these estimates should be much more reliable than those ob­
tained from tlme-series data only or from cross-sections 
limited to only one country.1

Another problem involved here is heteroshedasticity.
If reference is made to the list of countries in our sample, 
it can be seen that extreme differences in the size of the 
economies are very lilcely to cause increases in the varlanoe 
of the coefficients as the size of the economy increaes. 
Henoe the estimated coefficients, while remaining unbiased, 
will nevertheless become inefficient (Klein, 1953, p* 53i 
Johnston, 1963, pp* 207-11)* This point will be discussed 
in Chapter IV.

Homothetlo Isocuant Production function
The form of this function is V » Az^ , as desorlbed 

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

^tfote, however, that this regression includes no provision 
for estimating the level of technology, the Influence of 
which seems, in this oase, to have been appropriated by 
the capital input. Thus the meaning of this coefficient 
is not at all clear - see discussion in Chapter I*
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variable elasticity of factor substitution* In order to oal- 
culate the values for this function, however, it is nece­
ssary to use -dK/dL ■ w/r to obtain dK/dL, where w is 
the wage and r is the return on capital (see 01emhout,1965)• 
for this we aust assume perfect competition. This restri­
ctive assumption is, therefore, the price we must pay for 
the gain in flexibility.

The CHS function does not require the same assumption 
of perfect competition but it is also more restrictive 
than the HI function since it is based on constant 
elasticity of substitution and it needs a larger number 
of parameters than the Cobb-Douglas function. As, however, 
we have found a way of deriving from the HI function 
very close approximates to coefficients of both, Oobb- 
Douglas and CHS, functions, the usefulness of the CHS 
function in this context would be very limited. It is now 
possible to calculate the more flexible HI function and 
compare the results with those obtained from the Cobb- 
Douglas function. If necessary, a choice can then be made 
between the assumption of constant proportionality 
between average and marginal product of each factor 
(Cobb-Douglas function) or of perfect competition with 
a more flexible HI function.

The HI function was calculated as followsj-
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V ■ Az^, where A  is a measure of returns to scale, and 
lnz -A/lnX t Z h n C K A )11 «~lnL+*f(K/D with 0 (1t/D *
bQ 4 b^K/l) 4 h2(JC/l)2 4 b3 (K/L)3 4 ........

jtf(K/L) can also be calculated fromi-
2 . 0 (K/L) = 1/((1 - wL/rK)(!TA)).
Thus we calculate l/((l - wL/rK)(K/L)) for each point 
and fit a polynomial of Tf/L to It, Then we add InL to 
the value of 0(T/L) given by the polynomial for each 
point and obtain a series for ln2. ?rom this we obtain 
the regression of 7 * lzV

In order to make the conversion of 71 function 
coefficients Into C7S and Cobb-Douglas coefficients 
possible, however, units In which K/L is measured nust 
be changed so as to bring the K/L ratio as near to one 
as possible. The unit of measurement of K was changed, 
therefore, from $1.00 to $2.50 . This still gives a 
range which is far too large (0.13 to 2.73) out after 
four poorest and five richest nations are excluded the 
range is reduced to 0.80 - 1.18 which is quite acceptable. 
Moreover, if the best fitting polynomial consists of 
lower power terms only, the si2e of the range would 
matter much less.

The results of 0(K/"L) s l/((l - wL/rlt) (K/L) were 
plotted on the y axis and 0.4K/L on the x axis. The above 
formula shows that when wL/rK approaches one, the (nega­
tive) value of 0 (x/L) approaches Infinity. This imme­
diately eliminates the four nations with lowest wL/rK

— 60 —



which are also the four least developed economies.
The remaining countries fall very near to a linear 
regression line indicating that the polynomial will be 
probably of a very low order and the large range of 
K/L values obtained when five most advanced countries 
are included should not distort our results.

India, Colombia, "exico, and Japan were, therefore, 
excluded and values of 0.4’v/L from power one to power 
ten were calculated for the remaining 16 countries.
Powers higher than ten were not calculated because with 
higher order oolynomials the results willoften be meaning­
less due to the accumulating errors in computing an ill- 
conditioned matrix. The data for 16 countries have been 
fed into the computer and the following has been obtained

The computer has also worlced through higher powers and 
has given this result for the highest r:-
2b. 0(0.4K/L) = -2.20093 - 0.2605(0.4K/L) ♦ 0.51155(0.4k/L)2

Now H * 0.84603 but se * 0.4057 and standard errors 
of all coefficients are much higher. The previous result 
seems to be better.

It would anpear, therefore, that a linear function 
gives the best fit, with all the higher powers of 0.4K/L 
getting zero coefficients. This strongly suggests that

2a. (0.16786) 
r = 0.83862 , se * 0.3859 .

0.00106(0.4K/L)7 .
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it 1b reasonable to assume the Cobb-Douglas function and 
that making provisions for more flexible funotlons would 
not Improve our results materially.

idding values given by 0(O.4k/l) to the values of InL 
for eaoh observation we obtain the series for lnz. The fol- 
lowing regression was then fittedt-

3. InV i In A ♦ Xlnz ,
i

The results werej-

3a. InV s 1.55720 ♦ 1.01866 lnz .
(0.10555)

r a 0.92806 , se s 0.6166 •

Next, we insert the coefficients obtained previously 
In (2a), bg a —2.921, b^ s 1.0009. bgjb^jb^i .... • 0. 
Into the formula converting them into approximate Cobb- 
Douglas (or CDS) coefficients (see Chapter II). The results 
are that the capital coefficient, a2, comes out close to 
one and the labor coefficient, a1# close to zero.

Thus we obtain, as a long-run result, a spurious, fixed 
K/V ratio, Harrod-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 exclude four oountries 
fromour sample and to assume perfect competition. The assum­
ption of perfect competition, particularly for studies in­
volving international comparisonswhere there is 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 K/V ratio, 
Harrod-Domar model may apply to our data* This is not un­
usual and, as mentioned earlier, this model was used by 
Ideln, Klrschen, et al*, on many occasions* This model seems 
to give excellent results in long-run studies* On the other 
hand, we know that for short-run1, time-series studies we 
should perhaps expect much smaller coefficients for capital 
input, viz. Nelson1s (1964) coefficient for the United 
States amounting to only 0.5 • Since the pilot study is 
based on cross-sectional data, results spuriously 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 neoclassical 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 obtained from the main study based on 
pooled data*

is the final result of this pilot study we will con­
clude that the cross-sectional part of our data, which forms

*^By short-run we mean here one calendar year since annual figures are usually employed in time-series studies* Long 
-run is 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 equilibrium point in respeot to those changes* In 
our case those ohanges would be changes in labor and oa- 
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*



a majority (approx. 60?), Is amenable to a production 
function approach and we will accept the Cobb-IDouglas 
function with unrestrained coefficients as a most 
convenient and realistic form of the production 
function for our data.
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citfm iv

" s ? i : - f n o : i  o p  t d c 'titolo'i i c a l  c h .o t s

This chapter describes the statistical technique 
and the estimation procedure used to derive separate 
time series and cross-section series for the level of 
technology, Doth series will then be converted into 
index numbers to eliminate negative values which cannot 
be converted into logarithms. In this way we will obtain 
two separate series, one giving technological advance 
over time and the other relative efficiency of various 
countries. This will enable us to test the two series 
separately so that, if necessary, different determinant 
variables or the same variables with different coefficients 
can be fitted to the two series.

Porm of Function
Cobb-Douglas function (not restrained to constant 

returns to scale) will be used as the result of our 
pilot study. That study showed that the Cobb-Douglas 
function offered greater advantages than the tTI function. 
Pirstly, it did not need the assumption of perfect 
competition or the use of the wage rate data - both very 
unreliable in international studies. Secondly, it did not 
require excluding four countries from our data. Thirdly,
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the K/L polynomial fitted to the 0 ( K / t ) series was of 
the first order and, as expected, the results given by 
the two functions were very similar* All of the above 
points, with the exception of the second one, also apply 
to the C^S function*

Statistical Technique
Multiple regression with analysis of covariance 

will be used. Covariance analysis involves inserting 
into the production function a dumuy variable for each 
country and each year. This method has a number of 
theoretical and statistical advantages over the tradi­
tional methods of measuring productivity, such as the 
single equasion least squares method applied to non­
pooled data or the factor shares method, or the two 
methods combined, firstly, it allows to separaie 
technological change from the contribution of physical 
factors without making it necessary to impose on the 
empirical model the twin restrictive assumptions of 
constant returns to scale and competitive factor pricing, 
hoth assumptions must be used In the factor shares method 
as exemplified by the work of Solow, Kendrick, and others. 
Secondly, it produces the actual rates of technological 
advance for each year and the rates of relative efficiency 
for each country rather than accept the assumption of 
constant rate of technological change as is usually done 
when production functions are fitted to time-series data
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(Tinbergen, Solow). Thirdly, it reduces the simultaneous 
equasion bias of single equasion least squares regressions 
(I.Eoeh) and lowers the tendency towards indeterminacy 
of the production function coefficients due to multi- 
col'1 inearity in data (I. Xlein). Fourthly, the technolo­
gical change series is computed rather than obtained 
as a residual and is, therefore, net of errors which in 
the traditional residual methods are collected in the 
productivity index. The disadvantage of the method lies 
in the very large number of parameters which must be 
estimated, thus considerably reducing the number of the 
degrees of freedom (1. loldberger, Econometric Theory 
p.222 1964), The method can only be UBed efficiently, 
therefore, when large blocks of data are available (the 
number of observations in this study is 280). Secondly, 
the computational burden is typically so large that it 
usually cannot be tackled without the help of an ele­
ctronic computer - 12 hours of machine time were used 
in this study.

Estimation Procedure
Regressions were run-on output 7 with labor and 

capital inputs, 1 and K, as independent variables, and 
with time and country dummies to remove from the coeffi­
cients of 1 and 1C as much of the influence of other 
unspecified but correlated independent variables as po­
ssible. !Jext, the technological advance (technological ad­
vance over time obtained from the coefficients of the time
dummies) and the relative effloienoy series (technological
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change over countries obtained from the coefficients of the 
country dummies) vers each tested separately for the deter­
minants suggested by the hypotheses* That is, regressions 
using the same variables were run separately on the time- 
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-serles and cross-sectional data* After 
the form in which the determinants of technology were to be 
inserted was ascertained, the complete function was run 
using the full set of data and final values for all the 
coefficients obtained. As the last step, the entire reg­
ression, including the determinants of technology, was 
re-run together with all dummy variables to see if there was 
still enough unexplained residual left to give significant 
coefficients for any of the dummies and if there was any 
trade-off between dummy variables and any of the other in­
dependent variables.

Assumptions
1* Capital input can be defined, measured, and is inde­

pendent of other variables* 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 capital input, cal­
led "new capital", which allows for differences in
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capital utilization.
2. The relationship between the Inputs and the output In 

our sample can be represented “by a Cobb-Douglas produc­
tion function, without any time lags in any of the va­
riables and with unrestrained coefficients.

3. Technological change is unembodied, i.e., it is not 
associated with labor or capital inputs.

In contrast to capital-embodied technological change 
which consists of the development of the new models of 
capital goods, unembodied technological change involves the 
development of the new methods of production (H. 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 is near zero but it is probab­
ly reasonable to suggest that once a new machine is being 
built it makes little difference to its cost whether very 
little or a great deal of new technology is embodied 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) is, however, rejected mainly because it is not clear 
how it can be relevant in the long-run (cross-seotional 
analysis) - see Phelps(1962) and Chapter V below. Moreover, 
embodiment usually assumes constant rate of technological 
change which is contradicted by our results. On the other
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hand, due to the fora of the function, the determinants of 
technology are entered multiplioatively and thus can be 
viewed as weights for labor and capital inputs*

It is also assumed that technology is independent of 
capital input to an extent sufficient to enable us to ob­
tain a significant measure of technology* This requirement 
must apply, of course, to all variables but it is being 
mentioned explicidly here and in the case of capital above 
because of the conceptual difficulties associated with these 
two variables* If technology is a function of and not, 
for example, of K/L, we shall be unable to disentangle the 
two variables*

Regression- Functions
is a result of the above assumptions we arrive at the 

following function:-
#* —1 a2 3 T

1. Q ■ A? L K M e ,
a

where Q is output, M materials input, and T technology* This 
function oan be transformed (Mlnhas, 1963) Into the well- 
known Cobb-Douglas forms-

al a2 t2. V s k0 L K el ,

where V is value added*

Regression Function with Analysis of Covariance
This method adds dummy variables for all years and all 

countries thus removing from the coefficients of L and K
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aa much of the influence of other correlated independent 
variables as is possible* The method is not perfect sinoe 
it assumes that there exist cross-seetional coefficients 
which are constant over the 14 years, and time-series co­
efficients which are constant over the 20 oountries* 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 is nowt-

3* lnV ■ ao ♦ a^lnL ♦ aglnK ♦ bgDo + ^1^1 ^ •••• ♦ ^13^13 ^

where numerical subscripts are given to time dummies 
(0 s 1950, 1 s 1951, etc*) and letter subscripts to country
dummies (BE a Belgium, LB = Luxemburg, etc*)* u stands for 
a multiplicative error terra assumed to give

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 and T)^ were chosen for supression since 
this would give the smallest loss of information - among 
the coefficients of several time and cross-sectional

4 cBEDBE f cLU13LU *

E(u^) s 0, for all i’s;
for i / yt

In order to fit this function it is necessary to set 
either the general constant a0 and one of the dummies
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dummies which were all near zero, these two had the largest 
varianoe and were, therefore, least significant.

Taking total differencial of this function and integ- 
rating we obtain*-

3.1 InV s a0 ♦ a^lnL ♦ a^lnK ♦ ♦ Oj ♦ u ,

where b^*s give the level of technology for each year for 
all the countries taken together, and Cj*s give the level 
of technology for each country over the entire period of 
1950-63. Since b^'s are measured from zero, Ab^*s will give 
technological advance over time; o^*3 are measured from the 
general constant a0 and ACj*s, with each s Cj - a0 ,
will give differences in relative efficiency of the count­
ries in the sample.

We can thus obtain two series, one for technological 
advance and the other for changes in relative efficiency. 
?or convenience, we will reserve the term "technological 
change" for denoting both, changes over time and changes 
over countries, while the term "technological advance" will 
be used, as before, for changes over time only and the 
term "changes in relative efficiency" for changes over 
countries.

All regressions in this study were run with stepwise 
multiple regression programs.
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Fitting (3) to our data gave the following resultt-

3a, InV = 0.09954 ♦ 0,60163 InL ♦ 0,41959 InK ♦
(0.05823) (0.03539)

-0.01342 B0 
♦0.0 B-.
♦0,00000 Di 
♦0.03500 b; 
♦0.05130 B£
♦0.06190 T)Z
♦0.07254 d2 ♦0.07104 DX 
♦0.08572 B<C 
♦0.10763 B° 
+0.13633 ♦0.14762 
♦0.15978 
♦0.17369

10
11
1213

(0.02023)supressed0.02004;
0.020170.02054
0.02137
0.022490.02370
0.02460
0.025970.02762
0.02921
,0.03089
(0.03265!

♦0.03263 B „  
-0.03923 
-0.21463 ffij 
-0.30731 dJ? 
-0.05597 -0.07056 I ®♦0.11158 BgS 
-0.16105 D?" -0.50140 m g  
♦0.31800 BiV 
♦0.54498 b££ 
-0,06740 B2®
♦0.0 Bjg 
-0.32350 3CT 
-0.42790 B=* 
-0.91843 B°J 
-1.09731 -0.49241 3J« 
♦0.00871 B±* -0.32760 Bjg

(0.03867) 0.017510 
0.03529) (0.11366' 
0.09266  
0.11872  
0.02868  
0.05969 0.041350.03814
0.16825 10.05255 •upreased ;o.04241) 
0.06953 0.13418 
0.14636 
0.08639
0.05405 
[0.10465)

R = 0.99921; standard error of estimate, se * 0.0634 
Numbers in parenthesis give standard efrors of the coeffi­
cients.

All coefficients are significantly different from zero 
at the 95jf level of confidence except for B0, BB3, ByR, B^K, 
Bjjjg, and Bjjjj. All of these wre very nearly zero anyway so 
that very little Information is lost by assuming them equal 
to zero. Regarding the time dummies, the standard errors 
are in most oases too large to give the 95% level of 
oonfidenoe between the adjoining coefficients but thlB is 
not true for the non-adjoining ooeffioients. The time dum­
mies were naturally arranged consecutively from 1950 to 
1963. Slnoe the differences between the levels of techno­
logy for eaoh two adjoining years cannot be large, the



differences between the coefficients 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 suoh non- 
cons ecutive arrangements is very large* and the ooeffloients 
would be slgnifloantly different (at the 95?f level of con­
fidence) in all of them* It can be assumed that all time 
coefficients are significant*

The problem of heteroskedastieity may, however* have 
some adverse effeot on our ability to test the significance 
of the above coefficients* As mentioned previously, extreme 
differences exist in the size of the economies in our sample* 
It is very likely* therefore, that heteroskedasticity will 
occur (Mallnvaud, 1966, p* 256; ICuh, 1963, p. 92.) and its 
effects must be considered;- underestimation of the varian­
ce of the coefficients which may amount to as much as 25# 
(Theil, 1951) or even to 44# (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 inefficient (Mallnvaud* 
1966, pp* 256-57). There exist methods, however, whioh can 
be UBed for countering heteroskedastloity* Firstly, using 
logarlthmlo forms of functions* such as* for example* a 
Cobb-Douglas production function, where "extreme value prob­
lems are mitigated sinoe extreme large or small values are 
given relatively less weight." (Kuh* 1963* p. 93.)
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Secondly, by replaolng the initial variables with variables 
divided by a quantity measuring the size of the eoonomlc 
unit (Kuh, Mallnvaud).

In the oase of our estimates we have used logarithmic 
relationships and it Is reasonable to expect, therefore, 
that the effects of heteroskedastieity were mitigated to 
some extent. Secondly, in estimating the coefficients of 
labor and capital together with those of the dummy variab­
les, the estimates of of the coefficients of labor and 
oapltal were not efflcint and, while the relationships do 
not seem clear, a possibility exists that, because the dummy 
variables pick up the size 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 coefficients of the determinants of 
the technological change could also occur. On the other hand, 
the technological change series is measured in logarithmic 
terms so that differences between observations are percen­
tage changes in the level of technology. Seoondly, 40^ of 
our sample is taken over time and is not, therefore, affec­
ted by heteroskadasticity. Both series are then separately 
regressed on the determinants of technological 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 logarlthmio 
relationships, pooled data, and a deflated form for the
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dterrainants of technological change, the effeote of hetero- 
skedasticlty on the determinant variables have been largely 
eliminated*

Level of Teohnologyi Time-Seriee and Cross-Sectional Series 
Tfe have obtained from our regression two series* One, 

a series giving technological advanoe from 1950 to 1963 
extending from -1.3J* to 17*4#, or a total of some 19# for 
14 years. Thers was no teohnologloal advanoe from 1951 to 
1952 and from 1956 to 1957* The other, a series of relative 
efficiency ranging from -1.10 for India to 40*54 for the 
Uhited States* Since all relationships are logarithmic, all 
differences between coefficients of the dummies within each 
set are percentage differences in terms of output 7. Thus 
technological advance from 1952 to 1953 was equal to 
increase 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 effieienoy) 
between Germany and the Uhited States is approximately 85jf» 
With the same labor and capital (but also with a much lar­
ger T/L) in terms of the total number of equivalent units 
of input,1 the United States produces more output*

Both, the teohnologloal advanoe series and the rela­
tive efficiency series, had to be converted into index

^Input in equivalent units is that amount of labor and ca­
pital Inputs which, ceteris paribus, produoes the same 
output* Thus any combination of labor and capital Inputs 
along the same Isoquant represents a constant number of 
equivalent units of input*



numbers before they oould be used in further regressions.
The two series, as given above, contain negative numbers 
of which logarithms cannot be taken* We must, hoever, allow 
for the possibility that a non-linear relationship may exist 
between teohnology and some of its determinants* In that 
case it would be necessary to convert all values into loga­
rithms in order to obtain a log-linear relationship* The 
teohnologloal advanoe 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 this 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 1> to all dummy coefficients 
will give us (b^ * *or 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 b^ 4- E , where £ is a constant and will be incor­
porated by the regression into the general term a0*
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CHAPTER 7

HYPOTHESES

This chapter describes the hypotheses about the deter­
minants of technology which have received some support in 
the literature, are relevant, or can be adapted to a macro­
economic framework, and are suitable for quantification and 
econometric testing*

Hypothesis It Technology is partly determined by technical 
experlenoe acquired in phe course of production activity 
ana Is a function of output per man-hour cumulated over the 
entire period of ihat acxlvlxy*

This hypothesis is a result of studying a family of 
several hypotheses, all of which concern themselves with this 
type of an effect which ha3 been shown to be very important*

The first one of these is the "Horndal Effect” as re­
ported by E# Lundberg and elaborated by I* Svennilson into 
the hypothesis that technological change is partly deter­
mined by on-the-3ob-1earning by labor, working with new 
and old capital. Further studies in the United States attest 
to the surprisingly great importance of this factor 
(S* Eoris, W. Salter, T. Wright, E* Hirsoh).

Another hypothesis was presented by A. Alchlan (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 (output 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 function of output 
cumulated over the life of the technique. As the same pro­
ductive process is repeated, experience is gained and pro­
ductivity increases. 3ut if a new, entirely different pro­
cess is started, all old experience is lost and we must 
start with zero experience*

3. Hirsoh (1952 and 1956), in an earlier work, tested 
two aspects of a very similar hypothesis. Firstly, he 
showed that it is 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 old and new techniques are usually very small as far as 
most individual work is concerned. Hence experience acqui­
red with the old technique i3 very largely applicable to 
the new technique so that productivity at any time t is 
essentially a function of experience acquired during the 
entire life of the plant and not of experience aoqulred over 
the life of a single technique only. P. Verdoom (1956) 
also used output cumulated over the life of the plant and 
confirmed Hirsoh's findings.

On the other hand, cumulating output over the entire 
life of the productive unit is not really necessary. Firstly, 
if the productive unit existed many decades, very old
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experience acquired when, e.g., It was producing nails, is 
of little usefulness now when the unit is producing, e.g., 
tractors. It is relatively recent experienoe that is most 
important. In international comparisons we Imow that manu­
facturing production has been carried on for a very long 
time in all countries in our sample. Some countries com­
menced industrial production much earlier than others but, 
as very old experience 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 technological advance proceeds at different 
rates in different countries. Thus it may seem that in the 
United States, where technological advance is rapid, old 
experience becomes outdated faster and cumulation of out­
put should be carried back over a smaller number of years.
In India, on the other hand, where technological advance 
is probably much smaller, old experienoe becomes outdated 
more slowly and cumulation should be carried back over a 
greater number of years. This argument, however, is falla­
cious. It is the relative, and not the absolute levels of 
technology that oount. Technological advance in the United 
States may have been faster but, at the absolute level of 
technology in the United States, techniques 30 years old 
may be more similar, in terms of experienoe secured from 
them, to the present techniques used In the United States 
than techniques only 20 years old are similar to techniques
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used In India now* Hence, from the point of view of the use­
fulness of old experienoe, cumulation of past output should 
he greater in the TJftited States despite faster technologi­
cal advanoe* There is no a priori reason why we should not 
assume the same time period for cumulation of output In 
the measure of the level of experienoe in various countries*

In addition, even if such changes in the length of cu­
mulation were relevant, they oould apply to a very small 
part of our sample* Out of 20 countries, 16 are similar in 
technology used In nonagricultural sectors, Time-serles 
data over 14 years would not he affected at all. Thus only 
12j£ of all of our data would he affected seriously hy this 
consideration even if it were shown to he relevant* Hence 
it seems safe to assume that a constant period of cumula­
tion will not distort our overall results*

Secondly, given a constant period of cumulation, we 
c?m decide on the length of that period* Ideally, we would 
wish to use long periods of several decades hut this is not 
possible due to lack of data. We know, however, 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 oumulatlon and a con­
stant rate of growth, any short period cumulation will give 
an exactly proportional measure of any long period cumula­
tion*

Over more recent periods, considerable variation* oc­
curred during the Great Depression and World War II hut the



relative patterns of growth for 16 out of 20 of our count* 
ries remained surprisingly stable (D, C. Paige, et al,, 
1961). Hence, in most oaBes, short period cumulation will 
not be likely to misrepresent the international relation* 
ships between the long-run cumulations even when those in­
clude large short-run disturbances. In addition, the impor­
tance of these short-run disturbances will rapidly decline 
with the passage of time owing to fast economio 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 cycle 
within which the rate of growth varies considerably, and, 
on the other hand, a period as long as is compatible with 
the availability of reliable data. Unfortunately, both 
availability 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 but 
is still very short so that it must lean rather heavily on 
the assumed regularity of the patterns of the rates of 
growth. Since longer cumulation can be made for later years 
of our time-series, a compromise choice was made of 7 years 
cumulation.

This period may have an additional advantage in that 
it seems 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 Dt gives for 1962 a number of es­
timates of the average life for various types of maohinery. 
Allowing for differences between the United States and 
other nations, 7 years could be ohosen as a reasonable ove­
rall average)* Even though Hirsch demonstrated that almost 
all of the experience from one technique is usually "inhe­
rited" into the operation of another, some advantage may 
accrue from that, on average, our period of oumulatlon 
spans one complete technique*

Quite short periods of time were used effectively for 
cumulation in several studieB - 4 to 6 years (monthly data) 
by Hirsoh, 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 variable and the residual of 
the production function was very high (r ■ 0*98) and the 
variance of the coefficient very small indeed*

The early studies (Hirsch, Alehian) used cumulated out­
put as a measure of on-the-Job-learaing. Those studies, how­
ever, dealt with productive units of approximately fixed 
size in terms of inputs over the periods studied* On-the- 
Job-1earning accrues, however, mainly to individual workers* 
Thus, the hypothesis of on-the-Job-1earning suggests that 
doubling of the output associated with a doubling of the 
labor foroe (and the necessary increase in capital) would 
not inorease appreciably on-the-Job-learning of each worker 
since output per worker would remain the same. In our 
sample, however, very large changes in the size of the labor
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foroe ooour and It 1b necessary, therefore, to employ cumu­
lated output per man-hour rather than cumulated total out­
put* The use of this measure for experience was suggested 
by J* Verdoom, T* Haavelmo, G* Sahota, and others*

It appears, hoever, that on-the-Job-1earning hypothe­
sis has been too narrowly formulated* Assuming oonstant 
life of productive facilities, it is only the amount of 
output per man-hour prevailing in the particular produc­
tive prooess, or in the sector of the economy studied, 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 1b 
perfectly immobile* This restriction seems unnecessary and 
ii 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/L but also that com­
municated from other sectors, i.e., that due to global V/L* 
Thus mobility of locally acquired experience is allowed for* 

It is now necessary to design a suitable measure. The 
measure used for on-the-Job-learning is , where t is 
the length of the productive process. Since the results of 
our regressions, as will be seen later, strongly indicate 
the existence of constant returns to scale, we can writet
? « A„ aT (5) 2. But this means that our measure Is really I* 1
cumulated capital per man-hour, subjected to the exponential 
coefficient &g, and multiplied by the level of technology* 
That is, the measure uses K/L measured in efficiency units.
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"ow it ie implied that this measure reflects local 
on-the-3ob-learning only since only local K/L Is used.
It Is ajjparent from the above formula, however, that 
7/l also includes A0e7 which will clearly vary with 
changes in global K/L and the associated changes in the 
level of experience as long as there exists some mobi- 
11ty of technical knowledge# Thus using as a proxy 
measure automatically ''.Hows for learning from the 
experience of otherr uid, in fact, this proxy is not 
su* table for on-the-^ob-learning hut is far better 
suited for measuring ’’technical experience” as defined 
above. The formulation of the technical experience 
hypothesis does not require any change in proxy measures 
in an aggregative study, suet as this one, where entire 
non-agricultural economics are used as single units#
On a more disaggregated level, however, it would be 
probably useful to employ instead two proxies, one local

ap up(K/L) and one (vl) for the entire manufacturing 
sector, especially where the difference between the two 
variables is considerable*

The second type of hypothesis that was considered 
was dealing with a partial determination of technological 
change by Improvements in the quality of new physical 
capital. The need to evaluate these improvements is 
suggested by two considerationst-
1. '"he conventional price indeces used to convert



capital in current prices to a measure in constant 
prices overdeflate It because they do not take into 
account changes in the quality of capital (13. Jorgenson,
Z. Griliches). This source of error exists only over 
time and is thus partly eliminated in our study by the 
cross-sectional influence which is also larger (20 countries 
vs. 14 years), 41so using K* will eliminate much of this 
error,
2, Cambridge school of capital embodied technological 
change as 'iven, e.g., in IT, Tialdor's "technical progress 
function". There are two variants of this approach

(a) Vintage embodiment of technological change 
(H. Solow, L. Johansen, B. Massel) involves an exogeneously 
given constant rate of technological change which is 
embodied every year in that year's investment. Thus old 
capital develops relative inferiority and it becomes 
necessary to convert all vintages into equivalent capital 
stock by weighting each vintage by the technology of the 
year in which it was produced. The long-run implications 
of this hypothesis, however, do not anrear to be relevant 
to this study which is concerned with the determination 
of the rate of technological change itself. In periods 
ofrelatively high Investment the average age of capital 
will be lowered, the rate of modernisation higher, and 
the productive system nearer the technological frontier.
This improvement, however, can last only as long as the
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Investment is lnoreaslngat an increasing proportionate 
rate* When invetsment aotlvlty declines, the prooess is re­
versed* This approaoh is relevant as to the effeots on pro­
ductivity of short-run hursts of Investment but it does not 
seem to oontrlbuteto the determination of the long-run rate 
of teohnologloal change (Phelps, 1962)*

In my paper on "Growth Implications of Optimum Allo­
cation in Diminishing Cost Industries" (1964) I postulated 
a hypothesis that the rate of technological change Is not 
an exogeneously given constant rate but is itself a function 
of the gap between the technology actually used by the pro­
ductive system and the technological frontier. I have not 
yet, hoever, elaborated this idea into a formal presenta­
tion and this hypothesis will not be, therefore, tested 
here.
(b) Learning by doing in oapital goods industries hypothe­

sis as proposed In Arrow's celebrated paper suggests that 
the rate of technological change is partly determined by the 
rate of investment in producer capital goods. In capital 
goods Industries, on-the-Job-1earning in one period is em­
bodied in capital goods produced in the next period. Hence 
the rate of quality improvement of machines 1s a function 
of experienoe gained in produoing them. This ̂ self-con­
tained theory of endogeneous teohnologloal change possesses 
great Intellectual attractiveness and has been shown, for 
individual industries, to be as important as the on-the- 
Job-1earning effect. It is not at all dear, however, why 
on-the-Job-1earning should occur in oapital 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 belleyed that It should be applied 
to sectional studies only (7. Hahn & C. Mathews, 1964)* When 
the entire economy Is used, It seems that this hypothesis 
largely reduoes Itself to our teohnloal experienoe hypothe­
sis which embraces all produotlye 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 is very highly correla­
ted with capital Input (simple correlation between K and 
5^1 is 0.987). neither is thlB 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 be 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 produc­
tion function framework, nevertheless, Arrow's hypothesis 
provides additional theoretical justification for our hy­
pothesis since Arrow's basic idea is the same as ourst in 
a macro-economic context the level of technology is large­
ly determined by learning by experienoe which is a function 
of cumulated output.

Joan Robinson also suggests (1962) that the rate of 
technological ohange is not autonomous but that "there is 
a strong connection between the drive to accumulate and 
the drive to increase productivity". This probably implies 
that AT/T m f(d^/K), using X for size deflator, which
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integrates to T ■ f(K). If this funotlon Is assumed loga-
rithmic, K J will be the proxy for technology in

a
InV a aj ♦ a^lal ♦ a^lnC ♦ K If the funotion is assumed 
linear, teohnologloal change oannot be isolated and will 
oome out through a larger coefficient of oapital and in­
creasing returns to scale. Thus it is not clear how this 
hypothesis should be interpreted and it oannot, therefore, 
be tested until it has been restated in more formal terms.

Thus it seems that, out of the above sit, some hypo­
theses, while interesting, are not yet sufficiently formu­
lated for testing in this model, and others can be shown 
to be either irrelevant or to reduce to our single hypothe­
sis of technical experience. This is applicable only to our 
aggregative study where entire nonagricultural sectors of 
the economies are used as single units. We shall test, 
therefore, only for one hypothesis in this field, namely 
the technical experience hypothesis, using^jr as the 
measure of this experience.

After all the results of this study have been obtai­
ned, prof. Alvin Marty drew my attention to an inaugural 
lecture by Mlcolas Kaldor delivered at the University of 
Cambridge on Uov. 2, 1966. Prof. Kaldor's lecture covers 
what is, in effeot, an outline of a theory of economic 
growthi-

"••• the purpose of my lecture to-day is ... to sug­
gest an alternative approach whioh 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 oountries ... ♦ "
The first part of his lecture, however, offers an 

extensive theoretloal dissuasion of the most important, in 
his view, determinant of teohnologloal advanoe whloh, though 
it is a broader oonoept, is in part similar to that offered 
in our studyt learning as the produot of experienoe measu­
red by oumulated past output. Kaldor's lecture seems to pro­
vide an additional theoretloal justification for our hypo­
thesis and his conclusions based on the results of his 
brief eeonometrio study closely parallel our first results! 
increases in the productivity of labor are due less to in­
creases in capital than to increases in technology which 
Itself is, 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 mainly due to two faotors. 
The first but a muoh 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 increases in the skill of la­
bor due to an increasing division of labor and learning 
from experience. The level of productivity due to this fac­
tor "is a function of oumulatlve output".

Kaldor poses his problem as followsi-
"Slnoe the differenoes in growth rates are largely
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accounted for by differences In the rate of growth of pro­
ductivity (and not of changes in the working population), 
the primary explanation must lie in the technological field 
- i t  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, depen­
dent on the rate of growth of manufacturing production?"

As 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 seleoted 
by Kaldor as the main determinant of productivity in the 
entire economy. Kaldor continuest-

"It has been suggested that because the level of pro­
ductivity in manufacturing activities is higher than in the 
rest of the economy, a faster expansion of the high-produo- 
tivity manufacturing sectors pulls up the average; and 
also that the incidence of technical progress - as measured 
by the rate of growth of productivity - is higher in manufac­
turing activities than in the other fields, so that a grea­
ter concentration on manufacturing increases the overall 
rate of advance. ..., neither of these suppositions seem 
capable of explaining the facts. The differences in the 
level of output per head between different sectors, as 
Beckerman (1965) has recently shown, arc quite incapable of 
explaining more than a small part of the observed differen­
ces In productivity growth rates, in terms of inter-sectoral 
shifts.1 The second proposition, if it were factually correct, 
would relate the rate of economic growth to the size of the 
manufacturing sector (in relation to the whole economy): ...
It would make the rate of economic growth the highest in 
those countries whose industrial sector ... Is the largest.
On this test, therefore, Britain ought to come out near 
the top, not at the bottom of the league-table. But quite

For Britain, For other countries the agricultural sector 
would have to be, in most cases, excluded from this argu­
ment.
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apart from this, the proposition Is factually incorreot , 
in many of the countries examined, productivity growth in 
agriculture and mining has been higher than in manufacturing*

There is, however, a Lhird possible explanation 
- the existence of economies of scale, or increasing 
returns, which causes productivity to increase in response 
to, or as a by-product of, the increase in total output, that manufacturing activities are subject to the *law of 
increasing returns* was of course a well-known contention 
of the classical economists, ... As (Adam) Smith explained, 
the division of labor depends on the extent of the market,,, * 
Neo-classical writers, with one or two famous exceptions, 
like Marshall and Allyn Young, tended to ignore, or to 
underplay, thin phenomenon. As Hahn and Matthews (1964) 
remarked in a recent article 'the reason for neglect is 
no doubt the difficulty of fitting increasing returns 
Into the prevailing framework of perfect competition 
and marginal productivity factor pricing*,"

In our study, however, we are using neither of the 
above assumptions and are allowing the fa‘a itself to 
give us an estimate of the coefficients of capital and 
labor, Nevertheless , our estimates, like those of 
virtually all econometric investigators before us, a till 
indicate constant retui-ns to scale, ICaldor continues

"However Adam Smith, like both Marshall and Allyn Young after him, emphasized the interplay of static and 
dynamic factors in causing returns to increase with an 
increase in the scale of industrial activities, A greater 
division of labor is more productive, partly because 
it generates more skill and know-how; more expertise in 
turn yields more innovations and design improvements• ••• 
Learning la the product of experienoe - which meanfl. as Arrow lias shown, that productivity tends to grow the 
faster, the faster output expands; itTalso means that lihe 
level of productivity Is a function of̂  cumulative output'
(from the ’beginning! rather than of the rate of production 
per unit of *

He can see that Kaldor includes in his "Increasing 
returns" three separate factors, Firstly, the effect of

1) My italica.
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indivisibilities to which Kaldor does not seen to attach 
much importance - this is in line with most econometric 
findings. Secondly, learning produced by increased 
specialization due to greater division of labor. This 
effect would take place when total output increases but 
output per worker remains constant. In this case the 
skill of labor increases because the field of productive 
activity of each worker has been narrowed so that each 
produces more of fewer items. The output per worker 
of each item produced has been increased by reducing the 
number of items each worker is producing. It is an 
Increase in the cumulated output per worker of each 
Item that ena les the worker to acquire greater experience 
lu relation to each item he Is producing and It is also, 
therefore, a cause of an incro se I.i his total productivity- 
due to specialisation. But this Is not the only way in 
which "learning as the product of experience" can be 
obtained since an increase in the cumulated output per 
worker can also be secured by other means 3uch as incre­
asing the amount of capital per worker, Increasing his 
education, etc. Thus Increases in the cumulated output 
per worker due to, e.g., Increases in capital per worker, 
and not to pure increases in scale holding capital per 
worker constant, will also lead to increases in his 
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 Increases in technology. It seems that the 
third factor must be an important one and this is not 
unexpected since increases in the cumulated output per 
worker contribute fully to experience while in the case 
of increases to scale only that part of the Increase 
in scale contributes to experience which will be associated 

with an increased division of labor - and in many insta­
nces this part, may be very small indeed.

If we ignore the first factor, we are left with ex­
perience as the main determinant of productivity and we 
can then say with TCaldor that "Learning is the product 
of experience - which means that the level of producti­
vity is a function of cumulated output..." Since ICaldor 
does not differencinte between the second and third 
factors, he uses cumulated output as a proxy measure 
for experience. In our study we must rely, however, on 
the long series of econometric Btudiee whifih, beginning 
with P.1!. Douglas*s celebrated work, seem to be consistent 
in indicating the existence of constant returns to scale 
(A. A.. Walters, Econometric a, * 63» Tables I through 7).
In steady growth (where the percentage rate of growth 
of output is constant) using cumulated output as an 
Independent variable in a Cobb-Douglas function will 
reduce Itself to increasing returns to scale by increasing 
the sura of the coefficients of capital and labor. (Kaldor



overcomes this difficulty by assuming that the K/L ratio 
is constant.) Since many of the econometric studies 
mentioned above must have to an extent covered periods 
of approximately steady growth, Increasing returns would 
have demonstrated themselves at least to some extent on 
a substantial unmber of occasions. Since this was not 
the case, we seem to be justified in rejecting pure 
increases in scale (increases In total output with K per 
worker constant) as an important factor in Increasing 
productivity. As a consequence we are induced to rely 
only on the third factor in Xaldor's total productivity 
effect, that is on learning by experience which is a 
function of cumulated output per worker.

This, however, does not undermine the relationship 
between faldor's main argument and our hypothesis of 
technical experience. Thus ICaldor's discussion provides 
a basis and a broad theoretical framework for our hypo­
thesis and a Justification for using cumulated output 
as a proxy variable for experience.

In the next section Kaldor quotes Allyn Young to 
establish the applicability of this hypothesis in a macro- 
economic context. He suggests that so many of these 
activities associated with expanding experience 
involve "...the emergence of new processes and new 
subsidiary industries, (that) they cannot be 'discerned 
adequately by observing the effects of variations in the 
size of an Individual firm or of a particular industry'."
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kt any time there may be industries in which learning 
from own experience may become relatively small. "They 
may nevertheless benefit from a general industrial 
expansion which, as Young said, should be 'Been as an 
interrelated whole'." It would appear that this argument 
refers to what we have described as a high mobility 
of technical experience within one economy. It was for 
this reason that we have decided to use an international 
comparison of entire nonagricultural sectors of different 
economies since it would not have been possible to 
associate properly the full effects of the determinants 
with the changes in the level of technology caused by them 
if this were to be done within one narrow sector or 
industry.

The very important question of the direction of 
causality is discussed next:-

" There are soie economists who, whilst admitting 
the statistical relationship between productivity growth 
and production growth, argue that it says nothing about 
cause and effect: the Yerdoorn Law, according to this 
view, may simply reflect the fact that faster growth 
rates in productivity induce, via their effects on 
relative costs and prices, a faster rate of growth of 
demand, and not the other way around.This alternative hypothesis, however, is not fully 
specified - if It were, its logical shortcomings would 
at oncp 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 explain it.
The usual hypothesis is that the growth of productivity 
is mainly to be explained by the progress of knowledge 
in science and technology. But in that caBe how is one 
to explain the large differences In the same industry 
over the same period In different countries? How can 
the progress of knowledge account for the fact, for example, 
that in the period 1954-60, productivity in the German 
motor-car industry Increased at 7% a year and in Britain
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only 2.7^ a year? Since large segments of the car industry 
in both countries were controlled by the same American 
firms, they must have had the same access to the-impro­
vements in knowledge and know-how, •••

Moreover, to establish this alternative hypothesis, 
it is not enough to postulate that productivity growth 
rates are autonomous. It is also necessary to assume 
that differences in productivity growth rates between 
different industries and sectors are fully reflected in 
the movement of relative prices (and not in relative 
movements of wages and other earnings) and further, that 
the price-elusticity of djmand for the products of any one 
industry, or for the products of manufacturing industry 
as a whole, are always greater than unity* none of this, 
as far as I ’enow, has h^en submitted to econometric 
verification.”

In this study TCal. !or relies on the above argument 
to justify the direction of causality between productivity 
and the cumulated output representin’: experience. The 
argument appears to be quite sufficient to establish 
unidirectional causality in the desired sense ?„nd is, 
therefore, pi idly adopted for our study. In ad'lti’n 
to thlw argument, however, wn are employing, in effect, 
a time-lag in our regression functions since the output 
is cumulated over a n wabe"• of past years - thus our 
claim regarding the direction of causality from cumulated 
output per vrorker to current output is strongly supported 
by this ''actor,

Kaldor then goes on to discuss the possibility that 
the effect of experience, as neasured by cumulated output, 
on current output "is a phenomenon peculiarly associated 
with ... ‘secondary' activities - with industrial produ­
ction, including public utilities, construction, as well 
as manufacturing - rather than with the primary or tertiary
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sectors cf the economy.”
”l am not s u s t i n g  that the Vrdoorn rtl tionchip 

applies only to manufacturing activities ... • But its 
application outside the industrial field is clearly far 
more limited. It certainly does not apply, on the evidence 
of the statistics, to agriculture ?.nd mining, where the growth of productivity in agriculture is merely the p:t"sive 
consequence of the nb'orbtlon of surplus labor iii secondary 
nd tertiary occupations, an - act na-cess ’.rily a rrt flection of true technological propress or cf higher investment per 
unit of output.”

It ±r this last 'oint th t induced us to exclude the 
.gri cultural ector fro:. our study. Mining» however, --ms not 
excluded p.irtly hecau e of the 1 ch of sufficiently detailed 
d "-.a au-‘ mainly because there appears to he no "hidden un­
employment” in mining as a whole. Moreover, unlihe Kaldor, 
we are not interested in the int^r-seetoral rcl.ti mships 
■Ithin the economy but in th* overall importance of various 
determinants of technology.

There remains the *ertiary sector, services, - which 
together account "or 40-5C per cent or more of the total 
output nd employment of the advanced countri: a • C v r  much 
of this field learning by experience must clearly play a 
role ... . But ... In tran-port and communications statist­
ical evidence shovr3 no correlation between productivity 
growth and production growth. In ... distribution, product­
ivity - meaning sales per employee - tends to grow the 
faster the faster the rice in aggregate turnover; but in 
this case, it Is merely a reflection of the changing inci­
dence of excess capacity generated by Imperfect competition, 
and not of true economies of scale. In other words, product­
ivity may rise in automatic response to the rise In consump­
tion caused by the growth of production in the primary or 
secondary sectors - Just as the productivity of the milkman 
doubles, without any technological change, when he leaves 
two bottles of milk outside each door instead of one bottle.”

Exclusion of the tertiary sector enabled Kaldor to 
obtain some interesting results regarding the relative 
importance of experience in various sectors and as a factor
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in the theory of growth. This undoubtedly was a fruitful 
approach in Kaldor's study which was designed to elucidate 
a specific application of the theory of growth. Our invest- 
igati 'in, however, is mainly concerned with only one, and a 
different aspct of the theory of "rowth, namely tie esti­
mation of the relative importance of what appear to be the 
main determinants o' technological c!v-re. Hence the 
relationships between the sectors and their relevance to 
the t eory of rowth are outside our terms of reference, 
while our attention is centered on the determinants of 
technology relevant, if possible, to all the important 
sectors of the economy. If is necessary to exclude the 
agricultural sector because, a" mentioned above, the 
existence of "hidden unemployment" would seriously distort 
our results. I u wo'Id not seen that this would apply, how­
ever, to the rain'ng sector and even more to the tertiary 
sector, is Kaldor himself says regarding the tertiary 
sector: "Over much of this field learning by experience 
must clearly play a role Thus in the tertiary sector
there is considerable learning by experience and any 
"automatic response"of its productivity to the rise In 
demand will not distort the aggregate r suit since it will 
merely represent an actual extension to the tertiary sector 
of a change In overall productivity. Hence the inelusion of 
this sector will result in our study producing valid estima­
tes of coefficients applicable to the entire nonagricultural 
economy.



A regression run by Kaldor for data on 12 countries 
in the period 1953/4 - 1963/4 gave numerical results whioh 
are very close to those obtained by Verdoom and other 
investigators. Tfe have also compared Kaldor*3 estimates with 
our coefficients and found the same similarity in the -esults 
though the coefficient of experience given by our regressions 
is somewhat larger (about 0.6 against Kaldor’s 0.5). It must 
be borne in mind, however, that our results are not, strict­
ly speaking, comparable with Kaldor’s results. Kaldor assumed 
factor intensity ratio, K/L, constant which enabled him to 
simplify the relationships in his regressions to two variables 
only. Since in our ’tudy data, statistical techniques, end 
computing -facilities were all available, it was not necessary 
for ue to ridopt this relatively rigid method. Consequently , 
multiple regression techniques were used in our work enabling 
us to avoid making unnecessarily restrictive assumptions, and 
largely eliminating the possibility, always present in simple 
regressions, that the coefficient of the independent variable 
has aonropriated the influence of other independent variables 
not specified in the regression fraction but correlated with 
the specified independent variable. On the other hand, Kaldor’s 
method seems to have the advantage of allowing the dynamic 
relationships to have a greater influence on his estimates 
since he uses long-run rates of change as his data rather 
than the annual figures of the levels of variables. Because 
Kaldor is very interested in the dvnamic asp ct of the 
theory of growth, this advantage might well have more than 
offset for him the disadvantages of his method,
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In general, Kaldor’s analysis, as presented In his 
Inaugural lecture, provides us with additional theoretical 
basis for our hypothesis of technical experience, measured 
by cumulated output per worker, as the main determinant of 
technological change. Howev-r, my findings indicate that 
the cumulated levels of output per worker are themselves 
crucially dependent on cumulated levels of capital per 
vforker and not on pure changes in scale holding capital per 
worker con~tant. 7ith this distinction in mind, It remains 
the case that Kaldor1n theoretical analysis and his empiri­
cal findings are In the spirit of one of our basic hypothe­
ses, namely that technical experience, as measured by 
cumulated output per worker, is tbe moot important determinant 
of the level of technology.

hypothesis 2i Technology is p^tly ; 
of formal education of labor.

determined by the level

This hypothesis hae been first proposed and tested by 
T. Schultz, and later studied by Z. hriliches, A.. Tang, and 
G-. Becker. Yhile this hypothesis has been well worked, I 
have nev r seen a very convincing explanation why more 
formal education should, of itself, make labor more produc­
tive, to the great extent usually suggested, in producing 
what is predominantly physical output. It seems rather that, 
granted some basic level of education, more formal education 
would mainly affect output by increasing le-rning ability 
and adaptability to change. This would tend to close the 
gap between technology used and the technological frontier



and could also perhaps push the frontier further on by 
increasing worker*s ability to gain more technical experi­
ence from the same amount of K/L. Barring, however, strong 
correlation beti/een the level of education of workers and 
that of rss-arch and development teams, this e'fect could 
not be as strong as is implied, Bven if higher formal 
education of workers were strongly associated with the 
educational levels of scientists and development engineers, 
this would still make it very unlikely that a strong effect 
on the rate of technological change c^uld be produced.
This is not to say, of course, that formal education is not 
producing possibly very large non-monetary gains ;:hich may 
greatly enhance national welfare. But there does not seem 
to be a plausible explanation of how formal education of 
workers could increase material output of the economy to 
any large extent.

A. Maddison (*64) comments reg rding 12 largest west­
ern nations:- "... it may be concluded that in the 1950's 
governments made little atte vpt to gear their educational 
spending to the growth needs of the economy, Bor is there 
any evidence that the educational effort bore much relation 
to the growth rate of the economy." T. Balogh's criticism 
(Kyklos, *64, p. 263) goes even further in that he discounts 
the possibility of the existence of a functional relation­
ship between education and output:- "The precisely proport­
ional relationship between the number of educated and national 
income means that education is regarded as a homogeneous
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Input with simple constant returns, stable over time and 
between historical periods* This is even in respect of 
the relatively more highly developed countries a-: odd 
sort o^ supposition, which could not be sustained for a 
second on mature reflection*” Lastly, the international 
Policy Conference on Economic Growth, 0*E.C.L., Summary 
Reports, Washington, Oct.,*61, p. 10, reports: ”The 
Conference had a full discussion on whether expenditure 
on education should be viewed as consumption or Investment. 
It w-.s accepted that these two aspects of educational 
spending could not be disassociated *.*”• (The participants 
were: W.A.* Lewis, I. Svennilson, J. Tinbergen, F. Hrbison, 
H.C. Boss, T. Schultz, T. Talogh, ot al*)

On the other hand, the four 'tudies mentioned at the 
beginning of this section give, in most cases, large coef­
ficients to education. The following criticisms, however, 
can be made: most studies did not use competing variables 
such as technical experience associated with cumulated 
V/L with which education Is -trongly correlated. Secondly, 
It Is possible that able persons obtain more education 
rather than the education pro’uces more ability. In this 
case the index of education would serve merely as an index 
of ability and would have nothing to do with the contribut­
ion of education to output, unless the study uses internat­
ional comparisons (such as this one) where this effect Is 
eliminated. Lastly, education is likely to be, to some 
extent, a consumption good. *hus it will be probably

103



purchased in greater (possibly in incre '.singly greater) 
•’uantliies by those who ’iive high-r incomes, ie., by those 
who, by and large, already are more productive. This effect 
will also tend to attribute un unduly large importance to 
education.

In this study the first two effects have been elimina­
ted by employing analysis of covariance with other variables 
and by using international data. The third effect cannot be 
entirely eliminated but it is expected that it is far less 
important than the other two. ’Toreover, while higher income 
recipients probably purchase raorv ^ducation in all countries, 
considerable v rintionr in this propea-ity fro a country to 
country are likely fc diminish the correlation between 
1 ibor productivity due to cthur f-.cto.rs ui 1 the amount of 
©due ..tion purchased for eomunptlon. "hus even she third 
effect vrill be s lull r in an int - ̂ national study than in a 
national study wher - the differences in ‘-he above propensity 
from sector to sector arc likely to be much smaller*

The l '.r̂ l of due-tion of the non-u ricultural labor 
force was measured by three proxy variables (see Chapter II, 
Pr. 31-36, and pp. 37-40) . ?irst, primary and secondary 
school enrollment rate for the population of eligible ages, 
lagged 5 years. Second, the same nrollment rate but weighted 
for the primary and secondary lev-Is by the indeces of 
estimated average earnings of prsons with primary a3 against 
persons with s condary education. Third , average weighted 
years of education for the whole population. Complete data



were not available for this proxy and the figures obtained 
hid to be extended over th*1 entire field of tie sample by 
u-ing the me sure of the weighted enrollment rate which 
is highly cornel ■■ ted with average weighted yea^s of education*

The simple correlation between the .'roxy measures and 
the level of technology v riec from r ■ 0.64 to r * 0*94* 
Variance of the coefficients is so small that even coef­
ficients :.s -'mall as 0.014 are significant at the 95*  
level of confidence,

hypothesis 5: Technology Is d .rtly determined by the rela­
tionship ‘between the aggregate demand and supply.

A,. I'addison (Too. Irowth in the 7est) expresses this 
hypothesis as follows: "Tligh demand also had an effect on 
productivity. The direct impact of a higv level of activity 
may vrell be to low-jr productivity by bringing the least 
efficient resources into operation, though this is probably 
offset by the better use of resources made possible by the 
gre ter steadiness of demand. 3ut high and steady demand 
also affects productivity favorably by stimulating invest­
ment, research and product development.'1*!addison then 
explains that this is subject to th1 limitation that there 
is no rapid inflation which would increase considerably the 
risks of investment and force the entrepreneurs to retrench. 
The hypothesis is really quite simple: if all resources are 
already well committed and aggregate demand is still press­
ing for more output, entrepreneurs will turn to the only 
alternative left - more productive techniques - and will



invest in research and innovation, ^igh and steady demand 
with no rapid inflation ’.rill accelerate technological 
change*

Since there was no rapid inflation in any of the coun­
tries here studied ov r the period 1950-63* while the rates 
of unemployment of labor varied greatly (decade average for 
FR: 1 *3*?* TT.K.; 2*5ft# U.S* t b , 5 $ - variation of 92ft and 
80ft respectively), iTe need not concern ourrelves unduly 
with price v ri'tions and can concentrate on unemployment 
rates* '’o measure exists for unemployment rates for all 
resources hut relatively good data are available for 
labor* Since it seems t'*at in the above hypothesis unemploy­
ment of labor may well be much more important than that of 
oth^r factors (due to its of"ect on higher wage demands 
and entrepreneurs* attempts to meet those demands and 
offset higher ware costs with higher productivity), the 
une .ployment r he of labor cugg sts itself as a very ’ood 
proxy measure,

hypothesis A: Technology is partly determined by time.
If this relationship exists, then it is a measure of 

our ignorance. This hypothesis has been used by J, Tinbergen 
and by Solow in his vintage embodiment approach. If our 
study produces a significant coefficient for the time 
variable, then that part of technological change must be 
imputed to it until better or more explanatory v riables 
are found or better analytical tools constructed. After
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the variables explaining technological change are inserted 
back into the production function, it will be tested again 
with time dummy variables to see if any time trend remains.

Hypotheses Not Tested
A number of hypotheses were not tested for lack of 

data. Of these the only one that is widely accepted 
as very important is the hypothesis concerned with the 
effect of research and development expenditures on techno­
logy. TJnfortuna+ely, so little data is available in this 
field that we are unable to test this hypothesis. It is 
very likely, therefore, that our other variables, which 
may well be strongly correlated with the expenditures on 
research and development, will appropriate some unknown 
part of the influence of this variable on technological 
change.

Lastly, something "erhaps should be said regarding 
the methodology employed in this type of econometric 
testing. The method used here is that we take an accepted 
or a widely discussedhypothesis and use a variable to test 
it. The result, then, is in one sense negative in that 
the hypothesis is "not rejected rather theua definitely 
"proven". In general, if it is possible, we try to cover 
the entire field by testing as many hypotheses as are 
relevant,reasonably widely accepted, and capable of 
econometric testing. 7e then accept the "not rejected" 
hypotheses and, since there are no other hypotheses



which are a recognized part of economic theory and are 
capable of explaining our phenomena, we construct our 
conclusions on the basis of the "not re Jected"h.ypo theses 
as if those hypotheses were actually proven. This, 
of course, has the obvious weakness that in many cases 
the tested proxy variable may be considered to represent 
some other, less lenown or even not yet formulated hypo­
thesis, This, for example, may be shown la the case of 
on-the-Job-learning hypothesis where the proxy variable 
used would be compatible with a hypothesisthat technology 
is a function of past technological orogress and capital 
accumulation which, in turn, were due to an exogoneous 
factor cf high propensity to innovation and capital 
accumulation. Our tests do not differentiate between 
these two hypotheses - the only rounds for not considering 
the alternative hypothesis is that it has not been widely 
accepted or discussed in economic literature and is not, 
therefore, a part of accepted economic theory in this field.
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TI AFTER VI

rr^rroD cf fstimatioit

Since It Is possible that different determinant 
variables and/or different coefficients apply to techno­
logical advance over time as against relative efficiency 
over countries, we will run separate regressions on 
these two series. The level of technology over tine is 
s-iven by the series of coefficients of time dummies 
converted into index numbers and the level of technology 
over countries is given by the coefficients of country 
dummies, less the general constant aQ, converted into 
index numbers as described earlier fsee Chapter IV, pp* 
65-67).

Variables
The following variables were used in regressionsi-
G - level of technology over time (technological ad­

vance).
F - level of technology over countries (relative effi­

ciency).
yX - 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 nonagrloultu- 
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 variable for the relationship between aggre­gate demand and supply.

The same three variables, , E, and tf, were fitted
to the G series and to the 7 serieB.

Form of the Tunotlon
Two forms will be tested (following L* G. Telser, 1962)t

4.1 G r b0 ♦ b^lnj^ ♦ * u *

This corresponds to:
V = Ao Iai k"2 (2|)a3 S*4 o*5 « .

And,

4.2 InG = b0 4 b^lnjj ♦ bglnE 4 b̂ lntT 4 u , 

which corresponds to:
1  “2 B o ( Z ? ) W 3V « A o l  K e L u .

Both forms will also be used with the 7 series. 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 derivative of the function with respect to that 
variable.
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Thus,

t for (4,1), and

bgG(bg - 1)
| 0 f for (4.2).

Henoe 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 bg is 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 if 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 jj? is less than one indicating decreasing 
marginal produot and, therefore, noevidence of underinvest­
ment in this input. It is also proper to use this form since 
the results of fitting (4.2) indicate diminishing returns 
to all inputs.

If the results of regressions lndioate that the same 
variables with very similar coefficients apply to both, the 
technological advance G series and the relative efflclenoy 
F series, we will be in a position to insert these determi­
nants directly into the production function. This would en­
able us to test the relevance of the determinants in both, 
the time-series and the cross-sectional data.



In any case, asthe last step, we will re-run the reg­
ressions with determinants of technology and also with time 
and country dummies 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 estimate of the final residual.
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CHAPTER VII

TESTS OP HYPOTHESES

This chapter describes teats of all hypotheses used in this 
study beginning with the test of the form of the function 
suitable for regressions on technological advance G series
and relative efficiency P series (see Chapter VI, above)*

Regression Functions
The following regressions were obtainedj-

4.1a G = -2.123160 4 0.747309 InTj ;(0.10790) 1
r ■ 0.99110, se a 0.0974.

4.2a lnG a -3.064657 * 0.645312 ln£E i(0.09704) *

r ■ 0.99137, se a 0.0924.

5.1a P « 7.965928 4 0.663612 ln£jf ;
(0.04575) h

r a 0.97850, s 0.3037.

5.2a InP a 2.088055 * 0.068940 lnjjf i(0.00508) ^
r a 0.97661, se = 0.3162.

Pigures in parenthesis give standard errors of coefficients. 
Coefficients of E and TJ were not significant at the 90#
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level of confidence*
Functions (4,1) and (5*1) seem to be more consistent 

regarding tbe value of the coefficient of which appears 
to decline suddenly in (5*2) to a very low value of 0*069# 
’That is more important, standard errors of the coefficients 
are lower in (4*1) and (5*1) in relation to their coeffi­
cients (F values are: 47*9 against 44*2, and 209*9 against 
183*5)# The differences between the coefficents of correla­
tion and the standard errors of estimate are not significant* 
Finally, the form of (4*1) and (5*1) lends itself to a simp­
ler and theoretically more acceptable Insertion into the 
production function (see Chapter 71 above)* Functions (4.2a) 
and (5#2a) will be, therefore, rejected*

Thile analysis of covariance enables us to get much 
better estimates of the coefficients of labor and capital, 
and to isolate and separate technological advance and re­
lative efficiency series, it does impose its own rigid form* 
Bearing in mind this shortcoming of the method, the above 
test gave us the following results:-

1* There is no efrldBnoe that B and U are important deter­
minants of technological advance and relative efficiency* 

2* Changes in technical experience are a very important de­
terminant of both, technological advance and relative 
efficiency. In view of large r2 and small se, this one 
variable seemingly explains some 95/» of the variation in 
technology, this conclusion being reinforced by its



consistency over time-series and cross-sectional analysis. 
But we have not specified all determinants (e.g., expendi­
tures on research and development) and, to the extent that 
our variable may be strongly correlated with other determi­
nants, it will appropriate their share of influence on the 
level of technology.

3. The coefficient of is very similar for both, technolo­
gical advance and relative efficiency. The same probably 
applies to TS and TJ where the coefficients were not signi­
ficantly different from zero {both, the absolute values of 
the coefficients, and their variances, were very small),
7e are Justified, therefore, in inserting all three va­
riables bach into the production function. This will eli­
minate the rigidity associated with the analysis of cova­
riance method and thus should enable us to obtain better
results.

Regressions of Expanded Production Function 
The following was obtained

6. InV « -1.81124 ♦ 0.88496 lnl ♦ 0.11358 InK ♦
(0.01616) (0.01851)

♦ 0.83722 lnTl ♦ 0.06875 InB .(0.01776) L (0.00894)

R • 0.99921 . se s 0.0598 .

The results for R and se are very impressive indeed. Clearly, 
a very considerable improvement occurred over the two input 
production function (where R s 0.9917 and se s 0.2003) and



this function with only two determinants of technology 
rives results is good as the production function with 
34 dummy variables (see p. 73 - 3 ■ 0.9992 and se * 0.0634). 
The coefficient of 1! is small. The coefficient of U is not 
significant at the 95J& level of confidence.

This function was also run with weighted enrollment 
rates rather than the average years of education as a proxy 
for the educational level of labor. This, however, gave 
poorer results because although the coefficient was slightly 
higher (0.07703)* its standard error was much greater 
(0.01325 against 0.00894). This wie also reflected in the 
standard error of estimate which was 0.0622 against 0*0598.

JToxt, the same regression was run with the analysis of 
covariance to test for the time trend and the unexplained 
residual.

7. InV « -1.25621 ♦ 0.72443 ini ♦ 0.25234 InK ♦
(0.01233) (0.01937)

4 0.62491 Ini? 4. 0.03911 1 
(0.01529) (0.00465)(0.01529)

(0.01937)

40.04725 1, 
-0.02367 Di 40.07628 D «

0.01101
0.01019
0.01319

40.11591 Drrj |0.02699 40.02879 Dflji 0.01501 
40.13719 (0.0157640.07101 1>S (0.01602 
40.10098 H a t  (0.01369

07101 (0.01602
10098 BgJ (0.01369

- 0 . 0 5 9 8 8 ( 0 . 0 1 4 8 8
- 0 . 1 2 7 0 1 ( 0 . 0 1 3 9 8  40.14016 (0.02078
-0.03498 niTT '0.01160 
-0.12980 !)« (0.01611 
-0.19742 3>£r (0.01965 
-0.06229 (0.0148940.03860 Bj£ (0.-0.06229 H  40.03860 D: (0.01489

(0.01395

n  s 0.99958 . se ■ 0.0411 .

We observe that all time trend has besn eliminated. The ran­
ge of the relative efficiency has been reduced from -1.10 (W)



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 variations. The 
coefficient of U is still insignificant and the coefficient 
of B has heen somewhat reduced* But this trade-off between 
dummies and the weaker variables must be exoected and need 
not necessarily be taken as lowering of the validity of their 
coefficients.

One qualification of our results must, however, be made 
here. The coefficients of , when regressed with the G 
and P series where there was apparently no possibility of a 
spurious correlation between the technological change series 
and , were 0.747 and 0*663. In equasion (6), however, 
the coefficient of 0.337 and it is possible that,
to the extent to which it exceeds the value of the previous 
two coefficients, it has been biased upwards as a result of a 
spurious correlation with output V.

The following conclusions are now drawn
1. Technical experience appears as by far the most important 

determinant of technology.
2. Educational level of the labor force seems to be a 

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

rience variable but also with some assistance from the 
educational variable, praotically all of technological ad­
vance and over 3/4 of the relative efficiency.
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4. Hypotheses 1 and 2 (technical experience and education) 
are accepted subject to the qualifications under points 
2 and 3 above* Hypotheses 3 and 4 (demand and time trend) 
are rejected*

Effect of Growth on the Importance of the Determinants.
Tiile discussing Hypothesis 2, it was argued that the 

function of formal education* among others,is not so much to 
contribute to material output as to produce adaptability 
and ability to learn* Mhe negative part of that sug ;ectlon 
seems to be amply confirmed but to support the positive part 
we would ha^e to show that, under conditions where adapta­
bility and ability to learn are very useful, the coefficient 
of *3 is higher. The coefficient of H should be higher for 
fast growing, and slower for slowly growing economies than 
the value given by function (6). The following hypothesis 
attempts to deal with this problem.

Hypothesis 5* The coefficient of the level of formal 
education of labor variable Is a function of the relation­
ship between the rate of growth of output per manhour and 

level of formal education of labor.
As an exa:i pies a^ ■ f (,̂ %A )  - E), where the coefficient 

of E is simply a linear function of the difference between 
the percentage change in output per manhour and the level 
of formal education of labor. Thus E has a greater positive 
effect on V/L in fast growing than in slow growing countries, 
where it may even become negative. The suggested causality 
is as follows
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a* The higher is the 7/L, the hi"her is the level of 
complication of techniques, and the higher is the 
necessary haslc rate of E,

h. The faster is the growth of V/L, the greater the need 
for adaptability and ability to learn and the greater, 
therefore, is the output productivity of E»

c, Since education offers probably very large non-material 
gains (which are not included in 7), it is very likely 
that E is usually increased far beyond the b';sic rate to 
secure such gains. Thus consideration (a) above would 
not be important, But such high rates of E would drive 
its marginal product in terms of V down to vary low 
levels,

d. In fast growing economics this effect would be partly 
offset. Put where V/L is constant or only growing very 
slowly, such high rates of E may provide labor with 
learning and adaptability levels much higher than those 
required to execute their present tasks. This "lack of 
challenge", pnrhamps combined with a "revolution of 
expectations" efrect, may make the marginal product of E 
negative in terms of 7, This would be especially true 
for those sloif growing countries where high value is 
attached to non-material gains accruing from formal 
education,

Evidence Supporting hypothesis 5.
Ideally, we would wish to run regressions to obtain
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a series of coefficients of I! for countries with varying 
rates of growth, and then to run a regression to estimate 
the functional relationship suggested in this hypothesis, 
Unfortunately, this can:ot be done here because our model 
of 20 countries becomes very unstable when fewer than 5 or 
6 countries are used in a regression (adding, removing, or 
exchanging on? country seriously affects the values of the 
coefficients) • The best we can do under these circumstances 
is to divide our countries into two or three groups according 
to their rates of growth, phis will not enable us to test 
thia hypothesis -“ormally but will provide us with useful 
Indications eo to the validity of this approach#

hearession Functions Assesslay Effects of growth.
The folic ‘in': t?ble gives 1963 7/L level- in 1954 

”3 dollars per man-hour and the percentage change in that 
level from 1950 to 1963#

JA 0.52 1283 IE 1.05 623 YO 0.7311 1.19 953 IT o.ei 6 Of *'i <»4 0.93STf 2.09 833 LTJ 1.29 53 f CA 2.70
FR 1.53 85% AU 2.05 523 UK 1.15«-s» 1.28 723 no 1.61 52% 00 0.65
SA 1.10 70,3 BE 1.36 46" i:t 0.19
BE 1.39 63^ US 3.59 33s?

30329.326f£ 
24 %
20.3
&*> /»
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The 20 countries were divided into two groups of 
10 and two regressions wer- run:-

8. InV = -1*70352 ♦ 0.87491 InL 4 0*11906 InK 4
(o.o4?-35) (0.03592)

EAST -
COWRIES 4 0.36203 I n #  4 0.00075 InE(0.04935) (0.03024)

y *

S s 0.99763 . se s C.GS02 .

InV s -1.60307 4 0.86112 InL 4 0.11497 InK 4
(0.01562) (0.01679)

slon
COWTSlES 4 0.,31931 laX* ♦ 0.04611 lnS <

(0.02032) L (0.006??)
1 s 0.99904 . gc * 0.0462 .

The coefficient of 8 chanres to 0.081 for fast growing 
countries (which is well above the average of 0.069)» and to
0.046 for the slow growing countries. This supplies some 
support for our hypothesis even though the test is extreme­
ly crude.

In order to explore this somewhat uncertain avenue 
further, a second attempt was made utilising a more elabo­
rate technique. The 20 countries were divided into three 
groups according to the order given by - E • This
gave a somewhat different order of countries

EAST MEDIUM SLOW
JA“ 13752 ME -0.12 BE -0.21
IS 0.22 CO -0.12 NO -0.24
SA 0.21 NE -0.13 AU -0.26
EE 0.15 YU -0.20 GE -0.29Stf 0.13 BE -0.21 DE -0.34
IT 0.07 OA -0.45LU -0.09 UK -0.51IN -0.12 US -0.67
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The fast and the slow groups were made equal but larger than 
the medium group to provide more stability. Por the same 
reason Belgium was added to the medium group. The results 
are as follows

10. InV s -1.37113 ♦ 0.88425 In! 4 0.08279 InK 4
(0.05377) (0.04853)PAST -

COMTRlSS 4 0.90803 m S t  4 0.10423 InS .(0.05108) ^  (0.03322)
R * 0.99434 , se « 0.0627 .

11. InV = -1.60136 4 0.33754 InL 4 0.15743 InK 4(0.05118) (0.05272)
MEDIUM
cTOfgTES 4 0.83174 lnj* 4 0.05814 InE

(0.04945) ^  (0.01888)
R b 0.99911 • se ■ 0.0658 •

12. InV = -1.51002 4 0.83791 InL 4 0.11655 InK 4
(0.01607) (0.01776)

slot; «
00W H I E S  4 0.80397 ln5r ♦ 0.04248 InE .“ ------- (0.02129) (0.00723)

R m 0.99960 . se s 0.0426 •

These are good results. The coefficient of E varies in accor­
dance with Hypothesis 5» giving it some support.

To conclude, equations (8) to (12) give definite sup­
port to Hypothesis 5# But we are unable to test the hypo­
thesis formally and the equations display considerable in­
stability. It seems, therefore, that the data and the model 
cannot offer us more information in this respect.
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Relative Imuortanoe of Variables In Accounting for Output
This vrill be calculated for various countries and 

groups of countries ov.r time, as also for differences 
between countries for the entire period. The purpose Is to 
lllustr te what part of actual changes In total output could 
be allocated to changes In various Inputs. This will Indicate 
what was the relative importance of various determinants 
within the s:mple studied. Function (6) will be used for all 
cross-sectional calculations and for ’’medium" growing countries 
over time eince it is the most general function and is more 
reliable than function (11). Only for studying changes in 
"slow” and "fast" growing countries of more extreme type, 
will functions (10) and (12) be used.

It must be borne in mind that these tables should be 
viewed only as an illustration since it is not proper to 
apply our functions to single nations or to very small 
groups of nations. The correct procedure for individual 
countries would be to estimate their own functions for data 
disaggregated into as many sectors as possible.
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•IM t arairlM Oouatrln -  Tunotlon (10).

Yariabla
Yart of total ehango In Y •xplainad by thla variahl#

% of total ohanga in V •xplaiatd by this varlablo

Ohaago in L produo tirity A that % part of it whloh la oxplalnod by thi» Tmrlabla
Jaam. rrtnot. Italy. 1980-63,

%
X(T/L)1 . Unoxpl.orror

5!
S i31

40.0 26*6 87.2 2*2 
-1.0 151.5

291654

n i

2274
3

ioi

Japan. 1950-63,

* "25.6’16.4 
36.90.725.4 
100.0

12L
r* 376.0I(yA) 115.0S 26.0Uaoxpl.orror

53.042.996.31.866.226l.6

2351
d ?

yranoo. 1950-63,

* "IT12652
15?

86
K* 153

» T A >  111I 37unoxpl.orror

17.7-17.4
92.92.6

-12.6110.0
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CHAPTER VIII

CONCLUSIONS

Refore the final conclusions can be presented it will 
be necessary to introduce a number of qualifying statements.

An Additional Qualification.
Our results indicate that technical experience, as

measured by T~>, is by for the oost important determinant L
of t-chnology. Since this variable explains so much of 
technological c h m g e , it is reasonable to suspect that it 
may be strongly correlated with capital Invested in research 
and development. Due to laclc of data we were unable to include 
RiScD as a variable but on theoretical grounds it should be a 
determinant of technology of some consequence. To state this 
hypothesis:-

Hypothesis 6: Technology is partly determined by capital 
invested in research ana deveYopment.

It may be suggested, for example, that as K / L increases,
the marginal product of capital in production must decrease
and eventually it will pay to invest some of it in R&TD.
Thus as X/L increases so does capital invested in RAN.
■Each higher K/L would then be associated with higher capital



in R&T3 and a Higher level of technology. Due to the nature 
of R&D, it is lively that it r spends only to sustained 
expenditures and only after a time lag. Thus this effect 
should be "trongly reflected in cumulated Î /L. Since 
is correlated with V/L, HAD expenditures are probably 
highly correlated with cumulated V/L which ins the proxy 
for technical experience in our functions.

Thu? this proviso must be added to our hypothesis 1: 
the proxy u~ed for measuring technical experience is probably 
highly correlated with capital invested in H4-D so that some 
unknown part of the Influence allocated by our regressions 
to technical experience should be imputed to capital in R&E.

Results of Tests of Hypotheses.
In a highly aggregative study using entire non-agricultural 

sectors of the economies in a pooled, tiae-serics, cross­
sec tl nrl analysis, variable* alone explains alnoet all 
of the technological change. '7e have u?ed this variable as 
a proxy measure of technical experience which is an expansion 
of on-the-Job-lcarning and learning by doing and consists of 
two partsi 1) the dorndall effect - on-the-Job-lerrning with 
no outside Influences, and 2) on-the-Job-learning of labor 
working with larger capital and output elsewhere and com­
municated to labor in this productive process.

Is used as a proxy for technical experience but 
the proviso given on page 127 must be added to this 
hypothesis. In view of the importance appropriated by this
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proxy it is likely that it is ap ropriating the influence 
of, at lea't, one unspecified variable. Capital in R&D 
suggests itself since it is probably the most important 
unspecified variable, "hus by far the most important determ­
inants of technology are most likely technical experience 
and capital in 7.&D, in unknown relative proportions,1

The level of formal education is accepted as a deter­
minant of technology but its importance in nur data seems to 
be very small. In view of the difficulties encountered in 
the attempts to disentangle the consumption and investment 
aspects of educational expenditures, this result should not 
perhaps be unexpected. Reference should be made, however, 
to two additional observations. Firstly, the long-run, 
steady growth coefficient of education (see p.130 below) Is 
■mite lar :e. Secondly, our Hypothesis 5 (see Chapter VII) 
suggested that though formal education may not be very 
important as a determinant of output and is itself partly 
output, it may have a much greater effect on output when 
output itself is growing. While it was impossible to test 
formally this hypothesis, some evidence was found indicating 
that the hypothesis is compatible with our data.

While it Is not proper to make comparisons between this 
study and investigations limited to sectors or single indus­
tries, it should be perhaps mentioned here that empirical 
results of studies in those fields seemed to have failed to 
produce satisfactory evidence of the influence of R&D expen­
ditures on technology (Z, C-riliches, A3R Proc,, *65, p.3^5) • These r suits were not, however, taken by the investigators 
to mean that such a relationship does not exist.
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The two hypotheses offering aggregate demand and the 
time trend as determinants of technology are rejected*

Some Implications,
Consider the following transformation of our production 

functions-
X. V « io L*1 *“8 ("g)a3 sa\

How in steady growth we have ^  ft/ikl a g s const*.
V A

so that, ~tl * 7(1 - 1 . 4  , where n is a constant.

Applying this to equation (l) we gets-
~rr a"5 a42* ▼ « Ao I K (nj) E ,

o,-! a-, — a-z a« a** â
3. ? s An n ; I K V E .

Combining constants A0 and n and simplifying, we obtain:-a-, -a, a- a.
4.

al" 3  2 &4
a Aq iA a3 K*"a3 , x

where A? * (Ao n ^)*“a3 •

Inserting the values obtained inregression (6), we gets-
_ __ . _ *88 *11 . y* *84 *0*72a* V : Ao L K (n£) E ,
i. __ _ *29 -»70 _*424a* V = A0 L K E •

Thus in steady growth Independent variables 2 and 3
reduce to one variable and the steady growth coefficient of
capital becomes 0*70. How two additional considerations must
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be introduced. In equation (2a) the coefficient of ^ is 
nearly equal to the coefficient of labor. Assuming that 
the two coefficients are, in fact, equal, equation (2a) 
reduoes itself to V s A* K E*^® - the fixed capital-output
ratio of . spurious ^nrrod-Domur result. Secondly, even if 
the two coefficients are different, equation (4a) shoars 
that the steady growth coefficient of education is so large 
that, if the.’'' is a considerable correlation between capital 
and education inputs, omitting variable g from the production 
function would bring the estimate of the capital coefficient 
close t: unity. In a model with coefficients constrained to 
one this would again tend to produce a spurious Tiarrod-Eomar 
result, These purely ea irical results explain how for our 
data in an oversinplifid Awo factor model the technological 
change naj bias the estimate of f- : capital coefficient for 
those sectors and periods where steady growth exists to any 
important cxtc ;t.

Thus different result*' in v rieuc studios, sometimes 
■•iving a 3JH..11 coefficient of capital input in line -with 
the neoclassical model end so no times producing a coefficient 
sufficiently close to one to imply a spurious ’larrod-Eom r 
model, can be probably explained to a large' extent by the 
following factors.
1. 3hort-rnn, time-series :odels tend to produce small 

coefficients of capital largely because they give only 
the immediate effect of capital on output excluding any



■•fleet capital ace-.mal h.hm -nay have hu; oil the q/aality 
of I • >.uts. Statistically, this effect will be thrwon 
out as the residual of the production function, apparently 
not u-'-ociated with capitala~cumulatioii at all#

2 . In Ion ;-ru.-i, steady prowth no del.? fie effect ef capital 
accumulation on th ■. quality of inputs will be imputed to 
ce.yi'--.I jiving n Ian : coo "fiefcut of capital J.nput. In
m-vay c • , Includiuy - u- own d •-’•-a, this cos ’"fietent nay
well a; •ro'ci.eatc fie value of l.C thus imelyin; a spurious 
r!a :'rod*0 crie.r r - e ul t.

3* Tv on in the lo:.;;-run, steady -rovth a do Is t’.io results of
v ri-.-ua •• tudi--p may vary consider -.bly duo be other dot ml —
n.n ’-s of techaolo.jy, net is ?..*:!) ex... onaiJ-ur: ■ , which nay 
be highly cov'c-l •ted ,.d t'* ouyi t-.-.l a ■cumulation an: will 
.--•'‘fact, t'-.orefore, fie coefficient of c ipi •;al• In addition, 
possibly partly uacorrelated deterainanto of technology, such 
as education, may produce some r.sidual in the poo’action 

function, though it uld be probably quite a nail.
There points seen tc threw sone li'-ht on the possible 

reasons far large differs:sees in the estimates of the capital 
coefficient obtained in different studies. The main conclusion 
here seems to be that the production function studios to be 
more fruitful should include among the inputs not only labor 
and capital but also the main determinants of technology.
Studies which exclude the de terrain ants of technology, or 
which simply assume an exo^eneously determined, constant
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rate of technolo ;ical obange, nay e .sily Tea’ to vague 
and porsibly erroneous conclusions#

Since our empirical results give ♦ a2 s 0.999 ,
we can assume constant returns to scale and re-write (4a) 
as follows: jf z A* Ignoring the effect of
education, this equation suggests that Y / l is a function of 
K/t#^ Thus technical experience measure a l^rge

trextent a function of cumulated £, where the function allows
for the original level of technology and diminishing returns
to capital. In economic terms this implies that V/L is a
function of TC/L and technology hut since technology itself
is largely determined by K/L (if education is ignored), the
cumulated V/L variable can merge with capital input giving
a very high steady growth coefficient of capital. Thus it
appears that the reason why we obtained technological change 
as a residual of the production function was mainly because
it was rather unreasonably assumed that the effects of capi­
tal input must work themselves out fully within one year 
and also because growth was not steady. Since the effects 
of capital input did not work themselves out in one year, 
we had technological advance which was either ignored, assu­
med God-given, or imputed to quality changes of inputs.

^This applies to steady growth eondltiond only but if we 
refer to the argument on p# 130 abve, we oan see that, 
within quite a large range of the variation in the rate of 
growth, the disruption of the functional relationship bet­
ween V/L and K/L would not be large# Thus, to a conside­
rable extent, this argument can be generalized 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, seem to he largely 
dependent on what is basically cumulated Il/Z* Thus we are 
hack to capital input#

This implies that short hursts of investment activity 
are not immediately very productive# It is the longer-run, 
sustained buildup of K/Z that gives high returns# Thus it is 
difficult to start growth hut easier to continue it after 
several years# Also, when investment is drastically reduced, 
most of the effect on growth is not immediately apparent and 
thus a temporary illusion can be created that it is possible 
to have both, more consumption and the same high rate of 
growth as before.

Similarly, the benefits of investment in education, 
though these seem to he much smaller as far as the material 
output is concerned, appear to aerue mainly in the long-run# 
Rapid changes in the level of educational expenditures will 
have little immediate effect# In fact, a sudden increase in 
such expenditures may actually reduce the national product 
since it will absorb resources and will probably have only 
a negligible positive effect on total output in the first 
few years after the students leave their schools# The long- 
run effects, on the other hand, are likely to he important#
In addition, all educational benefits may he somewhat greater 
in fast growing economies#

The consequenoes of assuming an exogeneously given 
rate of technological change, which is independent of K/Zt
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are well Illustrated in J. Tobin and A* Okun's statement:
"Why should we save now when our saving produces nothing 
better than Jet airplanes, while the saving of our children 
will produce transport rockets to take us, or rather them, 
to Europe in 10 minutes?” Solow carries this argument to its 
logical conclusion (Solow, 1965): "It is commonplace that 
anticipated obsolescence reduces the return any private
entrepreneur can expect to realize on an investment.......
Indeed, if society to-day suddenly expects a higher rate of 
technical progress ... , then society must revise downward 
the rate of return it expects to earn on current saving.
  The net private rate of return is therefore ... , the
same as tho social rate of return.”

Solow is fully aware of attempts to make technology en­
dogenously determined and recognizes that if, for instance, 
Arrow1s hypothesis is right, Solow*s conclusions cannot be 
valid. It seems, however, that Solow rejected these models 
since his entire argument and his empirical comparison between 
the United States and Western Germany are based on an exoge- 
neously determined, constant rate of technological change.

This view of the society as a speculator trying to 
outguess the vagaries of the exogeneous rate of technological 
change is not very satisfying. Nevertheless, the analysis is 
clearly correct if exogeneously given rate of technological 
change is assumed. But our results contradict this assump­
tion. Technology is largely a function of cumulated K/L.
Hence private return on investment may, or may not be adver-

- 135



sely affected by an advance of technology and obsolescence 
- It depends on how their own investment will affect their 
technology and to what extent their technology is a function 
of other investments* Similarly, social and private returns 
on investment are not Identical - social returns are almost 
certain to be much higher with the exception of perhaps suoh 
Investments as in some product developments and advertising 
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 applicable 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 cf a number of recent investigations was to­
wards discounting the importance of capital input in favor 
of quality variables such as quality of labor input, age of 
capital, etc. This study suggests a wider framework of a 
self-contained theory of endogcneous technological change 
which is mainly a function of changes in cumulated k/L. 
Capital input, in this form, is vry important indeed when 
given sufficient time to work itself out fully. The quality 
variables of technical experience, knowledge acquired through 
R&D, and possibly other quality variables as well, seem to 
have been mainly serving as carriers of K / L * b Influence 
over time.

Thus what has been usually measured as technological
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change consisted in fact mainly of technical experience and, 
most likely, of R&B output, the two variables being almost 
entirely determined by distributed lag effects of capital 
per man-hour. Whatever remained could have been probably ex­
plained to a large extent by the long-run effects of changes 
in the educational level.

Limitations
But this argument must not be carried too far. Firstly, 

we chose a highly aggregative approach which can be severely 
criticized In connection with the rlgourous meaning of suoh 
a production function. Other considerations may well offset 
this disadvantage. In any case, the results. If accepted, 
will have very wide applicability* Because of this very fact, 

‘ however, they will also be subject to possibly Important 
additions and modifications when applied at the national or 
sectoral levels.

Secondly, technical experience Is not the only determi­
nant of technology. Education is also a factor of some con­
sequence and even though its short-run effects on output 
seem to be very small, in the long-run, steady growth models, 
and perhaps especially for fast growing economies, education 
may be an input of very considerable Importance. Moreover, 
we had to construct a composite measure of the level of for­
mal level of education of labor. Even though it seems to be 
a good measure It may contain errors which could have had 
some effeot on the estimates of the coefficient of this 
variable.
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Thrdly, finding a unifying link of the cumulated TH/L 

variable does not mean that the variables which carry its 
influencd over time are of no consequence* It is very impor­
tant to know how changes in cumulated K / h are worked out 
through technical experience, probably Hd-D, and possibly 
other variables, into final increases in output* The econo­
mic process in which this variable determines output is no 
less important than the knowledge of the extent of its in­
fluence *

Summary Comment
This study reverses the trend of a number of recent 

stunies towards discounting the importance of capital in 
favor of labor input, time trend, some quality variables, 
etc. It seems thr.t capital input, in its K/l form, is very 
important indeed when given sufficient time to work itself 
out fully. The quality variable of technical experience, and 
probably other quality variables as well, seem to have been 
mainly serving as carriers of K / L ' b influence over tine.

Thus what has been frequently measured as technological 
change consisted in fact mainly of technical experience and, 
most likely, of output, the two variables being almost 
entirely determined by distributed 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 time-serles stu­
dies, 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 seem to imply that there 

exists, in a very broad context, a basic variable of cumula­
ted capital per man-hour which, when supported by a variable 
measuring the level of eduction, can be offered as a basis 
for a self-contained theory of endogeneously determined 
technological change.
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