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ABSTRACT. In discussing the nexus between innovations
and market structure it is often argued that industry charac-
teristics (called ‘opportunities’) might play an important role
as determinants of innovation, and that simultaneity rather
than one-way causality prevails. We consider a three-equation
model for innovation, advertising, and concentration. Based
on pooled cross-section time-series data for 26 German
manufacturing industries we estimate single equation models
with and without fixed industry and/or time effects (to control
for unobservable industry or time effects, respectively) and
simultaneous equation systems including fixed effects, and
controlling for extreme cases (‘outliers’) or not. Furthermore,
we use two different measures for innovations, ie., the
percentage of shipments due to new products, and the
percentage of firms which classified themselves as innovators.
Our results can be summarized as follows: (1) The firm size
has no significant effect on innovation. One can, therefore,
not conclude from this data set that large firms are more
innovative than small ones; (2) unobservable industry effects
do matter; (3) the treatment of outliers does matter; (4)
simultaneity does matter; (5) the way innovations are meas-
ured does matter; (6) different stories could be told based on
the results of the systems of interdependent equations
estimated.

Final version accepted on October 7,1991

Joachim Wagner

Institute for Quantitative Economic Research
University of Hannover

W-3000 Hannover 91, Germany

J.-Matthias Graf von der Schulenburg
Institut fiir Versicherungshetriebslehre
University of Hannover

W-3000 Hannover 91, Germany

1. Introduction

The nexus between innovation, market structure,
and firm size is one of the core topics of small
business economics. During the last decades a
fairly large body of academic literature has been
devoted to econometric investigations on the
determinants of innovation (see, e.g., the recently
published surveys by Baldwin and Scott (1987)
and by Cohen and Levin (1989)). For the Federal
Republic of Germany a number of studies using
data at the industry or firm level has been pub-
lished during the eighties, too (e.g., Neumann,
Bobel and Haid, 1982; Konig and Zimmermann,
1986; Bellmann and Wagner, 1987; Wagner and
Bellmann, 1987; Zimmermann, 1987; Entorf,
1988; Entorf, Krader and Pohlmeier, 1988;
FitzRoy and Kraft, 1990; Kraft, 1989; Pohlmeier,
1989; Zimmermann, 1989; and Schulenburg and
Wagner, 1991). Our motivation to add another
piece to this literature is twofold.

First, it has long been recognized that inter-
industry differences in technological opportunity
might play a key role in understanding the deter-
minants of the variations in the degree of innova-
tiveness between industries. Discussing inter-
industry differences in patenting, holding firm
sales constant.

Scherer (1965, p. 1100) argued 25 years ago
that “(p)erhaps most important is a set of influ-
ences best described under the heading ‘tech-
nological opportunity’. Technological opportunity

Small Business Economics 4: 315—326, 1992,
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in this context could relate partly to industry
traditions or to demand conditions not manifested
in mere sales volume, but it seems most likely to
be associated with dynamic supply conditions
dependent in turn upon the broad advance of
scientific and technological knowledge”. As Cohen
and Levin (1989, p. 1083) put it in their recent
survey: “Although it is widely accepted that
industries differ in the opportunities they face for
technical advance, there is no consensus on how to
make the concept of technological opportunity
precise and empirically operational.”

'Furthermore, they point out the relevance of
two other groups of industry characteristics in this
context, namely demand (e.g., size of the market
and price elasticity) and appropriability conditions
as regards the “fruits” of innovative effort (cf.
Cohen and Levin, 1989, p. 1080, and p. 1090).
According to Cohen and Levin (1989, p. 1096)
we have a substantial body of descriptive evidence
on how the nature and effects of demand, oppor-
tunity, and appropriability differ across industries,
but progress in many areas is still constrained by
the absence of suitable data.

One way to deal with differences in technologi-
cal opportunities consists in adding dummies for
industries known as (or supposed to be) tradi-
tional innovators (or non-innovators). A recent
example for this approach can be found in Scherer
(1991). A more satisfactory way to deal with
unobserved inter-industry differences of any kind
comsists in modelling these unobservables as
effects in a model applied to pooled cross-section
time-series or panel data (cf. Cohen and Levin
(1989) for a short review of this type of studies
and Geroski (1989) for a recent example). In a
nutshell, this is done by adding dummy variables
for all industries and, therefore, estimating models
with industry-specific intercepts. These intercepts
capture the unobservable industry effects which
cannot be measured, and the effects of the observ-
able industry characteristics are estimated after
controlling for any influences of the unobserv-
ables. To put it differently, if there are unobserv-
able industry effects which are not uncorrelated
with the industry characteristics included in the
models, this approach leads to unbiased estima-
tions of the coefficients of the industry characteris-
tics considered (cf. Hsiao, 1986). The nexus
between market structure and innovation has not

been investigated for the FRG using panel data
before (Bellmann and Wagner (1987) studied the
role of import pressure for innovations without
referring to market structure), and this is the first
motive for the study presented here.

Second, our study analyses the interrelationship
between innovation, concentration and advertising
in a model of simultaneous equations, and simul-
taneous studies of those characteristics of market
structure are still rare (e.g., Schulenburg (1988);
for a short survey of simuitaneous equation
models including innovations and market struc-
ture see Cohen and Levin, 1989, p. 1075). Simul-
taneous equation models for innovations in the
FRG include Neumann, Bobel and Haid (1982),
Entorf, Krader and Pohlmeier (1988) and Pohl-
meier (1989, Ch. 6), but only Schulenburg and
Wagner (1991) consider innovation, advertising,
and concentration.

Although some studies of this kind with U.S.
data do exist (cf. Levin and Reiss, 1984; but
Lunn, 1986) none have used panel-data (but see
Domowitz, Hubbard and Petersen (1986) for an
empirical investigation based on pooled industry
data in an simultaneous framework including
concentration, advertising, and the price-cost
margin). Simultaneity, however, has to be expected
between advertising, innovation and concentration
for several reasons. Advertising and innovation
are both results of imperfect information. They are
both activities producing information and are
frequent phenomena in concentrated markets
working as barriers-to-entry. Because advertising
activities as well as innovations increase the
monopoly power of the firm, they might have an
influence on the market-structure, too. The degree
of concentration in a market has, therefore, not
only to be considered as a factor influencing
advertising and innovation but as a result of those
activities, too. This is also in line with the theoreti-
cal findings of “the new industrial organization”
(cf. Stiglitz and Mathewson, 1986) which consider
the characteristics of technology, including the
technology of innovation and invention to be key
factors contributing to industry market structure.
Thus, innovation is not exogenous to market
structure but endogenous (see Stiglitz, 1986).

Furthermore, as regards the potential role of
“opportunity” (or other industry characteristics
not modelled explicitly due to missing data or
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vagueness of concept) similar arguments com-
pared to those mentioned above when discussing
innovations can be put forward here for advertis-
ing and concentration. Therefore, a simultaneous
equation model should be estimated based on
panel data to control for these unobservable
industry characteristics. There is no such model
(at least, as far as we know, using data for the
Federal Republic of Germany), and this is the
second motive for the study presented here.

Before we start, another comment on the
approach used is in order. Reviewing econometric
studies of structure and performance Richard
Schmalensee (1989, p. 952) recently declared
inter-industry studies to be out of fashion now. We
agree that “cross-section studies rarely if ever yield
consistent estimates of structural parameters”,
mainly because “in the long-run equilibria with
which cross-section studies must be primarily
concerned, essentially all variables that have been
employed in such studies are logically endoge-
nous”, and that all this holds for panel studies, too,
if they do not employ an explicit model of dis-
equilibrium behavior (cf. Schmalensee, 1989).
However, we share his view that this kind of
studies may produce useful stylized facts to guide
theory construction and analysis of particular
industries: “The appropriate mind-set ... is ac-
cordingly that of descriptive statistics, not struc-
tural hypothesis testing” (Schmalensee, p. 957).
Furthermore, we agree that one should especially
look for empirical relations that are robust to
plausible variations in measurement methods as
well as to variations in model specification. The
aim of our paper, therefore, is to check up whether
there are such empirical relations in our FRG data
or not.

The paper is organized as follows: Section 2
discusses the theoretical background, in Section 3
we present the result of our econometric study,
and Section 4 concludes with a research perspec-
tive.

2. Theoretical considerations

The general structure of our argumentation is
represented in Table 1. As pointed out in the
introductory section, our study focuses on three
key-variables: innovation, advertising and concen-
tration.

Many studies have dealt with the factors
influencing innovation. In a most recent study
representing the ‘state-of-the-art’ of empirical
innovation research, Acs and Audretsch (1987
and 1988) have analysed the impact of different
market-characteristics on innovation with a point
of emphasis on the firm size. According to the
Schumpeterian hypothesis, industries with mainly
large firms should be more innovative than those
with mainly small firms (see Baldwin and Scott,
1987). Acs and Audretsch have also found a
positive relationship between firm size and inno-
vation.

Since the seminal contribution by Scherer
(1965) economists, however, were mostly inter-
ested in the question whether concentration has an
impact on innovation (see, e.g., Scherer, 1980 and
1983; Kamien and Schwartz 1975; Acs and
Audretsch 1988; Mansfield, 1981; and Connolly
and Hirschey 1984). This interest was initiated by
Schumpeter’s work (1950) who argued, that
markets with imperfect competition are most
conductive to innovation, because in imperfect
markets firms are able to capture economic rents
accuring from innovations. Although empirical
studies do not generally support the Schumpeteri-
an hypothesis, it has some plausibility from a
theoretical point of view.

As regards the consequences of advertising for
innovation, Hula (1988, p. 125) argues that by
increasing the demands for new products and
raising the size and speed of the anticipated profit
payoff of R&D expenditures, advertising may be
able to spur the research and development upon
which innovation depends. Economic theory also
predicts that all kinds of barriers-to-entry (see
Weizsacker, 1980) increase the rents of an innova-
tor and therefore increase the incentives in inno-
vative activities. Therefore, we expect that adver-
tising, human capital and R&D expenditures, all
known as sources of barriers to entry for new
firms, will have a positive effect on innovation.

As we have pointed out already in the introduc-
tory section, advertising is not only a determinant
of innovation but also a result of innovative
activities (for surveys see Comanor and Wilson
(1979) and Farris and Albion (1981)). Advertis-
ing exists only in markets with imperfect informa-
tion (cf. Butters, 1977; Grossman and Shapiro,
1984; and Nelson, 1974). Besides persuading
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consumers and/or erecting barriers to entry, itis a
tool to inform consumers. We expect, therefore,
that firms with innovations spend more for adver-
tising than other firms. Because corporate and
professional consumers are much better informed
about prices and quality levels than private con-
sumers (see Finsinger and Schulenburg, 1987), we
do expect that private consumption oriented
industries spend more for advertising (cf. Buxton,
Davies and Lyons, 1984). The beverage, liquor,
toiletry and detergent industries for instance are
known for their costly and massive advertising
campaigns to attract the attention of the ordinary
consumers.

As regards the influence of market structure on
advertising, Maddala and Miller (1989, p. 417)
argue that “in a competitive industry no individual
firm has an incentive to advertise because the
benefits from advertising accrue to all firms in the
industry while the advertising firm bears the costs.
Under monopoly, the monopolist receives all the
benefits, but in this case advertising is done only to
increase the demand for the product, since there is
no question of capturing rival firms’ sales. Under
oligopoly, advertising has two benefits — increas-
ing the demand for the product, and capturing
sales from rivals. . . . Thus, incentives to advertise
are higher under oligopoly than under perfect
competition or monopoly.” Therefore, one should
expect a nonlinear, inversely u-shaped relation
between the advertising-to-sales ratio and market
concentration. However, none of the industries
considered in our empirical study can be viewed
as monopolistic. Therefore, we should expect a
positive influence of a higher degree of concentra-
tion on the advertising intensity. But as Miller
(1972, p. 471) puts it, above some level of concen-
tration there may be an increase in the probability
of advertising cooperation in the form of tacit
oligopolistic reduction in offsetting advertising
expenditures. If this is the case in the industries
considered here, we should expect a negative
impact of concentration on advertising (cf.
Schmalensee (1989), for a review of studies using
US data). .

To compare the market structures of different
industries one can take the concentration ratios.
As Stiglitz (1986) and others have argued non-
convexity and irreversibilities, or sunk cost, are
decisive in determining concentration. While

many different technologies fulfill one of these
characteristics, innovation and product differen-
tiation strategies typically match both, non-con-
vexity and irreversibilities (see Dasgupta, 1986).
Accordingly, we expect a positive impact of
innovation, advertising, capital intensity and wage
level on market concentration because all these
factors empede the market entry of new firms (see
Schmalensee (1986) for advertising). All these
factors are well-known standard variables to
explain market concentration (for a review of the
literature mainly based on studies using US data
see Cubbin (1988); and Schmalensee (1989)).

Table I summarizes the various theoretical
hypotheses of the determinants of innovation,
advertising, and concentration. Each equation
contains two additional groups of variables con-
trolling for time invariant industry effects (‘oppor-
tunities”) and industry invariant time effects. Be-
cause we will use time-series and cross-sectional
data to estimate the model presented in Table I we
are able to control for these time and industry
specific effects on innovation, advertising and
concentration.

Evidently, one important variable is missing
that surely is part of the maze, i.e., profitability.
Profits should be included in the advertising and
innovation equations, and should be explained in a
further equation of the system using, among
others, concentration, advertising, and innovation
as determinants. However, reliable data for profit-
ability are not yet available at the industry level for
the German manufacturing sector. Furthermore,
our approach is static, and no reference is made to
processes of lagged adjustment. Estimation of a
dynamic simultaneous model using panel data,
however, is beyond the scope of this paper, and
not in line with the rather modest aim of our
research as stated at the end of the introductory
section.

3. Econometric study

The model outlined in Table I was estimated using
data for 26 German manufacturing industries
from the years 1979 to 1986. Table II provides
information on the variables, details are given in
the appendix. Most of the variables are standard,
but three of them deserve comment.

First, the innovative intensity of an industry is
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TABLE |
General structure of the model

Endogenous

Equation No. variable

Exogenous variables
(theoretically expected sign given in brackets)

1 Innovation

2 : Advertising

3 Concentration

Concentration, Advertising, Human capital,
M o) *
Firm size, R&D, Industry effects,
H ™
Time effects

™

Concentration, Innovation,
M
Private consumption, Industry effects,
) 4
Time effects
)

Innovation, Advertising, Capital intensity,

™ ) ™
Wage level, Industry effects,

Q) ™
Time effects

™

TABLE II
Empirical measures used in the study*

Variable Definition

Innovation A: Percentage of shipments due to
products recently introduced in the
market and still in the market entry
phase

B: Percentage of firms which classified
themselves as (product and/or
process) innovators

Herfindahl-Index

Percentage of employees in marketing

activities

Percentage of skilled labourers

Concentration
Advertising

Human capital

(Facharbeiter)
Firm size Number of employees per firm
R&D Percentage of employees in R&D
Capital intensity Capital stock per man hour
Wage level Wage/salary per man hour
Private Percentage of shipments delivered for
consumption private consumption

» Details on data sources are given in the appendix.

measured in two ways, with both variables coming
from the ‘innovation test’ conducted regularly by
the IFO-Institute for Economic Research in

Munich. On the one hand, we use the percentage of
shipments due to products recently introduced in
the market and still in the market entry phase
(which we call for short “Innovation A”), and on
the other hand, we refer to the percentage of firms
in an industry which classified themselves as
product andfor process innovators (for conveni-
ence called “Innovation B”). Both variables meas-
uring innovation are output measures. They are
positively correlated with r = 0.50 for the indus-
tries considered here in the period covered. In our
study each equation is estimated in two ways using
either “Innovation A” or “Innovation B” to see in
what extent the results do differ due to the way
innovation is measured.

Second, from official statistics no advertising-
to-sales ratio data are available for the Federal
Republic of Germany, and, therefore, we apply a
proxy based on figures for employees in marketing
activities. The percentage of employees in market-

. ing activities is highly positively correlated with

estimates of the ratio of outlays for media-adver-
tising to sales, which, however are available for
some years only (Wagner, 1991).

Third, data on R&D expenditures are available
only for some industries in some years. Therefore,
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we used the percentage of employees in R&D as a
proxy. This proxy is highly positively correlated
with figures for R&D expenditures (cf. Wagner,
1991, p. 131).

The correlation matrix for the variables used
(which is available on request) shows a rather high
correlation between some measures included as
exogenous variables in an equation (e.g., concen-
tration and firm size, concentration and R&D,
human capital and R&D, firm size and R&D, or
capital intensity and wage level), and this might
cause a problem because the effects of some
variables might not be identifyable due to multi-
collinearity.

In our econometric study we successively inves-
tigate the following four questions:

1. Should unobservable time invariant industry
effects (“opportunities”) and/or industry invar-
iant time effects be considered in an analysis of
the determinants of innovation, advertising and
concentration?

2. Do the results depend to a large extent on
‘unusual’ observations (i.e., extreme values for
a small number of industries in some years)?

3. Does simultaneity matter when investigating
innovation, advertising and concentration?

4. Paying attention to the answers to question (1)
— (3) above, do the data produce stylized facts
in line with our theoretical considerations?

To answer the first question we have pooled the
data for the 26 industries in the eight years (1979
— 1986) to form a set of combined cross-section
time-series or panel data and have estimated the
three equations given in Table I (each one in two
ways, employing either “Innovation A” or “Inno-
vation B”) using four different types of econo-
metric models (see Hsiao (1986) for different
models for panel data):

— A pooled model (M1) where it is assumed that
the intercept and the slopes are identical for all
industries and all years covered. This is a very
restrictive model where it is assumed that
neither unobservable industry nor time effects
are present.

— A pooled model with fixed time effects (M2F)
where it is assumed that the intercept varies
between the years (but identically for all
industries), while the slopes are identical for all

industries and all years covered. This model is
less restrictive than M1 because it allows for
unobserved industry invariant time effects. It is
easily estimated by augmenting the pooled
data set with dummy variables for each year
(but one — to avoid perfect collinearity of the
regressor matrix) and applying ordinary least
squares (OLS).

— A pooled model with fixed industry effects
(M3F) where it is assumed that the intercept
varies between the industries (but is identical
for all the years), while the slopes are identical
for all industries and all years covered. This
model is less restrictive than M1 because it
allows for unobserved time invariant industry
effects (‘opportunities’). It is easily estimated
by augmenting the pooled data set with dummy
variables for each industry (but one to avoid
perfect collinearity of the regressor matrix)
and applying OLS.

— A pooled model with fixed industry effects and
fixed time effects (M4F) which is a combina-
tion of M2F and M3F, and which is less
restrictive than each of these. Again, this
model can easily be estimated by OLS applied
to a set of pooled data augmented with time
and industry dummies in an appropriate way.

Obviously, M1 is nested in the other models, and
MAF nests all the models considered. Therefore, it
is easy to test whether the restrictions imposed are
valid or not by a conventional F-Test. For exam-
ple, to test the null hypothesis that unobservable
time invariant industry effects do not matter in the
equation for innovations, M1 and M3F are to be
estimated and the hypothesis that all the coeffi-
cients of the industry dummies are jointly zero is
to be tested by comparing the results from M1 and
M3F.

The results from the tests of restrictions in the
models for panel data — i.e., whether time invar-
iant fixed industry effects and/or industry invar-
iant fixed time effects are present in the models
considered here, or not — show that the null
hypothesis of no industry effects can be rejected at
any level of significance for all the equations
considered here (details are available on request).
This is a strong evidence for the presence of time
invariant unobserved industry effects of ‘oppor-
tunities’ in the sense discussed above. Further-
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more, for half of the models tested the null
hypothesis of no fixed time effects is rejected at a
conventional level when testing both M1 vs. M2F
and M3F vs. M4F. Therefore, we will concentrate
on the least restrictive version of the models for
panel data, M4F (with fixed industry and time
effects).

A comparison of M4F — our preferred model
due to the results of the tests of various restrictions
— and MB3F (i, the exclusion of time effects)
reveals only minor differences. Not including
unobserved industry effects, however, often
changes the results drastically. For example, in the
equation explaining ‘Innovation B’ the coefficient
of the ‘Human Capital-variable is negative and
highly significant in M1 and M2F, but positive and
significantly different from zero in M3F; and in
both of the concentration equations the ‘Wage
Level’ has a highly significant positive impact in
M1 and M2F, but the coefficient is negative and
highly significant in M3F and M4F (a complete set
of tables with the results is available on request).

To summarize the results we got thus far, the
answer to the first of our four questions is “Yes,
unobservable industry and time effects should be
included in a study of the determinants of innova-
tion, advertising and concentration.”

It is well-known that the results of OLS estima-
tions can be heavily influenced by a small number
of unusual observations or outliers (cf, e.g,
Rousseeuw and Leroy, 1987; for an example in
the context of innovations see Cohen, Levin and
Mowery (1987)). We have applied, therefore, a
mean-shift outlier test to detect such cases by
successively adding dummy variables for each
industry in each year to the equations of M4F and
testing the maximum ¢-values of the coefficients
(cf. Cook and Weisberg, 1982). In a second step,
we augmented all equations by adding dummies
for the outliers detected to see whether the results
depend to a large extent on these ‘extreme’ values.
Furthermore, since heteroscedasticity is often
present in cross-sectional analysis and panel data,
we have computed heteroscedasticity-consistent z-
values (ATV) as well employing the method
proposed by White (1980).

A comparison of these estimates for the aug-
mented M4F-models including the outlier dum-
mies with the M4F-results reveals differences in
the order of magnitude and in the level of signifi-

cance for some coefficients, but only for one of the
24 coefficients the sign (which is not significantly
different from zero in both models, however)
changes (cf. the ‘Firm Size’-variable in the innova-
tion equation using ‘Innovation A’; again the
complete tables with the results are available on
request).

Therefore, we can answer our second question
by stating that the results do not depend to a very
large extent on a small number of ‘unusual’
observations. To investigate the fragility of the
estimates, however, we will consider both the
M4F-models and the M4F-models augmented
with outlier dummies. .

Turning to our third question, we tested wheth-
er simultaneity matters when investigating the
determinants of innovation, advertising and con-
centration by using a Hausman-test (Hausman,
1978) applied in a RESET-version (Nakamura
and Nakamura, 1981). It turns out that the null
hypothesis of no simultaneity is rejected for all the
equations of the M4F-type, and for the augmented
version of M4F when the concentration equation
is considered. The answer to our third question is,
therefore, “simultaneity matters”.

To take these interdependent relations into
account, the three equations were estimated using
three-stage least squares (3SLS). Hereby we have
considered four different systems of equations,
using either “Innovation A” or “Innovation B” in
each of the equations, and computing either
models of the type M4F (pooled model with fixed
time and industry effects) or of M4F-models
augmented by the outlier dummies. The results of
the estimations for systems 1 — 4 are reported in
Table I

The results reveal that it does matter how
innovations are measured, and if one does or does
not control for outliers. Consider, for instance, the
coefficient of the degree of concentration in the
equation explaining innovation. For “Innovation
A” we have a positive and statistically significant
coefficient in M4F (system 1), positive but insig-
nificant values in M4F augmented by outlier
dummies (system 2) and in M4F using “Innovation
B” (system 3), and a negative (but insignificant)
value in M4F with outlier dummies using “Innova-
tion B” (system 4).

Another example for large differences in the
results is the ‘Wage Level-variable, which has a
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positive (but insignificant) coefficient in the con-
centration equation in the systems 1 and 3 (made
up from M4F-type models), but a statistically
significant negative one in the systems 2 and 4.

There are, however, more cases in which the
results are rather stable, and do not change
significantly if we control for outliers.

In the innovation equation ‘Advertising’, ‘Hu-
man Capital’, and ‘Firm Size’ are positive in all
systems, although these signs cannot be con-
sidered to be statistically different from zero in all
but three cases. In particular, the results of our
models do not support the widespread believe that
big firms are significantly more innovative than
smaller firms. Contrary to our expectations, ‘R&D’
never has a positive and significant sign — in

system 1 its coefficient even turns out to be -

negative. One explanation here could be that
industries can and do import research and devel-
opment done in other industries by buying invest-
ment goods and intermediate inputs. Therefore,
the nexus between innovational input (measured
by the percentage of employees working in R&D)
and innovational output might be a rather loose
one. The result, furthermore, may be influenced by
the rather high correlation between R&D and
other variables included here, namely concentra-
tion. Still, the weak relation betweeh innovational
input and output should seem to be worthy of
notice because other studies employing U.S. data
did even find a negative impact of scientists on
innovation (Audretsch and Schulenburg, 1990;
and Schulenburg and Wagner, 1991).

The most striking result in the advertising
equation is that we found a highly significant
negative coefficient for concentration. This sug-
gests that sellers in more concentrated industries
collude to reduce advertising outlays because they
realize that these expenditures are mutually off-
setting, and that this effect dominates the positive
influence of concentration on advertising dis-
cussed above. On the other hand the coefficient of
advertising is negative, too, in the concentration
equation. One possible explanation for this is that
potential entrants may perceive a greater chance
of survival in an industry where advertising is
important (cf. Kessides, 1986). The results of our
model, therefore, do not support a number of
hypotheses derived from theoretical economic

models and frequently tested in empirical models
employing U.S. data

Turning back to the advertising equation, the
other variables, ‘Innovation’ and ‘Private Con-
sumption’ have the expected positive sign in all
four systems.

Considering the concentration equation, only
‘Capital Intensity’ has the sign expected theoreti-
cally in all four systems, which, however, is only
significantly different from zero in the systems
with outlier dummies.

To summarize, different stories could be told
based on the results of each of the four systems of
interdependent equations estimated. This might be
rather unsatisfactory to the reader. However, it is
more unsatisfactory in our view to report, say, the
results for system 1 only, and conclude that there
is a positive impact of concentration on innovation
in the Federal Republic of Germany etc. Results as
fragile as the one just mentioned due to minor
changes in the specification of the model should
not be considered to add to our knowledge about
the innovation-concentration-advertising-maze.
This, too, answers the fourth of our questions: the
data lead to results which are in line with only
some of our theoretical considerations, and we are
far from convinced at all.

4. Conclusions

What did we learn from our econometric study
about the innovation-concentration-advertising-
maze in the Federal Republic of Germany? Alas,
the maze is still there, but we found strong
evidence for three propositions: firstly, unobserv-
able industry effects (‘opportunities’) matter; sec-
ondly, the treatment of outliers matters; and,
thirdly, simultaneity matters. Neither of these
phenomena should be neglected in the future.
There are some caveats to be mentioned as
regards our models. To point to the most impor-
tant ones, our models are static, they do not take
into account international linkages (Bellmann and
Wagner, 1987; and Wagner, 1988) and profita-
bility, and they employ rather highly aggregated
data. A promising research perspective, therefore,
seems to be to derive a data set from a panel of
firms which would allow to control for unobserv-
able firm-specific effects in a dynamic framework
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including variables related to the international
linkages and the profitability of the firm. That is
why we are currently starting such a study as part
of an international research network (cf. Autoren-
gemeinschaft (1990) for an outline of the study).

Note

* Earlier versions of this paper were presented at the annual
meeting of the committee of industrial economists of the
Verein fuer Socialpolitik at Hohenheim University in March,
1990, and at the 1990 conferences of the European Eco-
nomic Association and the European Association for Re-
search in Industrial Economics in Lisboa. We would like to
thank participants of these meetings and three anonymous
referees for helpful comments. A more complete version of
the paper with a set of tables for the results of all computa-
tions is available from the authors on request.
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Data appendix

The data are for 26 industries at the two-digit
SYPRO level of aggregation. The following manu-
facturing industries had to be excluded for reasons
of data availability: iron and steel, iron and steel
foundries, aircraft and aerospace. Furthermore,
we did not include the foodprocessing and agricul-
tural product based industries. With the exception
of the industries mentioned, our data covered the
whole manufacturing sector of the FRG from
1979 to 1986.

1. Innovation

The innovation data are based on results from the
IFO-institute’s innovation test. On the one hand,
IFO asked the firms to specify what percentage of
shipments are due to products in a certain stage of
product life cycle, namely the entry stage, growth




326 Joachim Wagner and J. Matthias Graf von Schulenburg

stage, stage where they have already reached the
peak, and shrinking stage. We used the percentage
of shipments of products in the market entry stage
as one measure of innovation. On the other hand,
the firms were asked to state whether they realized
a product or a process innovation in the year
under review. The percentage of firms who
classified themselves as innovators according to
this question form our second indicator for
innovativeness of an industry. For details on the
IFO innovation test, see Heinz Schmalholz,
Lothar Scholz and Joachim Giirtler: Innovation in
der Industrie. Struktur und Entwicklung der Inno-
vationsaktivititen 1979 — 1982, Miinchen (IFO
Institut) 1985. The data for 1979 — 1982 are
taken from the book mentioned, the data for 1983
— 1986 are from unpublished tables generously
supplied by Heinz Schmalholz.

2. Concentration

The data for the Herfindahl — Index are taken
from three publications of the Statistisches Bunde-
samt (Federal Statistical Office of the FRG):

— Data for 1979 — 1982 are reported in F4
RS.9.

— Data for 1983 — 1984 are reported in F4
R4.2.3 /1983 and 1984.

— Data for 1985 — 1986 are reported in F4
R4.2.3/1985 and 1986.

3. Advertising

The data for the percentage of employees in
marketing activities are computed from unpub-
lished data for the structure of employees kindly
supplied by Prof. Dr. Franz-Josef Bade, University
of Dortmund, which are based on the official
statistic of all employees with social insurance
(“Beschaftigtenstatistik™).

4. Human capital

The data for the percentage of skilled labourers
refer to the the proportion of workers ranked in
the highest class of performance, which as a rule
covers all workers who passed the formal appren-

ticeship training successfully (the so-called ‘Fa-
charbeiter’). The data are computed from: Statis-
tisches Bundesamt, F16 R2.1 (issues for 1979,
1980, .. ., 1986).

S. Firmsize

The number of employees per firm is computed
from data for the number of employees in the
industry taken from Bernd Gorzig, Joachim
Schintke und Peter Baumann: Produktionsvolu-
men und -potential, Produktionsfaktoren des
Bergbaus und des Verarbeitenden Gewerbes in
der Bundesrepublik Deutschland, 29. Folge, 1970
— 1986, Berlin (DIW) 1987, table 18, and from
data for the number of firms reported by Statis-
tisches Bundesamt in the publications mentioned
in 2. Concentration.

6. R&D

The data for the percentage of employees in
research and development are computed from the
unpublished data described in 3. Advertising.

7. Capital intensity

The data for the capital stock and for man hours
worked are taken from the book by Gorzig et al.
mentioned in 5. Firm size.

8. Wage level

The data for wages and salaries per man hour are
computed from the data given in Gorzig et al. (cf.
5. Firm size).

9. Private consumption

The data for the percentage of shipments deliv-
ered for private consumption are based on the
input-output tables for the FRG published by
Statistisches Bundesamt. The values for 1980,
1982, 1984, and 1986 are from F18 RS.12. The
values for the odd years (ie., 1979, 1981, 1983,
1985) are estimated as the arithmetic mean of the
values for the preceding and the following years
givenin F18 RS.12.
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