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Mit der Reihe „IAB-Discussion Paper“ will das Forschungsinstitut der Bundesagentur für  
Arbeit den Dialog mit der externen Wissenschaft intensivieren. Durch die rasche Verbreitung 
von Forschungsergebnissen über das Internet soll noch vor Drucklegung Kritik angeregt und 
Qualität gesichert werden. 

The “IAB-Discussion Paper” is published by the research institute of the German Federal Em-
ployment Agency in order to intensify the dialogue with the scientific community. The prompt 
publication of the latest research results via the internet intends to stimulate criticism and to 
ensure research quality at an early stage before printing. 
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Abstract 

This paper examines the link between the endowment of creative and science based 
STEM – Science, Technology, Engineering and Mathematics – workers and the level 
of the firm and firm- and city-/regional-level innovation in Germany. It also looks into 
whether the presence of these two groups of workers has greater benefits for larger 
cities than smaller locations, thus justifying policies to attract these workers in order 
to make German cities ‘smarter’. The empirical analysis is based on a probit estima-
tion, covering 115,000 plant-level observations between 1998 and 2015. The results 
highlight that firms that employ creative and STEM workers are more innovative than 
those that do not. However, the positive connection of creative workers to innovation 
is limited to the boundaries of the firm, whereas that of STEM workers is as associated 
to the generation of considerable innovation spillovers. Hence, attracting STEM work-
ers is more likely to end up making German cities smarter than focusing exclusively 
on creative workers. 

Zusammenfassung 

Die vorliegende Arbeit beschäftigt sich mit dem Effekt von Beschäftigten in kreativen 
und MINT-Berufen (Mathematik, Informatik, Naturwissenschaft, Technik) auf die In-
novationsfähigkeit von deutschen Betrieben. Dabei wird neben der Beschäftigung im 
eigenen Unternehmen untersucht, inwiefern sich die Präsenz beider Gruppen in der 
Industrie und Region positiv auf Innovationskraft auswirkt und ob Unternehmen einen 
zusätzlichen Nutzen deshalb haben, weil sie in größeren Regionen angesiedelt sind. 
Aus politischer Sicht ergibt sich daraus ein mögliches Handlungsfeld, wenn es das 
Ziel ist, die Innovationsfähigkeit zu steigern. In der empirischen Analyse werden etwa 
115,000 Betriebe in den Jahren 1998-2015 betrachtet. Die Ergebnisse indizieren, 
dass sowohl kreative als auch MINT Beschäftigte einer Firma positiv auf die Innova-
tionsfähigkeit der Betriebe wirken. Ferner weist die Evidenz darauf hin, dass es kei-
nen Spillover-Effekt von kreativen Beschäftigten außerhalb der Betriebe in den Be-
trieb hinein gibt, dies jedoch für MINT-Beschäftigte signifikant der Fall ist. Das bedeu-
tet, dass eine stärkere regionale und industriespezifische Konzentration von MINT-
Beschäftigten Betriebe generell innovativer macht. 

JEL classification:  

Keywords: Innovation, Creative workers, STEM workers, Smart Cities, Spillovers, 
Germany 
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1 Introduction 
"Creative, innovative and open-minded... Discover the city of opportunities". Under 
this slogan, Berlin launched its branding campaign in 2008. The aim of the campaign 
was to burnish Germany’s capital image as a colourful, diverse, and tolerant metrop-
olis, capable of attracting both tourists and, more importantly, entrepreneurs. Creativ-
ity and innovativeness were, in this way, put right at the top of Berlin’s economic 
agenda. But Berlin is far from an exception among cities trying to build their economic 
reputation on creativity: throughout the USA, various "cool city" initiatives have been 
implemented and the Scottish city Dundee has brandished itself in the same way by 
setting up a "Cultural Quarter" (Nathan, 2007). Every aspiring Smart City seeks to lure 
a creative class – often by means of improving local amenities and living conditions 
(Florida, 2004; Partridge, 2010) – in order to become more dynamic, productive, effi-
cient, more competitive, and smarter. More creative cities are deemed livelier and 
hubs of socioeconomic wellbeing and growth. Therefore, creative cities become 
Smart Cities that offer the best conditions for innovation and economic growth. Hence, 
creativity, technology and innovation are at the heart of most smart city and urban 
development strategies (Florida, 2014; Lee and Rodríguez-Pose, 2016). 

The link between an open and creative environment on the one hand, and innovation 
and economic growth, on the other, is not new and can be traced at least to the work 
of Jacobs (1969). Creative workers are considered to use knowledge and information 
– the instruments of creativity – to produce innovation, making innovation the product 
of creativity and an essential factor of economic growth (Florida, 2004). This is some-
thing that has been embraced by decision-makers the world over, who have often-
times enthusiastically supported the idea that vying for creative workers puts their city 
on track to become a smart city. Hence, from this perspective, Berlin is following the 
right steps. 

Whereas the idea that creativity and the presence of a creative class lead to innova-
tion and smart cities has been welcomed by politicians, the opinions by researchers 
are more mixed. Some argue that the creative class just comprises individuals with 
high skills, whose contribution to the economy was already well-measured by human 
capital indicators. From this perspective, dynamic local economies are more related 
to attracting skilled – and not specifically creative and/or bohemian – people (Glaeser, 
2005; Markusen, 2006; Nathan, 2007; Marrocu and Paci, 2012). Moreover, it is often 
difficult to disentangle skill-related from creative effects: the definition of creative oc-
cupations tends often to be subjective and includes, in addition to creative people – 
such as bohemians, artists, and designers, among others – a large number of workers 
conducting creative activities in science-related jobs, i.e. STEM occupations (Science, 
Technology, Engineering and Mathematics) which, in general, also hold a high level 
of skills. Hence, a question that has lingered in the literature relates to whether inno-
vation is indeed driven by creative individuals – what Marrocu and Paci (2012) call 
bohemians – or by highly skilled professionals conducting creative activities in STEM 
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sectors. This is the question that drives this paper: to what extent does the presence 
of creative workers drive innovation in firms and, consequently, in cities in Germany. 

In order to address this question we consider, first, the association between creative 
and STEM employees and firm-level innovation incentives. Second, we focus on po-
tential spillover effects of both groups emerging at the level of industry and region. 
Third, we contemplate size effects and whether firms become more innovative when 
they are located in an area with strong positive externalities or a “buzz region”. For 
this purpose we make use of comprehensive data at the local level in Germany and 
estimate the probability of German firms increasing different types of innovation out-
comes – Adaptation, introduction and improvement of new products and services, but 
also process innovation – depending on the characteristics of their workforce and that 
of the places where they are located. 

The study is structured as follows. Section 2 presents the theory as well as the related 
literature on creativity and innovation. Section 3 introduces the definition of creative 
and STEM occupations and gives information about the data and variables. A de-
scriptive overview of creative and STEM employment in relation to innovation is pro-
vided in Section 4. Section 5 discusses the results of the probit regression estima-
tions, while section 6 presents the main conclusions and policy implications. 

2 To what extent do creative workers spur innovation? 
According to Griliches (1979), innovative processes require innovation-related inputs 
such as R&D capital and human capital. These innovation-related inputs are more 
likely to take place in urban environments and, thus, in Smart Cities for three reasons. 
First, cities have a higher knowledge intensity in innovation, leading to potentially re-
duced innovation costs. Second, knowledge has the properties of a public good, 
meaning that at least part of the research costs are covered by others as long as the 
“outside” knowledge can be absorbed by the innovator (Cohen and Levinthal, 1990). 
If such knowledge is limited to urban areas, only local innovators would gain from it. 
Lastly, meetings and face-to-face contacts make knowledge exchange of vertically-
linked firms easier and more frequent (Gertler, 2003; Storper and Venables, 2004). 
All these reasons generate an urban ‘buzz’ and localized positive knowledge spillover 
effects and therefore urban centres offer potentially better conditions to perform all 
types of innovation. 

Innovative processes, moreover, require human capital and creativity. Florida (2004), 
following Jacobs (1969), put the emphasis on the presence of a so-called creative 
class has the main motor of urban innovation. Different types of creative workers in-
fluence the innovative capacity of an economy in a number of ways. The creative core 
(e.g. architects, designers, writers, artists) produce new forms or designs in all as-
pects of life and work. They provide a cultural environment by means of art galleries, 
operas, theatres, improving the cultural environment and local living conditions. They 
may also be directly involved in other innovative processes. Creative professionals 
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engage in a creative, problem-solving process which is at the root of firm-level inno-
vation. Empirical evidence highlights that the concentration of this type of creative 
people in urban areas creates the right environment for innovation (Boschma and 
Fritsch, 2009; Clifton, 2014; Fritsch and Stuetzer, 2014; Gottschalk and Hamm, 2011). 

There is, however, considerable controversy about the definition of a creative worker. 
According to Glaeser (2005), creatives can be equated to highly skilled individuals. 
He argues that the creative class theory can be embedded in the human capital theory 
of economic growth. However, it has become increasingly common to distinguish be-
tween creativity as an output in the labour market, and thus related to specific occu-
pations and human skills as an input, purely connected to the levels of educational 
attainment of the individual (Cunningham and Higgs, 2009; Marrocu and Paci, 2012; 
Mellander and Florida, 2014). 

Taking this division into account, researchers have tried to analyse the economic im-
pact of the presence of a creative class and creative industries. The majority of the 
analyses have provided a positive link between both phenomena. It has been found 
that cities with a greater share of creative industries and creative workers generate 
more innovation (Knudsen et al., 2007; Baskhsi et al., 2008; Bakshi and McVittie, 
2009; Lee et al., 2010; Lee and Drever, 2013; Lee and Rodríguez-Pose, 2014a, 
2014b); that creativity is associated to higher wages and GDP (Gabe et al., 2007; 
Moeller and Tubadji, 2009; Wedemeier, 2010;  Mellander and Florida, 2011) and to 
employment growth (Marlet and van Woerkens, 2007; McGranahan and Wojan, 2007; 
Boschma and Fritsch, 2009; Moeller and Tubadji, 2009; Wedemeier, 2010). Moreo-
ver, the presence of a creative class is regarded to lead to greater economic compet-
itiveness and productivity (Huggins and Clifton, 2011; Marrocu and Paci, 2012) and 
to higher levels of entrepreneurship and new firm formation (Lee et al., 2004; 
Boschma and Fritsch, 2009; Clifton, 2014; Rodríguez-Pose and Hardy, 2015). How-
ever, some studies are less optimistic and question the relationship between creativity 
and better economic outcomes (e.g. Gottschalk and Hamm, 2011; Fritsch and Stu-
etzer 2014). 

Regarding the analyses of the impact of STEM (Science, Technology, Engineering, 
Mathematics) on economic development, the results of past analyses do not differ 
massively from those looking at the role of the creative class. STEM graduates and 
workers are seen as drivers of science-based innovation. As a result they boost 
productivity and job growth, wage rates, competitiveness in international markets, and 
they improve living conditions in terms of health, education, and environmental issues 
(Atkinson and Mayo, 2010). Despite this widespread belief, there has always been 
little or no data for verifying these links. Only recently empirical studies making use of 
US data have proven this relationship. Winters (2014a), for example, detects that 
STEM graduates, native and foreign born, significantly increase both innovation – 
measured by the metropolitan area patent intensity – and wages, even for not-STEM 
graduates (Winters, 2014b). Policies aiming to attract STEM graduates can have high 
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social benefits. Peri et al. (2014; 2015) investigate the effects of an inflow of foreign 
STEM workers and show a significant wage increase of college educated natives and, 
to a smaller but still significant extent, of non-college educated workers. Moreover, 
the returns of STEM activities are likely to be greater in cities, as living in in denser 
STEM areas increases the probabilities of matching STEM degree holders with STEM 
occupations (Wright et al., 2017). 

Smart cities that combine to a much greater extent than other areas creative and 
STEM can then become hotbeds of innovation and economic development (Marrocu 
and Paci, 2012). The close proximity of people afforded by cities facilitates interac-
tions and spillovers that are at the root of innovation (Knudsen et al. 2007). Lastly, 
higher shares of creative and STEM workers create an innovative environment and 
form the basis for a potential endogenously growing Smart City or region. However, 
questions remain about how exactly and through which channels the presence of cre-
ative and STEM workers affects innovation. In particular, for the case of Germany, 
many questions in this respect remain unanswered. The next sections we will address 
the extent to which the presence of a large creative class, combined with the presence 
or absence of a large STEM population in the cities and regions of Germany, is re-
sponsible for innovation and the emergence of Smart cities. 

3 Creative and STEM occupations, data and variables 
Creative and STEM occupations 
A precise classification of creative and non-creative workers is difficult and often sub-
jective. This is why studies on the Creative Class partly resort to different distinctions 
(Marrocu and Paci, 2012; McGranahan and Wojan, 2007). Florida’s definition, for ex-
ample, is based on major occupational groups and also includes workers which are 
not particularly creative, such as managers (Florida, 2004). In order to use a more 
precise definition, the present work follows the DCMS definition of creative occupa-
tions (DCMS, 2015; see also Lee and Rodríguez-Pose, 2014a), which is transferred 
to their German equivalent of the German classification of occupations 20101 at a 5-
digit level. The creative occupations consist of nine subgroups: 2 Advertising and mar-
keting; Architecture; Crafts; Design: product, graphic and fashion design; Media: Film, 
TV, video, radio and photography; IT, software and computer services; Publishing; 
Museums, galleries and libraries; Music, performing and visual arts. 

STEM is also a subjective collection of occupations. Hence, and in order to minimise 
controversy, we make use of the German Federal Employment Agency on STEM oc-
cupations. For IT professions there is a slight overlap between creative occupations 
and STEM. We therefore assign the IT related occupations to STEM as the more 
detailed occupational list reveals that most IT activity generally relates to science, 

                                                
1  Klassifikation der Berufe 2010 (KldB2010). 
2  An overview of all creative and STEM occupations can be found in the appendix. 
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mathematical and programming based occupations. Therefore, our list of creative oc-
cupations is closer to Marrocu and Paci’s (2012) classification, including Bohemians, 
writers, artists, publishers, and similar occupations. Our STEM activities relate mainly 
to the technical aspects of innovation. 

Data 
The empirical analysis is based on two different data resources. The IAB Employment 
Statistics (IAB-ES) contains administrative data covering all employees subject to so-
cial security contributions in Germany. From this source information is derived about 
employment at the establishment level, including various characteristics of the indi-
viduals (gender, age, education, gross wages, and occupation). Additionally, the da-
taset contains general information at plant level, including location at the level of 
NUTS 3 region, plant age, and industry. Based on this information aggregate data can 
be calculated about the presence of creative employees in the same industry and 
region to identify potential spillover effects. Unfortunately, the IAB-ES does not record 
civil servants and self-employed. This is problematic, because self-employed are 
overrepresented in some subgroups of the creative occupations (e.g. Music, perform-
ing and visual arts) (Fritsch and Stuetzer, 2014). This implies that potential spillover 
effects might be biased downward and cannot be properly identified. 

To examine the relationship between the creative occupations and innovation, the 
IAB-ES is linked to the IAB Establishment Panel (IAB-EP), an annual survey of about 
16,000 establishments in Germany. The IAB-EP covers information on revenues and 
export proportions, the legal and organizational form, and innovation behaviour, 
among others. As the research question on innovation focuses on establishments 
generating revenue from sales, the dataset is restricted and excludes the public sector 
and financial institutions. Moreover, we exclude 3,971 observations operating in agri-
culture, forestry and fishing, mining, and the private household sector. For those rea-
sons, 560 observations for establishments with more than 2,000 employees, 1,237 
observations in establishments that changed industry classification, and 1,137 obser-
vations of establishments relocating across regions during the period of analysis also 
had to be dropped. The final data set comprises 115,091 observations, covering 
38,532 establishments with a varying number of valid observations between innova-
tion types. 

Variables 
Regarding the response variables, the IAB-EP surveys include certain information 
about innovation activity. The analysis concentrates on a) whether a service or prod-
uct has been improved or further developed (Improvement); b) whether an existing 
service or product has been adapted (Adaptation); c) whether a totally new service or 
product has been introduced (Introduction) and; d) whether a process has been de-
veloped that improved the production or the supply of services (Process Innovation). 
All questions relate to the previous year, meaning that all IAB-ES information is taken 
from the year before the survey was conducted and uniquely matched to the IAB-EP. 
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The time period of the analysis ranges from 1998 to 2015, although there are gaps in 
years when no data on innovation was recorded. 

Data of the focus variables stem from the IAB-ES as these data enable us to construct 
measures of Creative and STEM employees not just at the plant level, but also at the 
industry and regional level. At the establishment level the focus variables are the two 
shares of creative and STEM employees on all employees. Within each of the two 
groups, there are occupations that typically require vocational training and then there 
are occupations which normally require higher education. The latter group are as-
signed as specialists and experts. To achieve insights of the effect of e.g. creative 
specialists and experts on firm innovation relative to all creative employees, we addi-
tionally construct the Specialist-Expert shares within the group of creative and STEM 
employees, respectively. 

Similar shares are constructed for the level of industry within the region to capture 
positive spillover effects of creative and STEM workers working for other firms in a 
given industry. The employment shares take into account the influence of the qualifi-
cation and occupational groups, but contain no size effects. In a region with a higher 
stock of companies within the industry, establishments may benefit more from poten-
tial spillover effects. To take size effects into account, we consider the log of the num-
ber of establishments as well as the proportion of establishments employing creative 
and/ or STEM workers on all establishments within the industry and region. 

In the case of co-location, there may also be potential spillover effects from any other 
industries located in the region. We therefore construct similar indicators at the level 
of the region. These indicators exclude the same industry of the considered establish-
ment from the estimation (see Trax et al., 2015). We also tested co-agglomeration 
measures of related industries based on input-output tables. The results were in most 
cases insignificant. 

The estimation also contains a number of control variables that may affect plant-level 
innovation, as presented in Table 1. 
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Table 1 
Overview of control variables 
Variable Description Data 

Source 
Fixed Effects by means of dummy variables for… 
… year FE Annual controls, addressing time correlations  
… region FE NUTS-3 region FE (German districts/ Kreise), account-

ing for unobserved regional characteristics and loca-
tion-specific selectivity of establishments in space 

IEB-ES 

… industry FE 2 digit industry FE take over unobserved industry char-
acteristics (based on WZ 2003) 

IEB-ES 

Establishment characteristics 
log(revenues) Log of total turnover, controlling for differences in es-

tablishment returns 
IAB-EP 

Export share Share of returns achieved outside Germany IAB-EP 
Establishment age Dummy indicators for establishment age: 0-3 years, 4-

10 years, 11 years and older  
IAB-ES 

Foreign Ownership Establishment has a foreign owner IAB-EP 
Sole trader Dummy when the firm is set up as a sole trader (Refer-

ence: Capital limited company) 
IAB-EP 

Private enterprise Dummy when the firm is wholly privately owned (Refer-
ence: Capital limited company) 

IAB-EP 

Single-Site-Plant Dummy when the establishment or plant is the only 
unit of the company (Reference: the establishment is 
part of a bigger firm) 

IAB-EP 

State of the art of ma-
chinery and equipment 

Dummy set for the state of the art of installed machin-
eries and equipment: newest (reference); new; moder-
ate; out-of-date  

IAB-EP 

Establishment workforce diversity 
Workforce size Accounting for differences in establishment size and 

potential economies of scale; dummy set  
(1-9; 10-49; 50-99; 100-199; 200-399; 400-599; 600-
799; 800-999;1000-1499; 1500-1999) 

IEB-ES 

Share of women Gender diversity effects IAB-ES 
Share of foreigners It controls for potential cultural aspects on innovative 

processes  
IAB-ES 

Employee age composi-
tion 

The share of young workers (age <25), controlling for 
human capital fresh out of the educational system, and 
of prime age workers (age > 54) as a proxy for experi-
ence. The reference group are workers between age 
25 and 54. 

IAB-ES 

4 Creative and STEM occupations in Germany 
Table 2 shows the different innovation types, its relative frequencies, and the share 
of employees within creative and STEM occupations. As can be seen, for instance, 
41 percent of all establishments conduct research in product improvement. On aver-
age, the workforce of firms that conduct innovation includes, on average, 2.89 percent 
creative and 36.9 percent STEM workers. The table also reveals that the share of 
both groups is higher, when innovation is performed. About every fourth establish-
ment adopts existing technologies, the introduction of new products is rare, as less 
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than 10 percent of establishments have introduced product innovations and less than 
20 percent process innovation. 

Table 2 
Innovation behaviour and employment shares 

 Innovation type   N1 (relative) 

share  
creative  

employees2 

share  
STEM  

employees2 
Improvement no 67,635 (58.9 %) 2.07 %   24.90 % 

 yes 47,188 (41.1 %) 2.89 % 36.90 % 
Adaptation no 86,212 (75.1 %) 2.29 % 28.80 % 

 yes 28,655 (24.9 %) 2.75 % 32.70 % 
Introduction  no 103,712 (90.3 %) 2.34 % 28.80 % 

 yes 11,096 (9.7 %) 3.01 % 39.30 % 
Process Innovation  no 69,538 (80.2 %) 2.44 % 26.80 % 

 yes 17,159 (19.8 %) 3.00 % 38.30 % 
Note:  1 Frequencies differ between innovation types because not all questions were surveyed in all 

years and missing values. 2 All differences in shares between innovation and no innovation are 
significant at a 1% level.  

Source:  Own calculation 

Around 42 percent of all establishments employ neither creative nor STEM worker. 
Only 6.15 percent of all establishments change from not employing creative and/or 
STEM workers to employing workers in these groups (or vice versa) during the period 
of analysis. Establishments with no STEM or creative workers display significantly 
lower innovation rates, as presented in Table 3. Therefore, the presence of creative 
and/or STEM workers represents an important requisite for innovative processes. 

Regarding potential knowledge spillover effects, Table 4 provides a first picture about 
whether establishments become more innovative when located in an environment 
with a higher proportion of creative or STEM occupations. 

Table 3 
Innovation shares depending on employment structure 
 Employment of creative or STEM workers 

 
yes no 

 Innovation type N innovation share N innovation share 
Improvement 69,756 49.73 % 45,067 27.74 % 
Adaptation 69,772 28.08 % 45,095 20.10 % 
Introduction 69,734 12.23 % 45,074 5.70 % 
Process Innovation 51,279 25.59 % 35,418 11.40 % 

Source: Own calculation 

As can be seen, the proportion of creative workers employed within the same industry 
and region (column 1) and the proportion of creative workers within the same region 
(over all industries, column 2) is almost identical but slightly higher for establishments 
that innovate. In most cases, the differences in shares are statistically different within 
the same region and industry. The difference of employment shares between innova-
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tive and non-innovative establishments is more pronounced considering STEM em-
ployees of the same industry and region (column 3). There are also differences re-
garding the overall regional STEM employment shares (column 4), but they are of a 
smaller magnitude. 

Table 4 
Employment shares in industry and region regarding spillover effects 

    
share creative em-

ployees  
share STEM  
employees 

Innovation type   
in industry  
and region in region  

in industry 
and region in region  

Improvement no 2.22 % 2.03 % 26.80 % 27.10 % 
  yes 2.32 %* 2.08 %* 36.00 %* 27.60 %* 
Adaptation no 2.25 % 2.04 % 30.00 % 27.30 % 
  yes 2.30 %° 2.05 % 32.50 %* 27.50 %* 
Introduction no 2.25 % 2.05 % 29.80 % 27.20 % 
  yes 2.39 %* 2.05 % 38.40 %* 28.00 %* 
Process Innov. no 2.40 % 2.22 % 28.30 % 27.20 % 
  yes 2.54 %* 2.22 % 37.50 %* 27.8 %* 

Note:  * significant differences in employment shares between innovative and non-innovative establish-
ments at ° 10% level * 1% level;  

Source:  Own calculation
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Figure 1 
Regional distribution of creative and STEM employees on all employees in 2014 

Creative workers  STEM workers 

  Source:  IAB and BKG Geodatenbasis 2015. Own calculation
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Figure 1 maps the regional shares of creative and STEM occupations across German districts 
at NUTS 3 level. The left figure maps the distribution of creative employees. With few excep-
tions, creative workers are fundamentally concentrated in cities – where their proportion ex-
ceeds 4 percent of the total workforce. The right figure displays the distribution of STEM work-
ers. This group is much less concentrated in cities than creative workers. STEM workers tend 
to be located in economically strong regions, such as Bavaria or Baden-Württemberg. By con-
trast, their presence is much less frequent in predominantly rural regions and/or lagging-behind 
regions in eastern and northern Germany. Large cities such as Berlin and Munich have a high 
share of creative workers, but their share of STEM employees is rather low in comparison. 

5 Creative and STEM Employment and Innovation 
Identification strategy 
In order to assess the extent to which the presence of creative and STEM workers stimulates 
innovation across regions in Germany, we make use of a probit model,3 estimated by Maxi-
mum Likelihood. Standard errors are clustered at the level of industry and region to account 
for a potential correlation among errors between establishments of the same industry and re-
gion or of the same region (Moulton, 1986). 

Establishments may choose to locate in a region that offers the best opportunities to perform 
innovation. If, for instance, the establishment expects a higher degree of spillover effects from 
the presence in a given region of more creative or STEM workers and from the clustering of 
other establishments in the same industry, it is likely that it will chose such a region. Brunow 
and Miersch (2014) have shown that innovation probabilities differ significantly among regional 
types. To account for location-related selectivity in space and its emerging source of endoge-
neity, we resort to the use region fixed effects by means of dummy variables as a way of 
reducing the impact of such selectivity on the estimates. A similar argument holds for differ-
ences in industries. Industry fixed effects by means of dummy variables are therefore included. 
The introduction of all these indicators implies that all between-region and between-industry 
variation should not influence the estimates. 

If establishments decide to become innovative, they may start to employ creative or STEM 
workers. This decision may have not been foreseen when the firm was established. This raises 
the potential for endogeneity of the focus variables. As we have no information on the reasons 
behind the decision to become an innovative establishment, no instrument can be made avail-
able. Even lagged values of the focus variables are not valid instruments to solve this potential 
endogeneity problem. As a consequence of this, the results of the analyses should be consid-
ered as correlations, rather than causal effects. 

Potential non-linearities and interdependencies are taken into consideration by the introduction 
of an interaction term of the share of employees in creative and STEM occupations at the level 

                                                
3  As the dependent variable is binary and, therefore, can only take the value of 0 or 1. 
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of establishments. We refrain from using such interaction terms for any higher levels of hierar-
chy, because of strong multicollinearity. 

As we expect heterogeneity between manufacturing and service establishments, we therefore 
interact the focus variables with a dummy for manufacturing establishments. We find similar 
results of the effects of the employment structure within the establishment and therefore, the 
interaction term is only included for focus variables at higher levels of hierarchy, which are 
external to the establishment. 

The results of the control variables show the expected signs and are not reported because of 
space constraints in tables – they can be made available upon request. In any specification all 
variables are jointly significant. Additionally, region and industry fixed effects, separately, are 
jointly significant. 

Results 
The left panel of Table 5 presents the results of the relationship between a establishment’s 
share of creative and STEM workers and its incentives to innovate. Both shares are positively 
associated with innovation. The interaction term is only significant for product improvement 
innovation. However, for all innovation types our results indicate that an increase in the share 
of specialists and experts among the creative and STEM workers, respectively, is linked to 
increases in firm-level innovation. These associations apply both to services and manufactur-
ing, although the proportion of STEM workers is, in line with the findings of Brunow and Miersch 
(2015) of less importance for innovation in manufacturing. In any case, the results are robust 
and indicate that there is a strong connection between the presence of both creative and STEM 
employees significantly and innovation processes within the firm.  

The right panel of Table 5 restricts the sample to establishments that started to employ creative 
or STEM workers during the period of analysis. This means focusing on plants whose strategy 
has been to employ at least some workers from one of the two groups with the aim of improving 
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Table 5 
Establishment-level innovation and creative and STEM workforce 

  
Innovation in the field of 

  

Improve-
ment 

Adapta-
tion 

 

Introduction Process In-
nov. 

Improve-
ment 

Adaptation 
 

Introduction Process In-
nov. 

 
Entire Sample (Baseline) Change in non-employment to employment of  

creative and/ or STEM workforce or vice versa 
Share creative employees A 0.335*** 0.196*** 0.187** 0.220*** 0.084 -0.088 0.046 -0.127 

 (0.063) (0.062) (0.079) (0.083)    (0.161) (0.153) (0.190) (0.198) 
Share STEM employees B 0.242*** 0.122*** 0.110*** 0.166*** 0.032 -0.049 -0.095 0.047 

 (0.027) (0.026) (0.032) (0.033)    (0.073) (0.075) (0.102) (0.102) 
Interaction effect A*B 0.861*** 0.165 0.395 -0.013    1.034 -0.558 0.912 -1.001 

 (0.299) (0.287) (0.324) (0.296)    (1.173) (1.286) (1.065) (2.211) 
Share of Specialists and Experts      
… among STEM employees 0.183*** 0.132*** 0.234*** 0.090*** 0.125*** 0.123** 0.153** 0.095 

 (0.024) (0.023) (0.026) (0.028)    (0.048) (0.049) (0.068) (0.059) 
… among creative employees 0.177*** 0.135*** 0.141*** 0.067**  0.115 0.188** 0.049 0.116 

 (0.031) (0.028) (0.033) (0.033)    (0.090) (0.081) (0.113) (0.105) 
Control variables/ FE included  yes yes yes yes yes yes yes yes 
No of observations 90614 90645 90429 66877    10908 10891 10818 8987 
log likelihood -50754.7 -47231.8 -25523.4 -27385.2    -6243.0 -5382.9 -2450.1 -3177.8 
Pseudo R2 0.174 0.079 0.121 0.173    0.100 0.084 0.116 0.110 
AIC 102537 95492 52063 55788    12714 10992 5118 6570 

Note:  Probit regression on innovation outcomes; cluster robust s.e. at the level of industry and region in (), * p<.1; ** p<.05; *** p<.01;  
Source:  Own calculation. 
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Table 6 
Spillover effects within industry and region 

  
Innovation in the field of 

  
Improve-

ment 
Adapta-

tion 
Intro-duc-

tion 
Process In-

nov. 
Improve-

ment 
Adapta-

tion 
Intro-duc-

tion 
Process In-

nov. 

 
Service establishments (reference) Manufacturing establishments  

(interaction effect) 
ln(No. of establishments) 0.016 -0.087*** -0.048 -0.079    0.087** 0.133*** 0.101** 0.148**  

 (0.033) (0.033) (0.042) (0.049)    (0.042) (0.040) (0.049) (0.058)    
… among these, share of establish-
ments employing 

creative and/ or STEM workers -0.033 0.163 -0.040 -0.374**  0.130 -0.070 0.186 0.623*** 

 (0.124) (0.134) (0.168) (0.162)    (0.171) (0.172) (0.211) (0.217)    
Employment Structure within the industry and region     
… Share creative employees 0.643* 0.176 0.252 0.907*   -0.449 -0.412 0.130 -0.586    

 (0.366) (0.380) (0.440) (0.485)    (0.554) (0.494) (0.667) (0.610)    
… Share STEM employees 0.250 -0.014 0.089 0.433**  -0.146 -0.128 -0.196 -0.443*   

 (0.156) (0.150) (0.181) (0.193)    (0.195) (0.184) (0.218) (0.237)    
Share of Specialists and Experts         
… among STEM employees -0.027 0.052 0.053 -0.027    0.217* -0.068 0.203 0.085    

 (0.059) (0.059) (0.077) (0.074)    (0.121) (0.114) (0.134) (0.142)    
… among creative employees 0.032 -0.014 -0.022 -0.028    -0.046 -0.010 -0.023 0.022    
  (0.031) (0.031) (0.042) (0.042)    (0.048) (0.045) (0.055) (0.058)    

Note:  Probit regression on innovation outcomes; cluster robust s.e. at the level of industry and region in (), * p<.1; ** p<.05; *** p<.01 
Source:  Own calculation. 
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their innovation potential. In this case, only increases in the share of STEM Specialist/ Expert 
workers are positively associated with innovation. There is less evidence of such a link involv-
ing creative workers. The results are robust to the introduction of time-lagged values. Thus, 
whereas the left panel of Table 5 provides evidence that establishments employing higher 
shares of both creative and STEM workers are more innovative, the right panel indicates that 
it is especially the group of STEM specialists and experts that tends to boost innovation. 

In addition to internal resources for innovative processes, theory suggests that there might be 
positive spillover effects from the environment in which a firm operates. Table 6 reports the 
results of spillover variables at the level of industry and region. In Table 6, the left panel dis-
plays the estimates for services and the right panel shows the interaction term for manufactur-
ing. First, the coefficients become mostly insignificant, with the exception of the number of 
intra-industrial establishments in the region in manufacturing. There is no effect for services 
and manufacturing when the share of establishments employing creative and STEM workers 
within the industry increases. Thus, only pure size seems to matter in manufacturing, while the 
presence of MAR externalities also makes a difference. Positive spillover effects of the share 
of creative and STEM employees also exist, but only for service firms performing process in-
novation. There is no evidence that higher shares of specialists and experts within the industry 
and region are associated with higher incentives to innovate. Thus, there is no evidence for 
intra-industrial spillover effects, allowing us to make no inferences in relationship to the role of 
smart cities in this respect.  

Potential spillover effects may also occur because of the presence of other industries in other 
sectors and located in the same region. The results of assessing whether this is the case are 
presented in Table 7 and – with respect to content – they are comparable to the intra-industrial 
spillover results. However, for adaptation and new product innovation in services, the number 
of establishments in the region in all other industries becomes positive and significant. We 
interpret this finding that the presence of a large number of service establishments in other 
industries represents a kind of intermediate input in the innovation process. This makes new 
products and the adaptation of existing products necessary to fulfil a firm’s customers’ needs. 
It might be that such effect exists especially for knowledge intensive services (KIS). Indeed, 
for all types of innovation KIS establishments become more innovative when the number of 
establishments and thus the relevant market within the region increases. 

In manufacturing the effect of the number of establishments in the region is still positive for 
adaptation and introduction, meaning that, for manufacturing, positive spillover exists. Thus, 
positive innovation incentives appear the greater the number of establishments located in a 
given region. For services and manufacturing, innovation becomes more likely in areas with 
greater diversity and more agglomeration of firms, e.g. in Smart Cities.  
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Table 7 
Regional spillover effects excluding own industry‘s contribution 

  Innovation in the field of 

  
Improve-

ment 
Adapta-

tion 
Intro- 

duction 
Process  
Innov. 

Improve-
ment 

Adapta-
tion 

Intro- 
duction 

Process 
Innov. 

 
Service establishments (reference) Manufacturing establishments (interaction effect) 

ln(No. of establishments) 0.174 0.448*** 0.329** -0.866**  -0.061 -0.097** -0.090* -0.170*** 

 (0.136) (0.136) (0.158) (0.371)    (0.046) (0.044) (0.054) (0.066)    
… among these, share of establish-
ments employing creative and/or 
STEM workers 0.050 0.055** 0.043 0.003    -1.651 -1.560 -2.178 -2.897    

 (0.035) (0.027) (0.026) (0.029)    (1.365) (1.339) (1.413) (1.774)    
Employment Structure within the industry and region      
Share creative employees -0.067 0.136 -0.129 0.075    0.082 -0.116 0.102 -0.081    

 (0.118) (0.128) (0.121) (0.236)    (0.125) (0.137) (0.129) (0.246)    
Share STEM employees -0.010 0.000 -0.008 -0.015    0.010 0.001 0.005 0.010    

 (0.008) (0.009) (0.007) (0.023)    (0.008) (0.009) (0.008) (0.023)    
Share of Specialists and Experts        
… among STEM employees 0.770*** -0.428 -0.299 -0.586*   -0.399** -0.208 -0.034 -0.142    

 (0.252) (0.272) (0.322) (0.325)    (0.193) (0.179) (0.214) (0.234)    
… among creative employees -0.029 0.196** 0.002 0.172    -0.038 -0.073 -0.015 -0.148    

 (0.094) (0.090) (0.110) (0.106)    (0.083) (0.080) (0.098) (0.097)    
Control variables/ FE incl.  yes yes yes yes yes yes yes yes 

 
Note:  Table 5 and 6 continued (Baseline); estimates of manufacturing are interaction effects relative to the respective estimate in services; robust s.e. in (), * p<.1; ** p<.05; *** 

p<.01;  
Source: Own calculation. 
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Heterogeneity 
The results so far provide some first insights about potential spillover effects. We therefore 
tested for specific effects for subgroups and specifications4. First, regarding small and me-
dium-sized enterprises (SMEs), we find not much heterogeneity for services. Considering man-
ufacturing, small firms up to 9 workers do not benefit from intra-industrial concentration, but 
larger firms – from 10 to 249 workers – do. Firms with 50 to 249 workers are more innovative 
in improvement and process innovation when the share of establishment employing either cre-
ative or STEM workers grows (see Table A.1). 

Spillover effects may differ between establishments that employ (call it group A) and those that 
do not employ creative and/ or STEM workers (call it group B). The results are presented in 
Table A.2. Considering services first, Group B benefits more than A from the share of estab-
lishments that hire creative and STEM workers at the intra-industrial, but also at the regional 
level regarding innovation. Thus, establishments, that do not have internal resources benefit 
from external resources whereas the other group has no such effects. The other group A is 
significantly more innovative (adaptation and introduction) when the share of STEM experts 
and specialists in the region becomes higher. The estimates of other variables do not provide 
additional insights. In manufacturing, group B is significantly less likely to be innovative when 
the share of establishments that employ creative or STEM workers increases within the same 
industry, but also in all other industries. Thus, in manufacturing the presence of internal re-
sources is important for innovation (Cohen and Levinthal, 1990). There is no significant effect 
regarding all the other variables. 

Region fixed effects together within little within-region-variation may explain the insignificant 
results. We therefore re-estimate the models and include 3 regional type dummy variables 
instead: agglomerated areas, urban areas and peripheral areas.  This classification is provided 
by the Federal Institute for Research on Building, Urban Affairs and Spatial Development in 
Germany (BBSR) and assigns regions to one of these groups according to population density 
and centrality. As presented in Table A.3, first, in agglomerated areas the incentives to inno-
vate are highest for service firms. Manufacturing establishments are less likely to be innovative 
in German metropolitan areas. This can be explained by the fact that most production units 
are located in urban and peripheral areas and the functions in agglomerated areas might be 
different. According to Table 6, there is a negative effect of the number of establishments in 
the same industry in services for the adaptation of innovation. This effect is mainly driven by 
establishments located in agglomerated and urban regions. The positive effect in manufactur-
ing is due to establishments located in urban and peripheral regions. Additionally, the presence 
of STEM specialists and experts employed in the same industry yields higher innovation in-
centives in urban regions. Thus, positive spillover effects in manufacturing emerge in these 

                                                
4  The Tables are not included in the paper but can be provided upon request. 
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regions and not necessarily in metropolitan areas. In relationship to Smart Cities, we can con-
clude that for service establishments located in agglomerations, positive spillover seem to 
emerge, whereas for manufacturing spillover effects are mainly present in urban areas. 

In Services the positive effect of all other establishments operating in other industries is driven 
by establishments located in urbanized areas and partly in peripheral areas (Table 7). 

Lastly, the estimations indicate that no spillover effects seem to flow from creative industries 
to other industries and vice versa. None of the coefficients looking at this relationship turned 
out to be. 

This brings us to the conclusion that, especially in urban areas and partly in agglomerated 
areas, innovation incentives are higher and establishments benefit relatively more from poten-
tial spillover effects.  The proportion of creative employees seems of relatively minor im-
portance for innovation, although they play a relevant role for firm-level innovation. Creatives 
bring in their experience relating to taste and design, which generally stimulates certain types 
of innovation, but their capacity to generate spillover effects beyond the walls of the firm is, at 
least in the case of Germany, limited. Creative workers help make the buzz of the city and at 
act magnet for innovative activities (Florida, 2014). But, as our research has shown, in Ger-
many their contribution to innovation happens in two types of environments: directly, within the 
firm and, indirectly, as generating the right environment for innovation to take place. By con-
trast, the role of STEM workers, specialists and experts is more significant for innovation and 
results in spillover effects (Marrocu and Paci, 2012), especially in urban and partly in rural 
areas. 

6 Conclusion 
The aim of this research has been to assess the extent to which a) there is a connection be-
tween different types of creative and knowledge-driven environment and firm-level innovation 
in the case of Germany; b) whether any connection between the presence of creative and 
STEM workers and innovation is stronger in large cities than elsewhere – underlining the need 
to make cities smarter. As employment in creative and STEM occupations becomes a more 
important as a share of the labour market in Germany and elsewhere – and particularly in large 
urban regions – more questions are being raised about whether training and attracting this sort 
of workers to urban areas will make cities smarter and more innovative (Florida, 2004). This is 
particularly important for Germany, as the territorial imbalances in the location of creative and 
STEM workers are stark. A high share of creative employment in Germany is found in urban 
regions, with a limited number of smaller cities doing exceptionally well. Moreover, the share 
of creative employment in East Germany is considerably lower than in West Germany. STEM 
workers, by contrast, concentrate in richer and more dynamic regions, shunning rural and in-
dustrial declining areas in the North and the East of Germany. 

The results of the probit analysis covering more than 115,000 observations at the level of the 
firm during the period between 1998 and 2015 highlight that, for Germany, innovation is indeed 
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correlated with the share of creative and STEM employment at the firm-level. Firms that em-
ploy creative and STEM workers are more innovative than those that do not. This relationship 
is robust to controlling for regional, sectoral and other establishment related characteristics. 
However, the role of creative and STEM workers differs significantly outside the walls of the 
firm. Whereas creative workers only seem to enhance the innovative capacity within the 
boundaries of the firm, STEM workers – on top of having a stronger overall effect on innovation 
– are capable of expanding innovation capacity to surrounding areas, especially in the context 
of urban agglomerations (compare Marrocu and Paci, 2012). STEM workers are those more 
capable of making German cities smarter and more innovative than the groups we have iden-
tified as creative workers. 

This work represents a first step towards investigating the link between creative and STEM 
employment and innovation in Germany. Despite caveats related to potential omitted variable 
bias or model misspecification, the results provide some indicative policy implications for cities 
and regions in Germany. For local decision-makers that aim to make their cities and localities 
smarter and more innovative, the results point that policies as attracting creative and STEM 
workers are likely to yield important returns in this respect. However, given limited resources, 
they also indicate that in terms of potential returns, bringing in STEM workers can provide 
greater value for money in terms of future innovation than focusing exclusively on creative 
workers: whereas creative workers propel innovation within the firm, making it more a case for 
individual firms to become concern with their hiring of creativity, STEM workers provide bene-
fits that go well beyond the firm and spillover into neighbouring firms within the same city and/or 
locality and into surrounding areas. This makes the case of using public resources to attract 
STEM workers more justifiable, as they have a greater capacity to make German cities 
smarter. 
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Appendix 

Table A.1 
Heterogeneity of intra-industrial regional spillovers in SME's 

  Innovation in the field of 

  
Improve-

ment 
Adoption Intro- 

duction 
Process In-

nov. 
Improve-

ment 
Adoption Intro-duc-

tion 
Process 
Innov. 

 
Service establishments (reference) 

Manufacturing establishments  
(interaction effect) 

ln(No. of establishments in industry and region)                      
...Smallest Enterprises (up to 9 employees) 0.034 -0.086** -0.032 -0.042    0.009 0.077 0.052 0.082    

 (0.038) (0.037) (0.050) (0.053)    (0.051) (0.049) (0.062) (0.069)    
...Small Enterprises (10-49 employees) 0.004 -0.079** -0.042 -0.091*   0.116** 0.148*** 0.126** 0.189*** 

 (0.038) (0.037) (0.048) (0.055)    (0.051) (0.048) (0.059) (0.068)    
...Medium sized Enterprises (50-249 employees) 0.008 -0.086** -0.051 -0.108**  0.124** 0.139*** 0.102* 0.144**  

 (0.038) (0.038) (0.047) (0.055)    (0.052) (0.049) (0.059) (0.068)    
Share of establishments employing creative and/or STEM workers      
...Smallest Enterprises (up to 9 employees) 0.333** 0.294* -0.047 -0.059    -0.443* -0.200 0.125 0.284    

 (0.153) (0.160) (0.206) (0.197)    (0.227) (0.231) (0.312) (0.310)    
...Small Enterprises (10-49 employees) -0.163 0.150 0.107 -0.461*   0.325 -0.401 -0.098 0.550*   

 (0.180) (0.186) (0.233) (0.241)    (0.264) (0.257) (0.309) (0.332)    
...Medium sized Enterprises (50-249 employees) -0.352 0.209 -0.317 -0.886*** 0.608** 0.085 0.505 1.345*** 

 (0.223) (0.219) (0.296) (0.300)    (0.302) (0.284) (0.361) (0.373)    
Control variables/ FE incl.  yes yes yes yes yes yes yes yes 

Note:  all variables included as in the Baseline modell; estimates of manufacturing are interaction effects relative to the respective estimate in services; robust s.e. in (), * p<.1; ** 
p<.05; *** p<.01;  

Source:  Own calculation. 
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Table A.2 Spillover effects in firms (not) employing creative and/or STEM workers 

  
Improve- 
ment Adoption 

Intro- 
duction 

Process 
Innov. 

Improve-
ment Adoption 

Intro- 
duction 

Process  
Innov. 

 Service establishments (reference) Manufacturing establishments (interaction) 
ln(No. of establishments in industry and region)         
… no employment of creative and/or STEM workers 0.024 -0.078** -0.043 -0.086*   0.075* 0.116*** 0.084* 0.159*** 
 (0.033) (0.033) (0.042) (0.049)    (0.042) (0.040) (0.049) (0.058)    
… employment of creative and/or STEM workers -0.009 -0.113*** -0.060 -0.072    0.189*** 0.255*** 0.191** 0.158*   
 (0.036) (0.037) (0.049) (0.055)    (0.060) (0.061) (0.076) (0.087)    
Share of establishments employing creative and/or STEM workers (in industry and region)      
… no employment of creative and/or STEM workers -0.161 0.082 -0.053 -0.461**  0.311 0.058 0.236 0.755*** 
 (0.137) (0.145) (0.180) (0.180)    (0.189) (0.188) (0.225) (0.234)    
… employment of creative and/or STEM workers 0.331* 0.351* 0.050 -0.146    -0.624** -0.755** -0.326 -0.026    
 (0.170) (0.186) (0.243) (0.234)    (0.307) (0.333) (0.413) (0.435)    
ln(No. of establishments in region excluding own industry)         
… no employment of creative and/or STEM workers 0.199 0.448*** 0.372** -0.857**  -0.085* -0.095** -0.088 -0.212*** 
 (0.136) (0.136) (0.158) (0.370)    (0.048) (0.046) (0.055) (0.067)    
… employment of creative and/or STEM workers 0.166 0.475*** 0.343** -0.940**  -0.093 -0.134* -0.228** -0.140    
 (0.137) (0.137) (0.161) (0.368)    (0.076) (0.076) (0.091) (0.115)    
Share of establishments employing creative and/or STEM workers (in the region excluding own industry)     
… no employment of creative and/or STEM workers -0.033 0.005 0.016 -0.039    -2.728 -1.162 0.396 -4.641**  
 (0.037) (0.032) (0.033) (0.035)    (1.828) (1.708) (1.787) (2.214)    
… employment of creative and/or STEM workers 0.154*** 0.118*** 0.080** 0.049    -2.403 -3.209* -8.664*** -3.485    
 (0.036) (0.034) (0.040) (0.041)    (1.926) (1.937) (2.763) (3.142)    
Share of STEM experts on all employees in the region excluding the own industry       
… no employment of creative and/or STEM workers 0.541** -0.557* -0.410 -0.708**  -0.168 -0.086 0.038 0.052    
 (0.269) (0.286) (0.338) (0.341)    (0.221) (0.207) (0.245) (0.270)    
… employment of creative and/or STEM workers 1.078*** -0.265 -0.128 -0.419    -0.745* -0.189 0.296 -1.170**  
 (0.267) (0.287) (0.350) (0.351)    (0.432) (0.433) (0.579) (0.585)    
Share of creative experts on all employees in the region excluding the own industry       
… no employment of creative and/or STEM workers -0.033 0.170* -0.021 0.173    -0.080 -0.079 0.008 -0.184    
 (0.105) (0.102) (0.125) (0.119)    (0.100) (0.096) (0.120) (0.116)    
… employment of creative and/or STEM workers -0.029 0.217** 0.015 0.178    0.398** 0.222 -0.209 0.231    
 (0.106) (0.102) (0.131) (0.121)    (0.180) (0.196) (0.255) (0.236)    
Control variables/ FE incl.  yes yes yes yes yes yes yes yes 

Note:  all variables included as in the Baseline modell; estimates of manufacturing are interaction effects relative to the respective estimate in services; robust s.e. in (), * p<.1; ** 
p<.05; *** p<.01; Source: Own calculation. 
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Table A.3 
Spillover effects depending on location in different regional types 

  Innovation in the field of Innovation in the field of 

  
Improve-
ment Adoption 

Intro-duc-
tion 

Process In-
nov. 

Improve-
ment Adoption 

Intro- 
duction 

Process In-
nov. 

 Service establishments (reference) Manufacturing establishments (interaction effect) 
agglomeration area reference -6.078* -1.826 -7.346** -8.579**  
     (3.474) (3.306) (3.443) (3.985)    
urbanized area -0.589 -0.790** -1.014** -0.060    -2.747 2.064 -4.141 -5.988    
 (0.414) (0.375) (0.468) (0.598)    (3.643) (3.331) (3.471) (4.272)    
peripherial area -1.116*** -0.767** 0.014 -0.657    reference 

 (0.387) (0.365) (0.467) (0.504)        
ln(No. of establishments in industry and region)      
...agglomeration area -0.002 -0.100*** -0.035 -0.027    0.060 0.130*** 0.066 0.045    
 (0.037) (0.035) (0.043) (0.050)    (0.053) (0.048) (0.055) (0.067)    
...urbanized area -0.031 -0.132*** -0.060 -0.024    0.157*** 0.183*** 0.094 0.045    
 (0.042) (0.039) (0.046) (0.057)    (0.058) (0.051) (0.058) (0.071)    
...peripherial area -0.028 -0.062 -0.075* -0.020    0.109** 0.105** 0.209*** 0.132**  
 (0.039) (0.039) (0.045) (0.056)    (0.052) (0.049) (0.056) (0.067)    
Share of STEM experts on all employees in the region and own industry    
...agglomeration area -0.027 -0.016 0.030 -0.114    0.328* 0.073 0.253 0.187    
 (0.088) (0.085) (0.106) (0.110)    (0.189) (0.173) (0.206) (0.217)    
...urbanized area -0.135 0.070 0.042 -0.162    0.474** -0.045 0.417* 0.195    
 (0.097) (0.090) (0.111) (0.118)    (0.203) (0.190) (0.217) (0.247)    
...peripherial area -0.146 0.047 0.037 -0.103    0.148 -0.120 0.208 0.287    
 (0.089) (0.087) (0.110) (0.120)    (0.184) (0.171) (0.214) (0.219)    
ln(No. of establishments in the region excluding the own industry)     
...agglomeration area -0.015 0.078** 0.020 -0.030    -0.036 -0.107* -0.065 -0.041    
 (0.041) (0.040) (0.050) (0.056)    (0.061) (0.056) (0.065) (0.080)    
...urbanized area 0.071 0.170*** 0.131** -0.005    -0.080 -0.126* -0.067 0.115    
 (0.055) (0.053) (0.062) (0.080)    (0.086) (0.073) (0.086) (0.105)    
...peripherial area 0.101* 0.123** 0.019 0.037    -0.210*** 0.039 -0.147* -0.112    
 (0.052) (0.050) (0.063) (0.075)    (0.075) (0.069) (0.087) (0.094)    
Control variables/ FE incl.  yes yes yes yes yes yes yes yes 

Note:  all variables included as in the Baseline modell; estimates of manufacturing are interaction effects relative to the respective estimate in services; robust s.e. in (), * p<.1; ** 
p<.05; *** p<.01;  

Source:  Own calculation. 
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