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,QWURGXFWLRQ
The dramatic rise of unemployment in Germany within the last two decades did not
emerge uniformly across the workforce. Unemployment rates of university graduates,
skilled workers and qualified white collar workers are not only lower than those of
unskilled and semi-skilled employees, also did this gap widen in the 90s. Reinberg and
Rauch (1999) calculated for the former West Germany in 1997, that almost 25% of the
labour force without vocational qualification had been without a job, whereas the
unemployment rates were much lower for university graduates (4.1 %), graduates from a
post-secondary technical college (2.8%), graduates from a technical college (3.9%) as
well as for employees with a completed vocational training (7.4%). This development is
often attributed to technical change and non-flexible wages of the unskilled. Therefore,
our study focuses on
(i) the impact of product and process innovations –the two major components of
technological change- on the demand for heterogeneous labour and
(ii) the substitution possibilities between different skill groups

Whether technical progress has a labour-saving or labour-augmenting effect is
theoretically ambiguous. In this context, two forms of technical progress are normally
distinguished: process and product innovations.

Process innovations define the implementation of new or modified production systems,
thereby rising the productivity of labour and/or capital. Hence, the same amount of
output could be produced by less labour, for which reason process innovations are
typically associated with a reduction in labour demand. However, this neglects a
possible scale effect. Since marginal production costs have been decreased, the firm
can lower its product prices and therefore achieve a higher product demand (given a
positive price elasticity of product demand).

Product innovations refer to the introduction of new products, which are novel for the
whole market or just newly included into the supply variety of the firm. In general, this
should induce a rise in output and labour demand. If the new products are only
substitutes for existing ones, the employment increase may be moderate (see
Blechinger et al., 1994).

1

The scale effect of both types of innovations on labour demand depends on the
behaviour of the firm’s competitors on its product market and on the market structure. If
competing firms innovate themselves, e.g. they are able to produce at lower costs or
supply new products, the rise in output should be smaller or even negative. Since prices
are less flexible, employment effects of innovations are expected to be lower in
monopolistic or oligopolistic markets than under perfect competition.Finally, as Smolny
and Schneeweis (1999) pointed out, a possible complementarity between innovations
and investments might induce a substitution of capital for labour. They argue that new
products, for example, would require the investment in new capital.

Since economic theory provides ambiguous predictions on the employment effects of
innovations, the issue has to be addressed empirically. For Germany, only a few studies
at the firm level exist, which tend to confirm that positive employment effects arise more
likely from product innovations than from process innovations1.

Due to data limitations, almost all of the existing German studies included only one
labour input.

It may be of particular interest, however, to examine the effects of

innovations on different skill groups. This could detect, whether technical progress in
form of innovations is partly responsible a the shift in labour demand in favour of skilled
employees. At least for process innovations, one might expect that a labour-saving effect
of innovations is the highest for the unskilled or that labour-augmenting scale-effects
following innovations favour skilled workers.

Studies from several other countries (for an overview see Fitzenberger and Franz 1998),
claim that inflexible wages would be responsible for the increased unemployment of
unqualified workers. They argue that a lower demand for this skill group would arise from
technical progress and would require a fall in the relative wage of the unqualified to push
their demand again. Whether relative wages affect the labour demand, depends on the
substitutional relationships between different skill groups, implied by the production
technology.2
1

See for example Zimmermann (1989), König/Buscher/Licht (1995), Blechinger/Pfeiffer (1998),
Rottmann/Ruschinski (1998), Flaig/Rottmann (1998), Smolny (1999).
2
For a summary of German studies of wage elasticities of labour demand for different skill groups see
Riphan/Zimmermann (1999).

2

We will investigate

the impact of innovations and wages on heterogeneous labour

demand using a new employer-employee data-set for Germany. Based on matched
data from the IAB-establishment panel survey and the historic files of the employment
statistics register, employees have been classified into six qualification groups (blue and
white collar workers stratified into unskilled, skilled and highly skilled employees). A
conditional labour demand system derived from a generalised Leontief cost function is
estimated with cross-sectional data of 1995 for the manufacturing and the construction
industry of West Germany.

The paper proceeds as follows. Section 2 outlines the theoretical framework. Section 3
deals with the empirical specification. Section 4 describes the used employer-employee
data-set. The estimation results are presented and discussed in section 5. Concluding
remarks are given in section 6.

3

7KHRUHWLFDO)UDPHZRUN
Given that certain regularity conditions are satisfied, cost and production functions
contain the same information; both can be used to estimate labour demand elasticities.
The decision between them depends on whether output, input prices and input quantities
are considered as endogenous or exogenous (respectively). Since a cross-sectional
data-set is used in this paper, the assumption of fixed input prices (i.e. wages) and an
exogenous output can be justified. Therefore, we use a cost function to describe the
production technology, where capital as well as innovations are treated as fixed in the
short run.

The labour input is subdivided into six categories (blue and white collar workers stratified
into unskilled, skilled and highly skilled employees). Thus, the variable production costs
C (i.e. the wage costs), which are necessary to produce a certain output level, <, with a
given capital stock, ., and for a given product (3') and process quality (3=), are given
by:

& = I ( Z1 , Z2 , Z3 , Z4 , Z5 , Z6 , < , . , 3', 3= ) ,

(1)

where Z denotes the wage of labour group L. Applying 6KHSDUG¶V /HPPD –i.e.
L

∂& / ∂Z = 1 - yields the conditional labour demand function
L

L

1 = J ( Z1 , Z2 , Z3 , Z4 , Z5 , Z6 , < , . , 3', 3= ) .

(2)

L

Since a cost function is concave in prices (∂ 2& / ∂Z ≤ 0) , therefore the own wage has a
L

non-positive impact on the demand for each skill group ( ∂1 / ∂Z = ∂ 2& / ∂Z ≤ 0 ). The
L

L

L

sign of the cross-wage elasticities is unclear ( ∂1 / ∂Z < > 0, i ≠ j ). However, for each
L

M

labour input, at least one cross-wage elasticity has to be positive. The cost function is
linear homogeneous in wages, thus the conditional labour demand functions are
homogeneous of degree zero in wages, i.e. demand for heterogeneous labour remains
unaffected if all wages experience the same relative change. A negative own-wage
elasticity requires each skill group to be a substitute to at least one other group

4

( ∂1 / ∂Z > 0, i ≠ j) . While the output effect on labour demand is definitely nonL

M

negative (∂1 / ∂< ≥ 0) , the impact of process and product innovations is undetermined
L

(∂1 / ∂3' < > 0, ∂1 / ∂3' < > 0) . Technical progress (in form of product and process
L

L

innovations) is expected to have diverse effects on different skill groups. At least after
the implementation of process innovations, the proportion of highly skilled and skilled
workers should rise. Bartel and Lichtenberg (1987), for example, have argued on the
basis of the learning curve hypothesis that highly educated workers have a comparative
advantage with respect to the adjustment to and implementation of new technologies.

For instance, if technical progress increases the demand for the skilled employees and
reduces the demand for the unskilled, flexible wages of unskilled workers are required to
compensate for the downfall in demand for this group. Given a negative own-wage
elasticity of the unqualified employees, lowering their wages could prevent a rise in
unemployment of this group. This result, however, depends on the magnitude of their
own-wage elasticity and therefore on the substitutional relationships between different
skill groups. The larger the own-wage elasticity (in absolute terms) of the unqualified
employees, the more effective would be a cut in their wages.

(PSLULFDO6SHFLILFDWLRQ
We have chosen a JHQHUDOLVHG /HRQWLHI cost function (Diewert, 1971), which belongs
together with the WUDQVORJ(Christensen, Jorgenson and Lau, 1971 and 1973) to the two
most commonly used flexible functional forms. These functions are linear second-order
approximations to arbitrary cost or production functions. Although they cannot be derived
from explicit production functions, they should be preferred to a &REE'RXJODV or &(6functions, which restrict the substitution elasticities of the input factors to be equal to one
or constant respectively.
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We have selected the following cost function:3

& = < ∑L ∑ M α LM ZL Z M + < 2 ∑i β L ZL + . ∑L γ L ZL + 3' ∑L δ 3'L ZL + 3= ∑ δ 3=L Z + X
L

L

L

i, j = 1,...,6

(3)

with α = α .It should be noted, that this specification is linear homogeneous in wages,
LM

ML

a proportionate increase in wages rises costs by the same relative amount. On the other
hand, neither constant returns-to-scale -i.e. & ( Z , < , . , 3= , 3' ) = < * & ( Z ,1, . , 3= , 3' ) L

L

, nor homotheticity -i.e. & ( Z , < , . , 3= , 3' ) = K(< ) * & ( Z ,1, . , 3= , 3' ) - are imposed
L

L

directly and hold only as a special case. Moreover, the marginal cost of an additional unit
of output is allowed to fall or rise, depending on the term
If all the parameters

∑βZ.
L

L

L

α for L ≠ M are nonnegative, the cost function will be concave
LM

(for all prices and output levels), which is required for optimisation (see Diewert, 1987).
However, nonnegativity of the α ’s restricts all pairs of labour inputs to be substitutes.
LM

For this reason we have not imposed the concavity restriction. Conditional labour
demand is given by:

ZM

1 L = <α LL + < ∑L ≠ M α LM

ZL

+ β L< 2 + γ L . + δ 3'L 3' + δ 3=L 3= + ε

L

i, j = 1,...,6

(4)

A demand system of the six (labour) input-output ratios contains all the relevant
parameters, such that the cost function need not to be estimated. In particular, the effect
of non-wage variables can easily be tested by adding these variables to each equation.
In our case, the impact of innovations on the labour demand for the group L are directly
given by δ 3'L and δ 3=L . 4We assume that ( (ε ) = 0 , but no homoscedasticity since it
L

seems reasonable for the error variance to be positively correlated with the output level.

3

Diewert and Wales (1987) suggest the inclusion of additional interaction terms such as Y*PD or Y*PZ,
which proved to be insignificant when estimating the system of factor-output ratios.
4
Conversely, the derivation of innovation effects is not as straightforward when estimating a translog
system. In that case, the cost function, &, as well as the labour cost shares, Si , must be estimated (with an
additional loss of five degrees of freedom). The impact of innovations can be obtained by the formula

(δ 6 / δ ,QQRY) * (& / Z ) + (δ C / δ ,QQRY) * ( 6 / Z ) .
L

L

L

L

6

For this reason, most econometric studies in this context estimate a system of inputoutput ratios instead of the inputs themselves:

ZM
1L
.
3'
3=
= α LL + ∑L ≠ M α LM
+ β L< + γ L + δ 3'L
+ δ 3=L
+X
<
ZL
<
<
<

L

i, j = 1,...,6

(5)

If the error variance of the demand equations is proportionate to the squared output
levels, 9 (ε ) = < 2σ 2 , then ( (X ) = 0 and 9 (X ) = σ 2 . In addition, we assume that the
L

L

L

error terms between the labour inputs of one firm are correlated, but not those of
different firms. The system of the six labour input-output ratios has been estimated by
maximum likelihood for constrained linear systems in LIMDEP . From the estimated
coefficients, one obtains the own-wage elasticities of the respective labour groups by the
following formula

− .5< ∑ M ≠ α LM Z.M5

η1 Z =
L

L

1 Z.5

L

L

.

(6)

L

The cross wage elasticities are given by

η1 Z =
L

.5<α LM Z.M5
1 Z.5

M

L

.

(7)

L

Finally, labour demand elasticities with respect to output and capital can be calculated
as

η1 < =

< (α LL + ∑ M ≠ α LM Z.M5 ZL−.5 + 2<β L )
L

1

L

,

(8)

L

and

η1 . =
L

γ.
.
1
L

(9)

L

When calculating the elasticities given in equations (6)-(9) , the unknown coefficients

α ij , β i , γ i have been replaced by their estimates

αˆ ij , βˆi , γˆi and the employment

levels N i by their fitted values 1ˆ L = <αˆ LL + < ∑L≠ M αˆ LM Z.M5 ZL−.5 + βˆL< 2 + γˆL . + δˆ3'L 3' + δˆ3=L 3= .
Obviously, the calculated elasticities are non-linear functions of the estimated
parameters, rendering it very difficult to determine the exact standard errors for the

7

former.5 We have used the Wald-procedure of /,0'(3, which calculates the standard
errors of non-OLQHDUIXQFWLRQVE\WKH -method.

Distinguishing between six different groups of employees, we are in a position to test
whether or not they are separable into some aggregates (see Blackorby et al., 1978, for
a comprehensive treatment of separability) . These could be blue-collar and white collar
workers or it might be conceivable that skilled and highly skilled employees can be
aggregated. Referring to our framework, a subset of labour inputs, 6 is separable if for
any two skill groups of this subset the following holds:

∂
∂Z

 ∂& (: , < , . , 3', 3= ) / ∂Z

 ∂& (: , < , . , 3', 3= ) / ∂Z


L

N

M


= ∂
 ∂Z


N

 1 (: , < , . , 3', 3= ) 
 = 0 ∀(i, j) ∈ S, ∀ k ∉ 6 . (10)

 1 (: , < , . , 3', 3= ) 


L

M

Thus, the cost function given in (3) is said to be separable with respect to the subset 6, if
the (constant-output) demand ratio for any two labour groups within this subset is
independent of the wages of skill groups not in this subset. It should be noted, that this
ratio depends on the level of output, given that we have not assumed homotheticity.
Separability is of direct economic interest, since it implies the existence of multi-stage
decision making. Also, it plays a crucial role for econometric analysis, allowing the use of
aggregate data as well as to carry out estimations only with a subset of variables.
The separability condition in equation (10) can alternatively be written as

1L

∂1 M

∂Z.

− 1M

∂1 L
= 0 ∀(i, j) ∈ S, ∀ k ∉ 6 ,
∂Z.

(11)

or –applying the conditional labour demand equation (4)- as:

1L

α MN
Z. Z M

− 1M

α LN
= 0 ∀(i, j) ∈ S, ∀ k ∉ 6 .
Z. ZL

A special case arises if α

MN

(12)

= α = 0 , i.e. labour demand for both, inputs L and M, is not
LN

affected by the wage of skill group N. Symmetry of the second-order coefficients then
implies α = α = 0 , therefore in this special case the separability relation is symmetric
NM

NL

(S is separable from R ↔ R is separable from S). On the other hand, if α ≠ 0 and
LN

5

Using the observed actual values N i does not solve this problem, since -by definition- they are stochastic
as well.

8

α ≠ 0 , we substitute equation (4) into equation (11), which yields after rearranging the
MN

separability restriction

< ∑P (α PLα MN − α PMα LN ) ZP.5 ( ZL Z M ZN ) −.5 + < 2 ( β L
+ . (γ L

α MN
Z. Z M

+ 3= (δ 3=

α MN
L

α LN
) + 3' (δ 3'
Z. ZL

−γ M

Z. Z M

L

− δ 3=

M

α MN
Z. Z M

α MN

−βM

Z. Z M
− δ 3'

M

α LN
)
Z. ZL

α LN
)
Z. ZL

(13)

α LN
)=0
Z. ZL

Except for the first term the separability conditions are not independent of the wages,
i.e. the conditions cannot be globally satisfied. Nevertheless, in addition to the linear
restrictions α = α = 0 , we have also tested for the more general non-linear case
NM

NL

represented by equation (12), where we have used the sample means of 1 and 1 . If
L

M

the condition will be rejected at the sample means, obviously separability will be rejected
globally. Unfortunately, if the non-linear restriction will be accepted at one point, it does
not have much statistical power. Finally, it should be mentioned that separability tests
impose -at least when the functional forms are viewed as exact and not as
approximations- a restrictive structure on the production technology.6

In section 4, we will present and discuss the effect of innovations and wages on the
demand for different skill groups as well as capital- and output-elasticities of labour
demand, which we estimated for the production industry of West Germany for the year
1995. We will also report separability tests where we have independently tested whether
or not each of the following four subsets can be aggregated: the three groups of bluecollar workers, the three groups of white collar workers, skilled/highly skilled blue collar
workers and skilled/highly skilled white collar workers. First, however, we will describe
the used employer-employee data-set in the next section.

9

'DWD'HVFULSWLRQ
For the system-estimation of the input-output ratios given in section 2, we need
information on the number of employees as well as on wages for the six skill groups, on
value added, capital stock and innovations. Information about value added, capital stock
and innovations can be obtained from the IAB-establishment panel (see Bellmann 1997,
Bellmann et al. 1999), a yearly survey of more than 4000 firms in West Germany since
1993 (and of additional 5000 firms in East Germany since 1996) carried out by ,QIUDWHVW
%XUNH 6R]LDOIRUVFKXQJ . The number of employees and wages for the different skill
groups are given in the historic files of the employment statistics register (see Bender et
al. 1996)

Since the employment statistics contain a firm identification number for each employee,
they can be matched with the IAB-establishment panel.7 This yields to an employeremployee data-set for Germany comprising information on all employees obliged to
social-security payments and belonging to those

firms which are included in the

establishment panel. So far, only the historic files of 1995 are available for empirical
research, restricting our analysis to this year.

There are several alternatives for an aggregation of employees into different qualification
groups. One possibility follows directly from the employment statistics where workers are
classified according to their occupational status. The employment statistics contain three
categories for blue collar workers and one category for white collar workers. However,
the categorisation is not always distinct, since a master craftsmen8, for example, could
be a blue-collar or a white-collar worker. For this reason, and also to allow a
differentiation within white-collar workers, we have used a classification of occupation
(see Blossfeld 1989), where blue-collar workers have been stratified into non-qualified,
qualified and technicians/engineers and white collar workers into simple services,
6

The linear separability conditions imply that the subsets are generalised Leontief cost functions
themselves whereas for the non-linear conditions the subsets are CES-functions (see Denny/Fuss, 1977 or
Blackorby et al.,1977).
7
A survey of matched employer-employee data-sets on international basis can be found in Abowd and
Kramarz (1999)Haltiwanger (1998) summarises the results of a large international workshop on this topic.
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qualified services and (semi-) professionals/managers.9 Wages for each of the six skill
groups at the firm level have been obtained by the median wage of all employees within
one group and one firm10.

The employment statistics offer a high quality of wage data. A disadvantage of this data,
however, is that wages are censored at the limit up to which social security payments
are compulsory, i.e. anybody with an actual income above the limit has a reported
income at his limit. Those firms with median wages of all skill groups below the ceiling
are obviously not affected (in contrast to average wages), but for about two thirds of all
firms the median wage of the highly skilled white collar workers is identical to the upper
limit.

In general, part-time employees should be included as a separate input factor. Only if
full-time employees as a group can be separated from part-time employees, it is correct
to neglect the latter. For part-time employees, however, data on wages is very
imprecise, thus they have not been included into the analysis. The problem has been at
least mitigated by dropping those firms with a high percentage of part-time employees
(more than 33%).11 For the same reasons, firms where the percentage of apprentices
within all employees obliged to social security payments exceeds 33 % have been
excluded.

The analysis focuses on the manufacturing and the construction industry in West
Germany; agriculture, mining, energy as well as trade, services and public administration
have not been included. The latter clearly differ from the manufacturing and the
construction industry regarding the production process and technology. So pooling all
sectors into one regression sample may bias the results. In addition, it should be
expected that firms with no or just one employee in at least one of the six qualification
groups exhibit different substitution possibilities. Therefore only those firms with at least
8

Many craft trades, such as carpentry, vehicle repair and hairdressing can be carried out only by or under
the supervision of a master craftsman.
9
For ease of notation and comparability, we will speak in the following of unskilled, skilled and highly
skilled blue and white collar workers respectively.
10
The median wage has been preferred over the average wage, since the latter is more sensitive to outliers.
11
This implies that for a firm with 12 employees, say, (which is the minimal firm size given the
requirement that each of the 6 skill groups consist of at least 2 employees) to fulfill the requirement not
more than 4 employees are allowed to work part-time. Alternative limits would be more than 25 % (not
more than three part-timers) or 50 % (not more than 6 part-timers),
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two employees in all qualification groups have been selected. Since for about one fourth
of all firms no information on intermediate inputs is available, we have used sales
instead of value added as proxy for output. The capital stock has been approximated by
investments of the year 1995. It might have been reasonable to consider investment
expenditures in 1993 and 1994 as well, but this would lead in fact to a further reduction
in the sample size. Finally, 600 firms remain for the econometric analysis.

Only quantitative data about product and process innovations exist, i.e. whether a firm
has implemented a product or process innovation in the last year.

Table 1: Product and process innovations in the matched data set


3URFHVV



LQQRYDWLRQ
3URGXFW

No

Yes

Sum

No

69

321

390

Yes

45

165

210

Sum

104

486

600

LQQRYDWLRQ

As can be seen from table1, more than a quarter of all firms introduced product as well
as process innovations, while only about ten percent did not innovate. The number of
firms reporting only process innovations (54 % of all firms) is much higher than those
with only product innovations (about 8 % of all firms). Summary statistics of all other
variables are reported in the appendix.
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(VWLPDWLRQUHVXOWV

Table 2 contains the estimated innovation coefficients from equation 5. We have
estimated four specifications: incorporating only a product innovation dummy (version 1),
only a process innovation dummy (version 2), product and process innovation dummies
(version 3), and finally a dummy indicating whether a firm has implemented a process
and/or a product innovation (version 4). When including two innovation dummies
(version 3), product innovations are insignificant for each of the six groups, whereas
process innovations show a positive and significant coefficient for all but the highly
skilled blue collar workers.
Table 2: Estimated relative change of conditional labour demand ( G1 / 1
innovations
(1)
(2)
%OXH&ROODU
3URFHVV,QQRYDWLRQ
Unskilled
.032***
Skilled
.065***
δ 3=L / [L
Highly Skilled
.007
L

:KLWH&ROODU
Unskilled
Skilled
Highly Skilled

3URGXFW,QQRYDWLRQ

δ 3'L / [

L

%OXH&ROODU
Unskilled
Skilled
Highly Skilled

.031***
.039***
.061***
.023 *
.028 *
.008

:KLWH&ROODU
Unskilled
.029 **
Skilled
.037 ***
Highly Skilled .055 ***

3URFHVVDQGRU3URGXFW
,QQRYDWLRQ
δ /[ 
L

L

) for different skill groups due to
(3)

(4)

.032***
.070***
.006
.028***
.036***
.057***

.001
-.019
.003

.009
.013
.017

%OXH&ROODU
Unskilled
Skilled
Highly Skilled

.033***
.063***
.008

:KLWH&ROODU
Unskilled
Skilled
Highly Skilled

.032***
.040***
.062***

*/**/*** denotes significance at the 10 / 5 / 1 % level
Versions 1 and 2, however, including only one of the respective innovation
dummies, show a very similar pattern for product and process innovations. Due to the
13

small share of firms, which have implemented solely process innovations (8%), it is not
possible to disentangle the impact of both innovation types. For this reason, in the
following we will refer to version 4 where only one dummy is included indicating whether
a firm has implemented any of the two innovation types. First of all, innovations have a
positive impact on conditional labour demand aggregated over the six groups, with a
weighted average for the relative change in aggregate labour demand of 3.7% (with an
asymptotic t-statistic of 8.15). Only the group of highly skilled blue collar workers
(technicians, engineers) exhibits an insignificant coefficient. This result may look initially
puzzling, as one would normally expect the most increasing demand for qualified
employees rises most (or, equivalently, least decreasing) after the implementation of
innovations. An explanation of our result can be found in the context of industrial
sociology, where researchers have pointed towards three main problems facing the
demand for highly skilled blue collar workers. First, the introduction of new organisational
structures has dramatically reduce the demand for this group. Secondly, an increasing
number of firms may hire applicants with a degree from a secondary technical college12
for these jobs (who belong to the group of highly-skilled white-collar workers). Finally,
they mention a labour hoarding of highly skilled blue collar workers -particularly within
large firms- in the past (see for example, Drexel 1993). These phenomenen are more
severe regarding large firms, as is undermined by a study of Plicht (1999), and are thus
inherent to our sample, which is biased towards large firms13. On the other hand, the
propensity to innovate rises with firm size, therefore perfectly matching the obtained
result of an insignificant impact of innovations on labour demand for highly skilled blue
collar workers.
With respect to white collar workers, the hypothesis of a positive correlation between
qualification and innovations is confirmed. The coefficient for highly skilled white collar
workers is almost double than the one for the unskilled white collar workers and about
1.5 times the coefficient for skilled white collar workers.14 Between unskilled blue-collar
workers and skilled blue collar workers the qualification-innovation hypothesis holds as
well, with a coefficient almost double for the latter group than for the former.15 Finally,
comparing blue-collar and white collar workers, the unskilled exhibit statistically identical
12

With degree as Diplom-Ingenieur (FH), for example.
First, large firms are overrepresented in the IAB establishment panel. Second, we restricted the sample to
those firms which have at least 2 employees in each of the six qualification groups.
14
Both correlations are significant at the 1%-level.
13
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coefficients for both groups, whereas the impact of innovations on skilled employees is
1.5 times higher for blue collar employees if compared to skilled white collar workers. All
effects are calculated for conditional labour demand, assuming constant output.
Therefore, the coefficients do not account for possible scale effects.

The estimated wage elasticities are reported in Table 3. The own-wage elasticities for
unskilled and skilled blue collar workers as well as for skilled white collar workers exhibit
the expected negative sign (although it is significant only for the latter). The positive
own-wage elasticities for unskilled white collar workers is unexpected and we have no
reasonable explanation for this result. Comparing skilled and highly-skilled employees,
the hypothesis that the own-wage elasticity decreases with skill is confirmed
(Hamermesh, 1993), whereas it does not hold when comparing the unskilled with the
skilled.
Table 3: Wage elasticities of labour demand for different skill groups (calculated at means of fitted values)

Wages of Blue Collar Workers
Labour

Unskilled

Skilled

Highly skilled

Wages of White Collar Workers
unskilled

Skilled

Highly Skilled

Demand
Elasticities

Blue Collar
-unskilled

-0.4

0.4

0.1

-0.1

-0.05

-0.05

-skilled

0.7

-0.5

-0.2

-0.03

-0.05

0.04

-highly skilled

0.3*

-0.2

0.2

-0.2*

0.1

-0.2***

-unskilled

-0.5***

-0.1***

-0.6***

0.4***

0.4***

0.4***

-skilled

-0.1**

-0.1

0.1***

0.3***

-0.3***

0.1***

-highly skilled

-0.5***

0.2***

-0.8***

0.8***

0.3**

-0.03***

White Collar

*/**/*** denotes significance at the 10 / 5/ 1 % level, where the standard errors have been
calculated with the Wald-Procedure within /,0'(3.

The group of unskilled employees are substitutes with skilled and highly skilled
employees, although –again- this relationship is not significant for blue-collar workers.
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Statistically significant at the 5%-level.
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Unskilled, skilled and highly-skilled blue collar workers are complements to the
respective group of the white-collar workers.
Labour demand elasticities with respect to output, η1< − η6< , and with respect to
capital, η1. − η6 . are listed in the appendix. The output elasticities lie all in the fairly
small range between 0.72 and 0.89 and, more importantly, the hypothesis that all
estimated values are equal to 1 is rejected at the 1%-level, implying increasing returnsto-scale. If η1< = ... = η6< , the production technology is homothetic and the cost shares
remain constant after a change in scale (homotheticity follows from constant returns to
scale, but not vice versa). However, homotheticity is rejected as well, with the share of
highly skilled blue collar workers rising after an increase in output. The hypothesis of a
capital-skill complementarity cannot be confirmed, that is labour demand elasticity with
respect to capital is not rising with skill, neither for blue collar workers nor for white collar
workers. However, the approximation of capital by last year‘s investment may not be
adequate; thus, the estimated capital elasticities should be interpreted with care.

We finish this section by reporting the separability tests, where we have tested
(independently) the existence of four alternative subaggregates: blue collar workers,
white collar workers, skilled and highly skilled blue collar workers, skilled and highly
skilled white collar workers. As can be seen from the table below, the linear restrictions
(α

MN

= α = 0 ) have to be rejected for all four subsets. The non-linear conditions given in
LN

equation (12) have been tested at the averages of the fitted values of 1 and 1 .
L

M

Separability of white-collar workers from blue-collar workers (456-123), skilled and highly
skilled white-collar workers from the other four groups (56-1234) as well as blue-collar
workers from white-collar workers (123-456) is not consistent with our data. Contrary,
the existence of an aggregate index for skilled and highly-skilled blue collar workers is
not clear-cut, it would be accepted at the 10%-level. However, as we have noted in
section 3, acceptance at one point does not imply global separability.
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Table 4: Test Statistics of Separability Restrictions


:DOG6WDWLVWLF

3YDOXH



42.36

[.000]



38.33

[.000]



42.36

[.000]



39.78

[.000]



8.92

[.178]



7.89

[.096]



325.29

[.000]



243.59

[.000]

/LQHDU6HSDUDELOLW\
5HVWULFWLRQV

1RQOLQHDU6HSDUDELOLW\
5HVWULFWLRQV

7HVWZKHWKHUILUVWVHWLVVHSDUDEOHIURPWKHVHFRQGZKHUH
 XQVNLOOHGEOXHFROODUZRUNHU
 VNLOOHGEOXHFROODUZRUNHU
 KLJKO\VNLOOHGEOXHFROODUZRUNHU
 XQVNLOOHGZKLWHFROODUZRUNHU
 VNLOOHGZKLWHFROODUZRUNHU
 KLJKO\VNLOOHGZKLWHFROODUZRUNHU
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&RQFOXVLRQV
This paper has investigated the relationship between innovations, wages and
heterogeneous demand of labour. Our analysis has been based on a matched data of
the IAB-establishment panel and the historic files of the employment statistics register.
Classifying the labour input into six groups (blue and white collar workers stratified into
unskilled, skilled and highly-skilled employees), a labour share system derived from a
generalised Leontief cost function has been estimated for the West German production
industry of 1995.

From a theoretical point of view, the effect of product and process innovations cannot be
predicted unambiguously. Since product and process innovations are often implemented
simultaneously, it was not possible to identify the effects of both types separately.
Product and/or process innovations exhibited a positive impact on all conditional labour
demands except for the highly skilled blue collar workers. We have argued that this
result does not necessarily imply that this group is less complementary to innovations
than others, but may reflect different phenomenen (labour hoarding of highly skilled blue
collar workers in the past). Between white collar workers as well as between unskilled
and skilled blue collar workers, we find that the higher the skill level of employees, the
larger the positive effect of innovations on labour demand of the respective group

If substitution possibilities between different skill groups exist, then a change in their
relative wages would alter their demand. Therefore, our finding of a substitutional
relationship between unskilled and skilled/highly-skilled employees, i.e. a positive crosswage elasticity, implies that more flexible wages of the unskilled could reduce
unemployment of this group. Separability between blue-collar workers and white-collar
workers has been rejected, whereas we have found weak evidence that skilled and
highly skilled blue-collar workers can be aggregated.

The preceding analysis is only a first step in exploring a new data-set. Once information
of additional years from the matched employer-employee data is available, further
insights into the relationship between innovations, wages and labour demand can be
gained by applying panel analysis techniques.
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Appendix
Table A1: Conditional labour demand elasticities, calculated with fitted values at sample means, for version
(4) (one dummy which comprises product and process innovations)
Coefficient
Standard Error
] |b/St.Er.|

3>_=_!]@

-.3752809025
.28948904
-1.296
.1949
η
.4476470620
.28389643
1.577
.1148
η
.1438975140
.29046353
.495
.6203
η
-.1179293660
.10061249
-1.172
.2412
η
-.4943041716E-01
.12341464
-.401
.6888
η
-.4890389023E-01
.10667568
-.458
.6466
η

.7099113134
.55999734
1.268
.2049
η
-.4964115321
.71759884
-.692
.4891
η
-.1734024591
.13017582
-1.332
.1828
η
-.32239748E-01
.34827400
-.093
.9262
η
-.45585405E-01
.19813346
-.230
.8180
η
.377278313E-01
.63136770E-01
.598
.5501
η

.2501082841
.13381688
1.869
.0616
η
-.1900184142
.16130734
-1.178
.2388
η
.2314671670
.22695839
1.020
.3078
η
-.2272286686
.10652559
-2.133
.0329
η
.8920896636E-01
.69333044E-01
1.287
.1982
η
-.1535373346
.33611405E-01
-4.568
.0000
η

-.5380929786
.48739057E-01
-11.040
.0000
η
-.8353088635E-01
.30418433E-01
-2.746
.0060
η
-.5769090326
.37000812E-01
-15.592
.0000
η
.3935946101
.34173092E-01
11.518
.0000
η
.4278927939
.32651007E-01
13.105
.0000
η
.3653941809
.24706673E-01
14.789
.0000
η

-.1311755627
.52425660E-01
-2.502
.0123
η
-.76294918E-01
.55136654E-01
-1.384
.1664
η
.1362443342
.38023770E-01
3.583
.0003
η
.3049959968
.39391215E-01
7.743
.0000
η
-.2745187153
.36980684E-01
-7.423
.0000
η
.8831079100E-01
.12931606E-01
6.829
.0000
η

-.4676404467
.29131131E-01
-16.053
.0000
η
.2274950982
.14228124E-01
15.989
.0000
η
-.8447181740
.52323897E-01
-16.144
.0000
η
.7919415818
.49218025E-01
16.090
.0000
η
.3181382090
.20168723E-01
15.774
.0000
η
-.2521626830E-01
.25529447E-02
-9.877
.0000
η

.1397253447
.57802872E-01
2.417
.0156
η.
.6240474583E-01
.60616896E-01
1.029
.3032
η.
.4015860513E-01
.36111317E-01
1.112
.2661
η.
.1246253405
.36100637E-01
3.452
.0006
η.
.671719221E-01
.26167516E-01
2.567
.0103
η.
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.5650467698E-01
.48189366E-01
1.173
η.

.7094616824
.10787577
6.577
η\
.7240715435
.23382640
3.097
η\
.8914184581
.44903307E-01
19.852
η\
.7324349843
.38460404E-01
19.044
η\
.7745388865
.27893773E-01
27.767
η\
.7609017728
.46722873E-01
16.285
η\
ηLM ODERXUGHPDQGHODVWLFLW\RIVNLOOJURXSLZLWKUHVSHFWWRWKHZDJHRIJURXSM
 DWFRQVWDQWRXWSXW 
ηL. ODERXUGHPDQGHODVWLFLW\RIVNLOOJURXSLZLWKUHVSHFWWRWKHFDSLWDOVWRFN
ηL\ ODERXUGHPDQGHODVWLFLW\RIVNLOOJURXSLZLWKUHVSHFWWRRXWSXW
ZKHUHLM DQG

 XQVNLOOHGEOXHFROODUZRUNHU

 VNLOOHGEOXHFROODUZRUNHU

 KLJKO\VNLOOHGEOXHFROODUZRUNHU

 XQVNLOOHGZKLWHFROODUZRUNHU

 VNLOOHGZKLWHFROODUZRUNHU
6=highly skilled white collar worker
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.2410
.0000
.0020
.0000
.0000
.0000
.0000

Table A2: Descriptive Statistics

Number of firms: 600
9DULDEOH
%OXH&ROODU:RUNHUV
Number
Nonqualified
Median daily wage
Nonqualified
Number
Qualified
Median daily wage
Qualified
Number
Technicians, Engineers
Median daily wage
Technicians, Engineers

Labour cost share
Nonqualified
Labour cost share
Qualified
Labour cost share
Technicians, Engineers

:KLWH&ROODU:RUNHUV
Number Simple
Administrative
Median daily wage
Simple Administrative
Number Qualified
Services
Median daily wage
Qualified Services
Number
(semi-)Professionals,
Managers
Median daily wage
(semi-) Professionals,
Managers

$YHUDJH

6WG'HY

0LQ

0D[

431.80

653.91

2

7104

148.26

27.55

37.64

256.44

238.96

435.59

2

5656

162.89

22.31

72.94

254.77

198.43

442.60

2

8090

227.12

27.19

134.07

256.89

.3458119

.1934391

.0014782

.8216773

.2005516

.1332078

.0013799

.7238942

.1954706

.1231964

.0029253

.7383685

111.03

219.98

2

3043

153.12

30.16

48

256.44

141.3

273.42

2

4848

181.40

33.53

47.27

256.58

32.96

92.21

2

1561

246.97

25.15

34.67

257.14

Labour Cost share
Simple Administrative
Labour cost share
Qualified Service
Labour cost share
(semi-) Professionals,
Managers

.0858096

.0756487

.0063988

.6064289

.1341953

.0705666

.0073651

.6543629

.038161

.0324071

.0017003

.2261508

Investment
Sales
Number of all
employees
Within firm

2.17e+07
4.61e+08
1343.00

6.29e+07
1.05e+09
2724.95

50000
6.00e+06
31

1.00e+09
1.71e+10
51155
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Number of all
employees for
Innovating firms
(n=531)
Number of all
employees for
non-innovating firms
(n=69)

1407.75

2868.88

31

51155

844.74

987.29

104

6539

Distribution of firms over industries
Number
Production Goods Ind.
Investment Ind.
Consumption Goods Ind.
Construction Ind.

177
309
97
17

Percentage
.295%
.515%
.162%
.028%

Total

600

100%
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