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Summary

Our analysis of relative catching-up or falling behind processes in U.S. and German indu-
stries outlines major long- and short-term trends which emerged during the two and a half decades
from 1960 to 1985. We distinguish 26 different industries which add up to the national aggregates
of the economies.

We apply the bilateral factor demand system which was introduced by Jorgenson, Nishimizu
(1978). 1t is generalized to include non-constant returns to scale. A translog cost function model of
this type was first applied by Gollop, Roberts (1981) for a single industry. Our model is used to test
hypothesis concerning permanent differences in the cost structure of particular industries of both
countries, the form of neutral or of nonneutral technical change, differences or similarities in the
rates of technological progress of both countries, and the question if there is a significant accelera-
tion or deceleration of industrial TFP growth rates. Furthermore we test if there is a possible impact
of non-constant returns to scale, and last but not least the relative catch-up or falling behind of cost
efficiency levels for industries in both countries which contribute to international price competi-
tiveness.



Technical Change, Economies of Scale, and
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Impacts on Relative Differences in Productivity and Price

Competitiveness between U.S. and German Industries’

by
Georg Erber

Introduction

The notion of increasing returns to scale has always attracted the attention of econo-
mists. The work of Young (1928) started an early debate which, to my mind, is still unsettled
as current research on endogenous growth theories indicates (cf. e.g. Romer, 1983, 1994;
Helpman; Krugman, 1985; Grossman; Helpman, 1994; Solow, 1994 ). It significantly influenced
the work of other outstanding economists of his time like Kaldor and the notion triggered the
debate on imperfect competition as well with the contributions of Sraffa, Chamberlain and
Robinson. Sources of increasing returns to scale are, according to Youngs view, the division of
labor, specialization, advances in technology, augmentation of human capital (schooling, educa-
tion, learning by doing, acquisition of knowledge, spillover of knowledge), ideas and knowledge
as economic entities, institutions as economic entities, econpmic organization, restoration of

economic equilibrium.?

! T acknowledge the financial support of the German Marshall Fund of the United States.
Without this support this research could not have been carried out. I am grateful to
Professor Dale W. Jorgenson and Barbara Fraumeni for supplementing the US data and
supporting the project by giving their helpful comments.

2 Cf. for this summary Th. W. Schultz (1993), p.8.
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The paper presented here is just an attempt to contribute to the debate as to whether
increasing returns are empirically fact or artefact, and - if it is fact - to what extent one can
identify its sources. Contrary to much empirical work on endogenous growth theory which
focuses on the aggregate analysis, this discussion takes the stand that it is the structural
composition of a national economy which matters. Therefore it studies the topic of returns to
scale on an industry level. However, it is limited to a two-digit level of disaggregation by
industries, but it tries to investigate the notion across the whole economy for two of the

currently leading economies, the U.S. and Germany.

Theoretical Framework

The model applied here is based on the economic theory of production. Under the
assumption of cost minimizing behavior, it follows from duality theory that production technolo-
gy can be represented by its dual minimum cost function if certain regularity conditions are
maintained.?

Traditionally (cf. e.g. Solow, 1956) it is assumed that technology will not differ between
countries so that the parameters of technology of one country are the same for the other.
Recently, Pack (1994, p. 66) in a summary on current empirical evidence on endogenous growth
theories made the remark that "regardless of whether one is using a neoclassical or endogenous
approach, it thus seems necessary to examine one country at a time, insofar as there is no
identical international production function along which changes in capital exert their effect."
Jorgenson and Nishimizu (1978) have already in their approach taken this into account by
introducing country specific-parameters in production or a respective cost function to account
for these differences and so as to be able to test if data support or reject the assumption of the
equality of technology between countries.

The empirical testing of this hypothesis by a number of authors for a number of
countries (the U.S., Japan and Germany) at an industry level showed that statistically significant
differences between technologies of these countries could be observed at a two-digit industry
level, therefore lending support to the hypothesis that the capability of countries to apply
technology efficiently differs. However, the reasons for the observed differences might be

attributed to a number of different sources like environmental factors (climate, topography),

*  Note, however, that for the translog function used later on the property of self-duality
is not generally valid except in the case of the Cobb-Douglas function which is included
as a special case. A translog production function and a translog minimal cost function
do not represent the same technology if the parameters of its quadratic terms are not
all equal to zero.



infrastructure, institutional regulations, differences in the quality of input factors, differences in
factor prices, differences in the composition of the industries or they might be caused to some
extent by differences in definitions and measurement which remain unsolved. To identify the
possible shortcomings of most currently available studies one would have to be able to
disaggregate even further and study differences at a plant level for homogenous industries in
different countries.*

In this study we assume that an industry level minimum cost function exists and that
differences between each countries industry can be properly measured by country-specific
parameters. A general bilateral cost function for two countries taking three input factors into

account is then given for an industry s by:

CQ) = G*Pr, P, Pip» Q% T, Dy @)

where production cost (C°) is a function of the factor prices of capital (pg*), labor (p.*), and
intermediate inputs (py,), the level of output (Q®), time (T), and a dummy variable (Dy;). This
latter variable is set equal to one for the U.S. and zero for Germany. Furthermore, we assume
that factor markets are competitive. The current formulation of the cost function, however,
avoids the assumption of constant returns to scale for an industry. A similar approach can be
found in Nakamura (1992).

The derivative of the logarithm of the cost function (1) with respect to time gives us a

decomposition of the rate of change of total costs into its source components:
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Therefore, the rate of change in total costs can be expressed as the cost elasticity weighted
average of the changes in factor prices, plus the scale weighted rate of change in output, plus

the rate of cost diminuition due to technical change.

4 For such an approach and its problems, in generating the necessary data, cf. e.g. Maires-
se, Hall (1993).



Similarly, the derivation of the logarithmic cost function with respect to the country

dummy variable gives us a decomposition of the differences in the cost efficiency levels.

dlncs dlngz
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The difference in cost efficiency levels between the two countries is generated by the sum the
of the cost el sticity weighted average of differences in factor prices, plus the scale weighted
differences in outputs, plus the differences in the rate of technological progress.

In this study the general bilateral cost function defined in (1) is approximated by a
second order approximation in its logarithms. This form is known in the literature as the
translog cost function (cf. Christensen; Cummings; Jorgenson, 1971). It was first introduced by

Jorgenson and Nishimizu (1978) in the more restrictive form that constant returns always

prevail®-

I CQ) = Y& a3 L X B x g
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5 The bilateral cost function under the restriction of constant returns to scale was used in
a couple of studies afterwards. see for example K. Conrad; D. W. Jorgenson (1985); D.
W. Jorgenson; M. Kuroda; M. Nishimizu (1987); K. Conrad (1988, 1989); D. W. Jorgen-
son; H. Sakuramoto; K. Yoshioka; M. Kuroda (1990) and G. Erber (1993).
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Since the bilateral translog function is symmetric in all variables, the logarithmic partial

derivatives with respect to factor prices, output, time and the country dummy variable are given

by
a 3 g
lnCEQ’) -+ Y Bz
0z jeo* (5)

with ij € ®*

Applying Shephard’s lemma with respect to each input price, one obtains

dln s
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Therefore, the elasticity of cost with respect to factor prices equals the corresponding cost share

(W) of the total costs.
The elasticity of cost with respect to output can be interpreted as a measure of static

scale economies.

alnC’ 3 L ] L
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If wg* equals unity, cost responds to changes in the output proportionally. This is the usual
condition for constant returns to scale. If w,* is less (greater) than unity, total costs increase less
(more) than proportionally with increasing output, implying increasing (decreasing) returns to
scale.

The rate of cost diminuition is defined by the partial elasticity of cost with respect to

time.
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It is equal to the negative value of the rate of technological progress. Under the assumption of
constant returns to scale it would be equal to the negative rate of change of total factor
productivity (TFP) growth. If, however, increasing or decreasing economies of scale at an
industry level exist, the standard Térnqvist index of TFP growth will be biased.®

The difference in cost efficiency levels is determined by the partial elasticity of cost with

respect to the country dummy.

dlnC*
aDUS = "W;JS,G = a';) +12°; B‘D] .zj‘ (9)
€

As long as constant return to scale prevail, this could be measured by the standard Térnqvist
index used by Jorgenson; Nishimizu (1978) and others. Under non-constant returns the standard
measure will be biased as well.

Note that in the bilateral translog cost function model the rate of technological change
and the differences in cost efficiency levels are partially endogenized by the development of
relative factor prices and the levels of output demand. Furthermore, the model allows for time
variable rates of technological change which are different in both countries and a time variable
development in differences in the cost efficiency level of both countries. It also includes the
possibility that technological change is factor augmenting. If relative factor prices in both
countries develop differently, the model also allows for differences in the factor augmentation
process in both countries. Since these differences in relative factor prices and output levels are
given exogenously, it fails, however, to ¢ <plain why these differences emerge. To estimate the
parameters of the bilateral cost function we will use the bilateral factor demand system given
by the equations (6) to (9). To be able to estimate this, we have to rewrite it so that on the left
hand side we could use the biased measures of the rate of cost diminuition and the differences
in the cost efficiency levels which one obtains from the standard Térnqvist indices. To see how
this can be accomplished we will rearrange the terms of equation (2) and (3) so that the

traditional measures are on the left and the remaining terms on the right hand side. We

¢ cf. e.g. Luke Chan; Mountain (1983).



substitute also the partial cost elasticities by their respective expression for the cost shares,

static scale elasticity, etc.
For equation (2) we obtain

dn C* . dnz/ |, dmQ (10)
a7 {,ez,:w‘ T | "M Tar T4
and equation (3) becomes
. |
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To be able to estimate the model with annual data it has to be transformed into a
discrete form. Instead of using Divisia indices for our calculation, we are approximating them
by the corresponding Tornqvist indices, which are exact if production technology has the form

of a translog function (see Diewert, 1976). The differentials are approximated accordingly by

their first logarithmic differences. We thus obtain

g;rp,x"'wé,x'(an:'an:-l)'g;; (12)

and
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The equations (12) and (13) together with the equation (6) form a factor demand
system equivalent to that of equations (6) to (9) before. The difference is that now all necessary

variables can be calculated.”

Substituting the parametric expressions, the factor demand system now becomes

L 4 s s s
wa =i+ By
jed

g;m=(az+>:sa-z,-:)-(rno:-mo:l)w’wza;,-z,-: (14)

je® je®
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To satisfy the adding-up condition (16), one of the cost share equations given by (6) has
to be ommitted in the estimation. We decided to use the capital and intermediate input cost

share equations and discard the labor cost share equation.

YaE-1 A TB=0 (16)

iep* je?*

Furthermore, to ensure linear homogeneity (16) and symmetry (17) in factor prices of the cost

function, the factor demand system must satisfy the further parameter restrictions.

Y By=0 an

je¥’

7 This method to derive a factor demand system was first developed by Gollop (1974) and
later applied in an article by Gollop; Roberts (1981) to estimate non-constant returns
to scales for the U.S. electric power industry.
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After the estimation of the parameters of the factor demand system, it is now possible
to calculate the unobservable scale elasticity from equation (7) as well as the unbiased rate of

cost diminuition from equation (8).

Data

We applied data for the U.S. from Jorgenson. However, because we are unable to
account for quality changes in the three factor inputs for Germany, we adjusted the U.S. data
so that quality changes are not separated from the real input quantities. We hope to be able to
allow for this at a later stage of our research.

Furthermore, we adjusted the cap :al stocks of the U.S. data to exclude land and
inventories because of unavailable data for Germany (for a detailed description of the U.S. data
see Jorgenson; Gollop; Fraumeni, 1987). )

The German data base uses data published by the Federal Statistic Office of Germany,
the Institute of Labor Market Research (number of employees and effective working hours),
capital stock data calculated by the German Institute for Economic Research (for a more
detailed description of the data base see G. Erber, 1993).

To be able to express both sets of data in a common currency, the German data was
converted by purchasing power parities (PPP) taken from Conrad (1985). For the method used
to calculate specific PPPs for output and all three factor inputs see also Conrad (1985) or Erber
(1993).

Since the base year for the price statistics differ in the U.S. and Germany, they were
adjusted to a common base year. We have chosen 1980 as the base year for both countries so
that the U.S. price deflators were adjusted t¢ have the same base as the German data.

The original data for the U.S. distinguish 35 industries which are very similar to the SIC
sectoral breakdown of the officially published data. For Germany, the available sectoral
breakdown distinguishes 51 industries. Since some sectoral definitions in the U.S. and Germany
overlap, the corresponding industries were aggregated to get homogenous coverage for both
countries. This process led to a 26 industry classification (see Erber 1993).

In the calculation of the German database, there were two industries for which difficul-
ties arise in obtaining reasonable estimates for the wages and salariés to be attributed to the

self-employed and helping family members. The first one is agriculture and the second one is



furniture. These two industries were, therefore, excluded from this study. We hope, in the

future that with correct adjustments, we will be able to include them in the next study.

Econometric Estimation and Testing of the Model

The two data sets were pooled to a two country panel data set of 50 observations (25 for
each country). The necessary data for the growth rate of cost diminuition ( the negative value
of the growth rate of total factor productivity) and the differences in cost efficiency levels were
obtained by using the standard Térnqvist index formulas.

The homogeneity condition was employed to transform the model in the course of the
estimation process, so that relative price variables were used with the hourly wage price index
as numeéraire. This transformation reduces the multicollinearity between the prices variables as
well as between the time trend and output variable. Therefore, the parameter estimates are less
sensitive to biases of multicollinearity effects. The time trend variable was normalized to er ual
zero in the base year 19802

Note that the pooling of the data for the two countries to estimate non-constant returns
to scale seems to be especially useful here as it increases the variance of the output variable
substantially because of the different absolute sizes of the industries in the two economies. This
helps to identify economies of scale considerably especially if they are close to unity as we will
see below.

The mode] was estimated for 24 industries using a FIML estimation which imposed all
necessary parameter restrictions to assure adding-up, homogeneity and symmetry (TSP 4.2B was
the econometric program package applied). Note that the model is still linear in the parameters.
Convergence of the estimation process occured after 5 to 10 iterations.

We refrained from using an instrumental variable estimation for the output variable. On
the one hand, from an econometrians point of view, it should account for the potential endog-
eneity of the output variable (for the arguments and a way to select instrumental variables . ee
Flaig; Steiner, 1993; Nakamura, 1992), on the other hand, it seems quite likely that if the
instruments are not properly chosen, in other words they are not suffiently exogeno‘us, they will
distort the parameter estimates (cf. Hall, 1988, p. 932 or Basu; Fernald, 1992 p. 17 ff.). The

chosen instruments by the two above mentioned studies however reduce the variance of the

®  This procedure is especially useful under the condition of constant returns to scale since
it gives an intuitive interpretation of the constant terms of the equations. It is less so
under the condition of nonconstant returns to scale because the output variable is not
normalized so that you have to sum up the constant term with the output term to obtain
an estimate for the average cost share, rate of cost diminuition, etc.
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output variable by making it smoother without removing the trend and, as a consequence, lead
to a higher degree of collinearity between output and the time trend variable. Since the
parameter estimates for the time and output variable seem to be quite sensitive to the collinea-
rity between the two variables we refrained from introducing an instrument variable for output
which might have increased collinearity between those two variables even further.’

For testing hypothesis, we used the Wald test for all combined hypothesis concerning
two or more parameters or parameter combinations simultaneously. For testing hypothesis
affecting only a single parameter, t-statistics were used. As a significance level to reject a
hypothesis we always used 5%. ‘

Table 1 summarizes the results for testing the hypothesis that constant returns or
homogenous returns prevail. The former implies that all parameters in equation (7) are equal
to zero, the latter that only the constant term might differ and the remaining parameters vary
insignificantly from zero.

The first striking result is that the constant returns to scale hypothesis is rejected across
all 24 industries. This conforms with outcomes of similar studies by Flaig; Steiner (1993) and
Nakamura (1992). The first study, however, was restricted to German manufacturing industries
using the same period from 1961 to 1985. The second study compared differences between four
major U.S. and Japanese industries (chemicals, machinery, electrical, and transport) using a
similar bilateral cost function approach but only introduced a homogenous returns to scale
assumption. The findings also confirmed that the constant returns assumption is very restrictive.

The second result concerning the homogeneity assumption varies according to industry.
In eleven industries, the assumption could not be rejected. These industries are mining,
construction,apparel, rubber, leather, stone, fabricated metalelectrical machinery, motor
vehicles, miscellaneous manufacturing, and utilities. For the remaining thirteen industries, the
homogeneity assumption has to be rejected.

In table 1, we report the estimates of the scale elasticity of ccsts and its t-value if the
model is estimated by restricting it to the homogenous returns to scale assumption. Note that
if we were to have assumed only homogeneity of returns to scale, we would have accepted
constant returns to scale for five industries (textiles, lumber, leather, primary metal, utilities).
This result shows that time varying returns to scale, as implied by our bilateral factor demand

system, are crucial in the decision as to whether to accept or reject constant returns to scale. If

? A sensitivity analysis of this collinearity problem would help. We will undertake hope-
fully this exercise in the future.
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this possibility is excluded, it sometimes distorts the results, favouring the constant returns to
scale assumption.

On average, one observes that the returns to scale are not very large (they never exceed
the value of 2 or below 0.5 for the scale elasticity of costs respectively). The highest value found
is for the mining industry. Here the opportunities offered by natural geological advantages for
starting mining activities seem to be a central factor leading to high returns to scale. In other
industries returns to scale are much closer to unity. However they seem to vary over time.

The last important observation reported in table 1 is that national differences are often
not statistically supported. It was only in the case of four industries that we could accept the
hypothesis that there are significant national differences in the scale elasticities.

In table 2, we report the average scale elasticities of costs and its standard deviations for
each country separately. As one can see, there are substantial differences between both coun-
tries. They result, however, from differences in output levels and differences in relative factor
prices. It is noteworthy that for two German industries the average scale elasticity even indi-
cates decreasing returns to scale. For nineteen U.S. industries, the average scale elasticity is
closer to unity than in the case of Germany. One might, therefore, speculate that one reason
that the notion of increasing returns to scale found less support from U.S. data might stem from
the fact that the U.S. economy utilized its potential of scale economies better than Germany.
The standard argument for this result would be that the U.S. could utilize the larger size of its

home market and, therefore, exhaust the potential of increasing returns to scale more rapidly.
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Table 2

Biase sf Techmcal Chan e in the Bilateral Factor Demand System

: 11 Cheniicals
. 12 Petroteum
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To justify this statement, however, would necessitate furthermore detailed investigations, which
we are unable to present currently.

Turning to the results obtained for the average rates of technological progress reported
in table 3, one observes that the range for U.S. industries, excluding mining with 3.5%, is given
by (-1%; 1.5%). Negative values only occur in five industries ( Petroleum -1%, motor vehicles -
0.3%, foods -0.2%, precision instrument -0.2%, utilities -0.1%). If one looks at the parameter
estimates in table 10, one notices that the origins for them are different. The standard devia-
tions for the rates of technological progress are substantially higher than for the scale elasticity.
However, a detailed study cannot be presented here.

For Germany, we find that average rates of technological progress become negative
much more often; this is offset by the higher scale elasticities compared to U.S. industries. The
most striking results here are mining and finance. This might be due to multiicollinearity
problems because both industries show, on average, extremely high scale elasticities which are
compensate the negative rates of technological progress. Other unexpectedly low average rates
of technological progress are found for construction, printing, chemicals, and utilities.

A more detailed study of the time varying rates of technological progress and the scale
elasticities might help to determine why some of the less plausibel results occured. Special
attention has to be given here to the collinearity problem which might influence the separation
of the components considerably.

In the next step of our analysis, we are looking for significant permanent differences in
cost structures for the industries in both countries. As can be seen from table 4, for fourteen
industries there are statistically significant permanent differences in their cost structures. The
industries affected by permanent differences in the cost structure are mining, foods, textiles,
apparel, lumber, printing, chemicals, rubber, leather, machinery, motor vehicles, transport
equipment, and miscellaneous manufacturing. With the exception of lumber, U.S. industries
always have higher permanent cost shares for intermediate inputs (labeled in table 4 as materi-
al). This could be attributed to a greater degree of division of labour caused by differences in
the size of U.S. and German industries. Where only labor cost shares are effected this seems
to be a sensible explanation. Increased specialization of firms in a large economy compared to
smaller ones might be one of the main reasons for the observed differences in permanent cost
structures of U.S. and Geman industries. It will be interesting to see how the developent of the
European Union and the current ongoing debate in Germany about implementing more rapidly
concepts of lean production which were introduced earlier in the U.S. might stimulate a

convergence in the currently observed permanent differences in cost structures.
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Finally, we now turn to augmentation of factors by biased technological progress. One
important question here is if significant biases exist. Theoretically, we can distinguish thirteen
different cases of technological progress for three factor inputs, which are summarized in table
5. To test for factor augmentation we used a Wald test to assure that at least two parameters

are significantly different from zero because all three parameters characterizing the factor

augmentation have to satisfy the condition to add up to zero.

The parameters determining the non-neutrality of technological progress are obtained
by taking the first derivatives of the cost share equation of the model with respect to the time

trend variable. One obtains

(20)

The estimates for the corresponding parameters are summarized in table 7 to 9 in the

appendix.
In table 6, we report the results from the sequence of Wald tests which tested the

following hypothesis
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Table_5 - Biases of technical change in a three factor production possibility set.

T

using

labor labor and
labor capital using, labor capital
and using, capital using, using,
material material and material material
saving, saving material saving saving
capital saving
using
neutral labor
technical using,
change capital
saving
labor and labor labor and
capital labor saving, capital material
saving, saving, capital saving, using,
material material and material capital
using using material using saving
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For half of the industries in our study, we found that no statistical significant factor
augmentation exists. For the other half, a general outcome is that technical change always uses
intermediate inputs more intensily over time at the expense of labor and sometimes of capital
as well (e.g. in stone and primary metal). Labor is always augmented if technical change is non-
neutral. These findings are robust against the assumption concerning returns to scale because
our previous study, Erber (1993), which assumed constant returns to scale for the bilateral cost
function for the U.S. and Germany, revealed the same general observation.

Only three industries show a capital using technological progress. In printing, it is
material and capital using and labor saving. In miscellaneous manufacturing, it is labour saving
and capital using leaving intermediate inputs unchanged, ard finally, in the remaining services
including government, it is the same augmentation process as in miscellaneous manufacturing.
Therefore, the observed different types of factor augmenting technological progress are
significantly less than are, in principle, possible. This leaves the following question unanswered:
Why is factor augmentation much more restricted in our empirical study as would be theoreti-
cally possible?
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Table 6
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Conclusions

What has been accomplished by this study?

Firstly, if we use the current data set, we find overwhelming evidence in favor of
increasing returns to scale. However, one should be cautious, for a number of reasons, in
concluding that our results are already a final proof of what everybody is searching for in the
debate on the significance of increasing returns to scale.

One reason for this is that we have not accounted for quality changes in our factor
inputs. Changing this might, to some extent, change the results. Future studies will show how
much quality changes matter. Furthermore, using working hours as labor inputs does not
appropriately account for human capital. Changing the labor input from working hours to
human capital would be more in line with the current debate about increasing returns. There
is ample space for a debate on human capital and how to define it appropriately.

A second reason is that a cautious study of impacts of collinearity on the f irameter
estimates of the two components, scale elasticity and rate of technological progress might reveal
some fragility of the estimates. Some of our results at times cast doubt on their own economic
significance, possibly due to the collinearity problem. A thorough study of these problems has
yet to be done.

Thirdly, the model has such a large number of parameters, that even 50 observations are
not suffient enough to guarantee that results might not change if the sample size were to be in-
creased. We will find out when our time period is extended to 1989. One way to increase the
sample size considerably besides adding further annual data for the two countries, would be by
including more countries (we plan to include Japan in our study). This seems to be especially
promising because of the differences in absolute size of their industries. This will not only
substantially increase the number of observations but also the variance of the output variable.
This will help to discriminate scale effects from impacts of technological change especially if
they are close to unity.

A further major result of this study is that it confirms the results of a previous study
based on the constant returns to scale assumption (cf. Erber, 1993) that technological change -
if it is non-neutral - tends to be always labor saving and most likely intermediate input using at
the same time. This might, to a large extent, be attributed to increased division of labor.

Another important conclusion - apparently closely linked to this - is that in a consider-
able number of industries there exists significant differences in cost structures for both countries
industries. However, if these are related to higher specilization because the countries are facing

a larger domestic market, why does this matter more in some industries and less in others?
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Finally, we have made little progress in identifying sources of returns to scale, even if
they robust when better data, including quality changes and appropriately measured human
capital, is available. The question of their correct embodiment in single factors is still unsolved.
Ofcause a dimishing rate of TFP growth caused by accounting for quality changes will already
reduce the magnitude of the Solow residual - and we should keep in mind that it is still suites
as a catch all variable - but the question as to how to embody returns to scale and technological
progress in a meaningful way to some factors remains important.

Furthermore, the introduction of some externalities like R&D or public infrastructure
besides the time trend might help to find additional real world variables to account for it.

As a last word I would like to point out that the possibility to establish increasing
returns to scale as an empirical fact in its present form will not contribute to determining
whether or not endogenous growth theories are empirically valid. As Solow (1994) mentioned
recently in summarizing the debate on growth theories:

"Notice that I have not mentioned constant returns to s ile. That is because the model
can get along perfectly well without constant returns to scale. The occasional expression of
belief to the contrary is just a misconception. The assumption of constant returns to scale is a
considerable simplification. (p. 48) ... It is perfectly possible to have increasing returns to scale
and preserve all the standard neoclassical results. What is essential is the assumption of
constant returns to capital. (p. 49)."

This defines a new research strategy to introduce an embodiment of scale elasticities to
factor inputs for flexible functional forms which are used nowadays and which proved quite

superior to the traditional Cobb-Douglas function approach.
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