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ABSTRACT

Skill Biased Technological and Organizational Change:
Estimating a Mixed Simultaneous Equation Model
Using the IAB Establishment Panel”

Recent years have brought growing evidence for an increasing labour demand for high
skilled and a deterioration of the labour position of less skilled employees. The two most
common explanations for this finding are an increasing international trade and a skill biased
technological change. Another possible source for this phenomenon, that has received less
attention in the recent discussion, are organizational changes that might affect labour
demand in an asymmetric way, too. This paper analyses the interdependencies between
labour demand for high and low skilled employees, innovation activities and organizational
changes. To this aim mixed simultaneous equation models are estimated using the IAB
establishment dataset collected by the German Federal Employment Office. Our empirical
results indicate that technological change in the form of product innovations increases the
demand for high and reduces the demand for low skilled employees. Organizational changes
on the other hand do not have any significant effect on the labour demand, but are closely
related to innovations.
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1. INTRODUCTION

The last 30 years have brought growing evidence for an increasing labour demand for
high skilled and a deterioration of the labour market position of low skilled employees.
In countries with a more flexible wage structure, like the United States and the United
Kingdom, this increasing demand for high skilled employees manifests itself in a widening
of the distribution of wages and an increasing income inequality.!

On the other hand, countries with more rigid wages, like most of the European coun-
tries, have to face increasing unemployment rates for unskilled workers. The European
unemployment problem is thus seen to be caused by the same factors that are responsible
for the increasing inequality of income in the U.S. and U.K.?

Economists offer three possible explanations for this phenomenon. One consists in
an increasing international trade, often paraphrased with the notion of globalization.
According to this view, an increasing inter-industry trade between the capital and skill
abundant 'North’ and the labour abundant 'South’ will decrease the labour demand for
low skilled employees in the northern countries.?

Another widespread explanation for an increased labour demand for high skilled em-
ployees is a skill biased technological change, i.e. a technological change which favours
high skilled employees. According to this view, technological progress that manifests
itself in increasing investments in information technology (IT) also increases the produc-
tivity of high skilled employees and therefore leads to a capital skill complementarity.
Additionally, new products and processes are often more complex, therefore requiring a
higher qualified staff.#

There is, however, a further explanation that has received less attention until now.
Establishments recently introduced numerous organizational changes away from the tra-
ditional "Taylorist’ organization characterized by a centralization of authority. Examples
include flattening of hierarchical levels or the introduction of more flexible and responsi-
ble workplaces. These organizational changes can be expected to require a higher level
of human capital and therefore might be skill biased, too.?

The purpose of this paper is to analyse the interdependencies between labour demand
for high and low skilled employees, innovation activities and organizational changes. To
meet this aim we will use the 1998 wave of the IAB establishment panel, a large panel
dataset collected by the German Federal Employment Office ('Bundesanstalt fiir Arbeit’)
which focuses on the demand side situation of the labour market.

The 1998 wave allows us to distinguish between different qualification groups: Blue
and white collar employees for simple and qualified jobs. Additionally it contains infor-
mation about radical and incremental product innovations and organizational changes
introduced by the establishments like the ones mentioned above.

Since some of the considered variables are qualitative and presumably jointly depen-
dent, we have to utilize a mixed simultaneous equation model. Thereby two different
approaches can be distinguished: Type I models which are defined in terms of the latent
variables and type II models with endogenous dummy variables appearing as additional

1See e.g. Snower (1999).

20r using the words of Krugman (1994): 'The European unemployment problem and the US inequality
problem are two sides of the same coin.’

3See Berman and Griliches (1994) and Berman, Bound, and Machin (1998), who have conducted shift
share-analysis for the U.S. and OECD economies, and Falk and Seim (1999), who have done the same for the
German service sector.

4See Bartel and Lichtenberg (1987), Krueger (1993), Autor, Katz, and Krueger (1998).

5See Crepon, Duguet, and Mairesse (1998), Bresnahan, Brynjolfsson, and Hitt (1999) or Caroli and Reenen
(2001).



explanatory variables. The structural form parameters of type II models have to fulfill
additional restrictions to ensure the coherency of this model. We will apply both models
and pay special attention to the consequences arising from the parameter restrictions for
type II models.

The subsequent considerations proceed as follows: In the second section we will
present some theoretical considerations about the determinants of labour demand, in-
novation activities and organizational changes. Section three of this paper deals with the
econometric specification and estimation of mixed simultaneous equation models. Sec-
tion four introduces the IAB establishment panel and presents first descriptive evidence
while section five presents the estimation results. Finally, some concluding remarks are
given in section six.

2. THEORETICAL CONSIDERATIONS

The aim of this section is to give a brief overview of the theoretical expected determinants
of labour demand, innovation decisions and organizational changes. Having identified
potential explanatory variables and functional forms, we will consider the appropriate
econometric modelling in the next section.

2.1.  Labour Demand

In this section we will derive factor demand equations by starting from the following
general cost function®

C = f(Whigh, Wiow, Wapp, K,Y) (1)
where

C = Total cost
whigh = Wage rate for high skilled employees
Wiew = Wage rate for low skilled employees
Wepp = Wage rate for apprentices

K = Capital stock

Y = Output.

We assume that there are three variable input factors, namely employees with high
and low education, respectively, Lpign and L, apprentices, Lgyy, and one quasi fixed
input factor, which is capital stock in 1998, K. The group of high skilled employees
thereby consists of skilled workers and white collar workers for qualified tasks, whereas
low skilled employees include un- and semiskilled blue collar and white collar workers as
well as officials for simple tasks.

If we define Z as a column vector consisting of K and Y, (1) can also be written more
conveniently as

C= f(whigh7 Wiows Wapp, Z)- (2)

There are several cost functions which can be used to approximate (1).” The most

6See Bartel and Lichtenberg (1987).
"See e.g. Hamermesh (1986, 1993).



flexible is the translog cost function leading to the following specification
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with I = {high,low, app}, aij = i, Bij = Bji and ~;; = ;. For (3) to be homogenous
of degree 1 in prices, the following restrictions have to be imposed:
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Differentiating (3) with respect to the factor prices and applying Shephard “s lemma
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yields the following cost share equations
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for ¢ = high,low and app. Since the three share equations sum up to one, we will skip
the share equation for apprentices in the following. Imposing the restrictions in (4) we
arrive at the following factor demand equations

Whigh K
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Since our dataset does not contain any information about wages for different skill groups,
we will approximate the cost share for the i-th skill group with their employment share.®

Furthermore assuming that the relative wages —*~ will not vary across industries, we
app
9

can capture this effect using industry dummies.” The physical capital stock will be
approximated by the investments of the last year.

These theoretically founded employment share equations will be used further on for
the empirical implementation. Additionally to the industry dummies we will also include
other control variables that might affect the labour demand. Possible candidates are the
business development of the past year, investments in communication and information
technology, competition pressure, state of technology and regional dummies. Since our

main interest lies in the employment effects of product innovations and organizational

8See e.g. Berman and Griliches (1994) or Falk and Seim (1999) who proceed in the same manner.

9We considered 16 different industry sectors in our estimation. See the appendix for details. Excluding
the aggriculture/forestry, government /administration and the non profit organization sector does not alter the
estimation results.



changes, corresponding dummy variables will also be taken into account. Table A.T in
the appendix contains a description of the variables used in the analysis.

Since we have not included factor prices in the equations, no symmetry or other
restrictions have to be considered and hence the augmented versions of (6) and (7) could
be estimated separately using OLS. Table A.IV and A.V in the appendix contain the so
obtained estimation results for high and low skilled employees. We will discuss these in
section five.

One of the main problems with this proceeding, however, is the potential endogeneity
of the innovation and organizational change dummies in the labour demand equations.
Introduced product innovations and organizational changes clearly depend on a number of
decisions made by the establishments and therefore should be modelled in a simultaneous
equation framework. In the next two sections we will discuss possible determinants
of innovation decisions and organizational changes in greater detail before turning to
the problem of simultaneity. We will then compare the estimation results obtained by
applying OLS separately to (6) and (7) with more appropriate methods which take a
possible simultaneous bias into account.

2.2.  Innovation Decision

Technological change can be roughly divided into process and product innovations (see
also figure 1).!19 The first refers to any changes that enable establishments to produce a
given output at lower costs, while the latter means the introduction of new products and
services. Process innovation can be further distinguished as to whether it comes along
with investments in new capital goods (embodied process innovation), e.g. investments
in information and communication technology, or it reflects an increase in the production
efficiency (disembodied process innovation).

Product innovation can be categorized into improvement of existing products and
the introduction of products that are new for the establishment (incremental product
innovation) or new for the market (radical product innovation).

‘ Innovation ‘

‘ Product Innovation ‘ ‘ Process Innovation ‘

‘ Improvement ‘ ‘ Incremental ‘ ‘ Radical ‘ ‘ Embodied ‘ ‘ Disembodied ‘

FI1GURE I: CLASSIFICATION OF INNOVATIONS

It is widely believed that product innovations, in opposition to process innovations,
have a positive employment effect. Especially for radical product innovations, i.e. prod-
ucts which are not close substitutes to existing ones, Katsoulacos (1986) has shown that
the positive welfare effect which stems from the increase of the workers’ utility from
consumption leads to an increase in the total employment. The theoretical literature

10See Katsoulacos (1986).



is, however, relatively scarce with regard to the employment effects for different qualifi-
cation groups of employees. This theoretical ambiguity makes an empirical assessment
necessary.

Our dataset allows us to distinguish between these various forms of product innova-
tions introduced by the establishments during the years 1996 and 1997: Improvement,
incremental and radical. Since there are high positive correlations between them (see the
next section for some descriptive results), we will combine them to one single dummy
variable, INNO, which equals one if at least one of the innovation forms is realized and
zero otherwise.

Embodied process innovations are in part captured by the total net investments, es-
pecially investments in information and communication technology, ICT. Our dataset,
however, allows us a much broader view of process innovation. While the use of computers
has been in the center of the debate about the employment consequences of technological
change, it has been recognized recently that exploiting full advantage from computeriza-
tion requires a redesign of the organization of workplaces, too. Technological change and
changes in the organizational structure of workplaces are closely related.!! We will take
this into account by explicitly considering organizational changes as an integral part of
disembodied process innovations.

With regard to the product innovation decision, we assume a latent threshold model

1 if INNO* >0

INNO = ) (8)
0 otherwise

where INNQO* can be interpreted as the propensity of an establishment to innovate,
depending linearly on a set of explanatory variables, i.e. INNO* = 8 = %inno + Winno-
For the error term we assume wjnno ~ IIND(0, 0jnno). In the following we will discuss
some potential determinants of the innovation decision. Thereby a distinction in firm
specific and market specific characteristics proves to be useful.

Firm specific factors include factors like the qualification structure of employees. The
human factor is without doubt one of the major factors for the innovation propensity of
establishments. We will make use of the following indicator to measure the human capital
of an establishment: Share of high qualified white and blue collar employees in 1996. Ad-
ditionally, we will take into account whether establishments possess departments for both
research and development (R&D) and marketing research, respectively. One might also
think that certain organizational environments like e.g. flatter and flexible hierarchies,
are more beneficial for innovation activities than others. We will test this hypothesis by
including an appropriate dummy variable in the innovation equation. Another possible
determinant which will be taken into account is the effect of profit participation plans
for employees.

Establishments that do not execute R&D themselves can capture positive spill-over
effects by cooperating with other institutions, e.g. customers, suppliers, competitors or
universities. We will take this possibility into account by including the dummy variable
COOP which equals one, if an establishment is engaged in a R&D cooperation with one
of these institutions. Additionally, we will consider the total investments in 1997 as a
proxy for the capital stock, investments in information and communication technology in
1995 and the state of the technology in 1996 as other possible factors for the innovation
activities.

Possible push factors coming from the market side will be captured by the business
development for the year 1997 and the competition pressure perceived by the establish-
ments in 1998. Unfortunately, our dataset does not contain any other information about

HGee e.g. Bell (1996) and Bresnahan, Brynjolfsson, and Hitt (1999).
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the market structure, e.g. market power and diversification of single establishments or
industrial concentration.

Size of the establishment, which is traditionally considered as another important
determinant of innovation activities, will be taken into account using dummy variables
for different size classes. In addition industry and regional dummies as well as the legal
form of the establishment will also be included. Table A.Il in the appendix contains a
detailed description of the variables used in the analysis.

Again one obvious idea would be to estimate equation (8) directly using standard
maximum likelihood methods. The major drawback of this proceeding, however, con-
sists in a potential endogeneity bias. Table A.VI in the appendix contains the standard
ML-estimation results in the column labelled ML. In section five these results will be
contrasted to those obtained by using more appropriate econometric models which take
the potential endogeneity of the dummy regressors into account.

2.8.  Organizational Changes

It is nowadays generally accepted that establishments with a higher degree of functional
flexibility are in a better position to react and adapt promptly to changing economic
conditions and new opportunities. This flexibility is especially necessary in an economic
environment with increasing competition and pressure to adjust to changing circum-
stances.!?

In this context establishments have experienced dramatic changes in their organiza-
tional structure over the past decades.!® Recent changes are characterized by a trend
away from a centralized, so called "Taylorist’ organization. Instead, more and more es-
tablishments introduced decentralized and flexible workplaces with more responsibilities
for the individual worker and fewer hierarchical levels.

Clearly there are complementarities between the internal organization of an estab-
lishment and the above mentioned embodied process innovations, like e.g. investments
in ICT." Better communication possibilities associated with ICT also require appropri-
ate organizational changes to fully exploit the advantages of computerization. In this
sense technological change and changes in the organizational structure of workplaces
are closely related. Similarly, product innovations might have an impact on introduced
organizational changes, too.

In the following we will consider whether establishments have undertaken one of the
following organizational changes during the years 1996 and 1997:

— Reorganization of departments and functional areas,

decentralization of responsibilities and decision-authority,

introduction of group-workplaces with own responsibilities or
— introduction of units with own costing and result calculation.

Since there are high positive correlations between these changes (see the next sec-
tion for some descriptive results), we will combine them to one single dummy variable,
ORGA, which equals one if at least one of the organizational changes is realized and zero
otherwise.

Before the introduction, establishments will weigh up the cost-benefit ratio arising
from organizational changes. The benefits are due to flatter hierarchies and include a
reduction in a variety of cost categories, especially communication and information costs.

12Lundvall and Kristensen (1997).
13Gee e.g. Caroli and Reenen (2001).
14Gee Bresnahan, Brynjolfsson, and Hitt (1999).



With fewer hierarchical levels, the coordination and monitoring costs can be expected
to decrease, too. Since workplaces with more tasks and responsibilities offer employees
more job satisfaction, productivity gains can arise.

There are, however, costs which have to be considered and which consist mainly in
a higher risk of duplication of information due to a lack of centralization, an increase
of mistakes due to a lack of monitoring and decreasing returns to scale due to a lower
specialization.

The costs and benefits associated with more decentralized and flexible organizations
depend on a number of factors. One obvious assumption is that the trade-off between
costs and benefits of organizational changes improves with an increasing qualification
structure of the employees. More qualified employees are more able to analyse the grow-
ing information flood caused by flatter hierarchies and to exploit the scope offered by
workplaces with more responsibilities. Thus we expect establishments with a higher
qualified staff to have a higher propensity to introduce organizational changes and vice
versa.

Another main factor that might have a positive impact on the introduction of organi-
zational changes is a growing competition pressure since it increases the gains of flexibility
and decentralization. We will capture this effect using assessments of the establishments
regarding the competition pressure as well as the business development.

We have already mentioned the expected complementarities between embodied pro-
cess innovations as measured by investments in ICT and organizational changes. Ad-
ditional explanatory variables, which will be taken into account, therefore consist of
investments, especially in ICT. To consider possible effects of product innovations on the
propensity to introduce organizational changes, we will also include the dummy variable
INNO.

To capture other firm characteristics, industrial and regional as well as size dummies
will also be included. Machin and Wadhwani (1991) pointed out that unions might
have an impact on the introduction of organizational changes. We will therefore include
an appropriate dummy variable as well as variables indicating the legal form of the
establishment. Table A.III in the appendix contains a description of the variables used
for estimating the following organizational change equation

1 if ORGA* = c’;rgaxorga + Uorga = 0

0 otherwise

ORGA = { 9)
with uerga ~ IIND(0, 00rga)-

Table A.VII in the appendix contains the estimation results obtained by employ-
ing standard ML-estimation methods in the column labelled ML.'? In the following we
will examine if these results deviate from the estimation results obtained from a mixed
simultaneous equation model.

3. ECONOMETRIC MODELLING

Collecting the equations for the share of high and low skilled employees, innovation de-
cision and introduced organizational changes, yields the following simultaneous equation

model
Shigh = Y13INNO + y140ORG A + B 4n Thigh + Unigh (10)
Siow = 123INNO + 7240 RGA + BT 10w + Uiow (11)
INNO* = ")/34ORGA + ﬁz{nnoajinm) + Uinno (12)

15Gection five will go further into detail concerning the interpretation of the estimation results.
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ORGA* = y3INNO + B, 50T orga + Uorga (13)

where the observable dummy variables are linked with their latent counterpart via the
following threshold models

1 f INNO*>0

0 otherwise

. .
and ORGA:{l FORGAT 20y

0 otherwise.

INNO = {

Since some of the endogenous explanatory variables are qualitative, models like the
one in (10) - (14) are called mixed simultaneous equation models.

Classical simultaneous equation models in which all encountered variables are contin-
uous are well known to econometricians and have been successfully applied to a variety
of problems, mainly macroeconomic ones involving longitudinal data sets.

However, the rapid growth and availability of microeconomic data sets have recently
also raised the interest in discrete data and appropriate econometric models since individ-
ual decisions and choices reflected in such data sets are often not made over a continuum
but over a limited number of possibilities and alternatives.

Another already mentioned problem besides the qualitative nature of some variables
is due to the fact that some explanatory variables are the outcome of other decisions by
the individuals and therefore have to be modelled simultaneously.

Mixed simultaneous econometric models (MSEM) can be used when working with
data sets involving both quantitative and qualitative jointly dependent variables. The
field of applications is broad ranging from consumer analysis, labour economics to ques-
tions coming from financial analysis. Since MSEM might be computational demanding
and feature additional identification, consistency and coherency problems, the applica-
tions are rather scarce.'

By modelling a simultaneous model with endogenous dummy, ordered and/or trun-
cated variables, two different approaches can be distinguished:!”

— Type I Models: Latent variable formulation or
— Type II Models: Dummy variable formulation.

Type I models are basically simultaneous equation models defined in terms of the
underlying latent variables. Let y be a (G x 1) vector which contains the latent variables
for the i-th individual, z; a (K X 1) vector with explanatory variables, u; a (G x 1) vector
with stochastic disturbances, I' a (G x G) and B a (G x K) matrix containing the
structural form parameters.

A mixed simultaneous type I model can then be written as

Iy + Bx; = u,. (15)

Since (15) corresponds to a standard simultaneous equation model defined in terms
of y7, an explicit and unique reduced form for (15) exists which can be used to estimate

16Some examples are Lee (1978) and Schmidt (1978): Analysis of the impact of labour unions on wage
rates of workers, Nelson and Olson (1978): Analyzing the determinants of decisions about post secondary
vocational school training, Waldman (1981): Analyzing the interrelation between work, leisure and schooling
time decision, Ransom (1987): Analyzing family labour supply and consumption decision, Pohlmeier (1989):
Analysis of market structure and innovation activities, Browning (1992): Children and household economic
behavior, Blundell and Smith (1993): Joint decision model for married women “s hours of work and household
income and Li (1998): Joint determination of a financially distressed high yield company “s length of time in

default and its likelihood of seeking bankruptcy protection.

17E.g. Blundell and Smith (1993, 1994). Besides type I and type IT models so called log-linear models have
been proposed in the literature. Since these models, however, can not be interpreted in a structural manner,

we will not consider them here. For a detailed discussion see e.g. Maddala (1983).
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the reduced form parameters. The only additional problem which arises is due to the
fact that not all of the endogenous variables are directly observable thus making some
additional identification conditions necessary.

Whereas type I models are defined in terms of the latent variables, mixed simultaneous
type II models might also contain the observable dependent variables as regressors. Using
the notation above, type II models can be written as

Iy’ +Ty; + Bx; = ;. (16)

Since in (16) not only y; but also y; appears, no explicit reduced form for this model
exists. Additional to the identification criterion, the structural form parameters in (16)
have to fulfill the so called coherency condition which ensures that for every admissible
value of x;, u;, B, I'*, and I' a unique value of y; is associated.

This coherency condition must be distinguished from the identification condition.!
The former ensures the existence and uniqueness of the reduced form whereas the latter
ensures the uniqueness of the parameters of the structural form. Identification therefore
presupposes the coherency of a model.

At this point it should be stated that type I and type II models are nonnested alter-
natives. This follows from the fact that simply setting I' equal to zero in (16) does not
yield a type I model since type II models require additional parameter restrictions due
to the coherency problem.'?

The decision when to apply which model should be guided by economic considerations.
In type I models, individual behavior is completely described by the latent variables and
the censoring process simply acts as a constraint on the information available to the
econometrician whereas for type II models the observability rule also constraints the
agent ’s set of choices.

Bresnahan and Smith (1993) consider a model describing household labour supply
and consumption behaviour. If the hours of work are only observable in grouped form,
e.g. full and part time, although the individual has the choice over a scope of hours of
work, the appropriate model would be a type I model. In this case consumption would
be a function of the underlying latent hours of work and not of the observable hours of

8

work.

If on the other hand individuals only have the choice between full and part time
work, not the latent but the observable dummy variable would have an impact on the
consumption decision of households and thus a type II model would be appropriate.

Type II models are equivalent to the so called hybrid model with structural shift pro-
posed by Heckman (1978). In this model both the latent and the observable endogenous
variable appear as regressors in one equation. Another special case of type II models are
switching regression models described in Gourieroux, Laffont and Monfort (1980).

Since in our empirical case of the employment effects of innovations and organizational
changes there are no clear theoretical suggestions whether only the actual observable
decisions have an impact on other variables, as in the above formulated model (10) -
(14), or also the latent propensity to innovate or introduce organizational changes, in the
following we will estimate both models and test which one is appropriate. In the next
two subsections we will take a closer look at both of them.

18See e.g. Gourieroux, Laffont and Monfort (1980)
19See Blundell and Smith (1993).
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3.1. Mized Simultaneous FEquation Models of Type I
8.1.1.  Identification

Let us write down the structural form of the type I mixed simultaneous equation model
using matrix notation

Iy’ + Bx; = u; (17)
where
1 0 —m3 —mu4 Shigh —Bhigh Uhigh
0 1 —73 —v2 Slow —Blow Ulow
"= ) ;= * ’ B = ;U = 3
00 1 —7Y34 Yi INNO _5inno ’ Uinno
0 0 —943 1 ORGA” i _ﬁorga Uorga/ ;

x; is a (K x 1) vector containing all exogenous variables and the (3’s are (1 x K) vectors
containing the structural form parameters. For the vector w; it is assumed that E(u;) =
0,vi = 1,...,N and that there are no correlations between different individuals, i.e.
E(usuj) = 0,Vi # j. The variance covariance matrix of the structural form residual for
the 4-th individual is given by E(u;u}) = X.

The dependency structure between the jointly endogenous variables can be sum-
marized as in figure II. We assume that the propensities to innovate and to introduce
organizational changes during the years 1996 and 1997 might have an impact on the
labour demand for high and low skilled employees in 1998, whereas the innovation
decision and the decision to introduce organizational changes are not affected by the
actual employment situation but the situation prevailing in 1996. On the other hand,
we allow simultaneous relations between the propensity to innovate and the propensity
to introduce organizational changes.

"o » | Labour Demand for High Skilled | ¢ T4

in 1998 (Regression Model)

Y Y
3 > Labour Demand for Low Skilled < H

in 1998 (Regression Model)

Innovation Decision during V34
1996 and 1997 (Probit Model)

a3 Organizational Changes during
1996 and 1997 (Probit Model)

F1GURE II: TYPE I DEPENDENCY STRUCTURE AND ECONOMETRIC MODELS

The model in (17) represents a classical simultaneous equation model defined in terms
of the latent variables. Therefore the usual identification problems arise which are solved
by excluding from every equation at least as much exogenous variables as the number of
included endogenous variables, i.e. imposing a number of zero restrictions on the (1 x K)
vectors ﬁhigha /Blow; ﬁinno and 601"9(1-

However, identification problems arise not only due to the fact that the number of
structural form parameters exceeds the reduced form parameters. Since some of the
latent variables are not observable, additional identification problems arise even for the
reduced form parameters of the two Probit equations. To demonstrate this let us first of
all derive the reduced form of (17)

y; = Iz; +v; (18)
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with
O=-I""!'B, v ="' and E(vo)) = Q. (19)

The parameters of the structural form are hence linked with the parameters of the
reduced form via the following equation

™I+ B = 0. (20)

Assuming that the usual identification criteria are met, the reduced form parameters
of the first two regression equations are exactly identified whereas the reduced form
parameters of the Probit equations are only estimable up to a scaling parameter 1/,
with A4 being the variance of the g-th reduced form Probit equation. The same holds
true for the covariance of the reduced form residuals between two equations involving at
least one Probit equation which is also identified only up to a scaling parameter 1/A,.

Due to the fact that not all variables are directly observable, the structural form
parameters are also only identified up to a scaling parameter. In order to identify them,
in the following we will restrict the variances of the Probit equations to one, i.e. set
Ag = 1 for the g-th reduced form Probit equation.

3.1.2.  Estimation of Type I Models

We now turn to the question of how to estimate the parameters of a MSEM of type 1.
Two approaches can be distinguished: System estimation and single equation estimation
procedures.

System estimation procedures are full information procedures using all information
contained in the different equations. They are computationally more burdensome since
they require the evaluation of a n-fold integral in the case of a MSEM with n Probit
equations.

This problem can be avoided by the use of single equation estimation procedures
which are in fact two stage estimators. In a first step the parameters of the reduced form
are estimated by means of standard methods. The so obtained parameters are then used
in a second step to estimate the parameters of the structural form.

There are several procedures which were proposed in this context.?0 We will apply
the two most common ones, namely the two stage estimators proposed by Amemiya
(1974, 1979) and Nelson and Olson (1978).

THE AMEMIYA ESTIMATION PROCEDURE  Amemiya (1978, 1979) suggests after esti-
mating the reduced form parameters in II by standard methods, to use equation (20) to
estimate the structural form parameters. With I'y and B, as the g-th row of I' and B
respectively, for the g-th equation we have

I'yII = B,. (21)
‘We further define:

vg (1x7) row vector of I'y which contains the parameters of the r endogenous variables
included in the g-th equation,

By (1xs) row vector of By which contains the parameters of the s exogenous variables
included in the g-th structural form equation,

g (1xK) row vector which contains the reduced form parameters of the K exogenous
variables in the g-th reduced form equation,

20See Blundell and Smith (1993, 1994) for an overview and Lee (1990) for a discussion of the asymptotic
properties of different estimation methods.
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II, submatrix of II containing the parameters to be multiplied with v, and

Jy selection matrix such that J,3; = By.

After transposing, equation (21) can be written as

Ty = g + Jy By (22)

The structural form parameters of the g-th equation can then be estimated by
substituting the w-parameters in (22) by their first step estimates # and computing the
OLS or GLS estimators for v, and f3;.

THE NELSON-OLSON ESTIMATION PROCEDURE  Nelson and Olson (1978) suggest to
estimate in a first step the reduced form parameters by standard methods. These pa-
rameters can be used to get predictions for the latent variables according to

g = M. (23)

In a second step the predicted values for y; are used to obtain the parameters of
the structural form by inserting the g into the structural form equations and applying
standard estimation methods to obtain estimates for I' and B.

3.2.  Mized Simultaneous Equation Models of Type I1
3.2.1.  Coherency Conditions for the Structural and Semireduced Form

For the following considerations we will use the notation introduced in section 3.1. A
mixed simultaneous type II model for the i-th individual can then be written as

Iy +T'y; + Bri = u;. (24)

In contrast to type I models we permit that not only the latent variables contained in
y; are considered in the structural model but also some of their observable counterparts in
y;. One consequence of this inclusion is the nonexistence of an explicit reduced form. By
premultiplying (24) with the inverse of I'*, however, a semireduced form can be derived

yi =Ty + Bx; + U, (25)

with = -I* T, B=-T* Band 4; = u,.

In order to ensure that for every admissible value of I'*, I', B, z and w a unique
value for y is associated, the structural form parameters in (24) have to fulfill certain
restrictions. Such restrictions are called coherency or consistency conditions.

In the following we will demonstrate the coherency problem associated with type
IT models using a two equation Probit model before generalizing the results to the n
equation case.?! Skipping the index i for convenience and using the indicator function
I(-) which equals one if - holds true and zero otherwise, we arrive at

yi = Biz1+ ey +w (26)
Yy = oo+ Y2191 + u2 (27)
yi = I(y;) i=12 (28)

Let us suppose that v12 and 79 are both positive.?? The correspondence between the
latent and observable variables can be depicted using figure III.

21Gee e.g. Butler and Picone (1999).
22The same arguments also hold for other signs of v15 and 7s;.
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FIGURE III: SIMULTANEOUS PROBIT MODEL WITH MULTIPLE EQUILIBRIA

If e.g. wy is greater than —fB1x; then y; will equal one regardless of the value of ys.
The same holds if ug is greater than —faxs for ys so that for all (uy,usz) € (—F121,00) X
(=g, 00) the corresponding value for the observable endogenous variables is (1,1). In
the same manner a unique relationship between (u1,u2) and (y1, y2) can be derived for the
other regions, except for the area (uj,uz) € (—f121—y12, —f121) X (—F2x2 — Y21, —F2x2).

To show why for this (u1,u2) combination multiple equilibria arise, assume that ys
equals zero. Then y; also equals zero since every wuq in this area is less than —3;2x1. The
same arguments hold for ys, so that (0,0) is indeed one possible equilibrium.

But now assume that yo equals one. Since all uy in this area are greater than — (i1 —
12, y1 will equal one, too. The same reasoning can be applied to y2 so that (1,1) is also
an equilibrium.

Therefore two equilibria, (1,1) and (0,0), are consistent with values out of this region.
This nonexistence of a unique equilibrium implies that the sum of the probabilities for
the distinct outcomes (0,0), (1,0), (0,1) and (1,1) is greater than one therefore making
the definition of a random variable impossible.

Now consider the case where e.g. 12 is set equal to zero (see figure IV). The corre-
spondence between (u1,u2) and (y1,y2) now becomes a function, since there are no more
regions with multiple or no equilibria. The same holds true if 797 or both 12 and 91
are set to zero. The parameter restriction which ensures that the model (26) - (28) is
coherent therefore can be stated as 19721 = 0.

A conclusion from the previous considerations is that a two equation type II Probit
model in order to be coherent must feature a recursive structure between the endogenous
variables. This restriction often rules out interesting interactions between the variables.
In the following we will examine the impacts of this restrictive assumption for our em-
pirical application.

But before, we will extend our findings to the general case. Consider the following
n-simultaneous equation type II Probit model®3

I'y*+Ty+ Bz =u (29)

where all G variables in y are assumed to be truncated and linked via a Probit threshold

23 Again we skip the individual index for convenience.
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FIGURE IV: SIMULTANEOUS PROBIT MODEL WITH UNIQUE EQUILIBRIA

model with their latent counterpart in y*. We further assume in (29) that only the
observable variables appear as explanatory variables by setting I'* = [I.

It can be shown that a necessary condition for the coherency of (29) is that all principle
minors of I' are equal to zero.? In our previously discussed example it holds that

= (_321 _g”> . (30)

The principle minors of I' are
’FH‘ = 0, ‘F22| =0 and |F| = —712721- (31)

The coherency condition therefore is that 1221 must equal zero.
Now assume that only G* < G of the endogenous variables in y are truncated. Par-
titioning the matrices accordingly, (29) can be written as

(vi v2) =(n w2) (11:;1 E;) +X (B1 Bz)+ (w1 u2) (32)

where y; are the truncated and y2 = y5 the observable variables.
(32) can be written as

y1 = yil' +yollor + X By +uy (33)
y2 = Y1l +y2llo2 + X By + uo. (34)

(34) can be analogously written as
yo = y1T12(I — Ta2) ™' + X Bo(I — To2) ' + up(I — T'ap) . (35)
Inserting (35) into (33) yields after rearranging

yi = y1(T11 + Tia(I — o)™ 1T91) + X(B1 + Ba(I — Ta2) " 1T9)
+(ug + uz(I — Tag) ™ 1Tg).

24Gee Schmidt (1990) for a proof.

16



(36) is nothing else than the previously discussed simultaneous Probit type IT model
with all endogenous variables truncated. Applying the appropriate coherency condition
yields that all principle minors of (I'1; + I'12(1 — I'ea) " 'I'y; must be zero.

Until now we have assumed that only the observable variables appear as explanatory
variables. Consider now a model where both the latent and the observable variables
appear as right hand side variables

I'y* + Ty + Bx = u. (37)
Solving (37) for y* yields
y =TTy —T* Bz +T*" 1y (38)

which is coherent if all principle minors of I* T are equal to zero. The next table
summarizes the coherency conditions for the different models discussed previously.

TABLE 1
COHERENCY CONDITIONS FOR SIMULTANEOUS PROBIT MODELS

Type II Model Coherency Conditions
Simultaneous Probit Model with All All Principle Minors of
Endogenous Variables Truncated: I" Must Equal Zero.

Y*=YI'+XB+e.

Simultaneous Probit Model with All Principle Minors of
Some Endogenous Variables Truncated: I T +T12(] —T9) Ty
FH F12 Must Equal Zero.
(v )= ) +XB+e
Por T'ao
Simultaneous Probit Model with Both All Principal Minors of
Y and Y* as Explanatory Variables: (I — A)~! Must Equal Zero.

Y*=YI'+XB+e

Let us now return to our empirical application as summarized in (10) - (14). I'"* and
I" then become

1000 0 0 73 M4
0100 0 0
I — and T = Y23 724 (39)
0 010 0 0 0 3y
0 001 0 0 v O

Rearranging I' according to (32), we conclude that all principal minors of

0 a3
(’734 0) (40)

must be zero, i.e. either v34 = 0 or 143 = 0 leading to a recursive structure regarding
the innovation decision and introduced organizational changes. In the following we will
estimate two different type II models.
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The first one (see figure V left) assumes that the innovation decision might have
an impact on introduced organizational changes but not vice versa whereas the second
model to be estimated assumes the converse (figure V right).

s » | Labour Demand for High Skilled | ¢ hs T » | Labour Demand for High Skilled | ¢ ha
in 1998 (Regression Model) in 1998 (Regression Model)
Y23 Lab . Va4 123 . Y24
» abour Demand for Low Skilled < » Labour Demand for Low Skilled <
in 1998 (Regression Model) in 1998 (Regression Model)
Innovation Decision during Innovation Decision during T34
1996 and 1997 (Probit Model) 1996 and 1997 (Probit Model)
Ta3 Organizational Changes duting Organizational Changes during
1996 and 1997 (Probit Model) 1007 and 1997 (Probit Model)

F1GURE V: TYPE Il DEPENDENCY STRUCTURE AND ECONOMETRIC MODELS

3.2.2.  Estimation of Type II Models

For the estimation of the parameters of type Il models there are again two different
approaches that can be followed. System estimation procedures are computationally
more challenging since they require the evaluation of a n-fold integral in the case of
a MSEM with n Probit equations. This problem can be avoided by the use of single
equation estimation procedures which are in fact instrumental variable estimators. We
will describe this approach in the following.

One natural idea for estimating the structural form parameters of the model for-
mulated in (10) - (13) with the parameter restriction 3443 = 0, is to proceed in the
following manner: For 743 = 0, the model can be rewritten as?

Shigh = MN3EINNO) +114E(ORGA) + By Thigh
+(113(INNO — E(INNO)) 4+ 714(ORGA — E(ORGA)) + upigr,)  (41)

=Vhigh

Slow = ’)/23E(INNO) + 724E(ORGA) + ﬂllowwlow
+ (723(INNO — E(INNO)) 4+ v24(ORGA — E(ORGA)) + wiow) (42)

=Vlow
INNO* = v34 E(ORGA) + ﬁz{nno%nno + (734(ORGA — E(ORGA) + uinno)) (43)
ORGA* = ﬁérga%rga + Uorga- (44)

In a first step equation (44) can be estimated using standard ML-methods. The so
obtained parameters are then used for estimating equation (43) by inserting the following
expression for the expected value of ORGA

E(ORGA) = P(ORGA = 1) - P(UOTQG Z _ﬁ(/)rgaxOTga) - (I)(ﬁ(/)rgaxOTg&) (45)

and replacing (3,4, With the first step estimate @Orga.

25Gee Wilde (1999).
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Finally, the employment share equations in (41) and (42) can be estimated using (45),
inserting the following expression for the expected value of INNO

E(INNO) = P(INNO =1|ORGA =1)P(ORGA =1)
+P(INNO = 1|JORGA = 0)P(ORGA = 0)
= PWinno > =134 — BipnoTinno) P(Uorga > —BhrgaTorga)
+P(Vinno = —BipnoTinno) P(torga < —BprgaTorga)
= O(v34 + BlnoTinno) P(BorgaTorga)
+@(BnoTinno) (1 — O éwgaxov”ga))

(46)

and replacing Binno with @mw obtained in the previous step.

One problem with this proceeding is, however, that the error terms in (41) - (43)
are not distributed according to a normal distribution since vhigh, Viow and Vinne are
linear combinations of a continuous normal and a discrete binomial random variable. To
account for this misspecification we will estimate the variances of the parameters using
the variance estimator proposed by White (1982). The estimation results can be found
in the appendix in the column labelled IV-White and will be discussed in section five.

4. DATASET AND DESCRIPTIVE RESULTS

In the following we will give a brief overview of the data set used in our empirical analysis,
namely the IAB establishment panel and present some first descriptive results.

The TAB establishment panel is a yearly survey of the demand side situation of the
labour market.?® The unit of interest is the establishment, i.e. the local unit where
the activity of a company takes place. The basis for the IAB establishment panel is
the employment statistics register of the Federal Employment Office ('Bundesanstalt fiir
Arbeit’), where employers have to report information regarding their employees subject to
a social compulsory security scheme. Starting from this register a stratified representative
sample is drawn. The TAB panel started in 1993 with about 4,200 establishments from
West-Germany. Since 1996 establishments from East-Germany are also included in the
data set that in 1998 contained about 10,300 units.?”

The TAB panel is organized in a modular form. There are topics covered annually like
changes in the level and structure of employment and questions about the establishment
policy, e.g. information about the business volume and investment. Other topics are
only covered irregularly, e.g. information about innovations and organizational changes.
Additionally, there is also a special questionnaire about actual questions included into
the panel every year.

Information about innovations are provided for the years 1993, 1994 and 1998 whereas
organizational changes are covered in 1995, 1998 and 2000. Since the 1998 wave contains
information about innovation decisions and organizational changes, we will focus our
attention especially on this wave.

Regarding the innovation decision the following questions were posed:

— Has your establishment improved an already offered product or service during the
last two years? (Improvement)

— Has your establishment included a new product or service in its range of products
during the last two years that already existed in the market? (Incremental)

26For a more thorough discussion see Kélling (2000) or Bellmann and Kélling (2000).

27Tt should be noted that the IAB establishment panel is not representative for all firms in Germany since
the selection probability increases with the size of the establishment therefore leading to an overrepresentation
of large establishments. See e.g. Bellmann (1997).
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— Has your establishment included a new product or service in its range of products
during the last two years that were new for the market? (Radical)

In 1995 and 1998 establishments were also asked if they have introduced one of the
following organizational changes during the last two years:

~ Reorganization of departments and functional areas (Reorganization),

— decentralization of responsibilities and decision-authority (Decentralization),

introduction of group-workplaces with own responsibilities (Responsibility) or

introduction of units with own costing and result calculation (Own Costing).

The questions about the innovation decisions and organizational changes are retro-
spective in nature so that we decided to also include information from the 1996 wave
and thus to focus our attention on those establishments which participated in 1998 and
1996. The total number of theses establishments amounts to 6,970 with 3,564 coming
from West- and 3,407 from East-Germany.

In the following we will present some first descriptive results for these establishments.
Figure A.I in the appendix shows the distribution of the establishments with regard to
the industrial affiliation, whereas figure A.IT shows how they are divided into different
size classes. The following table II shows the average number of employees in the different
qualification groups.

TABLE 11
DESCRIPTIVE RESULTS:
MEAN AND STANDARD DEVIATION FOR DIFFERENT SKILL GROUPS OF EMPLOYEES

Employees Mean Standard Deviation
Low Skilled Blue Collar 60.4 343.57
High Skilled Blue Collar 88.56 443.28
Low Skilled White Collar 19.59 136.05
High Skilled White Collar 173.31 569.64
Apprentices and Working Owners  16.51 51.12
Total Employment 360.72 1167.24

Figure A.IV to A.VIII in the appendix show the percentage of establishments that
introduced different forms of innovations with regard to size class, region and indus-
trial affiliation. It can be concluded that especially large establishments in the primary
industry, investments goods industry, finance and insurance are the innovative ones. Ad-
ditionally West-German establishments compared to their eastern counterparts are more
innovative.

Estimating the Pearson correlation coefficient between the different forms of innova-
tions reveals that there are positive and significant correlations between them, especially
between an improvement of existing products and services and an incremental product
innovation (see table A.XVI in the appendix). Due to these high positive correlations we
decided to combine the different innovation forms to one single dummy variable, INNO,
which equals one if at least one of the innovation forms is realized and zero otherwise.

In the following we will examine organizational changes introduced by the establish-
ments. Figures A.IX to A.XIV in the appendix show the percentage of establishments
that introduced different organizational changes with regard to size class, region and
industrial affiliation. Again it is striking that especially large establishments in the
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electricity /mining segment, primary industry, investments goods industry and finance
segment are those that introduced organizational changes. Additionally, West-German
establishments are more likely to introduce organizational changes compared to their
eastern counterparts.

Estimating the Pearson correlation coefficient between the different organizational
changes reveals that there are positive and significant correlations between them as it
was the case for the different forms of innovations (see table A.XVII in the appendix).
Due to these high positive correlations we decided to combine the different organizational
changes to one single dummy variable, ORGA, which equals one if at least one of the
changes is realized and zero otherwise.

Having provided a first overview about the establishments which have introduced
innovations and organizational changes, finally we will take a first look at the employment
effects. To this aim we compare the employment shares for high and low skilled employees
in 1998 for those establishments which have introduced innovations and organizational
changes with establishments which have not.

More specifically we will distinguish the following establishments: Establishments
which have introduced product innovations and organizational changes (INNO =
1,O0RGA = 1), establishments which introduced either innovations or organizational
changes (INNO = 1,0RGA =0and INNO = 0,ORGA = 1) and establishments which
have introduced neither innovations nor organizational changes (INNO = 0,O0RGA =
0). Table A.XVIII in the appendix contains the percentages of the total 6,970 estab-
lishments falling in each category. The Pearson correlation coefficient between INNO
and ORGA equals 0.39 and is highly significant (significance level < 0.001) indicating
that innovations and organizational changes are indeed, as already stated above, closely
related to each other.?®

Table IIT contains the means and standard deviations for the different employment
shares.?? One striking feature is that establishments which introduced either innovations
or organizational changes are the ones with the higher share of skilled employees in
contrast to establishments which have introduced neither innovations nor organizational
changes. This impression is confirmed by a look at the development of the shares for high
and low skilled employees between 1998 and 1996 (see table III). Again establishments
which introduced either innovations or organizational changes are the ones with a higher
increase of high skilled employees and a higher decrease of low skilled employees.

These descriptive results give a first evidence for the hypothesis that there is a skill
biased technological and organizational change in favour of high skilled employees. In
the following we will test whether these first descriptive results are confirmed by the
estimation results of the econometric models.

5. ESsTIMATION RESULTS

In this paper we were mainly interested in the employment effects of innovations and
organizational changes. To this aim several econometric models were estimated using
different estimation methods, ranging from separate estimation of the employment share,

280ne might suspect that technological and organizational changes are influenced by one common factor
and thus can not be separated anyway. Conducting a Factor analysis yields, however, that the correlation
matrix for the innovation and organizational change decision is not eligible for a Factor analysis. E.g. the
Kaiser-Meyer-Olkin measure of sampling adequacy is in our case 0.5 and therefore too small for a satisfactory
analysis. Analysing the anti-image-matrix and the inverse of the correlation matrix yields similar results. We

therefore decided to maintain our model.

29Note that the shares do not sum to 100% since we have omitted other employment groups such as appren-

tices and working owners.
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TABLE III
DESCRIPTIVE RESULTS:
SHARES AND DEVELOPMENT OF SHARES OF HIGH AND Low
SKILLED EMPLOYEES FOR DIFFERENT ESTABLISHMENTS
(STANDARD DEVIATIONS IN BRACKETS)

INNO =0 INNO =1 INNO =0 INNO =1

Employment Group
ORGA=0 ORGA=0 ORGA =1 ORGA =1

4

Share High Skilled 68% 69% 74% 3%
(32.66) (29.21) (29.36) (24.99)

Growth High Skilled 0.78% 1.74% 2.39% 1.22%
(32.52) (26.64) (24.07) (19.73)

Share Low Skilled 26% 24% 20% 22%
(32.90) (29.17) (26.59) (24.97)
Growth Low Skilled -1.30% -2.09% -2.49% -1.90%
(31.75) (26.78) (23.23) (19.15)

innovation and organizational change equation to models and methods which take the
endogeneity of innovations and organizational changes into account.

Thereby we employed two different types of models, namely type I models which
assume that it is the propensity to innovate or to introduce organizational changes which
might have an impact on the demand for heterogenous labour, and type II models which
on the other hand assume that it is the actual decision that has an effect. The detailed
estimation results can be found in the appendix. In the following we will summarize the
main findings and derive some stylized facts. We start with the relations between the
endogenous variables, namely share of high and low skilled employees, innovations and
organizational changes (see figure VI).

Labour Demand for High Skilled
in 1998 (Regression Model)

+ + o+ ) & 06

v

Labour Demand for Low Skilled < 0O & &
in 1998 (Regression Model)

v

Innovation Propensity during + +
1996 and 1997 (Probit Model)

A

Organizational Change Propensity
during 1996 and 1997 (Probit Model)

\/

Type II Model Type II Model

Type I Model
(Inno — Orga) (Orga — Inno)

FIGURE VI: ESTIMATION RESULTS FOR DIFFERENT MODELS (ONLY THE SIGNS ARE
REPORTED, INSIGNIFICANT PARAMETERS IN BRACKETS)

By comparing the estimation results for the different models, the following stylized
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facts can be derived: Both type I and type II models support the hypothesis about
a skill biased technological change in favour of high skilled employees. For the type I
model, estimation based on the procedure proposed by Amemiya yields no significant
results whereas the estimation based on Nelson-Olson confirms the OLS estimation re-
sults, namely that innovations have a positive impact on high skilled and a negative on
low skilled employees. The same holds for both recursive type II models that were esti-
mated, the first which assumes that innovations have an impact on organizational changes
(INNO — ORGA) and the second which assumes the opposite, i.e. ORGA — INNO.

At this point one natural arising question is the following: Do only implemented
innovations and organizational changes have an impact on the labour demand or even
the propensity to do so, i.e. are type I or type II models more appropriate? To this aim
we will conduct a simple test proposed by Blundell and Smith (1993) and Davidson and
MacKinnon (1981) that will allow us to discriminate between them.

At first we will test whether the type I formulation of our model is appropriate, i.e.
our null hypothesis is

Hy: Type I model is the true model (47)
and the two alternative hypotheses are

Hy:  Type Il model (INNO — ORGA) is the true model (48)
Hy:  Type Il model (ORGA — INNO) is the true model. (49)

If the type I formulation is the true model, then for the share equation for high and
low skilled employees, Spign and Sjey,, explicit reduced form equations exist

Shigh = Thigh® *+ Vhigh (50)

/
Stow = T ow® T Viow-

If, however, the type II formulation is the correct one, then only a semireduced form
is available which also contains the endogenous dummy variables

Shigh = Thigh® +113INNO + 7140 RGA + vpigy, (51)
Siow = Tpp®+ 723l NNO + 7240ORG A + vy

One obvious way to test Hy therefore consists in estimating (51) by replacing INNO
and ORGA by the appropriate estimated predictions under the type II formulation and
test if 13 = y14 = 0 and o3 = 924 =0 respectively.??

The results can be found in the following table IV. They indicate that Hy can not be
rejected, i.e. the type I formulation is appropriate for the share equation of high and low
skilled employees. We conclude that it is not only the actual decision to innovate and to
introduce organizational changes that affects the labour demand but also the propensity
to do so.

30For the type II model e.g. with v43 = 0, i.e. the INNO — ORGA model, E(ORGA) = @(Bgrgaa:wga)
and E(INNO) = ®(y34 + BgnnoxinHO)é(Bgmaxorya) + &( A;nnoxinno)(l - (I)(B(/)rgaxorga)-
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TABLE IV
MODEL SPECIFICATION TEST:
Hy: TypE I MODEL IS THE TRUE MODEL FOR HIGH AND LOW SKILLED

Holternative F-Value p-Value
Type II (INNO — ORGA) is the True Model for High Skilled 0.56 0.57
Type II (INNO — ORGA) is the True Model for Low Skilled 0.96 0.38
Type II (ORGA — INNO,) is the True Model for High Skilled 1.64 0.19
Type II (ORGA — INNO,) is the True Model for Low Skilled 0.70 0.50

Next we will test if our data are also consistent with the type II formulation. The
type II formulation can be tested by estimating?®!

Shigh = M3INNO +y120RGA + By, Thigh + ShighShigh + Unigh (52)
Slow = 723INNO + 724ORGA + /Bllowxlow + OlowSlow + Ulow
and testing if dpign = 0 and d;, = 0 respectively. Thereby S'high and Sj,, are the
estimated predictions under the type I explicit linear reduced form for Spign and Sjig.
The following table V contains the t-values and significance levels for dp;4n, and 9o,

TABLE V
MODEL SPECIFICATION TEST:
Hy : TypE II MODEL IS THE TRUE MODEL FOR HIGH AND LOW SKILLED

Halternative t-Value p—Value
Type I is the True Model for High Skilled  34.67  <0.0001
Type I is the True Model for Low Skilled  32.66  <0.0001

Since the null hypothesis is rejected on a high significance level we conclude that type
IT models are not appropriate in our context compared with type I models. It seems
therefore that the censoring of the INNO and ORGA variables acts as an observation
constraint for the econometrician but not for the establishment. Establishments seem to
have the choice between a whole scope of innovation and organizational change decisions
which affect the labour demand and not only between the ones observed in the dataset.

We continue with other factors that have a significant impact on the labour demand.
These are first of all investments in information and communication technology. Again
the effect is diametral regarding different skill groups of employees, i.e. positive for high
and negative for low skilled. The state of the technology of an establishment works in
the same direction: The newer the technology, the more likely high skilled employees will
be employed.

With regard to organizational changes no significant effects on the labour demand can
be observed, independent of the econometric model. We thus found no empirical support
for our initially formulated hypothesis that organizational changes might also have a skill
biased impact on the labour demand.??

31See Blundell and Smith (1993).

320ur results are in conflict with previous empirical findings, like e.g. Caroli and Reenen (2001). They have
analysed British and French establishments and showed that organizational changes and skills are complements.
For the United States Bresnahan, Brynjolfsson, and Hitt (1999) have also found a complementary relationship
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Another striking feature of our estimation results concerns the relation between in-
novations and organizational changes. Any estimated model points out that introduced
innovations and organizational changes are closely related to each other.

The major factors driving innovations are the age of the technology used (a modern
equipment increases the probability to innovate), the existence of a research & develop-
ment and a market research department, the competition pressure (with an increasing
competition the probability to innovate increases) and the size of the establishment (larger
establishments are more likely to innovate than smaller ones). Interestingly the portion
of high skilled employees has no effect on the innovation activities.

Regarding the decision of establishments to introduce organizational changes the fol-
lowing factors can be identified: Investments in information and communication tech-
nology increase the probability to introduce organizational changes thereby supporting
our initially formulated hypothesis about the relation between technological and orga-
nizational change. Other driving factors are the business development (an insufficient
development increases the probability to introduce organizational changes), the existence
of a workers and staff council and the size of the establishment which both increase the
probability to introduce organizational changes. Again the portion of skilled employees
has no significant effect.

6. CONCLUSIONS AND OUTLOOK

The purpose of this paper was to answer the following questions: What is the effect
of technological change on the labour demand, especially for different skill groups of
employees? Does the numerous recently introduced organizational changes also have
an effect on the labour demand? Which effect prevails: Innovations or organizational
changes? If technological progress and organizational changes are indeed skill biased as
often stated, what is the net effect on the total labour demand?

Another interesting point is the following: Do only implemented innovations and
organizational changes have an impact on the labour demand or even the propensity to
do so, i.e. are type I or type Il models more appropriate?

Finally, we wanted to know if certain organizational environments are more likely to
generate innovations or if innovations entail organizational changes?

Our results indicate that product innovations operate in an asymmetrical way, in-
creasing the labour demand for high and reducing it for low skilled employees. For
organizational changes we did not find a similar effect. By comparing the absolute num-
bers of the innovation effect on the labour demand for high and low skilled employees, it
seems that the total labour demand effect is almost zero, but noticeable larger for type
IT models than for the type I model. This means that implemented innovations affect the
labour demand more severely than only the propensity to innovate.

By conducting several specification tests in order to discriminate between type I and
type Il models, we arrived at the insight that models which assume that the propensity to
innovate and to introduce organizational changes have an impact on the labour demand
are more appropriate than models which assume that it is the actual decision to do so.
It thus seems that the censoring of the variables acts as an observational constraint for
the econometrician but not for the set of choices of the individual establishment.

One additional finding is the close relation between innovations and organizational

between investments in ICT, organizational changes and high skilled employees. Similar results for Germany
are obtained by Falk (2001) who found that organizational changes are mainly driven by ICT and training
expenditures and have a positive impact on expected employment for all skill groups except for unskilled
labour.
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changes. Every estimated model pointed out that innovations are always associated with
organizational changes and vice versa.

Our empirical findings, however, have a number of drawbacks which must be taken
into account. The first point concerns the crude measure for different skill groups. Our
dataset does not contain any information about the education or the actual activities of
the employees. Furthermore due to data limitations we were forced to approximate the
wages for different skill groups using industry dummies.

Since we had no information about introduced process innovations, our econometric
model solely focused on product innovations. We were therefore not able to test if prod-
uct as opposed to process innovations have a different effect on the labour demand, an
effect that is likely to be expected as theoretical considerations suggest. Unobserved het-
erogeneity certainly plays a major role in the innovation process of establishments, which
could only be taken into account by employing a panel dataset but not by using only
a cross sectional dataset as in our case. Finally it is unclear how robust the results are
with regard to the chosen estimation strategy, namely a limited information estimator.

We hope to accommodate these requirements and to mitigate the shortcomings of our
findings in future work by employing a linked employer-employee dataset for more than
one year.
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7. APPENDIX

TABLE A.I
VARIABLES USED FOR THE EMPLOYMENT SHARES IN 1998¢

Variable Label
INVy;/Yy7 Logarithm of Total Investments in 1997 per Business Volume (in DEM)
DEVy; Business Development in 1997 (1 = Very good, ..., 5 = Insufficient)
1CTy; Investment in Information and Communication Technology in 1997
(Yes/No)
COMP  Competition Pressure (1 = No Pressure, ..., 4 = High Pressure)
STATEgg  State of the Technology in 1998 (1 = Up-to-Date, ..., 5 = Out-of-Date)
INNO Product Improvement, Incremental or Radical Innovation (Yes/No)®
ORGA  Introduced Organizational Changes (Yes/No)¢

16 Industry Dummies with Reference Class Agriculture

16 Regional Dummies with Reference Class Eastern Berlin

@ The Share of High Skilled Employees thereby consists of Skilled Workers and White Collar
Workers for Qualified Tasks, whereas Low Skilled Employees are made up of Un- and Semiskilled
Blue Collar Workers and White Collar Workers and Officials for Simple Tasks.

b Consists of Improvement of Existing Products and Services, Introduction of New Products
and Services for the Establishment and New Products and Services for the Market during 1996
and 1997.

¢ Consists of Reorganization of Departments and Functional Areas, Decentralization
of Responsibilities and Decision-Authority, Introduction of Group-Workplaces with Own
Responsibilities and Introduction of Units with Own Costing and Result Calculation during
1996 and 1997.
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TABLE A.II
VARIABLES USED FOR THE INNOVATION DECISION®

Variable Label
HIGHyg Share of High Qualified White and Blue Collar Employees in 1996
R&D R&D Department (Yes/No)
MR Market Research Department (Yes/No)
ORGA Introduced Organizational Changes (Yes/No)?
PROF Profit Participation Plans for Employees (Yes/No)
COOP Engagement in R&D Cooperation with other Institutions
INVy; Total Investments in 1997 (in DEM)
1CTys Investment in Information and Communication Technology in 1995
(Yes/No)

STATFEy;  State of the Technology in 1996 (1 = Up-to-Date, ..., 5 = Out-of-Date)
DEVy; Business Development in 1997 (1 = Very good, ..., 5 = Insufficient)
COMP Competition Pressure (1 = No Pressure, ..., 4 = High Pressure)

ONEMAN One Man Business®
PART Establishment Organized as a Business Partnership®
LIMTD  Private Limited Company*
CAPT Capital Company*®
PUBL Public Corporation®
S1Z Ex Establishment with Less than 50 Employees
S17Z Es5q0 Establishment with Less than 500 Employees

16 Industry Dummies with Reference Class Agriculture

16 Regional Dummies with Reference Class Eastern Berlin

% Consists of Improvement of Existing Products and Services, Introduction of New Products
and Services for the Establishment and New Products and Services for the Market during 1996
and 1997.

b Consists of Reorganization of Departments and Functional Areas, Decentralization
of Responsibilities and Decision-Authority, Introduction of Group-Workplaces with Own
Responsibilities and Introduction of Units with Own Costing and Result Calculation during
1996 and 1997.

¢ Reference Class Consists of Miscellaneous Other Legal Forms, e.g. Cooperatives and
Incorporated Societies.
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TABLE A.III

VARIABLES USED FOR INTRODUCED ORGANIZATIONAL CHANGES®

Variable Label

HIGHyg Share of High Qualified White and Blue Collar Employees in 1996
COMP Competition Pressure (1 = No Pressure, ..., 4 = High Pressure)
DEVys Business Development in 1996 (1 = Very good, ..., 5 = Insufficient)
DEVy, Business Development in 1997 (1 = Very good, ..., 5 = Insufficient)
INNO Product Improvement, Incremental or Radical Innovation (Yes/No)®
INVy; Total Investments in 1997 (in DEM)
1CTys Investment in Information and Communication Technology in 1995

(Yes/No)
ICTy7 Investment in Information and Communication Technology in 1997
(Yes/No)

STATEg;  State of the Technology in 1996 (1 = Up-to-Date, ..., 5 = Out-of-Date)

UNION  Workers/Staff Council (Yes/No)
ONEMAN One Man Business®

PART Establishment Organized as a Business Partnership®

LIMTD Private Limited Company*
CAPT Capital Company*
PUBL Public Corporation®

S1Z Ex Establishment with Less than 50 Employees

S1Z Esy Establishment with Less than 500 Employees

16 Industry Dummies with Reference Class Agriculture

16 Country Dummies with Reference Class Fastern Berlin

@ Consists of Reorganization of Departments and Functional Areas, Decentralization of Re-
sponsibilities and Decision-Authority, Introduction of Group-Workplaces with Own Responsibil-
ities and Introduction of Units with Own Costing and Result Calculation during 1996 and 1997.

b Consists of Improvementb of Existing Products and Services, Introduction of New Products
and Services for the Establishment and New Products and Services for the Market during 1996
and 1997.

¢ Reference Class Consists of Miscellaneous Other Legal Forms, e.g. Cooperatives and Incor-
porated Societies.
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TABLE A.IV
EsTIMATION REsSULTS TYPE I MODEL:
SHARE EQUATION FOR HIGH SKILLED EMPLOYEES

OLS Amemiya Nelson-Olson
Variable  Parameter t-Value Parameter t-Value Parameter t-Value
Intercept 75.2796 18.01 35.6447 2.60 83.3970 18.95
INVy7 /Yo7 0.0023 0.01 0.2902 0.03 -0.4913 -1.37
DEVy; 0.8410 1.87 0.9076 0.10 0.5990 1.29
1CTy; 4.4372 4.12 1.9770 0.20 2.1220 1.72
COMP -0.0024 -0.00 0.5815 0.06 -0.6359 -0.89
ST AT Fogg -1.2776 -2.02 -1.7081 -0.19 -0.8970 -1.34
INNO 3.1828 3.03 -4.5698 -0.49 3.4531 2.18
ORGA 2.2563 2.19 0.9922 0.29 1.5477 1.13
F-Value F-Value F-Value
Industry 19.08 2.40 17.30
Region 18.38 3.27 19.62
R?Ldj 0.1677 - 0.1820
TABLE A.V
EsTiMATION RESULTS TYPE I MODEL:
SHARE EQUATION FOR LOW SKILLED EMPLOYEES
OLS Amemiya Nelson-Olson
Variable  Parameter t-Value Parameter t-Value Parameter t-Value
Intercept 17.3708 4.16 56.8459 5.27 10.3330 2.33
INVy7 /Yo7 -0.1142 -0.34 -0.4634 -0.06 0.2550 0.71
DEV -0.7244 -1.61 -1.0794 -0.15 -0.6593 -1.41
I1CTy; -3.3870 -3.15 -1.3579 -0.18 -2.0079 -1.61
COMP 0.0514 0.08 -0.5794 -0.08 0.5239 0.73
ST AT FEog 1.6038 2.54 2.1076 0.29 1.4275 2.12
INNO -2.8812 -2.75 5.3809 0.73 -2.3635 -1.48
ORGA -2.2677 -2.21 -1.8820 -0.70 -1.0399 -0.76
F-Value F-Value F-Value
Industry 21.74 4.63 19.71
Region 21.90 4.53 22.24
R? 0.1893 - 0.1949

adj
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TABLE A.VI
EsTiMATION RESULTS TYPE I MODEL: INNOVATION DECISION

ML Amemiya Nelson-Olson
Variable Parameter t-Value Parameter t-Value Parameter t-Value
Intercept -1.2680 -5.06 -0.3896 -29.9237 -0.6247 -2.03
HIGHgg 0.0015 1.92 0.0003 0.1100 0.0003 0.25
R&D 0.6502 2.98 0.8459 65.4328 0.8298 3.08
MR 0.3591 7.60 0.1739 34.3940 0.1756 2.12
PROF 0.1891 2.60 0.0335 4.7506 0.0269 0.23
COOP 0.3069 1.35 -0.0686 -3.4896 -0.0374 -0.13
INVy; 1.19E-9 1.09 -4.50E-010 -1.58E-007 1.13E-10 0.09
I1CTy; 0.2532 5.43 0.0374 9.6453 0.0492 0.66
ST AT Egg -0.1036 -3.80 -0.0772 -26.9107 -0.1075 -3.19
DEVy; -0.0192 -0.91 -0.0120 -4.1653 -0.0261 -0.94
COMP 0.1262 4.23 0.0638 22.1078 0.0557 1.42
S1Z Ex -0.2418 -2.42 -0.0373 -4.2024 0.0007 0.00
S1Z Fsp -0.3097 -3.29 -0.1767 -32.7806 -0.1733 -1.38
ONEMAN 0.0433 0.36 0.1734 49.5953 0.1823 1.18
PART 0.1360 1.04 0.2256 73.8131 0.2233 1.40
LIMTD 0.2362 2.07 0.2919 97.4241 0.2869 2.05
CAPT 0.1659 1.17 0.2946 75.0272 0.2520 1.42
PUBL 0.0782 0.49 0.0999 22.3531 0.0748 0.34
ORGA 0.5967 12.17 0.4748 38.2437 0.4719 3.67
LR-Value F-Value LR-Value
Industry 137.2174 91.76 96.9473
Region 24.7570 3.73 11.6201
LR-Test 8121.8093 - 5273.5230
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TABLE A.VII
ESTIMATION RESULTS TYPE I MODEL: ORGANIZATIONAL CHANGES

ML Amemiya Nelson-Olson
Variable Parameter t-Value Parameter t-Value  Parameter t-Value
Intercept -0.5805 -2.25 -0.2500 -0.3285 -0.1635 -0.55
HIGHyg 0.0016 1.91 0.0004 0.0011 0.0007 0.72
COMP 0.1019 3.10 -0.0179 -0.0468 0.0278 0.71
DEVyg 0.0412 1.70 0.0460 0.1218 0.0520 1.84
DEVy; 0.0269 1.13 0.0423 0.1121 0.0441 1.59
INVy; 1.83E-9 1.27 1.57E-009 4.17E-009 1.57E-9 1.08
1CTys 0.2424 4.97 0.1482 0.3755 0.1862 3.14
1CTy; 0.4402 8.77 0.2301 0.5632 0.3030 4.78
UNION 0.2404 3.76 0.1839 0.4849 0.2101 2.83
S1Z Ex -0.8874 -8.16 -0.4021 -0.8840 -0.4558 -3.61
S1Z E509 -0.5118 -5.22 -0.1394 -0.2997 -0.1962 -1.78
ONEMAN -0.4567 -3.50 -0.2803 -0.7377 -0.2682 -1.80
PART -0.3350 -2.41 -0.2603 -0.6624 -0.2457 -1.56
LIMTD -0.0822 -0.67 -0.1659 -0.3728 -0.0927 -0.67
CAPT 0.23699 1.57 -0.0528 -0.1088 0.1020 0.59
PUBL 0.3815 1.79 0.1443 0.3438 0.2420 1.06
INNO 0.6360 13.25 0.7996 1.3982 0.5768 9.24
LR-Value F-Value LR-Value
Industry 12.1841 0.13 29.0652
Region 23.7654 0.03 18.6007
LR-Test 9703.0617 - 6314.8505
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TABLE A.VIII
EstiMATION RESULTS TYPE II MODEL (INNO — ORGA):
SHARE EQUATION FOR HIGH SKILLED EMPLOYEES

OLS IV-White
Variable Parameter t-Value Parameter t-Value
Intercept 75.2796 18.01 75.7018 17.41

INVy7 /Yo7 0.0023 0.01 -0.2781 -0.77
DEVy; 0.8410 1.87 0.7518 1.62
I1CTy; 4.4372 4.12 2.9235 2.28
COMP -0.0024 -0.00 -1.1326 -1.40

ST AT Eog -1.2776 -2.02 -0.8715 -1.34
INNO 3.1823 3.03 17.7980 3.36
ORGA 2.2563 2.19 1.2661 0.22

F-Value F-Value
Industry 19.08 18.44
Region 18.38 20.06
dej 0.1677 0.1867
TaBLE A.IX

EstiMATION RESULTS TYPE II MODEL (INNO — ORGA):
SHARE EQUATION FOR LOW SKILLED EMPLOYEES

OLS IV-White
Variable  Parameter t-Value Parameter t-Value
Intercept 17.3708 4.16 15.2136 3.48
INVy7 /Yo7 -0.1142 -0.34 0.1556 0.43

DEV -0.7244 -1.61 -0.8512 -1.85
1CTy; -3.3870 -3.15 -3.0346 -2.35
COMP 0.0514 0.08 0.9132 1.10
ST AT FEog 1.6038 2.54 1.3582 2.07
INNO -2.8812 -2.75 -18.7135 -3.46
ORGA -2.2677 -2.21 5.0413 0.88
F-Value F-Value

Industry 21.74 21.71

Region 21.90 23.06

R? 0.1893 0.1998

adj
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TABLE A.X
EstiMATION RESULTS TYPE II MODEL (INNO — ORGA):
INNOVATION DECISION“

ML IV-White
Variable Parameter t-Value Parameter t-Value
Intercept -1.0186 -4.14 -1.0186 -4.14
HIGHgg 0.0018 2.33 0.0018 2.33
R&D 0.5023 2.30 0.5023 2.30
MR 0.4450 9.65 0.4450 9.65
PROF 0.3010 4.20 0.3010 4.20
COOP 0.4859 2.14 0.4859 2.14
INVy; 1.35E-9 12.23 1.35E-9 12.23
1CTy; 0.3131 6.85 0.3131 6.85
ST AT Fog -0.0992 -3.69 -0.0992 -3.69
DEVy; -0.0121 -0.58 -0.0121 -0.58
COMP 0.1368 4.65 0.1368 4.65
S1Z Esg -0.4281 -4.39 -0.4281 -4.39
S1Z FEsp -0.3851 -4.15 -0.3851 -4.15
ONEMAN  -0.0347 -0.29 -0.0347 -0.29
PART 0.0737 0.57 0.0737 0.57
LIMTD 0.2320 2.08 0.2320 2.08
CAPT 0.2135 1.52 0.2135 1.52
PUBL 0.1174 0.74 0.1174 0.74
ORGA - - - -
LR-Value LR-Value
Industry 142.0695 142.0695
Region 30.7014 30.7014
LR-Test 3624.4956 3624.4956

% Note that for this type II model, the innovation decision is the first equation to be estimated
and therefore the estimation results in the columns ML and IV-White are identical. The same
holds true for table A.XV.
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TABLE A.XI
EstiMATION RESULTS TYPE II MODEL (INNO — ORGA):
ORGANIZATIONAL CHANGES

ML IV-White
Variable Parameter t-Value Parameter t-Value
Intercept -0.5805 -2.25 -0.8670 -3.35
HIGHgg 0.0016 1.91 0.0003 0.34
COMP 0.1019 3.10 0.0314 0.93
DEVyg 0.0412 1.70 0.0425 1.80
DEVy; 0.0269 1.13 0.0353 1.49
INVy; 1.83E-9 1.27 1.27E-09 0.76
1CTys 0.2424 4.97 0.0670 1.25
1CTy; 0.4402 8.77 0.4401 8.80
UNION 0.2404 3.76 0.2241 3.51
S1Z Esg -0.8874 -8.16 -0.5832 -5.06
S1Z Esp0 -0.5118 -5.22 -0.3204 -3.11
ONEMAN  -0.4567 -3.50 -0.3754 -2.87
PART -0.3350 -2.41 -0.3463 -2.52
LIMTD -0.0822 -0.67 -0.1814 -1.46
CAPT 0.2369 1.57 0.1616 1.07
PUBL 0.3815 1.79 0.2938 1.38
INNO 0.6360 13.25 1.8777 10.89
LR-Value LR-Value
Industry 12.1841 35.4848
Region 23.7654 19.4927
LR-Test 9703.0617 5165.9397
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TABLE A.XII
EstiMATION RESULTS TYPE II MODEL (ORGA — INNO):
SHARE EQUATION FOR HIGH SKILLED EMPLOYEES

OLS IV-White
Variable Parameter t-Value Parameter t-Value
Intercept 75.2796 18.01 74.5356 16.88

INVy7 /Yo7 0.0023 0.01 -0.1457 -0.40
DEVy; 0.8410 1.87 0.5416 1.18
I1CTy; 4.4372 4.12 0.3758 0.28
COMP -0.0024 -0.00 -1.1408 -1.40

ST AT Eog -1.2776 -2.02 -1.0265 -1.57
INNO 3.1828 3.03 21.2834 4.19
ORGA 2.2563 2.19 -0.1873 -0.04

F-Value F-Value
Industry 19.08 18.88
Region 18.38 19.83
R? 0.1677 0.1867

adj

TABLE A.XIII
EstiMATION RESULTS TYPE II MODEL (ORGA — INNO):
SHARE EQUATION FOR LOW SKILLED EMPLOYEES

OLS IV-White

Variable  Parameter t-Value Parameter t-Value
Intercept 17.3708 4.16 17.2763 3.90
INVy7 /Yo7 -0.1142 -0.34 0.1296 0.04
DEV -0.7244 -1.61 -0.6591 -1.45
1CTy; -3.3870 -3.15 -1.0882 -0.80
COMP 0.0514 0.08 0.8496 1.02
ST AT Egg 1.6038 2.54 1.4587 2.22

INNO -2.8812 -2.75 -19.5096 -3.95
ORGA -2.2677 -2.21 5.2894 1.26
F-Value F-Value
Industry 21.74 21.41
Region 21.90 22.53
R? 0.1893 0.1977

adj
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TABLE A.XIV
EstiMAaTION RESULTS TYPE II MODEL (ORGA — INNO):
INNOVATION DECISION

ML IV-White
Variable Parameter t-Value Parameter t-Value
Intercept -1.2680 -5.06 -1.7469 -5.98
HIGHgg 0.0015 1.92 0.0003 0.38
R&D 0.6502 2.98 0.5489 2.44
MR 0.3591 7.60 0.3910 8.19
PROF 0.1891 2.60 0.2742 3.72
COOP 0.3069 1.35 0.4068 1.74
INVyy 1.19E-9 1.09 1.08E-09 0.92
1CTys 0.2532 5.43 0.0847 1.46
ST AT Fog -0.1036 -3.80 -0.1064 -3.86
DEVy; -0.0192 -0.91 -0.0328 -1.52
COMP 0.1262 4.23 0.0557 1.66
S17Z Exq -0.2418 -2.42 0.1928 1.34
S1Z FEsp -0.3097 -3.29 -0.1050 -0.97
ONEMAN 0.0433 0.36 0.2014 1.43
PART 0.1360 1.04 0.2045 1.41
LIMTD 0.2362 2.07 0.2336 1.82
CAPT 0.1659 1.17 0.0816 0.52
PUBL 0.0782 0.49 -0.0107 -0.05
ORGA 0.5967 12.17 1.6293 6.36
LR-Value LR-Value
Industry 137.2174 23.3733
Region 24.7570 29.3530
LR-Test 8121.8093 5020.4088
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TABLE A. XV
EstivAaTION RESULTS TYPE II MODEL (ORGA — INNO):
ORGANIZATIONAL CHANGES

ML IV-White
Variable Parameter t-Value Parameter t-Value
Intercept -0.5295 -2.09 -0.5295 -2.09
HIGHyg 0.0021 2.56 0.0021 2.56
COMP 0.1287 4.00 0.1287 4.00
DEVyg 0.0403 1.70 0.0403 1.70
DEVy; 0.0225 0.97 0.0225 0.97
INVy; 1.98E-09 1.42 1.98E-09 1.42
1CTys 0.3000 6.31 0.3000 6.31
1CTy; 0.5059 10.36 0.5059 10.36
UNION 0.2649 4.23 0.2649 4.23
S1Z Ex -0.9361 -8.88 -0.9361 -8.88
S1Z Esp0 -0.5665 -5.97 -0.5665 -5.97
ONEMAN  -0.4322 -3.40 -0.4322 -3.40
PART -0.2828 -2.09 -0.2828 -2.09
LIMTD 0.0002 0.00 0.0002 0.00
CAPT 0.3173 2.16 0.3173 2.16
PUBL 0.3752 1.84 0.3752 1.84
INNO - - - -
LR-Value LR-Value
Industry 23.3733 23.3733
Region 29.3530 29.3530
LR-Test 5020.4088 5020.4088
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TABLE A.XVI
DESCRIPTIVE RESULTS:
PEARSON CORRELATION COEFFICIENT BETWEEN DIFFERENT FORMS OF
INNOVATION (SIGNIFICANCE LEVEL IN PARENTHESES)

Improvement Incremental  Radical

1.00 0.44 0.29
Improvement
() (<.001) (<.001)
1.00 0.24
Incremental
(=) (<.001)
1.
Radical 00

)

TABLE A.XVII
DESCRIPTIVE RESULTS:
PEARSON CORRELATION COEFFICIENT BETWEEN DIFFERENT ORGANIZATIONAL
CHANGES (SIGNIFICANCE LEVEL IN BRACKETS)

Reorganization Decentralization Responsibility Own Costing

L 1.00 0.44 0.36 0.35
Reorganization
() (<.001) (<.001) (<.001)
L 1.00 0.42 0.34
Decentralization
() (<.001) (<.001)
1.00 0.29
Responsibility
() (<.001)
1.00

Own Costing

O

TABLE A.XVIII
DESCRIPTIVE RESULTS:
PERCENTAGE OF ESTABLISHMENTS FALLING IN EACH CATEGORY

Organizational Change

Yes No
) o Yes 38%  15%
Innovation Decision
No 15% 31%
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FI1GURE A.I: AFFILIATION TO INDUSTRIAL SECTORS OF ESTABLISHMENTS THAT
PARTICIPATED IN 1998 AND 1996 AT THE IAB PANEL
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F1GURE A.II: SiZzE CLASS OF ESTABLISHMENTS THAT PARTICIPATED IN 1998 AND
1996 AT THE IAB PANEL
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FIGURE A.IIl: INNOVATION DECISION WITH REGARD TO THE SIZE CLASS OF THE

ESTABLISHMENTS

60%

50%

40% ~

30% A

20% -

10% +

0%

Improvement Incremental Radical

‘ O West-Germany H Fast-Germany ‘

FIGURE A.IV: INNOVATION DECISION FOR WEST- AND EAST-GERMAN
ESTABLISHMENTS
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FIGURE A.V: IMPROVEMENT OF EXISTING PRODUCTS AND SERVICES WITH REGARD
TO THE INDUSTRIAL AFFILIATION OF THE ESTABLISHMENTS
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F1GURE A.VI: INTRODUCTION OF PRODUCTS AND SERVICES THAT ARE NEW FOR

THE OWN ESTABLISHMENT WITH REGARD TO THE INDUSTRIAL AFFILIATION OF THE
ESTABLISHMENTS
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F1GURE A.VII: INTRODUCTION OF PRODUCTS AND SERVICES THAT ARE NEW FOR
THE MARKET WITH REGARD TO THE INDUSTRIAL AFFILIATION OF THE
ESTABLISHMENTS
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FIGURE A.VIII: ORGANIZATIONAL CHANGES WITH REGARD TO THE SIZE CLASS OF
THE ESTABLISHMENTS
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F1GURE A.IX: ORGANIZATIONAL CHANGES FOR WEST- AND EAST-GERMAN
ESTABLISHMENTS
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FIGURE A.X: REORGANIZATION OF DEPARTMENTS AND FUNCTIONAL AREAS WITH
REGARD TO THE INDUSTRIAL AFFILIATION OF THE ESTABLISHMENTS
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FI1GURE A.XI: DECENTRALIZATION OF RESPONSIBILITIES AND DECISION-AUTHORITY
WITH REGARD TO THE INDUSTRIAL AFFILIATION OF THE ESTABLISHMENTS
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F1GURE A.XII: INTRODUCTION OF GROUP-WORKPLACES WITH OWN
RESPONSIBILITIES WITH REGARD TO THE INDUSTRIAL AFFILIATION OF THE
ESTABLISHMENTS
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F1GURE A.XIII: INTRODUCTION OF UNITS WITH OWN COSTING AND RESULT
CALCULATION WITH REGARD TO THE INDUSTRIAL AFFILIATION OF THE
ESTABLISHMENTS
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