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Abstract  

Recent  theoret ical research deals with econom ic costs and benefits of cul-

tural diversity related to im m igrat ion. However, em pir ical evidence re-

garding the im pact  of cultural diversity on econom ic perform ance is st ill 

scarce. This paper invest igates the significance of cultural diversity of the 

workforce on innovat ion output  for a cross-sect ion of Germ an regions. The 

findings indicate that  cultural diversity indeed affects innovat ive act ivity. 

The results suggest  that  differences in knowledge and capabilit ies of work-

ers from  diverse cultural backgrounds enhance perform ance of regional 

R&D sectors. However, educat ion levels are also im portant . Diversity 

am ong highly qualified em ployees has the st rongest  im pact  on innovat ion 

output . 
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Cultural diversity, innovat ion, knowledge product ion funct ion, Germ any 

JEL classificat ion: 

C21, O31, R11 
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1  I nt roduct ion 

The significance of im m igrat ion of qualified workers will rapidly increase in 

the ageing European econom ies since dem ographic change will cause a 

decline and a sharp increase of the average age of the workforce. Foreign 

workers are already an im portant  factor of the Germ an econom y. I n 2004, 

alm ost  7%  of all em ployees in Germ any have foreign nat ionality. More 

than 100.000 highly skilled foreigners with a university degree work in 

Germ any. 1 Zim m erm ann (2005)  notes that  in spite of the r ising im por-

tance of m igrat ion, the issue is st ill cont roversial and the understanding of 

the effects of internat ional labour m obilit y is rather lim ited. Research on 

the econom ic consequences of m igrat ion has m ainly focused on labour 

m arket  effects and, m ore precisely, on the quest ion whether im m igrants 

depress wages and increase unem ploym ent  of nat ive workers. Many 

analyses st ress subst itut ion effects am ong nat ive and foreign workers. 

However, taking into account  that  labour is not  hom ogenous, the im pact  

of im m igrat ion depends on whether m igrants are skilled or unskilled and 

on labour m arket  condit ions in the host  count ry.  

The object ive of this paper is to provide evidence on the im pact  of m igra-

t ion on innovat ion at  the regional level, a subject  that  has not  received 

m uch at tent ion in the m igrat ion literature so far. Our analysis differs from  

m any previous studies that  focus on labour m arket  effects of im m igrat ion. 

The second aspect  that  different iates this analysis from  other studies is 

that  we do not  rest r ict  heterogeneity of labour to the level of educat ion 

only. Due to their  different  cultural backgrounds, it  is likely that  m igrants 

and nat ive workers have fair ly diverse abilit ies and knowledge. Thus, 

there m ight  be skill com plem entarit ies between foreign workers and na-

t ives in addit ion to those am ong workers of different  qualificat ion levels. 

Presum ably foreign and nat ive workers of the sam e educat ional level are 

also im perfect ly subst itutable groups because of cultural differences. Fu-

j ita and Weber (2004)  argue that  cultural diversity of the labour force 

m ight  be of special im portance for R&D act ivity since the generat ion of 

new products and ideas heavily relies on individual talents and skills from  

                                                 

1
 According to recent  est im ates of the Federal Stat ist ical Office, almost  20%  of the 

populat ion in Germ any has a m igrat ion background. See Stat ist isches Bundesam t  

(2006) . 
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diverse educat ional and cultural environm ents. Due to data rest r ict ions, 

we define cultural diversity as diversity of workers’ nat ionality rather than 

ethnicity or cultural background. Regionally different iated inform at ion on 

count ry of or igin of inhabitants and em ployees is not  available in Germ an 

official stat ist ics. 

The possibilit y that  diversity can enhance product ivity, innovat ion and 

growth has already been considered in the econom ic literature. However, 

m ost  studies have concent rated on the im pact  of econom ic diversity 

rather than cultural or ethnic diversity. According to Jacobs (1969) , diver-

sity of geographically proxim ate indust r ies prom otes innovat ion and 

growth in cit ies. Glaeser et  al. (1992)  as well as Feldm an and Audretsch 

(1999)  provide corresponding em pir ical evidence for US cit ies. Rom er 

(1990)  highlights in his sem inal endogenous growth m odel the signifi-

cance of a variety of interm ediate inputs for product ivity. Em pir ical evi-

dence provided by Anderson et  al. (2005)  suggests that  creat ivity is 

greater in regions m arked by m ore diverse em ploym ent  bases, while Du-

ranton and Puga (2001)  invest igate the role that  a diversified urban envi-

ronm ent  plays in foster ing innovat ion at  the regional level. 

While there is an em erging theoret ical literature dealing with the econom ic 

effects of cultural diversity (e.g. Fuj ita and Weber 2004, Lazear 1999b, 

2000) , there are surprisingly few em pir ical studies within the field of eco-

nom ics. Theoret ical m odels consider different  costs and benefits of diver-

sity and specify various linkages between diversity and econom ic perform -

ance. However, corresponding em pir ical work that  can help determ ine 

whether posit ive or negat ive effects of cultural diversity prevail rem ains 

scarce. Unt il now, there has been m ainly cross-count ry evidence, and 

studies focusing on growth and product ivity effects in US regions (Easterly 

and Levine 1997;  Ot taviano and Peri 2006) . To the best  of our knowledge, 

com prehensive em pir ical studies dealing with innovat ion and cultural di-

versity do not  exist  at  all.  I nvest igat ions that  analyse the relat ionship be-

tween innovat ion input  and output  fail to take cultural diversity into ac-

count  (e.g. Greunz 2003, Anselin et  al. 1997, Bode 2004) . The aim  of this 

paper is to invest igate the im pact  of cultural diversity on regional innova-

t ion in Germ any. Therefore we extend the knowledge product ion fram e-

work to analyse whether a m ore diverse labour force, from  a cultural point  

of view, fosters innovat ion due to product ion com plem entarit ies, or 
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whether negat ive effects of diversity, e.g. language barr iers, outweigh the 

benefits. 

The rest  of the paper is organised as follows. I n sect ion 2, the theoret ical 

fram ework of the analysis is out lined. Product ion com plem entarit ies and 

costs associated with cultural diversity are discussed. The cross sect ion 

and data sets applied in the em pir ical analysis are described in sect ion 3. 

An im portant  issue of the invest igat ion concerns the m easurem ent  of cul-

tural diversity. I n sect ion 4, we int roduce the applied diversity indicator 

and provide som e em pir ical evidence of cultural diversity in Germ an re-

gions. We em ploy the knowledge product ion funct ion approach to invest i-

gate the im pact  of cultural diversity on regional innovat ion capacity. The 

corresponding regression m odel and som e robustness issues are discussed 

in sect ion 5. The regression results are presented in sect ion 6. Conclusions 

follow. 

2  Theoret ical Fram ew ork 

Ottaviano and Peri (2006)  argue that  skills of foreign workers m ight  com -

plem ent  those of the nat ive labour force. I n their  m odel of m ult icultural 

product ion, different  cultural groups provide different  services. Diversity 

has a posit ive im pact  on regional product ivity. However, heterogeneity 

also ham pers the exchange between different  cultural groups:  there are 

adverse product ivity effects because of cultural distance. Other authors 

also recognise that  there is a t rade-off with respect  to heterogeneity. 

Lazear (1999a, 2000)  considers posit ive product ivity effects of ethnic di-

versity, but  there are also costs of diversity ar ising from  barr iers to com -

m unicat ion caused by different  languages and cultures. 2 Thus according to 

the literature, there appears to be an opt im al degree of diversity which is 

influenced by the nature of product ion. Som e of the literature on this 

them e also exam ines the significance of inst itut ions in this context  (e.g. 

Easter ly 2001) . An im portant  result  of this research is that  the im plem en-

tat ion of growth enhancing effects of diversity m ay require a specific set  of 

rules, or regulatory fram ework. Ot taviano and Peri (2006)  em phasise the 

                                                 

2
 Costs of diversity m ight  also be due to an inabilit y to agree on common public 

goods and public policies. See Alesina and La Ferrara (2005) . 
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role of a core of shared norm s ( integrat ion)  that  m ight  const itute a pre-

requisite for realising the potent ial benefits of diversity.  

There appears to be a link between the costs and benefits of diversity on 

the one hand and the concept  of ethnic ident ity described in Constant  et  

al. (2006)  on the other hand. According to the authors, m igrants start  out  

from  their  ethnicity, i.e. perm anent  character ist ics associated with the 

count ry of or igin, and then develop their  ethnic ident ity as they are ex-

posed to the culture and values of the host  count ry. Ethnic ident ity is de-

fined as the balance between com m itm ents with the host  count ry and 

com m itm ents with the count ry of or igin. Constant  et  al. (2006)  dist inguish 

four states of ethnic ident ity:  assim ilat ion, integrat ion, m arginalizat ion 

and separat ion. Assim ilat ion seem s to im ply a st rong decline of both costs 

and benefits of cultural diversity since it  is character ised by a st rong iden-

t ificat ion with the host  count ry and conform ity to the corresponding norm s 

and codes. With respect  to the economic effects of diversity, integrat ion 

m ight  be interpreted as the best  state because it  involves com m itm ent  to 

the host  society but  also a st rong dedicat ion to the culture of or igin, thus 

st ill ensuring high benefits but  relat ively low costs of diversity. I n cont rast , 

in case m igrants are pr im arily ident ified as m arginalized or separated, cul-

tural diversity m ay m ainly entail high costs. 

The benefits of diversity m ight  be of part icular im portance in the R&D sec-

tor, whereas in indust r ies specialized on m ore standardised form s of pro-

duct ion the costs of a diverse labour force m ight  easily outweigh the posi-

t ive effects. Alesina and La Ferrara (2005)  argue that  cultural diversity 

m ay lead to innovat ion and creat ivity since it  involves variety in abilit ies 

and knowledge. Fuj ita and Weber (2004)  argue that  knowledge product ion 

relies heavily on talents and skills of em ployees com ing from  a wide range 

of cultural backgrounds. The nature of R&D act ivity calls for interact ion 

between different  workers and a pooling of different  ideas and abilit ies. 

Berliant  and Fuj ita (2004)  also refer to the significance of cultural diversity 

for knowledge creat ion and t ransfer. The heterogeneity of people is im por-

tant  for the creat ion of new ideas.  
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As out lined by Alesina and La Ferrara (2005) , ethnic diversity can affect  

econom ic perform ance in different  ways. Diversity m ight  have a direct  im -

pact  on econom ic outcom es via different  preferences or by influencing in-

dividual st rategies. Moreover, diversity m ight  have an influence on the 

product ion process. Our analysis focuses on the lat ter approach. Fuj ita 

and Weber (2004)  consider a product ion funct ion that  includes diversity 

effects. They invest igate the heterogeneity between the nat ive populat ion 

and im m igrants that  is associated with a product ion com plem entarity. I n 

their  m odel, the im pact  of diversity on the output  Q of region i is as fol-

lows:  

γγγ
1

)( iii INQ +=           (1)  

where Ni is the num ber of nat ive workers and I i is the im m igrant  work 

force. The param eter γ  m easures the st rength of the product ion com ple-

m entarity between workers with different  cultural backgrounds. Fuj ita and 

Weber (2004)  rest r ict  the range of γ  to non-negat ive values, m ore pre-

cisely 10 << γ .  A negat ive value of γ  im plies an ext rem ely st rong com -

plem entarity effect  such that  output  tends to zero as the labour force be-

com es m ore and m ore hom ogenous. I n cont rast , in case of 1>γ ,  cultural 

diversity has an unfavourable im pact  on product ion, indicat ing that  the 

negat ive effects of diversity e.g. caused by com m unicat ion barr iers, are 

st ronger than the benefits.  

However, we cannot  apply the product ion funct ion proposed by Fuj ita and 

Weber (2004)  since the focus of this analysis is on R&D act ivity and im -

portant  determ inants of regional knowledge product ion are m issing in 

their  approach. Moreover, the sim ple different iat ion between m igrants and 

nat ives proposed by Fuj ita and Weber is not  appropriate given culturally 

diverse populat ions and m arked differences between various m igrant  

groups as regards their  econom ic behaviour. Constant  et  al. (2006)  argue 

that  therefore m igrat ion research that  t reats im m igrants as a hom ogenous 

group will becom e less im portant . I n order to acknowledge differences be-

tween im m igrants and nat ives as well as the diversity am ong im m igrants, 

we choose a m ore general product ion funct ion, sim ilar to the one de-

scribed in Alesina and LaFerrara (2005) , as the start ing point  of our analy-

sis:  
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);( iii DIVRDfKNOW =          (2)  

where KNOW i is knowledge output  in region i,  RDi is R&D input  and DI Vi is 

cultural diversity of the workforce. This funct ion closely resem bles the so-

called knowledge product ion funct ion int roduced by Griliches (1979) . The 

knowledge product ion funct ion links knowledge output  to R&D inputs. I f 

0>∂∂ ii DIVKNOW ,  diversity fosters regional innovat ion because the posi-

t ive im pact  associated with the product ion com plem entarity outweighs 

negat ive effects linked to a labour force m arked by m ore diverse cultural 

backgrounds. I n cont rast , 0<∂∂ ii DIVKNOW  im plies that  product ion com -

plem entarit ies are too weak to com pensate for the negat ive effects asso-

ciated with diversity. We check whether posit ive or negat ive effects dom i-

nate in the regression analysis.  

3  Data 

Point  of departure of our em pir ical analysis is the knowledge product ion 

funct ion given by equat ion (2)  that  links R&D input  to R&D output , i.e. 

new products, processes and ideas. Thus, we first  of all need adequate 

proxies for regional innovat ion and R&D input  to invest igate the im pact  of 

cultural diversity on knowledge product ion. Regional data on patent  appli-

cat ions, used as a m easure for knowledge output , and on R&D inputs in 

Germ any are available on the county level (NUTS 3)  and for planning re-

gions (so-called Raum ordnungsregionen)  which com prise several count ies 

linked by intense com m ut ing. We have to rest r ict  the analysis to planning 

regions due to som e data rest r ict ions for NUTS 3 regions. Overall,  our 

cross sect ion contains 95 regions. Furtherm ore, the analysis takes into 

account  the region type. Start ing from  a classificat ion based on a typology 

of set t lem ent  st ructure according to the cr iter ia populat ion density and 

size of the regional cent re, we different iate between agglom erated, urban-

ised and rural regions. 3  

                                                 

3
 Four planning regions had to be merged due to rest r icted data availabilit y. The 

classificat ion has been developed by the Federal Office for Building and Regional 

Planning. For details see appendix A1 and 

ht tp: / / www.bbr.bund.de/ raum ordnung/ europa/ download/ spesp_indicator_descript

ion_m ay2000.pdf.  
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Patent  applicat ions, applied as an indicator for innovat ive output  of the 

region, com prise patents published by the Germ an and the European pat -

ent  office that  have been assigned to the innovators’ region of residence. 

As Bode (2004)  notes, this approach avoids potent ial m ism easurem ent  

due to cent ralised patent ing of m ult i- site com panies. Annual patent  data is 

available for the period 1995 to 2000. 4 I nform at ion on R&D input  was pro-

vided by the Germ an St ifterverband. R&D data include R&D staff as well 

as R&D expenditure of com m ercial firms. The data com e from  a biannual 

census and are available for 1995, 1997 and 1999. However, we can only 

use data for 1997 and 1999 in our analysis. Data for 1995 is not  com pat i-

ble due to som e changes in the delineat ion of regions. Thus, the invest iga-

t ion is rest r icted to a panel data set  with only two observat ions in the t im e 

dim ension. Finally, we include several explanatory variables in the regres-

sion m odel based on em ploym ent  data provided by the Germ an Federal 

Em ploym ent  Agency. The em ploym ent  stat ist ic covers all em ploym ent  

subject  to social security cont r ibut ions. 5 The inform at ion is given on the 

NUTS 3 level and refers to workplace locat ion. We use em ploym ent  data 

different iated by nat ionality, educat ional level, branch, occupat ion and 

firm  size in order to generate our diversity m easure and several cont rol 

variable that  enter into the regression m odel.  

4  Spat ia l Dim ension of Cultural Diversity in Ger-

m any 

Our indicator of cultural diversity is rooted in the literature on growth ef-

fects of ethnic fragm entat ion (e.g. Easter ly and Levine 1997) . I n these 

studies, the probabilit y that  two random ly drawn individuals belong to two 

different  groups is frequent ly applied as a m easure of fragm entat ion. The 

m easure of diversity is calculated as 1 m inus the Herfindahl index of con-

cent rat ion across groups:  

 ∑
=

−=
K

k

iktit sDIV
1

21          (3)  

                                                 

4
 See Greif and Schm iedl (2002)  for more detailed inform at ion on the patent  data base. 

5
 Hence, civil servants and self-employed are not  recorded in the em ploym ent  stat ist ic. 
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where ikts  is the share of em ployees with nat ionality k  am ong all em ploy-

ees of region i in year t .  Ot taviano and Peri (2006)  note that  this indicator 

accounts for both r ichness of the dist r ibut ion ( i.e. num ber of nat ionalit ies)  

and a relat ively even dist r ibut ion across nat ionalit ies. Thus, according to 

this m easure, cultural diversity will increase if the num ber of nat ionalit ies 

r ises or if the shares of different  nat ionalit ies in em ploym ent  converge. I n 

this study, the indicator is based on regional em ploym ent  data different i-

ated by educat ional level and nat ionality. We different iate between 3 lev-

els of educat ion (no form al vocat ional qualificat ion, com pleted apprent ice-

ship, university degree)  and 213 nat ionalit ies. Four different  diversity indi-

ces are calculated:  one aggregate m easure which is based on total em -

ploym ent  by nat ionality and three qualificat ion-specific indices corre-

sponding to the three levels of educat ion m ent ioned above. By considering 

the cultural diversity of the labour force at  different  qualificat ion levels we 

can check whether educat ion m at ters, i.e. taking into account  that  it  

m ight  be cultural diversity of highly qualified workers only that  affects the 

process of innovat ion. 

I n cont rast  to m ost  studies that  are based on data for the US, we use em -

ploym ent  instead of populat ion data. The advantage of our m easure is a 

closer connect ion to the product ion process. Moreover, nat ionality defines 

cultural ident ity of em ployees in the present  analysis. Count ry of bir th is 

the m ost  widely used indicator in this context . However, inform at ion on 

count ry of bir th is not  available in the Germ an em ploym ent  stat ist ic. 6 Ap-

plying nat ionality to determ ine cultural ident ity has assets and drawbacks. 

Referr ing to nat ionality im plies that  naturalised cit izens do not  enter into 

the diversity m easure as “ foreign”  persons. However, using count ry of or i-

gin as a definit ion of the foreign workforce im plies that  we do not  consider 

people with a m igrat ion background born in Germ any – unless we have 

inform at ion on the count ry of bir th of the parents. Naturalised em ployees 

probably tend to be m ore successful with respect  to qualificat ion and la-

bour m arket  integrat ion due to the term s of naturalisat ion in Germ any 

(m inim um  durat ion of stay and language skills required) . Therefore, our 

diversity m easure m ight  be im precise especially with respect  to the highly 

qualified labour force. 
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The share of foreign em ployees in Germ any am ounts to 7.1%  in 2000. 7 

This corresponds with a value of the overall diversity m easure of 0.136. 

Table 1 shows regions m arked by relat ively high and low diversity of the 

workforce, respect ively. The group of regions with com parat ively high cul-

tural diversity alm ost  solely consists of agglom erat ions and urbanised ar-

eas. Moreover, all of them  are located in western Germ any. The m ost  di-

versified regions are Stut tgart , Munich and Rhein-Main ( i.e. the Frankfurt  

area) , highly agglom erated regions in the South-West  of Germ any. 8 There 

are no cit ies from  the northern part  of the count ry am ong the leading re-

gions. Lowest  diversity m easures ar ise for eastern Germ an regions. East -

ern Germ any does poorly as regards diversity of their  labour force, m ost  

notably som e rural peripheral areas (Mecklenburger Seenplat te, Südwest -

sachsen, Vorpom m ern) . 

[ Table 1  around here]  

There are also dist inct  differences between the considered levels of educa-

t ion. Overall,  diversity is highest  am ong low-skilled em ployees who have 

no form al vocat ional qualificat ion. The ranking of regions differs som ewhat  

for the different  qualificat ion groups. However, the qualificat ion-specific 

diversity m easures are highly correlated. There are pronounced differ-

ences between eastern and western Germ any for all diversity m easures 

(see Figure 1) , i.e. they pertain to all levels of educat ion. 9 We find the 

largest  disparity between the East  and West  for diversity of low-  and m e-

dium -skilled em ployees. Besides the disparit ies between eastern and 

western Germ an regions, there are also m arked differences am ong region 

types. The highest  diversity indices are found in agglom erated regions ir-

respect ive of the qualificat ion level, whereas rural areas on average ex-

hibit  relat ively low cultural diversity of em ploym ent . 

[ Figure 1  around here]  

                                                                                                                                                      

6
 The same applies to German populat ion stat ist ics. 

7
 This only refers to the labour force subject  to social security cont r ibut ions. 

8
 The evidence is in accordance with the findings provided by Ot taviano and Peri 

(2006) . They find indices up to 0.58 for US cit ies based on populat ion figures.  

9
 For maps showing the regional dist r ibut ion of all qualificat ion-specific diversity 

m easures see appendix A3. 
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5  Econom etric I ssues 

5 .1  Basic Specificat ion 

We apply the knowledge product ion funct ion to invest igate the im pact  of 

cultural diversity of the workforce on regional innovat ion. The knowledge 

product ion funct ion links innovat ive output  to R&D inputs. Since the num -

ber of patent  applicat ions is also affected by the size of the regional econ-

om y, we invest igate the relat ionship between patents and R&D input  in 

per capita term s. R&D staff 10 and R&D expenditure per inhabitant  are used 

as proxies for R&D act ivity. The basic regression m odel is given by:  

it

N

n

nitnititit uCONTROLDIVRDP ++++= ∑
=

−
1

2110 lnlnln βααα     (4)  

where Pit is the num ber of patents per capita in region i and year t .  1−itRD  

is R&D personnel or R&D expenditure per capita in year t -1 and u it is the 

error term . I n order to appropriately m odel the relat ionship between R&D 

input  and output , the input  variable enters into the m odel with a t im e lag 

of one year. Patents as well as R&D input  refer to data from  firm s only. 

With respect  to the object ive of the invest igat ion, the m ost  prom inent  

variable is the diversity index itDIV  which is calculated according to equa-

t ion (3) . Separate m odels are est im ated for diversity m easures based on 

total em ploym ent  and qualificat ion-specific em ploym ent  figures. 

Furtherm ore, we expand the or iginal knowledge product ion funct ion by 

som e cont rol variables in order to avoid m isspecificat ion due to om it ted 

variables. Cont rols com prise indicators for the sectoral com posit ion of re-

gional econom ies, m ore precisely the rat io of service to m anufactur ing 

em ploym ent  in the region STRUCit.  The indust ry st ructure is considered 

because the propensity to patent  is higher in m anufactur ing than in the 

service sector. Moreover, the innovat ive perform ance of regions m ight  be 

influenced by the intensity of local university research. Therefore we also 

included the num ber of R&D staff at  universit ies and polytechnics per in-

habitant  UNI it as an explanatory variable. According to Bode (2004) , the 

propensity to patent  m ight  also be affected by the size of firm s. I n order 

                                                 

10
 Data on R&D personnel is given in full- t ime equivalents. 
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to capture corresponding effects two addit ional variables are considered:  

the em ploym ent  shares of sm all ( less than 20 em ployees)  and large (500 

or m ore em ployees)  firm s (SMALLit,  LARGEit) . As the innovat ion process in 

highly agglom erated areas m ay significant ly differ from  the process in ru-

ral peripheral regions, we take into account  the region type as well (REG-

TYPEi) . Finally, an indicator for hum an-capital endowm ent  of the region 

HCit is included because hum an capital m ight  foster the innovat ion process 

via facilitat ing knowledge spillovers. Hum an capital is m easured by the 

share of highly skilled em ployees (university degree)  in total em ploym ent . 

I nclusion of a hum an-capital var iable also enables us to check whether 

diversity am ong highly qualified workers just  works as an approxim at ion 

of hum an-capital endowm ent  of the region.  

5 .2  Robustness Checks 

To invest igate the robustness of our em pir ical results, a num ber of addi-

t ional regression m odels are applied. First ly, we have to consider potent ial 

effects of m easurem ent  errors and endogeneity of explanatory variables. 

The est im ated effect  of diversity on R&D output  m ight  be biased due to 

potent ial endogeneity of cultural diversity. We use diversity m easures 

lagged by 5 years and a dum m y variable different iat ing between eastern 

and western Germ an regions as inst rum ents for contem poraneous diver-

sity indices. These variables are highly correlated with contem poraneous 

diversity and unlikely to be affected by reverse causat ion. This applies es-

pecially to the East -West  dum m y as a pure geographic variable. 

Secondly, fixed and random  effects panel data m odels are applied so as to 

cont rol for unobserved t im e- invariant  explanatory variables:  

itti

N

n

nitnititit CONTROLDIVRDP νληβααα ++++++= ∑
=

−
1

2110 lnlnln    (5)  

where iη  denotes a region-specific effect , cont rolling for unobservable re-

gional character ist ics that  are t im e- invariant . tλ  captures unobservable 

t im e effects and itν  is a white noise error term . 

Evidence provided by Bode (2004)  and Anselin et  al. (1997)  suggest  that  

geographically bounded spillovers and spat ial dependence are im portant  

for regional innovat ive act ivity. Therefore, we check for m isspecificat ion 
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due to om it ted spat ial effects indicated by spat ial autocorrelat ion in the 

regression residuals. Depending on the results of corresponding LM- tests, 

we m ight  est im ate spat ial lag m odels or spat ial error m odels. The spat ial 

lag m odel is given by:  

ittiitit

R

j

jtijit DIVRDPwP νληααρα +++++++= −
=
∑ ...lnlnlnln 211

1

0    (6)  

Thus we extend the non-spat ial m odel by a spat ial lag of the dependent  

variable ∑
=

R

j

jtij Pw
1

ln  where ijw  is the cont iguity m at r ix. Taking into account  

the weighted sum  of patent  applicat ions in neighbouring regions im plies 

that  spat ial autocorrelat ion of the error term  is caused by om ission of 

som e substant ive form  of spat ial dependence caused by interact ion am ong 

neighbouring regions. Geographic knowledge spillovers m ight  result  in in-

terdependent  innovat ion processes of adjacent  R&D departm ents leading 

to spat ial autocorrelat ion. 

I n cont rast , the spat ial error m odel will be the appropriate specificat ion if 

the m isspecificat ion is due to nuisance dependence. Anselin and Bera 

(1998)  note that  spat ial autocorrelat ion in m easurem ent  errors or in vari-

ables that  are otherwise not  crucial to the m odel m ight  entail spat ial error 

dependence. The spat ial error m odel m ay be expressed as:  

ittiititit DIVRDP νληααα ++++++= − ...lnlnln 2110  and ∑
=

+=
R

j

itjtijit w
1

ενλν  (7)  

Finally, we take into account  that  out lying observat ions m ight  have a 

m arked effect  on the regression results. To address this issue we apply 

quant ile regressions as int roduced by Koenker and Basset  (1978) . The 

m edian regression corresponds to the least  absolute deviat ion est im ator 

and is a robust  alternat ive to OLS. Quant ile regressions m inim ise an ob-

ject ive funct ion which is a weighted sum  of absolute deviat ions:  

⎥
⎦

⎤
⎢
⎣

⎡
′−−+′− ∑∑

′<′≥ γγγ
γθγθ

iiii xyi

ii

xyi
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)1(min        (8)  
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Here y i is the dependent  variable and x i is the vector of explanatory vari-

ables which is m ult iplied by the coefficient  γ.  The object ive funct ion can be 

interpreted as an asym m etr ic linear penalty funct ion of deviat ions from  

predicted to actual patents per capita. An im portant  special case is the 

m edian regression ( θ =  0.5) . Since this regression puts less weight  on 

out liers than OLS, it  is a robust  alternat ive. Minim ising the distance to 

other quant iles than the m edian yields a fam ily of coefficients and gives 

est im ates for the m arginal effects of a change in independent  variables at  

different  points of the condit ional dist r ibut ion (see Buchinsky 1998) .  

6  Regression Results and Discussion 

Point  of departure of the regression analysis is a basic pooled m odel in-

cluding all cont rol variables. The m odel is est im ated with different  ver-

sions of the focal explanatory variable, i.e. diversity m easures based on 

total em ploym ent  and em ploym ent  at  different  levels of educat ion. Table 

2 shows the results of this basic m odel. The specificat ions in colum ns I  to 

I V only differ with respect  to the diversity m easure included. I n line with 

previous evidence on the knowledge product ion funct ion, we get  a highly 

significant  im pact  of R&D expenditure on innovat ion output . 11 Further-

m ore, som e cont rol variables appear with significant  coefficients, indicat -

ing that  st ructural character ist ics of the regions m at ter for innovat ive ac-

t iv ity. The relat ive size of the indust r ial sector, im portance of sm all firm s 

as well as the set t lem ent  st ructure are associated with significant  effects 

on the innovat ion output  – at  least  in som e specificat ions. According to 

the est im ates, a specialisat ion of regions on the indust r ial as com pared to 

the service sector tends to raise patents per capita. Furtherm ore, areas 

character ised by a relat ively large share of sm all firm s on average seem  to 

perform  bet ter than other regions.  

A posit ive effect  is also associated with the region’s hum an-capital en-

dowm ent . However, the coefficient  is only m arginally significant  at  the 

10%  level in the m odels I I  and I V, i.e. the specificat ions including diver-

sity am ong low-  and high-skilled employees, respect ively. The negat ive 

coefficient  of the region- type variable im plies that  there are system at ic 

differences between the innovat ion processes of m et ropolitan areas, ur-

                                                 

11
 Subst itut ing R&D expenditure by R&D personnel does not  change the results. 
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banised and rural regions. More precisely, less densely populated regions, 

especially rural areas, are m arked ceter is paribus by a lower product ivity 

of R&D act ivity. This m ight  point  to som e kind of posit ive agglom erat ion 

effect  to be at  work. I n cont rast , the findings indicate that  university re-

search has no im portant  im pact  on innovat ion. The coefficient  is insignifi-

cant  in m ost  specificat ions and negat ive. 12 Finally, the results point  to an 

innovat ion-enhancing effect  of cultural diversity of the workforce. The co-

efficient  of the diversity m easure is posit ive and highly significant  irre-

spect ive of the educat ional level considered. Further, the im pact  of diver-

sity am ong highly educated em ployees is clearly st ronger than the effect  

that  is determ ined for low-  and m edium -skilled workers. Thus, the regres-

sion results indicate that  cultural diversity is a factor which posit ively in-

fluences the process of knowledge creat ion, but  the qualificat ion level of 

labour also clearly m at ters in this context . 

[ Table 2  around here]  

I n a parsim onious specificat ion, we delete university research because the 

variable is wrongly signed and m ost ly insignificant . Exclusion of the uni-

versity research variable does not  change the basic findings (see Table 3) . 

I n part icular, the coefficients of all diversity m easures rem ain posit ive and 

significant , although the effect  of diversity am ong highly skilled workers 

declines som ewhat . Evidence that  diversity of em ployees with an univer-

sity degree exerts the m ost  pronounced influence of all educat ion levels 

on innovat ion turns out  to be a fair ly robust  result . However, as indicated 

by the tests for spat ial autocorrelat ion, regional R&D act ivity is m arked by 

som e spat ial interact ion not  captured by the regression m odel so far. The 

differences between the test  stat ist ics suggest  that  problem s are caused 

by om ission of som e kind of substant ive form  of spat ial dependence that  

rests upon knowledge spillovers between neighbouring regions. 13 I n order 

to check whether the ident ified im pact  of cultural diversity is affected by 

                                                 

12
 The disappoint ing performance of university research m ight  be caused by the fact  

our data set  does not  allow to focus on applied research at  universit ies and inst i-

tutes. 

13
 Higher significance of LM lag tests suggests that  the spat ial lag model is the ap-

propriate specificat ion. The corresponding decision rule is proposed by Anselin and 

Florax (1995) . 
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the om ission of spat ial dependence, we include a spat ial lag of patent  ap-

plicat ions per capita in som e specificat ions. 

[ Table 3  around here]  

Before turning to the significance of spat ial interact ion, we check whether 

unobservable region-specific effects are im portant  and adversely affect  

the est im ates of the pooled m odel. Furtherm ore, we skip the m odel with 

the diversity m easure based on total em ploym ent  from  now on and focus 

on the different  qualificat ion levels. According to the Breusch-Pagan tests 

(BP)  and the F- tests displayed in Table 4, there are significant  region-

specific effects. However, the results of the random -effects m odel (col-

um ns I  to I I I )  are very sim ilar to the est im ates of the OLS regression of 

the pooled data. The coefficient  of R&D expenditure slight ly declines but  is 

st ill highly significant . The im pact  of cultural diversity turns out  to be very 

stable, the effect  of diversity am ong highly skilled em ployees is even rein-

forced. However, the results change dram at ically in the fixed-effects 

m odel (colum ns I V to VI ) . The coefficients of the diversity m easures are 

insignificant , although st ill of the sam e sign at  least  for m edium -  and 

high-qualified em ployees. As regards the findings for R&D input , the result  

is even worse. We get  a significant  negat ive im pact  of R&D expenditure on 

patent  applicat ions.  

[ Table 4  around here]  

The problem  of the fixed-effects m odel m ight  be linked to the quality of 

the data on R&D input , i.e. survey data that  m ay be affected by m eas-

urem ent  errors. Johnston and DiNardo (1997)  note that  est im ates m ay be 

biased towards zero due to m ism easurem ent  of explanatory variables. The 

at tenuat ion bias can be aggravated by fixed effects est im at ion, in part icu-

lar if the explanatory variables are highly correlated across t im e, as is fre-

quent ly the case when the t im e period between the two cross sect ions is 

sm all (see also Griliches and Hausm an 1986) . With respect  to the data set  

used in the regression analysis, this applies to R&D expenditure per capita 

as well as to the diversity indices. Although there is a considerable varia-

t ion across regions, there is m uch less variat ion in t im e. Because of the 

com pletely im plausible im plicat ions and the out lined m ethodological prob-
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lem s of the fixed-effects specificat ion, we focus on the random -effects 

m odel for the rem ainder of the robustness checks. 

The results of the I V regressions suggest  that  endogeneity of cultural di-

versity is unlikely to be a m ajor problem  (see Table 5) . The diversity 

m easures are inst rum ented by the East -West  dum m y in the displayed 

specificat ions. The im pact  of cultural diversity on innovat ion output  is 

even reinforced in som e m odels. As regards the im pact  of spat ial interac-

t ion, we do not  arr ive at  robust  results. Significance of the spat ially lagged 

dependent  variable is affected by the choice of the spat ial weights m at r ix. 

Applicat ion of a binary cont iguity m at rix results in a significant  posit ive 

effect  of patent  applicat ions in neighbouring regions, whereas the corre-

sponding coefficient  is not  significant ly different  from  zero at  the 10%  

level for a weight  m at r ix based on inverse distance with a cut -off point . 

Altogether, the basic findings regarding the im pact  of cultural diversity are 

not  changed in the spat ial lag m odel. The use of the East -West  dum m y as 

an inst rum ent  for diversity yields very robust  evidence.  

[ Table 5  around here]  

Finally, we check whether out lying observat ions affect  the est im ates by 

applying quant ile regressions. Table 6 shows the coefficients of the diver-

sity m easures only. The results are based on a specificat ion that  includes 

all var iables considered in the m odels I V to VI  in Table 5. The spat ially 

lagged dependent  variable is inst rum ented. Results are given for the m e-

dian regression, i.e. the least  absolute deviat ions est im ator and the re-

gressions m inim ising the weighted sum  of deviat ions to 10 th,  25 th,  75 th 

and 90 th quant ile. The coefficients of the m edian regression are rather 

sim ilar to the previous findings, indicat ing that  the effect  of cultural diver-

sity is not  subject  to serious bias caused by out liers. Furtherm ore, the es-

t im ates of the other quant ile regressions reveal that  diversity has a sig-

nificant  im pact  at  alm ost  all parts of the condit ional dist r ibut ion. Whereas 

the size of the effect  seem s to decline as we m ove towards the upper 

quant iles of the dist r ibut ion for the low and m edium  qualificat ion level, 

there is no such system at ic change for diversity am ong highly skilled em -

ployees. Only in the upper part  of the dist r ibut ion does diversity exert  no 

influence on innovat ion. This im plies that  cultural diversity does not  m at -

ter for over perform ing regions in term s of innovat ion success. 
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[ Table 6  around here]  

Altogether, the analysis provides evidence that  cultural diversity m at ters 

for the product ivity of R&D at  the regional level. However, less convincing 

results em erge in case lagged diversity m easures are em ployed as in-

st rum ents. Som e of the corresponding specificat ions give r ise to insignifi-

cant  coefficients of the diversity variables and in som e cases even to 

changes of sign. 14 Surprisingly, evidence on posit ive effects of diversity 

am ong low-skilled workers seem s to be m ost  robust  in this context . Data 

problem s are likely to play a prom inent  role with respect  to these findings. 

I n part icular, it  m ight  be im portant  that  a relat ively high proport ion of 

highly qualified em ployees with m igrat ion background is not  captured by 

our diversity indicator since it  is based on em ploym ent  data by nat ionality 

and there seem s to be a significant  posit ive correlat ion between the prob-

abilit y of naturalisat ion and educat ional achievem ent . 15 The diversity 

m easure for the highest  educat ional level could therefore m ost  notably be 

affected by m easurem ent  errors result ing in biased coefficient  est im ates. 

Up to now, there is no com prehensive inform at ion available on count ry of 

or igin or m igrat ion background of em ployees in Germ any.  

7  Conclusions 

The regression results indicate that  cultural diversity m ight  indeed m at ter 

for innovat ive act ivity at  the regional level. The em pir ical evidence points 

to differences in knowledge and capabilit ies of workers from  diverse cul-

tural backgrounds that  m ay enhance perform ance of regional R&D sectors. 

The benefits of diversity seem  to outweigh the negat ive effects. But  edu-

cat ion m at ters as well in this context . The st rongest  im pact  on innovat ion 

output  is found for diversity am ong highly qualified em ployees. This is a 

plausible result  as we would expect  especially cultural diversity of highly 

skilled labour to be of im portance for the developm ent  of new ideas and 

products. Thus cultural diversity based on the im m igrant  labour force re-

leases posit ive econom ic effects, in the present  case on innovat ive act iv-

                                                 

14
 The unreported regression results are available from  the author upon request . 

15
 I n fact , im provem ent  of career prospects seem s to be an important  m ot ive for 

naturalisat ion in Germ any, see Beauft ragte der Bundesregierung für Migrat ion, 

Flücht linge und I ntegrat ion (2005) . 
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it y. However, we need to keep in m ind that  our diversity m easures rest  

upon em ployed m igrants. Thus, the posit ive im pact  can only be at tached 

to im m igrants already integrated into the labour m arket . 

Som e theoret ical literature on econom ic effects of cultural diversity 

st resses the significance of inst itut ions in this context . An im portant  result  

of this research is that  the im plem entat ion of growth enhancing effects of 

diversity m ay require a specific set  of rules, or regulatory fram ework. Our 

results, i.e. the significance of the educat ional level and the fact  that  our 

focus is on em ployed m igrants, suggest  that  inst itut ions and regulatory 

fram ework concerned with educat ion and labour-m arket  integrat ion of 

im m igrants play a part icular role in realising the benefits of diversity for 

innovat ion act ivity. 

As regards future research, m easurem ent  issues discussed above call for 

the provision of m ore and bet ter data on the populat ion and labour force 

with m igrat ion background. Data rest r ict ions possibly affect  the precision 

of our regression results. I n part icular, approxim at ion of cultural diversity 

am ong highly qualified em ployees m ight  be exposed to a serious down-

ward bias because we cannot  record naturalised persons who presum ably 

tend to be the m ore econom ically successful am ong workers with m igra-

t ion background. This m eans that , assum ing the sam e spat ial dist r ibut ion 

of naturalised and foreign em ployees, the im pact  ident ified for cultural di-

versity am ong highly skilled workers is likely to be subject  to an upward 

bias. Thus, differences in econom ic effects of diversity at  dist inct  educa-

t ional levels m ight  be sm aller than im plied by our regression results. 
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Appendix 

 

A1 . Cross sect ion and region types 

 

Type Spatial categories Size of the regional centre 

(number of inhabitants) 

Population density  

(inhabitants per km²) 

1 Agglomerated regions   

 Highly agglomerated with large 
centre 

> 300.000 > 300  

 Agglomerated with large centre 
> 300.000 150 up to 300   

2 Urbanised regions   

 Urbanised with large centre 
< 300.000 

or  

> 300.000 

> 150 (and a centre with < 
300.000 inhabitants)  

or 

100 up to 150 (and a centre with 
> 300.000 inhabitants) 

 Urbanised without large centre 
< 300.000 100 up to 150  

3 Rural regions   

 Low population density and centre 
> 125.000  < 100  

 Low population density without 
centre 

< 125.000  < 100 
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A2 . Data 

 

R&D data from Stifterverband für die Deutsche Wissenschaft on NUTS 2 and NUTS 3 

level 

• R&D personnel 1997, 1999 

• R&D expenditure 1997, 1999 
 

Patent data from Patentatlas Deutschland - edition 2002 on NUTS 3 level 

• Patent applications 1995 - 2000  
 

Employment data from the German Federal Employment Agency on NUTS 3 level 

• Employment by nationality, qualification level and occupation 1993, 1995, 1998, 2000 

 

Distance and travel time 

• Interregional travel time bases on estimates for NUTS 3 regions by IRPUD Dortmund 

(Schürmann and Talaat 2000). Travel time for planning regions was generated by calcu-

lating weighted averages of NUTS 3 data.  
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A3 . Regional disparit ies in cultural diversity in Germ any ( low , m edium , high skilled em ploym ent ) ,  

         2 0 0 0  
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Tables and Figures 

 

Table 1: Cultural diversity in German planning regions, 2000 

 

 Diversity index   

Region Total Low skilled  High skilled 

Düsseldorf 0.200 0.401 Hochrhein-Bodensee 0.095 

Köln 0.200 
0.368 

Neckar-Alb 0.096 

Hochrhein-Bodensee 0.213 0.422 Südlicher Oberrhein 0.098 

Neckar-Alb 0.219 0.419 Mittlerer Oberrhein 0.100 

Mittlerer Oberrhein 0.219 0.423 Starkenburg 0.103 

Starkenburg 0.219 0.457 Südostoberbayern 0.105 

Nordschwarzwald 0.221 0.447 Unterer Neckar 0.112 

Rhein-Main 0.244 0.485 Rhein-Main 0.116 

München 0.254 0.496 München 0.127 

Stuttgart 0.290 0.571 Aachen 0.129 

     

Mecklenb. Seenplatte 0.006 0.007 Dessau 0.007 

Altmark 0.006 0.008 Südwestsachsen 0.008 

Nordthüringen 0.008 0.011 Mecklenb. Seenplatte 0.009 

Vorpommern 0.008 0.007 Altmark 0.010 

Südwestsachsen 0.009 0.016 Oberlausitz-Niederschles. 0.010 

Oberlausitz-Niederschles. 0.010 0.012 Uckermark-Barnim 0.011 

Chemnitz-Erzgebirge 0.010 0.015 Westmecklenburg 0.011 

Ostthüringen 0.010 0.015 Nordthüringen 0.011 

Westmecklenburg 0.010 0.013 Vorpommern 0.013 

Magdeburg 0.011 0.015 Südthüringen 0.014 

     

Agglomerated regions 0.169 0.355  0.083 

Urbanised regions 0.101 0.235  0.052 

Rural regions 0.069 0.144  0.039 

East Germany 0.035 0.074  0.029 

West Germany 0.161 0.323  0.086 

Germany 0.136 0.293  0.072 

 
Source: German Employment statistic, own calculations. 
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Figure 1: Regional disparities in cultural diversity in Germany (total employ-
ment), 2000 
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Table 2: Regression results – OLS pooled 

Dependent vari-
able 

ln(patents per capita) 

 I II III IV 

Cons 2.77** (2.60) 2.96** (2.75) 1.99 (1.88) 3.62** (3.16) 

lnRDit-1 0.39** (8.15) 0.38** (7.97) 0.42** (8.57) 0.38** (7.20) 

ln(UNIit) -0.03 (1.58) -0.03 (1.86) -0.02 (1.14) -0.04* (2.35) 

ln(DIVit) total 0.31** (5.99)    

ln(DIVit) low  0.28** (6.14)   

ln(DIVit) medium   0.27** (5.10)  

ln(DIVit) high    0.43** (5.91) 

ln(STRUCit) 0.57** (6.52) 0.55** (6.25) 0.56** (6.25) 0.71** (7.92) 

ln(HCit) 0.22 (1.39) 0.29 (1.79) 0.03 (0.22) 0.28 (1.69) 

ln(SMALLit) 0.93** (2.92) 1.02** (3.09) 0.86** (2.82) 0.82* (2.54) 

ln(LARGEit) 0.19 (1.44) 0.21 (1.67) 0.19 (1.42) 0.15 (1.09) 

REGTYPEi -0.05 (0.89) -0.04 (0.69) -0.08** (1.55) -0.09** (1.80) 

Adj. R2 0.86 0.86 0.85 0.86 

Observations 190 190 190 190 

Notes: t-statistics are based upon White’s heteroscedasticity-adjusted standard errors. 
** significant at the 0.01 level, * significant at the 0.05 level. 
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Table 3: Parsimonious specification - OLS pooled 

Dependent vari-
able 

ln(patents per capita) 

 I II III IV 

Cons 2.24* (2.01) 2.33* (2.07) 1.63 (1.50) 2.65* (2.23) 

lnRDit-1 0.40** (8.14) 0.40** (8.04) 0.43** (8.52) 0.40** (7.51) 

ln(DIVit) total 0.29** (5.43)    

ln(DIVit) low  0.27** (5.59)   

ln(DIVit) medium   0.26** (4.69)  

ln(DIVit) high    0.38** (4.94) 

ln(STRUCit) 0.58** (6.58) 0.56** (6.35) 0.57** (6.31) 0.71** (7.51) 

ln(HCit) 0.11 (0.70) 0.15 (0.98) -0.04 (0.29) 0.09 (0.57) 

ln(SMALLit) 0.95** (2.90) 1.03** (3.03) 0.87** (2.74) 0.86* (2.55) 

ln(LARGEit) 0.17 (1.32) 0.19 (1.51) 0.18 (1.33) 0.14 (1.03) 

REGTYPEi -0.05 (1.02) -0.04 (0.86) -0.08 (1.50) -0.10* (1.98) 

Adj. R2 0.86 0.86 0.85 0.85 

Observations 190 190 190 190 

Moran’s I 3.10** 3.09** 3.02** 3.29** 

LM error 7.07** 7.06** 6.61** 8.15** 

Robust LM error 1.27 1.43 0.62 0.89 

LM lag 8.46** 7.83** 10.1** 13.2** 

Robust LM lag 2.66 2.20 4.08* 5.93* 

Notes: t-statistics are based upon White’s heteroscedasticity-adjusted standard errors. 
** significant at the 0.05 level, * significant at the 0.10 level. 
Test on spatial autocorrelation were conducted with different weight matrices in order to check 
robustness. The results presented in the table are based on a binary contiguity matrix. 
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Table 4: Robustness analysis – Random effects and fixed effects 

Dependent variable ln(patents per capita) 

  Random effects    Fixed effects  

 I II III  IV V VI 

Cons 3.46** (2.98) 3.09** (2.65) 4.49** (3.63)  5.61* (2.50) 5.68* (2.54) 6.17** (2.62) 

lnRDit-1 0.23** (4.18) 0.25** (4.43) 0.22** (3.92)  -0.19* (2.08) -0.19* (2.09) -0.18* (2.06) 

ln(DIVit) low 0.29** (5.24)    -0.02 (0.10)   

ln(DIVit) medium  0.28** (4.55)    0.06 (0.32)  

ln(DIVit) high   0.44** (5.35)    0.12 (0.70) 

ln(STRUCit) 0.75** (6.18) 0.79** (6.39) 0.94** (7.77)  1.23 (1.95) 1.24 (1.98) 1.25* (2.00) 

ln(HCit) 0.28 (1.45) 0.10 (0.53) 0.29 (1.47)  -0.59 (0.95) -0.64 (1.00) -0.52 (0.83) 

ln(SMALLit) 0.34 (1.39) 0.22 (0.89) 0.31 (1.26)  0.08 (0.28) 0.07 (0.25) 0.08 (0.29) 

ln(LARGEit) 0.16 (1.15) 0.16 (1.11) 0.14 (1.00)  0.82* (2.58) 0.81* (2.55) 0.81* (2.57) 

REGTYPEi -0.05 (0.74) -0.10 (1.43) -0.10** (1.51)     

Time fixed effects Yes Yes Yes  Yes Yes Yes 

R
2
 0.86 0.86 0.86  0.36 0.40 0.44 

Observations 190 190 190  190 190 190 

BP 39.9** 40.1** 43.3**     

F(94, 89)     8.81** 9.11** 9.10** 

Notes: ** significant at the 0.01 level, * significant at the 0.05 level. 
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Table 5: Robustness analysis – Instrument variables and spatial lag 

Dependent variable ln(patents per capita) 

  IV estimation 

2SLS 

  Spatial lag model 

G2SLS 
a)

 

 Spatial lag model 

G2SLS 
b)

 

     Binary contiguity matrix  Inverse distance, cut-off point 150 km 

 I II III  IV V VI  VII VIII IX 

Cons 3.64** (3.05) 3.49** (2.88) 5.36** (3.86)  2.75*(2.48) 2.27* (2.08) 4.00** (3.35)  3.53** (3.06) 2.74* (2.34) 4.98** (3.57) 

W_lnPit     0.02** (2.89) 0.02** (3.39) 0.02** (3.96)  0.10 (0.48) 0.18 (0.95) 0.24 (1.19) 

lnRDit-1 0.22** (3.89) 0.24** (4.08) 0.19** (3.06)  0.26** (7.42) 0.28** (5.37) 0.22** (3.96)  0.23** (3.94) 0.29** (5.31) 0.20** (3.23) 

ln(DIVit) low 0.31** (4.81)    0.27** (5.34)    0.30** (4.36)   

ln(DIVit) medium  0.37** (4.81)    0.28** (5.16)    0.34** (4.65)  

ln(DIVit) high   0.54** (4.75)    0.42** (5.44)    0.50** (4.36) 

ln(STRUCit) 0.75** (6.08) 0.74** (6.12) 0.96** (7.82)  0.58** (4.93) 0.57** (4.90) 0.77** (6.26)  0.73** (5.82) 0.65** (5.77) 0.91** (7.12) 

ln(HCit) 0.32 (1.56) 0.20 (1.01) 0.42 (1.92)  0.23 (1.27) 0.06 (0.38) 0.26 (1.44)  0.32 (1.54) 0.15 (0.82) 0.41 (1.86) 

ln(SMALLit) 0.34 (1.39) 0.23 (0.90) 0.30 (1.24)  0.46 (1.85) 0.37 (1.48) 0.33 (1.36)  0.36 (1.46) 0.41 (1.51) 0.36** (1.45) 

ln(LARGEit) 0.14 (1.00) 0.06 (0.44) 0.07 (0.47)  0.16 (1.28) 0.14 (1.07) 0.14 (1.08)  0.14 (0.99) 0.05 (0.39) 0.07 (0.47) 

REGTYPEi -0.04 (0.60) -0.07 (1.02) -0.08 (1.17)  -0.04 (0.65) -0.07 (1.24) -0.09 (1.35)  -0.04 (0.50) -0.05 (0.86) -0.06* (0.86) 

Random effects Yes Yes Yes  Yes Yes Yes  Yes Yes Yes 

Time fixed effects Yes Yes Yes  Yes Yes Yes  Yes Yes Yes 

R
2
 0.86 0.86 0.86  0.87 0.88 0.87  0.86 0.87 0.87 

Observations 190 190 190  190 190 190  190 190 190 

Notes: ** significant at the 0.01 level, * significant at the 0.05 level. 
a) Spatial lag of patents per capita instrumented. 
b) Spatial lag of patents per capita and diversity measures instrumented. 
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Table 6: Robustness analysis – Quantile regressions 

 10th  25th  50th 75th 90th 

ln(DIVit) low 0.34** (4.95) 0.34** (12.0) 0.31** (6.89) 0.25** (5.26) 0.15 (0.96) 

ln(DIVit) me-
dium 0.38** (5.26) 0.34** (7.53) 0.28** (4.93) 0.22** (2.85) 0.19 (1.06) 

ln(DIVit) high 0.43** (3.58) 0.28** (3.26) 0.40** (3.75) 0.45** (7.32) 0.35 (1.66) 

Notes:  ** significant at the 0.01 level, * significant at the 0.05 level. 
t-ratios in parentheses are based on standard errors bootstrapped with 200 replications 
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