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■ Innovation activities in German manu-
facturing and mining have further increa-
sed in 1998. With 66%, the share of inno-
vative companies reached its highest level
of the past years. Almost 41 thousand
companies renewed their products or pro-
duction processes, 39 thousand of which
are small and medium-sized enterprises
(SMEs) with less than 500 employees.

Compared to last year, total innovation
expenditure rose by an additional 6 billi-
on DM to currently 109 billion DM. Particu-
larly capital innovation expenditure expe-
rienced a distinct increase. 44 billion DM
were spent on innovation investments.

Innovation activities of companies
could be considerably increased, if they
were not hampered by different factors. 
In the past few years, lack of qualified per-
sonnel has become one of the most
serious factors hampering innovation.
16% of the companies in manufacturing
and mining, i.e. more than 10 thousand
companies, were significantly hampered
in their innovation activities, because they
lacked adequately qualified personnel.

However, the companies are to some
extent also responsible for this situation.
Companies complaining about lack of
adequately qualified personnel, do not try
to compensate this shortage by engaging
all the more in further training activities.

For this reason, both educational policy
and companies face the challenge to sup-
port innovation politics with medium and
long-term measures, and to provide ad-
equately qualified personnel.

Innovation endeavours which were car-
ried out on a broad front, did not lead to
the corresponding result in all sectors of
the economy. Particularly the innovation
success of SMEs still lags behind the large
enterprises. In 1998, SMEs generated ap-
proximately 30% of their turnover with
product innovations. That is one quarter
less than the average of all size classes.

Innovation activities in the new Länder
(federal states in the East of Germany) have
largely adapted to the West German ones.
Only the turnover share (31/2 %) due to
market novelties is a good 11/2 points
below the value of Germany as a whole.

A market-oriented targeting or enlarge-
ment of state innovation policy, i.e. direct
innovation support and market orientati-
on of direct assistance, measures can con-
tribute to a stronger market focus of the
innovation endeavours of the enterprises
in manufacturing and mining.

Development and Structure 
of Innovation Activities

Innovation activities in manufacturing
and mining continue to follow the clear

trend of further increases. In 1998, the 
share of innovative companies attained
nearly 66%, i.e. two thirds, and rose once
again by 3% points, compared to last year.
Not only the share but also the absolute fi-
gure of innovators has been steadily in-
creasing since 1994 to today’s value of al-
most 41 thousand companies.

In contrast, the total number of compa-
nies in manufacturing and mining declin-
ed during the 90ies and began to stabilise
only at the end of the decade. The number
of companies diminished compared to
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Innovation Activities in the German Economy
Manufacturing and Mining: Survey 1999

Share (in%)   Share Changes compared to
of firms with 1998 1997 1994

Innovations 66 3 17

Product Innovations 62 2 16

Process Innovations 54 5 15

Market Novelties 28 5 6

Cost reduction 39 1 14

Share Changes compared to
1998 1997 1996

Share of Turnover due 39,5 2,5 1,5
to Product Innovations

Share of Turnover due 
to Market Novelties 5,5 0,0 0,4

Share of Cost Reduction 6,1 -1,1 2,0
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1994 by 12% to 62 thousand companies.
Apparently, innovative companies are able
to compete more easily on international
markets.

The renewed increase of the share of
innovators is mainly attributable to an in-
crease of process innovations, which rose
in 1998 by 5% points to 54%. The innova-
tion portfolio clearly shifted in the direc-
tion of production processes.

The share of product innovators rose
only slightly to 62%, which is a very high
level even in the international compari-
son. This means that 38 thousand compa-
nies in manufacturing and mining moder-
nised or expanded their product range wit-
hin the past three years, and that 34 thou-
sand companies improved their produc-
tion processes.

The number of employees in innovative
companies of the manufacturing and mi-
ning have experienced a stable develop-
ment since 1994 and fluctuates around a
value of about 5.8 million DM. In 1998,
this corresponded to approximately 88%
of the 6.6 million people working in these
economic sectors. In the whole sector, 
however, the number of employees dimi-
nished by 22% in the course of the 90ies.
In 1992, approximately 8.5 million people
were still gainfully employed in this sector.

Contrary to popular opinion, process in-
novations are not necessarily linked with
job cuts: the number of employees at pro-
cess innovators has slightly increased sin-
ce 1994, and amounted to about 5.4 milli-
on persons in gainful employment in 1998.
In contrast, this value fluctuates around
5.5 million among the product innovators.
For this reason, process innovations do not
necessarily entail staff reductions in the
form of rationalisation measures.

Industries which are traditionally rese-
arch-intensive, i.e. industries with a high
or very high R&D-intensity are extraordina-
rily innovative. In 1998, 83% of the enter-
prises in this sector counted among the
innovators, about as many as last year. On
the other hand, employment declined al-
so in the R&D-intensive manufacturing
branches by 4% to 2.7 million, compared
to the previous year.

Even in the traditionally less research-
oriented manufacturing branches, i.e. in
branches with low R&D-intensity, the inno-
vator share amounted to 61%. These sec-
tors continue to account for almost 60%,
i.e. 3.8 million jobs in manufacturing and
mining. Employment remains more or less
stable in these traditionally less R&D in-
tensive branches, at most, a slight decline
can be detected.

The differences in innovation inclinati-
on within manufacturing and mining beco-
mes more apparent at the level of indivi-
dual industrial branches. Electrical en-
gineering and the chemical industry (in-

cluding the pharmaceutical industry) are
the most innovative industries. Far more 
than 80% of the companies in these in-
dustries implemented product or process
innovations. Innovation inclination is also 
above average in mechanical engineering
and manufacture of medical, precision
and optical instruments. In contrast, inno-
vation inclination is slightly below average
in the textile industry. With 38%, the
wood, pulp and paper industries account
for the lowest share of innovators.

Development and Structure 
of R&D-Activities

Traditionally, research and develop-
ment activities constitute the core func-
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Innovators are companies which have
successfully implemented at least one
innovation project within the last three
years, i.e. they implemented at least
one innovation. It does not matter,
whether another company already intro-
duced this innovation on the market.
What counts is the evaluation out of the
company’s viewpoint.
Innovations can be implemented either
as product or process innovations. Pro-
duct innovations are new or significant-
ly improved products which a company
has introduced on the market. Purely
aesthetic modifications of products are
not considered as product innovations.
Process innovations are new or signifi-
cantly improved production and pro-
cess technologies, which are introduced
in a company. New production proces-
ses sold to other companies are consi-
dered as product innovations.
The definitions and differentiations com-
ply with those of the OECD and Eurostat,
fixed in the so-called Oslo-Manual.

Product and Process Innovations

Innovation Activities 1992 to 1998

Source: ZEW (2000): Mannheim Innovation Panel –
Manufacturing and Mining.
Comment: Values for 1998 preliminary. All informa-
tion projected to the frame population in Germany.
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tion of operational innovation activities. In
the past years, however, R&D activities
lost some of their importance, compared
to other market-near innovation activities.
While the share of innovative companies
rose continuously in the past 3 years, the
share of companies carrying out R&D dec-
lined in 1998 by nearly 5% points compa-
red to 1996. Just under 60% of innovative
companies in manufacturing and mining
carried out R&D also in 1998.

Continuous R&D activities, for instance
the establishment of a R&D department,
acquired relatively more importance in the
course of the 90ies. The majority of com-
panies carrying out R&D meanwhile does
so on a regular basis. Almost every third
innovative company, approx. 20% of all
enterprises is engaged in continuous R&D.

The chemical industry accounts for the
highest share of companies engaged in

R&D. Meanwhile, more than two thirds of
all chemical companies, i.e. about 69%, 
are performing R&D. Mechanical enginee-
ring (61%) as well as manufacture of me-
dical, precision and optical instruments
(58%) are also characterised by an extra-
ordinarily high share of enterprises carry-
ing out R&D. Companies in the timber and
paper industry (14%) as well as in the
food & beverages and tobacco industry
(21%) are less R&D oriented.

The share of companies engaged in
R&D is more than twice as high for compa-
nies with at least 500 employees, compa-
red to the mean value of manufacturing
and mining. More than 80% of large enter-
prises are engaged in R&D activities. They
hence continue to make the largest contri-
bution to the research and development
of new products and processes.

Development and Structure 
of Innovation Expenditure

Compared to last year, innovation ex-
penditure of companies in manufacturing
and mining rose again by 6 billion DM to
currently 109 billion DM. The steady growth
observed since 1994 therefore continues.

However, based on the projected figu-
res for 1999 stated by the companies, a
further increase of innovation expenditure
cannot be expected. Particularly West Ger-
man companies made very careful projec-
tions for 1999. Based on past experience,
companies can either stay below or ex-
ceed the projected value they indicated.

Innovation intensity, measured as sha-
re of innovation expenditure in turnover
dropped from almost 5% in 1996 to 41/2 %.
The distinct increase of the German indu-
stry’s turnover does not necessarily seem
to give a further innovation incentive.

In the mid-nineties, principally current
innovation expenditure determined the
development of total innovation expendi-
ture. However, the rise of innovation ex-
penditure in 1998 resulted from a distinct
increase of capital innovation expenditu-
re. In 1998, the companies spent 44 billi-
on DM for capital innovation expenditure,
i.e. 40% of total expenditure. In 1997, this
share was still as low as 33%.

The shift in shares from current to capi-
tal innovation expenditure is reflected in
the disproportionate increase of the share
of process innovations. Investments in
production processes are usually linked
with the acquisition of new machines and
equipment.
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Research and experimental develop-
ment (R&D) comprises creative work un-
dertaken on a systematic basis in order
to increase the stock of knowledge and
to apply it to new problems. This inclu-
des the construction and testing of pro-
totypes, the development of software (if
this includes a significant improvement)
and the acquisition of extramural R&D.
This definition complies with the Oslo-
Manual and thus also with the Frascati-
Manual of the OECD.

R&D Activities R&D Activities 1993 to 1998

Source: ZEW (2000): Mannheim Innovation Panel –
Manufacturing and Mining.
Comment: Values for 1998 preliminary, not ascer-
tained for 1997. All information projected to the fra-
me population in Germany.
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Branches with high or very high rese-
arch and development (R&D) intensity
are branches (based on the three-digit
NACE-code – WZ93 – of the Federal Sta-
tistical Office), for which the average 
share of R&D expenditure in turnover
accounts for at least 3%. Amongst others,
the pharmaceutical industry, telecom-
munications technology, the aerospace
industries, as well as large parts of the
chemical industry, electrical enginee-
ring, and motor manufacturing industry
belong to these sectors.
Enterprises with low R&D intensity are
firms in sectors whose average share of
R&D expenditure accounts for less than
3% in turnover. The food & beverages,
textile and leather, as well as metal in-
dustries belong to these sectors.

R&D Intensity

Innovation Expenditure 1992 to 1999
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Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comments: Values for 1998 preliminary. Values for 1999 are estimates/expectations of the firms. All information
projected to the frame population in Germany.
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In 1998, two thirds of innovation ex-
penditure were carried out by large com-
panies with 500 or more employees. This
corresponds to almost 75 billion DM.
Compared to last year, they nevertheless
declined by almost 2 billion DM. The in-
creased innovation expenditure are sup-
ported by small and medium-sized enter-
prises. In 1998, they spent about 35 billi-
on DM on innovation projects, that is al-
most 30% more than in the previous year.
From 1994 to 1997, innovation expenditu-
re of large companies increased steadily,
whereas it declined in small and medium-
sized enterprises.

Particularly the traditionally less rese-
arch-intensive industrial sectors have also
reinforced their innovation activity
through a distinct expenditure increase of
6 billion DM to 34 billion DM.

However, due to the large fluctuation of
innovation expenditure in the past years,
it remains to be seen whether this positive

development will continue. Companies in
these industries already planned to cut
their innovation budgets for 1999.

Enterprises from the traditionally rese-
arch-oriented branches of industry, i.e.
with high or very high average R&D-inten-
sity, kept their innovation expenditure at
last year’s level of 76 billion DM. However,
a further increase of expenditure in the or-
der of last year (31%) cannot be expected
for 1999.

Development and Structure 
of Innovation Success

The amount of innovation expenditure
itself does not permit statements about
innovation success. The turnover share
due to new or significantly improved pro-
ducts serves as an indicator for the success
of product innovations. Companies in ma-
nufacturing and mining attained 39% of
their turnover with product innovations.
The positive growth trend therefore conti-
nues. Turnover shares due to innovative
products have increased almost regularly
by 1% point since 1992 (the decline from
1995 to 1996 can be traced back to chan-
ges in the wording of the question). Inno-
vations are becoming ever more important
in the turnover portfolio.

The increasing turnover share due to
product innovations is particularly charac-
terised by the development of the capital
goods industry. In this industrial sector,
the turnover share due to new or signifi-
cantly improved products increased by a
good 3% points to 56%. But, also compa-
nies in the primary and producer goods
industry raised their shares from last
year’s 24% to 27%.

The share of companies with market
novelties increased considerably in 1998

Innovation expenditure refers to expen-
diture for ongoing, completed, and 
abandoned projects within a given year.
It comprises current expenditure (per-
sonnel and material costs, etc.) as well
as capital expenditure.
Innovation expenditure include expen-
diture for research and experimental de-
velopment, machines and equipment,
external knowledge, product design and
other product preparations, staff trai-
ning and further training as well as mar-
ket tests and market launches, provided
they are directly linked with an innovati-
on project.

Innovation Expenditure
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projected to the frame population in Germany.
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The results of the ZEW innovation sur-
vey are stratifiedly projected to the stra-
tified population of all enterprises with
a minimum of 5 employees in manufac-
turing and mining in the Federal Repu-
blic of Germany in accordance with the
differentiation in the NACE Classificati-
on of Economic Sectors (WZ93) of the
Federal Statistical Bureau. Branches,
company size (number of employees),
and region (West and East Germany, 
that is: old and new Länder) serve as
stratification characteristics.
Data on the population (company, em-
ployment, and turnover figures) until
1997 are based on publications of the
Federal Statistical Bureau, and the ZEW’s
estimates on the number of small enter-
prises. Data from 1998 onwards are 
based on projections of the population
and are thus preliminary.
The data bank of CREDITREFORM serves
as a sampling frame. The sample of the
year 1999 encompasses about 10,500
enterprises, 2,500 of which responded
to the survey. This corresponds to a res-
ponse rate of 24%. An additional 2,000
companies were randomly selected
from the companies that did not fill in
the questionnaire and were interviewed
via telephone on core indicators of inno-
vation behaviour, so as to correct any
potential bias in the response beha-
viour of the companies.
The ZEW commissioned infas (Institute
for Applied Social Sciences) with the 
management of the survey’s field phase,
which was conducted from March until
August 1999.

Population, Sample, and 
Projection

Innovation Expenditure by R&D-Intensity of the Sector 1992 to 1999

Turnover shares due to product innova-
tions refer to the turnover of the respec-
tive year, which was generated with in-
novations within the past three years.
The measurement of turnover shares
was more broadly defined before 1996
and also included turnovers generated
with improved, but not necessarily sig-
nificantly improved products. The va-
lues reported before 1996 are therefore
higher and cannot be easily compared
with the values reported after 1996.

Turnover Shares due to 
Product Innovations
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from 23% to 28%. There is thus a larger 
share of fundamentally new products
among product innovations than in the
previous years.

However, the market success of these
innovations cannot keep up with this sa-
tisfying development. In contrast to the
turnover shares due to product innovati-
ons, no clear growth trend can be determin-

ed for the turnover share due to market
novelties, even though it rose, compared
with 1996, by a good 11/2 % points to as
much as 51/2 %. In comparison with the
previous year, however, this share remai-
ned the same. At the end of the 90ies, on
average, approximately every twentieth
DM of turnover was generated through
market novelties. Therefore, merely one
seventh of turnovers generated through
product innovations resulted from genui-
ne market novelties, even though one out
of three product innovators also introduc-
ed market novelties.

Cost reducing process innovations can
be interpreted as the share of process in-
novations which are implemented for ra-
tionalisation purposes. The enterprises re-
ported that in the 90ies approx. two thirds
of process innovations were accompanied
by cost reductions. However, around the
end of the 90ies the relative importance of
the rationalisation motive increased. In

1997, more than three quarters of the pro-
cess innovators – i.e. around 37% of all
companies – stated that their innovations
led to cost reductions.

This development, however, slowed
down in 1998: cost reducing process inno-
vations did not increase to the same ex-
tent as other process innovations. While
the share of process innovators in all com-
panies rose by about 5% points to 54%,
the share of cost-reducing innovations in-
creased only by about 2% points to 39%.
A large share of process innovations was
implemented together with product inno-
vations without an identifiable direct ra-
tionalisation motive.

Efficiency of process innovations carried
out for cost reduction purposes can be
measured as cost reduction share in overall
costs. In the mid-nineties, companies were
thus able to save around 4% to 7% of pro-
duction costs per year. After a steady
increase from 1994 to 1997, this share
decreased slightly versus the value of the
previous year. In 1998, the enterprises we-
re able to save more than 6% of their costs.

Companies in branches with a high or
very high average research intensity were
principally responsible for the overall dec-
line of the cost reduction share. Here, the
value fell by more than 2% points from 
almost 10% to about 71/2 %. Due to the 
short time series and relatively large fluc-
tuations, it is not possible to deduct any
specific tendencies.

Innovation Activities of Small
and Medium-Sized Enterprises

Small and medium-sized enterprises
(SMEs) constitute the majority in manufac-
turing and mining. The share of SMEs in
the total number of companies remained
constant at around 97%. In 1998, this cor-
responded to slightly more than 60 thou-
sand enterprises. Since 1996, not only the

Innovation Activities in Manufacturing and Mining 7

Product Innovations 1992 to 1998

B B B B
B B

B

J J J
J J

1992 1993 1994 1995 1996 1997 1998
0

10

20

30

40

50

60

70

80

51
46 46

22

51

25

55

23

60

23

62

28

37 38 38 39
36 37 39

5,1 4,8 3,8 5,5 5,5

Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comments: Values for 1998 preliminary. Turnover share due to product innovation for 1996 and 1997 only to a
limited extent comparable to previous years. Market novelties prior to 1994 not ascertained. All information
projected to the frame population in Germany.

Product Innovators Firms with Market Novelties

S
ha

re
in

 %

Share of Turnover due to Market NoveltiesShare of Turnover due to Product Innovations

Process Innovations 1992 to 1998

B
B B

B B B

1992 1993 1994 1995 1996 1997 1998
0

10

20

30

40

50

60

70

45 46

32

39

25

46

28

48

34

49

37

54

39

7,1
4,1 4,4 6,2 7,1 6,1

Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comments: Values for 1998 preliminary. Cost reductions for 1992 not ascertained. All information projected to
the frame population in Germany.

Process Innovators Cost Reducing Process Innovators

S
ha

re
 in

%

Share of Cost Reduction

Market novelties are new or significantly
improved products, for which a com-
pany is the first provider and introduces
them on the market. The enterprises de-
fine which market is relevant to them.
Data on market novelties were not gat-
hered before 1994.
Turnover shares due to market innovati-
ons refer to the turnover of the respec-
tive year, due to market novelties of the
past three years.

Market novelties

Cost-reducing process innovations refer
to process innovations that led to a re-
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number of companies, but also the num-
ber of employees has stabilised to a large
extent among SMEs. In 1998, approx. 3.3
million people were employed in small
and medium-sized enterprises in manu-
facturing and mining. That is distinctly mo-
re than half of all the employees working
in these sectors.

The development of innovator shares
corresponds to a large extent to the overall
evolution in manufacturing and mining. In
1998, the share of innovative companies
rose from 62% to 65%, compared to the va-
lue of the previous year. A total of 39 thou-
sand SMEs introduced new or significantly
improved products or processes.

The share of product innovators rose 
slightly, in parallel with the whole sector,
by 2% points to the high level of mean-
while 61%. The share of SMEs that inno-
vated production processes, increased
considerably by a good 5% points to 53%.
The growing relative importance of pro-
cess innovations, measured on the basis
of the respective share of companies also
emerges among the SMEs, because they
dominate the variables of the whole sec-
tor which refer to the number of firms.

The increased relative importance of
process innovations influences the deve-
lopment of innovation expenditure. Com-
pared to the previous year, they rose sharp-
ly by almost 30% in 1998, and now amount
to 35 billion DM. The rise in innovation 
expenditure in the whole of manufacturing
and mining, can be traced back exclusive-
ly to increased expenses on the part of
the SMEs, which by far compensated the
slight decline of innovation expenditure 
among large enterprises.

Correspondingly, innovation expendi-
ture of SMEs rose not only in absolute
terms, but also in relation to turnover,
contrary to the whole sector. Innovation
intensity increased to 4% and hence ap-
proached the ratio of large enterprises.

However, this increase is not likely to
continue. Rather, the companies’ planned
figures for 1999 leads to expect a slight
reduction of expenditure. The planned in-
novation budget of 32 billion DM is, how-
ever, still clearly above the value of 1997.

Turnover shares that SMEs attained
with product innovations are still distinct-
ly below the values of large enterprises,
and are, on average, slightly lower than in
manufacturing and mining as a whole. 
In 1998, 30% of the turnover was genera-
ted with new or significantly improved
products. The increase is slightly higher 
among SMEs in the traditionally less re-
search-intensive industries. Their turnover
share due to product innovations amoun-
ted to approximately 26% in 1998, com-
pared to 23% in the previous year.

The share of SMEs with market novel-
ties rose significantly to 27% in 1998. This
corresponds to a growth of 5% points
compared to last year. They thus exceeded
the share of the large enterprises for the

first time: SMEs, too, are genuine innova-
tors and not only imitators.

SMEs were able to increase their turn-
over share due to market novelties to more
than 5% and hence approached the quota
of the large enterprises. Since 1995, the
SMEs’ success with market novelties has
steadily increased. With a turnover share
due to market novelties of about 8%, 
SMEs in the capital goods industry have
the highest success rate.

The share of enterprises among SMEs
with cost-reducing process innovations
developed analogously with manufactu-
ring and mining as a whole. At the end of
the nineties, rationalisation innovations
acquired more importance in relative
terms. However, the increase of process
innovations for rationalisation purposes
was decisively more moderate in 1998 
than in the previous year.

The share of cost savings attained
through these innovations stagnated at
4% in 1998, and hence corresponds more

Innovation Activities in Manufacturing and Mining8

Small and medium-sized enterprises
(SMEs) are enterprises with at least 5
and less than 500 employees.
Because of their relatively large number,
small and medium-sized enterprises
dominate all shares relating to company
figures. On the other hand, large enter-
prises dominate all shares which refer
to DM amounts, due to their large finan-
cial volumes. Employment figures de-
pend on both of these groups.

SMEs

Product Innovations of SMEs 1992 to 1998

B
B

B B
B

B
B

J J J J J

1992 1993 1994 1995 1996 1997 1998
0

10

20

30

40

50

60

70

80

49
45 45

21

50

24

55

22

59

22

61

2926
29 31 32

30 28 30

3,7 3,6 3,7 3,9 5,3

Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comment: Values for 1998 preliminary. Turnover share due to product innovation for 1997 and 1998 only to a
limited extent comparable to previous year. Market novelties not ascertained prior to 1994. All information pro-
jected to the frame population of SMEs in Germany.

Product Innovators Firms with Market Novelties

S
ha

re
 in

%

Share of Turnover due to Market NoveltiesShare of Turnover due to Product Innovations

Process Innovations of SMEs 1992 to 1998

B B B B B B

1992 1993 1994 1995 1996 1997 1998
0

10

20

30

40

50

60

70

43
45

31

38

23

45

27

47

34

48

36

53

37

4,6 3,6 3,6 4,7 4,0 4,0

Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comment: Values for 1998 preliminary. Cost reductions not ascertained prior to 1993. All information projected
to the frame population in Germany.

Process Innovators Cost Reducing Process Innovators

S
ha

re
e 

in
%

Share of Cost Reduction



or less to the mean value of the past
years. This share is, however, significant-
ly lower than that of large enterprises,
which realise a much higher rationalisation
volume.

Innovation Activities in 
the New Länder

Since the beginning of the 90ies, the
number of companies in manufacturing and
mining in the new Länder has increased by
about a third to almost 9 thousand in 1998.
This corresponds to approximately 14% of
the industrial enterprises in Germany as a
whole. At the beginning of the 90ies, the 
share was still distinctly below 10%.

Employment development, however,
was not able to keep up with this change.
On the contrary: since 1992, the number
of jobs in East German manufacturing and
mining declined from about 840 thousand
by almost 35% to little more than
550 thousand. By the end of the 90ies,
however, the decline in employment was

not only slowed down, but nearly brought
to a standstill. From 1996 to 1997, even a
slight increase was registered, which un-
fortunately did not continue in 1998.

In the light of the continuing unstable
economic development, innovation activi-
ties in the new Länder are still subject to
quite large fluctuations. Nevertheless, the
share of innovative companies in East Ger-
many always exceeded the West German
comparative value until 1996. However,
the catching-up process that was reflected
in these values, failed to be detected in
the innovator share since 1997, even
though it increased again considerably by
5% points to 64% in 1998, after a slight
setback in the previous year. East German
companies indeed adopted their innovati-
on behaviour in many respects to that of
their West German competitors.

The share of companies that moderni-
sed or expanded their product range is

more or less the same in both regions of
Germany. However, the share of process
innovators in the new Länder experienced
a more moderate increase than in the old
Länder. In view of the fact that the new
Länder’s productivity development is still
lagging behind, the question arises
whether the production plants are already
sufficiently modernised.

Also, employment structure still differs
considerably in both parts of Germany.
Despite the nearly identical innovator sha-
re, the employee share of innovative com-
panies (81%) is still far below the national
average of 88%. Even though the share in-
creased by 5% points in comparison to
the previous year, relatively many people
continue to work in non-innovative com-
panies in the new Länder.
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Innovation Expenditure of SMEs 1992 to 1999
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Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comment: Values for 1998 preliminary. Values for 1999 are estimates/expectations of the firms. All information
projected to the frame population of SMEs in Germany.
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The East German share of companies
engaged in R&D amount to 39% and is
hence slightly higher than the correspon-
ding value in the West, although size pat-
terns of enterprises differs considerably in
the two parts of Germany. Higher values
result from payments effected through
promotion programmes for R&D projects
in the new Länder

However, the R&D activities are adap-
ting to a large extent to the West German
activities, which might be due to the fact
that some promotion programmes are ex-
piring. In contrast to the old Länder, parti-
cularly continuous R&D activities assume
a higher importance, when comparing
them to occasional ones. The share of en-
terprises carrying out R&D continuously
amounted to 23%, and is hence still 3%
points higher than the national average. In
1998, innovation expenditure in the new
Länder rose by 20% to 7.2 billion DM,
which is a more distinct increase than in
manufacturing and mining in the whole of
Germany. According to the planned figures
of the companies, even a slightly increa-
sed innovation budget was implemented
in 1999. Despite this considerable increa-
se, East German enterprises account only
for approx. 7% of the nation-wide innova-
tion expenditure.

With respect to innovation intensity,
the new Länder are at first sight in no way
inferior to the old Länder. In 1998, the
share of innovation expenditure in turn-
over rose by approximately 1/2 % point to
5%, compared to the value of the previous
year. The nation-wide value amounted to a
mere 41/2 %. This comparison neglects, 

however, that many companies in the new
Länder suffer severe problems on the mar-
kets. Higher innovation intensity is probab-
ly due to the more unfavourable turnover
situation of East German companies than
to a higher innovation inclination. Even
though enterprises in the new Länder 
spend considerably less on innovation
projects, their turnover share exceeds the
national comparative value. Contrary to
the development in the whole of Germany,
the rise in innovation expenditure in the
new Länder can be traced back exclusively
to the rise in current innovation expendi-
ture, which were raised in 1998 by almost
11/2 billion DM to more than 31/2 billion
DM. In contrast to the old Länder, invest-
ments for innovation projects were not in-
creased. In 1998, they even fell slightly by
0.2 billion DM to just 31/2 billion DM, com-
pared to the previous year.

Nevertheless, in the new Länder invest-
ments continue to assume a more impor-

tant role within the innovation budget
than in the old ones. The ratio between 
invested and current innovation expendi-
ture is well-balanced in the new Länder in
1998; in the old Länder the share of capi-
tal innovation expenditure in total innova-
tion expenditure is distinctly lower.

Innovation success also adapted to the
nation-wide development in some respects.
The turnover share due to product inno-
vations increased in 1998 to 36% and ap-
proached the national share up to 3%
points. Compared to 1995, the innovation
success of East German companies in-
creased steadily by a total of around 5%
points.

The share of companies with market
novelties also developed to a large extent
analogously with the nation-wide trend. 
In 1998, however, the increase by 31/2%
points to 24% turned out to be considerab-
ly lower than in the old Länder. Only time
will tell, whether the differences will be

Innovation Activities in Manufacturing and Mining12

Research and Development in 
the New Länder 1993 to 1998

Source: ZEW (2000): Mannheim Innovation Panel –
Manufacturing and Mining.
Comment: Values for 1998 preliminary, not ascer-
tained for 1997. All information projected to the fra-
me population in the New Länder in Germany.
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reinforced or whether the values will con-
verge again.

The distinct deficit to market novelties
demonstrates that the catching-up pro-
cess has not been concluded yet. In the
new Länder, turnover share due to market
novelties (31/2%) is significantly below
the national average of 51/2%, although
the share increased by about 11/2% points
since 1995.

As in the development of market novel-
ties, similar conclusions can be drawn
from the cost-reducing process innovati-
ons, namely innovations based on a ratio-
nalisation motive. The share of compa-
nies, where the modernisation of produc-
tion plants resulted in cost reductions,
corresponds to a large extent to the value
in West Germany. Until 1996, however, ra-
tionalisation innovations had a far higher
importance in the new Länder than in the
old Länder. In the meantime, the ratio bet-
ween cost-reducing and total process in-
novations is on a par.

However, the share of cost savings has
been far below the West German share now
for three years. Compared to the previous
year, it even fell in 1998, and with a value
of 41/2% it is a good 11/2% points below
the federal average. Process innovations
are obviously less effective in the new Län-
der. In view of the fact that the new Län-
der’s productivity is still lagging behind, it
is questionable whether all rationalisation
potentials are already exploited yet.

Lack of Qualified Personnel
Hampers Innovation

Companies are ever more frequently
hampered in their innovation activities by
factors for which they are not alone res-
ponsible. Compared to the 1997 survey,
importance of all factors hampering inno-
vations increased considerably in some
cases. Effects of lack of qualified person-
nel are particularly critical. It is quite
worrying that that lack of qualified person-
nel can assume such a high importance
for innovation activities despite the conti-
nually high unemployment rate: in more 
than 10 thousand companies in manufac-
turing industry (16%), innovation activi-
ties are hampered, because adequately
qualified personnel is not available. Mean-
while, this obstacle acquired about the 
same importance as lack of financial re-
sources. Lack of qualified personnel prin-
cipally results in delayed project terms.

But other severe consequences also arise:
6 thousand companies could not even
start their innovation projects, that is twice
as many companies as in 1996.

The importance of the lack of qualified
personnel increases in parallel with the
R&D-intensity of the industry. The project
term is delayed in one out of four compa-
nies in economic sectors with high or very
high R&D-intensity for this reason, i.e.
three times as often as in companies with
low R&D-intensity. In addition, one out of
ten companies in research- intensive indu-
strial sectors cannot even start innovation
projects for want of adequately qualified
personnel. In 1996, this was the case for
one out of twenty companies (5%). Even
in these highly innovative economic sec-
tors – with an innovator share of 83% – in-
novation activities could potentially be in-
creased even further.

Lack of qualified personnel is stated
most frequently as a factor hampering in-
novation in industries of medical, precisi-
on and optical instruments engineering,
motor manufacturing industry, as well as
in electrical and mechanical engineering.

All these economic sectors typically have
a large share of highly qualified employ-
ees, which include in most cases especial-
ly qualified engineers. Already two years
ago, these economic sectors were most
frequently affected by the lack of qualified
personnel. The importance of this
obstacle even increased above average in
these economic sectors: while the share
of affected companies rose, on average,
by 6% points, the share in these econo-
mic sectors increased by 10-15% points
to 25-35%. The considerable importance
of shortage of qualified personnel as a
factor hampering innovations demonstra-
tes that innovation activities build not
only to a large extent on the employees’
qualification, but are also increasingly
dependent on it.

In the light of the considerable impor-
tance of lack of qualified personnel for the
companies’ innovation activities, the que-
stion arises, to which extent the compa-
nies try to eliminate this obstacle with 
their own means. Do the companies react
for instance with an increase in further
training expenditure?

Innovation Activities in Manufacturing and Mining 13

Significance and Effects of Factors Hampering Innovation 
in Manufacturing Industry

Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comments: “n.a.“: Hampering Factor surveyed 1998 for the first time. Values preliminary. All information pro-
jected to the frame population in Germany.
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Descriptive statistics only show a weak
positive correlation: In the group of com-
panies with relatively high further training
expenditure per employee, slightly more
companies are affected by a shortage of
qualified personnel (18%) than in the
group of companies that spends little 
or nothing on further training of its em-
ployees (14%).

When investigating the correlation bet-
ween the lack of qualified personnel and
further training expenditure in a dynamic,
multivariate model, no significant influen-
ce can be determined. Even if companies
were affected by lack of qualified person-
nel as early as in 1996, further training ex-
penditure per capita did not experience a
noticeable increase until 1998. The multi-
variate estimation revealed that the corre-
lation between obstacle and further trai-
ning, as it was observed in descriptive sta-
tistics, is an spurious correlation. The cau-
sative influence of a variable can be pro-
ved or negated only when using regressi-
ons, whereas simple analysis of descripti-
ve statistics always entails the risk that
actually decisive effects of other variables
are not considered.

When interpreting the results, however,
one must take into account that further
training expenditure do not include ex-
penses for first time professional training.
The question, whether lack of qualified
personnel leads to reinforced training ac-
tivities in companies hence would have to
be analysed in a separate study.

The fact that lack of qualified personnel
in the mentioned economic sectors – and
not only in electronic data processing

(EDP) domain of service sectors – exerts
such a large influence on innovation ac-
tivities, raises the question as to whether
shortage of qualified personnel in Ger-
many is mainly limited to software develo-
pers. The statements of the companies
actually give the impression that not only
software developers are sought-after, but
that also correspondingly qualified per-
sonnel is required that is able to apply
new software and new developed techno-
logies of the IT-sector to new  processes
and new products.

At first sight, the large number of un-
employed engineers seems to be contra-
dictory in connection with lack of qualified
personnel. On the job market, however, 
one generation of employees is constantly
replaced by a fresh generation. Develop-
ment times are speeding up and rapid
progress in the use of new technologies
requires an ongoing updating of know-
how. Extended phases of unemployment
and thus ensuing devaluation of human
capital make it more difficult particularly
for older active persons to re-enter profes-
sional life. 

Companies are, however, seeking qua-
lified personnel with IT-expertise, namely
persons that have experience in new tech-
nologies and are able to use them effec-
tively in innovation processes. Like real
capital, human capital can also become
obsolete. Without continuing further trai-
ning (e.g. due to unemployment), know-
ledge is also devaluated: for instance, u-
ser skills with respect to a specific soft-
ware will be outdated within a few years, if
they are not updated.

Summary

As in the previous years, companies in
German manufacturing and mining consi-
derably increased their innovation endea-
vours. Following is an overview of the
most important results of the ZEW innova-
tion survey 1999:
� In 1998, the share of innovative enter-
prises increased once again by 3% points,
and now amounts to 66%. This corre-
sponds to more than 40 thousand compa-
nies, 39 thousand of which are small and
medium-sized enterprises (SMEs) with
less than 500 employees.
� Employment continues to stabilise in
innovative companies. In 1998, 5.8 milli-
on persons were employed in these com-
panies. In manufacturing and mining as a
whole, employment continues to fall.
� The renewed increase of innovation ac-
tivities is mainly based on an increase of
process innovations. The share of compa-
nies that modernised or significantly im-
proved their production processes rose by
5% points to 54%, whereas the share of
product innovators remained nearly stable
at high level.
� A large share of companies that intro-
duced new or significantly improved pro-
ducts onto the market, now acts as a ge-
nuine innovator and no longer as imitator.
The share of companies introducing mar-
ket novelties increased by 5% point to
28%.
� Compared with other activities, and
particularly with near-market innovation
activities, R&D activities lost importance.
The share of companies engaged in R&D
declined in 1998 by 5% point to 38%, ver-
sus 1996.
� Compared to last year, innovation ex-
penditure rose by an additional amount of
6 billion DM to currently 109 billion DM.
This corresponds to a turnover share ex-
ceeding 41/2%. The increase of innovation
expenditure is exclusively attributable to
SMEs, which considerably expanded 
their innovation budgets by almost 30%.
� Investments assumed more impor-
tance in innovation budgets. Capital inno-
vation expenditure, which stagnated in
the past years, rose substantially in 1998.
44 billion DM, namely 40% of total inno-
vation expenditure were spent on invest-
ments.

Companies in the new Länder (federal
states in the East of Germany) adapted 
their innovation activities in many respects

Innovation Activities in Manufacturing and Mining14

Effects of Lack of Qualified Personnel by R&D-Intensity
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Source: ZEW (2000): Mannheim Innovation Panel – Manufacturing and Mining.
Comments: Values preliminary. All information projected to the frame population in Germany.
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to those of the West German companies.
Existing differences are frequently due to
different size patterns or a shortage of lar-
ge enterprises in the new Länder:
� The share of innovative enterprises in
the new Länder (64%) is only slightly be-
low the nation-wide comparative value.
� The share of enterprises engaged in
R&D is also falling like in West Germany.
With a share of 39%, it is slightly higher 
than the federal average. The relatively
high share of companies carrying out R&D
continuously probably stems from the dif-
ferent ways of implementing promotion
measures.

When evaluating the quality of innova-
tion activities and the efficiency of innova-
tion systems it does not suffice to analyse
only the input of innovation processes.
What is decisive, is the innovation result.
The innovation success of German manu-
facturing and mining has to be evaluated
in a differentiated manner:
� Turnover share due to new or improved
products increased annually by 1% point to
currently 39 1/2% since 1996. About 4 out
of 10 DM are earned with new products.
� In this context, market novelties gene-
rate every twentieth mark of turnover.
Compared to 1996, turnover share due to
market novelties rose considerably, but it
still is subject to strong fluctuations and
kept its share constant at 51/2%, compa-
red to the previous year. This corresponds
to only one seventh of the corresponding
value of the share acquired with new pro-
ducts, even though one out of three pro-
duct innovators also launched market no-
velties.
� Innovation success of small and medi-
um-sized enterprises partially lags behind
that of large enterprises. Turnover share
due to product innovations has hardly
changed since the 90ies and currently
amounts to approximately 30%. In con-
trast, the turnover share due to market no-
velties rose significantly and approached
to a large extent the turnover share of the
large enterprises.
� In the new Länder, turnover share due
to product innovations (36%) approached
the federal level up to 3% points. How-
ever, the catching-up process in the new
Länder has not been concluded yet. It is
true that 24% of the companies launched
real novelties on the market, but they only
generated 31/2% of the total turnover with
these novelties. That is 11/2% points less
than in the federal average.

� Process innovations are also less effec-
tive in the new Länder. The share of cost
savings (41/2%) is a good 11/2% points
below the national average.

Companies’ innovation activities are
hampered by various factors. In the cur-
rent discussion, lack of qualified person-
nel becomes increasingly the focus of pu-
blic attention:
� 16%, namely more than 10 thousand
companies in manufacturing and mining,
were considerably restricted in their inno-
vation activities in 1998, because of lack
of adequately qualified personnel.
� Shortage of adequately qualified per-
sonnel principally leads to the fact that
companies cannot conclude their innova-
tion projects within the projected term. On
the other hand, the share of companies
that could not even begin innovation pro-
jects due to lack of qualified personal, 
more than doubled from 3 to 61/2% within
in the past two years.
� Lack of qualified personnel occurs
mainly in research-intensive economic
sectors. They are affected nearly twice as
often by specialist shortages as the aver-
age of manufacturing and mining. One out
of ten of these enterprises was not even 
able to start an innovation project.
� Companies in the industries of manu-
facture of medical, precision and optical
instruments, as well as in motor manufac-
turing industry, electrical and mechanical
engineering are similarly often affected by
the lack of qualified personnel as the EDP-
sector in the service industry.

Lack of qualified personnel hence does
not occur only in the EDP-sector in the ser-
vice industry, but also hampers innovati-
on activities in manufacturing industry.
Companies themselves, however, cannot
evade responsibility:
� Companies suffering from a lack of
qualified personnel, do not engage in mo-
re further training activities than compa-
nies that find a sufficient supply of ade-
quately qualified personnel on the job
market.

Conclusions
for Innovation Policy

It becomes clear that the focus of the
German industry continues to lie in the 
area of already established technologies
which are continuously improved and are
accordingly appreciated by the market.
The German economy experiences some

difficulties when it comes to marketing
new technologies or to market orientation
of new products. Particularly small and
medium-sized enterprises as well as com-
panies in the new Länder have deficits re-
garding the market-orientation of their in-
novation activities. The importance of
markets as innovation source is also fre-
quently seriously underestimated in politi-
cal discussions.

A reinforced market orientation of pu-
blic innovation policy, namely indirect in-
novation support certainly point in the
right direction for instance by reducing the
tax load on R&D activities, as well as mar-
ket orientation of direct innovation sup-
port, i.e. a project selection in analogy
with the market.

Additionally, one should examine,
which possibilities exist to complement
pure R&D assistance through broader
measures for innovation support, inclu-
ding particularly near-market forms of in-
novation activities.

The deficits in the market orientation of
innovation activities are especially evi-
dent in the new Länder. The majority of in-
novation indicators clearly did indeed ap-
proach the indicators of the whole of Ger-
many. Nevertheless, innovative products
from East German enterprises are ob-
viously less readily accepted by the mar-
ket than those of their West German com-
petitors. Particularly against this backgro-
und, market-oriented targeting and com-
plementing of state innovations is indi-
spensable.

Innovation politics, however, should
not forget that an expansion of innovation
activities is only possible if the correspon-
ding resources are available. Companies,
however, are already lacking the required
human capital for their innovation activi-
ties. Lack of qualified personnel does not
occur only in the EDP-sector in the service
industry, but also severely hampers inno-
vation activities in manufacturing indu-
stry.

For this reason, the question arises
whether measures, which solely aim at
reducing lack of software developers, can 
adequately support the innovation capa-
bility of the German economy to the full
extent. In many cases, not only pure EDP
specialists are sought after, but also 
experts in other fields with corresponding
EDP expertise.

Also in manufacturing industry, innova-
tion activities build increasingly on the
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qualification of all employees. Neverthe-
less, companies do not seem to tackle the
lack of qualified personnel with the corre-
sponding further training of the existing
personnel.

Therefore, measures in educational po-
licy have to support innovation policy to-
gether with companies, in order to ensure
qualified human capital in the medium
and long-run. In the light of the duration of
the usual periods of study for adequately
qualified personnel in Germany, it is ne-
cessary to be willing to take measures,
whose effects will be felt only in a few 
years from now. Such measures include,
for instance, the reinforced orientation of

educational contents towards the require-
ments of the market. Last but not least,
the scientific environment at universities
and technical colleges should be further
improved in order to increase Germany’s
attractiveness as a research site.

Due to the extended internationalisati-
on of the economy, Germany is increa-
singly in direct competition with a growing
number of countries. Particularly so-called
countries in transition are pressing on the
interesting (interesting for them) German
market with all their might. However, 
owing to the wage differential, German
companies cannot sustain a pure price
competition over a longer period of time,

but have to seek their chances in techno-
logy competition. In this context, it is more
than critical that the share of overall eco-
nomic expenditure in the domestic pro-
duct that is spent on education and trai-
ning, as well as on further training and
R&D is continuously decreasing. In com-
parison, most of the industrial nations
raised their investments in the creation of
know-how and even exceeded their turn-
over increases. However, in view of grow-
ing importance of human capital for inno-
vation activities, expenditure for education
and training are important investments in
the future competitiveness of the German
economy. �
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