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Abstract

This paper analyses the effect of skilled migratontwo measures of innovation, patenting andioitatof scientific
publications, in a panel of 20 European counti@slled migrants positively contribute to the knedge formation in
host countries as they add to the pool of skillsdestination markets. Moreover, they positivelyeaff natives'
productivity, as new ideas are likely to arise thgi the interaction of diverse cultures and divaapproaches in
problem solving. The empirical findings we pressmpport this prediction. Greater diversity in théled professions
are associated with higher levels of knowledget@mrameasured either by the number of patentsiegbr through
the Patent Cooperation Treaty or by the numbeiitafiens to published articles. This finding is usb to the use of
different proxies for both the explanatory variagblnd the diversity index in the labour force. $im=dly, we first

measure diversity with a novel indicator which usdgermation on the skill level of foreigners’ oqations. We then
check our results by following the general literajuwhich measures skills by looking at the foreign level of

education. We show that cultural diversity corsidlly increases the innovation performance of EeanpCountries.
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1. Introduction

Endogenous growth theory highlights that knowledgd technology formation, along with the way in
which they are modelled, have important repercassior productivity and growth (Solow 1957; Romer
1990; Aghion and Howitt 1992; Grossman and Helprh84; Jones 2009). The vast literature on the
determinants of innovative activity, motivated bicks (1932), Schumpeter (1942) and Schmookler (1966
and recently reviewed by Cohen (2010), focuseshendle of firm size (Cohen and Klepper 1996), raark
structure and industry dynamics (Geroski 1991), kedarconcentration (Arrow 1962), technological

opportunity (Jaffe 1986) and national innovativpaety (Furman et al.2002).

A core contributor to the knowledge production fiime is specialized labour force, namely high-skdll
workers engaged in research or academia (Cabalfatdaffe 1993 and Kerr and Kerr 2011). Labourdorc
characteristics which impact the level of innovatim a given country are not limited to the levél o
education and the number of workers engaged inarelse but include measures of cultural and ethnic
diversity of the workforce (Kerr 2008, Stuen et 2012).

This paper marries the literature on innovation lamowledge production function with the literatune
diversity, migration and productivity. The issuefofeign skilled labour and its contribution to ovation is
relatively understudied in Europe, but it is releiveecause EU countries, once “source” of migratare
increasingly seen as migration destinations foteskiand unskilled foreign worketdn 2007 third-country
high-skilled workers represented 1.7 percent oftttal European workforce (EC 2007). Indeed, aitbent
has been increasingly drawn to the role of highleskiimmigration and cultural diversity as a drivefr

technology development, innovation and economitopeance (EMN 2006; EC, 2007; EC, 2008).

This debate traces back to the Lisbon European d€loimMarch 2000 which set the objective for
Europe to become the most competitive and dynamawnledge-based economy. In October 2007, the
European Commission adopted two proposals in liitle this objective: The first established a Framewo
Directive on the admission of highly educated migsato the EU and the second aimed at simplifying
migration procedures. In May 2009, the EuropeannCivadopted the EU Blue Card directive and theglsin
permit directive was adopted in December 2011 ahye2012, Germany and Italy, among the last caemtr
who had not yet ratified the European directivepapproved the Blue Card scheme. A major concédrn w
now become the assessment of the overall effedteedBlue Card Scheme and its effectiveness iadiitg
high skilled labour into the EU borders (Euobse2@09, EC 2009, EC 2011).

' In 2008, third countries migrants to the EU représaround 3.8 percent of the total population atiog to EU
Commission. Between 1.5 and 2 million migrants year have entered the EU since 2002. As of Jar@0¢, 18.5
million third-country nationals were resident in Biémber countries (EC 2008).
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Notwithstanding the lively political debate, empai evidence on the contribution of skilled foreagn
to knowledge creation in European countries iscgalhe main contribution of the present paper isilto f
in this gap by providing novel evidence on the @ffef skilled foreigners on innovation and knowledg
production in a panel of 20 European countries. tMdghe literature in this respect focuses on WA
(Stephan and Levin, 2001; Peri, 2007; Chellaralat2008; Kerr, 2008; Hunt and Gauthier-Loise?810;
Kerr and Lincoln, 2010; Stuen et al 2012; Peri,200nly few analyses are focused on selected Earop
countries. Niebhur (2010) and Ozgen et al. (20&%) the hypothesis that the ethnic diversity ofleski
labour has a positive effect on innovation (as messby patents) in German regions and selectedefives

European regions, respectivély.

The second novelty of our analysis is the use ofdifferent proxies of innovative performance. e u
patent data to explore the contribution of skilldrkforce diversity to the production of products o
processes that can be generally diffused in thekehaand are superior to the previously available
alternatives. In line with the embedded technolalgahange hypothesis, the number of blueprintse(pa}
available in a given market has a direct impacttlom “quality” of products and/or the efficiency of
production processes. Conversely, we use proxiesademic endeavours, hamely publication statjstiics
look at the impact of diversity on more intangitdeowledge. The latter represents more closely basic
scientific research performance, which possibly ddéess direct application to the market but nogletts is
fundamental to ensure the fostering of sciencetaddnological change. Both variables have been imsed
the empirical literature as a proxy for innovatibat, to our knowledge, none of the papers use them

simultaneously.

Third, we use two different indexes to measureucaltdiversity of the skilled labour force. Firste
propose a novel indicator which uses informationtloa skill level of foreigners based on their attua
occupation. We then check our results by followting general literature, which commonly measureksski

by looking at foreigners’ level of education.

One of the main concerns when estimating the efédctliversity on innovation indicators is the
endogeneity of migration flows. To address thisiesappropriately, we draw heavily from contribusamn
the static effect of migration. These studies amcerned with the effect of migrants on native emplent
and wages (Alesina and La Ferrara 2005; Ottaviamb Reri 2012) as well as on the issue of skill-

complementarity and task specialization (Peri aoakiser 2009).

The paper is organized as follows: Section 1 residive relevant literature and highlights the

contribution of the present work. Section 2 presemtmodel of knowledge production function which

2 Within the European context, papers have mosthcentrated on labour market impact of migrants (B et al.,
2010), their role in fostering trade relations fiza and Peri 2009), the emigration of high-skiltetives (Saint-Paul
2004), preferential destinations (Constant and D&ag 2008) and on the potentials of re-migratiorayMand Peri,
20009).
% The analysis of Ozgen et al. (2011) is based NUfES®nNs in 12 EU countries: Austria, Belgium, Demky France,
Western Germany, Ireland, Italy, Netherlands, R@atuSpain, Sweden and the UK.

3



highlights the role of diversity. Section 3 presettte empirical specification and the data we sefction

4 and 5 present the empirical results and sengitwvialysis, respectively. Section 6 concludes.

2. Literature Review

The literature addressing the role of technologmalcess and innovation in the growth process &.va
Cardinal to the models of R&D-based endogenous trasvthe knowledge production function, which is
typically a function of labour force in the resdasector and of the available stock of knowledgeniBr
1990; Aghion and Howitt 1992; Grossman and Helpi@®4). This knowledge stock records the history of
discoveries and ideas and allows researchers mal $tm the shoulder of the giants” (Caballero aatfel
1993). Many are the contributions pointing out thath the way in which the production of knowledge
specified and its functional form have importanpiivations for theoretical predictions. Also, thetical
models should be tested with available empirict ddones 2009; Abdih and Joutz 2006).

There is a vast empirical literature on the deteamis of innovation. Both micro and macro analysis
focus on issues of inter-temporal, inter-sectoral aternational spillovers (Jaffe 1986; Coe andphhan
1995; Malerba 1992; Mancusi 2008; Branstetter 2G01J explore the role of policy, property rightddan

market structure in fostering further innovatiorof@n and Klepper, 1996; Geroski 1991).

A second strand of empirical research focuses ermchiracteristics of the research labour force@st i
to the innovation production function. In this resp the composition of the pool of researchera ey
element. In the evolution of scientific activityhet leading role of any research endeavour is isorghy
played by the research team rather than the ingivicesearcher. The paradigm of solo geniuseslbagys
been replaced by that of large networks, bridgiigerde knowledge, linking different problems and
perspectives (see for example Hargadon 2003 arabBair 2005). Diversity in the research team is s&en
beneficial partly because it is believed that peaid and technical bottlenecks are characterizednby
increasing level of complexity. The ability to téeksuch problems and overcome them thus exceeds the
capacity of a single brain (Jones, 2009). Diversifght refer to differences in background knowledgel
abilities, age, gender, but also to differenceth@nnationality and culture of team componentthéfpositive
effect on productivity exerted by differences irliagband knowledge is uncontroversial, see for rapée
(Hamilton et al., 2003 and Lazear, 2009), the eéffefccultural diversity is ambiguous. Indeed cudilur
diversity imposes communication costs that migiféeifthe creative benefits induced by complemeytari
(Bassett-Jones, 2005, Stahl et al., 2009). Howefer results of studies looking at micro data péina
prevailing beneficial role of cultural diversityn I(Parrotta et al., 2010), the propensity to patna
population of Danish firm is found positively infaced not only by skill diversity but also by cu#u
diversity of the work force. (Younglove-Webb et1899, Katz and Martin 1997) look into academic

innovation ability and emphasize the importance afiverse team and of international collaboratids.



investigation into the Rockefeller Institute’s sdiic success stresses the positive contributibfoeign

permanent staff as well as that of visiting scest{Hollingsworth & Hollingsworth, 2000). .

Building on these micro-founded concepts, the mdievature looks at immigration and cultural
diversity as a preferential channel for knowledgd productivity spillovers. The existing contribars are
mainly focused on the USA and look at the dynanfieceé of migration and at the effect of (high s&d)
foreigners and cultural diversity on the innovatoapacity of US firms and universities. Resultsegaty
suggest that foreign skilled workers and higherediity in research personnel are associated wghehi
levels of innovative activity and patenting. Faemple, Chellaraj et al. (2008) and Peri (2007hhigpt the
positive contribution of highly educated foreigndbavorkers and foreign graduate students to USntiatg
activities. Hunt and Gauthier-Loiselle (2010) shibvt overrepresentation of immigrant graduatesiense
and technology disciplines leads to double a petgmate with respect to natives. Kerr and Linc(2010)
find that larger immigration waves increase ovepalienting activity with no crowding out effect patives.
The role of ethnic scientific communities in proingttechnological transfer is investigated in K&008),
while Kerr (2010) argues that the positive impatcinamigration can be explained by higher mobilitfy o
foreign skilled labour force which can more eas#@jocate and cluster around the loci of a breakitino
Stuen et al. (2012) analyse the contribution oéifgm born students to faculty publications andticites.
Stephan and Levin (2001) report that foreign-bard foreign-educated workers disproportionately fitev
exceptional contributions to science and engingerihrough a list of indicators such as electiorthe
National Academy of Sciences and/or National AcadefrEngineering, authors of citation classicshau
of hot papers, the 250 most-cited authors, autbblsghly cited patents, and scientists who haayed a

key role in launching biotechnology firms.

All this literature focuses on the USA, where imnalgfs represent a significant share of highly etidca
workers? On the contrary, the impact of cultural diversity innovation in Europe is under-researched. To
our knowledge, only two contributions can be quotéiébhur (2010) and Ozgen et al. (2011) are thquen
tests on the effect of ethnic diversity of skilledbour on EU innovation (as measured by patentsipoth

works cultural diversity is found to have a po®teffect on patenting activities.

3. Methodology

We propose a simple model describing the innovagimoduction function, in line with the R&D-based
models presented in Romer (1990) and Grossman aidmdn (1991). In this set up, the stock of

knowledge for country A , represents the accumulation of all ideas andpints available at period t in

* In the USA, 3.2 percent of the labour force ishhigilled foreign workers (EC 2007). According 2006nsus data,
for example, 24 percent and 47 percent of the UWhse and engineering (SE) workforce with bachedms doctorate
educations are immigrants. The corresponding staifr the general working population in the UBAL2 percent.
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that country. The creation of new ideds, depends on the number of people employed inethwarch sector

L?, and the average productivity per researaher,

We assume that average productivity per researsteefunction of three key factors. The first ie tapital

of knowledge, cumulated in a country and whichwedocurrent researchers to "stand on the shoulders o
giants" (Stern et al. 2000). The second factorhes itumber of researchers,, to capture the potential
decreasing of returns as the number of researchardountry increase, the so called "stepping @s"to
effect. The third factor, which is the core intéresthis paper, is an indicator of cultural divigrsof the

skilled labour forces employed in the researchoseby,, . Henced can be defined as :

§ = (A)* (Dy,)F (L) @
and equation (1) becomes:
A= (A (DLA)ﬁ (LA)19 3)

Equation (3) is the basis of our estimation in fpeper. Our interest lies in the estimatiorpivhich

informs on the impact of diversity on knowledgedraction, by controlling for other confounding fato

Finding a good proxy for knowledge and its dynamitshas been the matter of much debate in the
literature. A commonly used statistics is patergligptions. Patents are legal titles protectingadpct or a
process, which are granted to the patent assigpe® @iven patenting authorityDifferent application
“routes” result in different patent rights. Specdily, a patent applicant can chose to apply fpatents at a
specific national office, effectively gaining pateights in one single “market”, or to apply fortpat rights
at a “regional” office or through the Patent Co@pien Treaty, thus eventually obtaining patent tsgim
more than one countAThe use of patent statistics as indicators ofvative activity has been validated by
a number of micro and macro studieBatents are linked with the output of the R&D sx; and inform on

the number of technological blueprints availablary given market.

®> To be eligible for a patent, an invention (devipmcess, etc.) needs to be new, susceptible airidl application
and to involve a non-obvious inventive step. Toagbta patent, an inventor has to file an applicatm a patenting
authority. The patenting office will check whethbe application fulfils the relevant legal critedad will grant or
reject the patent accordingly. The patent ensimre®wner the right to assign, or transfer by swgioesthe patent and
to conclude licensing contracts.
® These “routes” are generally referred to as thiomal route, the regional route or the internagioroute. In the
national route, the inventor files an applicatioithwa national patent office (generally, but novays, the national
office of the applicant's country). Alternativelgpplicants can use the PCT (Patent Cooperationtyjrpeocedure,
which has been in force since 1978 and is admnaeidtby the World Intellectual Property Organizat{@lPO). The
PCT allows applicants to apply for patent rightsniore than one jurisdiction. This is a very populante among
inventors targeting worldwide markets. One lastarpfor applicants is to submit a patent applicatio a regional
office, such as the European Patent Office (EPQabdished in 1977, which searches and examinestpapplications
on behalf of 38 member countries. The EPO granisdfgean patents”, which are valid in all the mengdiates where
the holder has validated her rights.
" The use of patents as an imperfect indicator véritive activity is validated in a number of stigligPakes and
Griliches 1984; Griliches, Pakes, and Hall 198%ittand Soete 1980; Sokoloff and Khan 1990). lis #xtensive
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Patents statistics present some clear limitati@mi¢hes, 19905. The most important in our case is that
they do not capture the inventions which are ne¢ngad or patentable, or more in general mightbeothe
best indicator of general knowledge in society. Was provide an alternative measure of knowledge
production in a given country by counting the numdicle citations received yearly by researchemsach
country. Whereas patents are indicative of innovestiwith some practical application (at least oerage),
publications are much more related to basic rebemnd knowledge. The use of two proxies allowsamby
allow to check the robustness of our finding, dabdo disentangle differences, if any, in the @ffef our

variable of interest (diversity) on innovationsifierently different nature.

In our analysis we want to focus on high impacfbwation. As far as patents are concerned, we count
the number of patents filed under the PCT by apptiE of each country at time t. Patents statisties
counted by priority date. This ensures that eatbnpapplication is attributed to the year closethie actual
invention (OECD 2009). Using PCT application to yyrdor innovative activity is a way to provide a
“quality threshold” and to weed out from our samplatents of “lower” quality or used for strategic
patenting. PCT applications are more costly thapliegtions to national offices, and they repregboe
innovations that the inventor would like to explimitmore than one market. As such, they represighieh
guality innovations and are a much cleaner proanthumber of applications at each national or reio

patent office'”

Regarding documents, we use a country aggregatéadions. This is a widely used indicator of the
impact of a university's (Stuen et al, 2012) oratiam’s research output (King, 2004). We use itarritie
assumption that publications which are more citexlthose of higher quality. Cited publications edmt
ideas that have been subsequently useful to o#marches. Focusing on citations is tantamount to

weighting each country’s publications by a meastfiguality.

Patent data are obtained via the OECD Patent Btati3atabase (OECD, 2011), while data on citations
comes from the SCIimago Journal & Country Rank (S(@m 2011). The correlation between PCT Patent

literature patent data has been used to study yhantics of both innovation and inter-sectoral antérinational
knowledge flow and spillovers at the firm, sectodaountry level (Jaffe 1986, Jaffe and Trajtent386, Peri 2005,
Globerman, Kokko, and Sjéholm 2000 among others).
8 patents are an imperfect indicator of innovatigvity. Griliches (1990) summarizes the limitatioim using patents
as a proxy for innovation: (1) not all innovaticm® patented, thus patent data is only a partigtator of innovative
activity, (2) not all patented innovation have tzene level of quality, meaning that simple patenits do not account
for this difference, (3) related to point (1) abppeopensity to patent changes across countriegrseand time, so that
researchers need to be careful when comparingfda@@ifferent countries and sectors and (4) the Ineiof patent
granted is inextricably linked with budget consttaiof the patenting offices. In addition, pateatadcan shed light
only on the dynamics of embodied technological geanmamely those innovations that are embeddedeim n
machinery. Conversely, patents do not provide asight on disembodied technological change, su¢he8earning-
by-doing” which also increases productivity. Sus$uies are clearly left out of a study based ompdtea.
° See Footnote 8
2 The NBER Patent Database on USPTO Patents iscapion in this respect, but it is not the bestrsewf data for
our study, since it provides information patentanged in the USA market, which would not be theecfocus of
innovation for European applicants.
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application and citations is reasonably high, ngn@&lr4. This indicates that countries that are Igigh

productive in the production of patentable knowkedg well also in terms of general knowledge (Feglly.

Our explanatory variable of interest is culturaladsity in the high skilled portion of the labowrde,

D,,. The empirical literature proxies cultural divéysivith ethnic diversity and computes the share of

foreigners in the total population. Given that viedy the process of innovation, we consider onijlesk

foreigners and therefore we computl, , as the number of foreigners employed in top siétupations

over total employed in top skill occupatiolisTo identify top-skill occupations we use the Stanid
Classification of Occupations (ISCO-88) by the intgional Labour Office (ILO, 1990). This standard
classification takes into consideration the kindwoirk performed as well as the skill embodied ia tork
(Elias and McKnight, 2001). According to ISCO-8&cuapations can be grouped together according to the
similarity of the skills involved in the fulfilmentf the tasks and duties of the jobs. In partigulskill is
defined as the ability to carry out the tasks antied of a job in a competent manner” (ILO, 199Qjthin
ISCO-88, four skill levels are defined. Broadlygtiifferent levels mirror the length of time a pers
requires to become fully competent in the perforoeanf the tasks associated with her job. For argsm

of the complete classification into the four skitbups, see Table 1.

In this paper, only foreigners occupied in thedtand fourth skill groups are considered. The tkkitl
level applies to occupations that require post-adsgry education. Technical occupations belonghts t
category. The fourth skill level requires a degoeeequivalent period of relevant work experiencel an
typically relates to professional occupations andnagerial positions in corporate enterprises or
national/local government such as legislators, @eafficials and managers. In the EU27, the third a

fourth skill group accounts for 16.5 and 22.2 pamtaf total employed, respectively (Table 2).

The composition mix of the foreign labour force $kill group varies among the different European
countries (Figure 2). In the UK, Ireland, HungaRgmania and Poland, the share of skilled foreiginers
skilled labour is more than proportional to thell foreigner share. Except for Finland, the Sloa and
the Czech Republic, where the two shares are alsimdtar, all other European countries display #lexk
share lower than the overall share, with some cabese the two shares are remarkably different {days

Germany and Greece).

The skill dimension embodied in our measure of diig is not standard. Conventionally, the empirica
literature considers the educational attainmenthef foreign labour force independently from occigrat
considerations (among others, Borjas, 2003; CaddSnteifer, 2009; Ottaviano and Peri, 2012). Herethe
contrary, we focus on the occupation that the {preis actually perform. This captures the actual

contribution of the foreign labour force to the atten of new knowledge. This distinction should teat

! Other more sophisticated measures of diversitd irs¢he literature include the Herfindhal indexeTavailability of
data for this study prevents us from constructinghsan index.
8



more for foreigners than for natives, as in therditure it is found that skill mismatch is moreelikto occur

among migrants (Green et al., 2007).

In addition, the skill classification described abdakes into consideration the content of the atioical
capital embodied in different occupations. The falreducation required to fulfil tasks and dutiesoasated
with a given occupation is one of the dimensionssatered for the ISCO-88 aggregation (ILO, 1990y.aA
robustness check, however, we also show resultéogmg cultural diversity within the skilled popuian,

where skills are defined on the basis of educatiattainments.

The data to compute the share of foreigners inthivd and fourth skill levels is taken from the EU
Labour Force Survey (EU-LFS), which provides, csteitly among all European countries, informatian o
nationality of the respondents as well as detdilthe® occupation performed, classified accordingSIGO-
8812 The EU-LFS has the great advantage to producéyhigimparable data for the EU member states, as a
common coding of questions, definitions and cléssiibns of the variables is used. A caveat of tlaitaset
is that it does not cover illegal migration. Thimitation however should not be problematic in thistext.

The component of diversity that affects innovatisrprovided by highly skilled foreigners, who ar@sh
likely employed legally in high skilled occupationdighly qualified foreigners entering illegally Eapean

countries eventually find low-skilled jobs and dat mfluence the innovation potential of a country.

A second limitation of the data is that at the hegig of the sample years foreigners were claskifie
only as national or non-nationals. From 2004 onwanijrants were classified by main area of origihile
detailed bilateral country information are neveitable. Therefore it is impossible to compute more
sophisticated index, such as the Herfindahl Intdexneasure ethnic diversity as the use of thisxndeuld
restrict drastically the sample size as it is aldé only for four years. We believe, however, tihas is a
minor limitation. Given that the share of nationatgers the Herfindahl Index, and given that indpean
countries foreigners still account for a limitedrfpmn of total population, a diversity measure coneg as
the ration of foreigners over population and thefiddahl index are highly correlatédl As a robustness
check, we compute the Herfindahl index drawing fram alternative dataset, the OECD International
Migration database, which is available from 199@ arovides bilateral stocks of migration. The latibn
of this database is that it does not provide skileducation breakdown of foreigners. This imptiest the
Herfindahl index computed refers to the total miigra population and not to the skilled one. Giveattwe
study the innovation process, the index computedHte total foreign population does not represant o

preferred measure of diversity.

12 For most of the countries, the EU-LFS providesinfation on both the nationality and the countrpioth of non-
nationals. We decided to classify foreigners byomatlity only as this was the most comprehensiermation. The
sample from Germany, for example, does not progietails on country of birth and some Eastern Ewnmountries,
such as the Slovak Republic, the Czech RepublicBuidaria, add information on country of birth orflyr a very
limited number of years.

13 The Herfindahl index, computed after 2004, andréti®n of foreigners over population display aretation of 0.99.
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Equation 2 also requires a proxy for the laboucdoworking in the knowledge sectdr,, including
foreigners and natives. An excellent candidaténés iumber of employees in technology and knowledge
intensive sectors, which we obtain from the EUROS database (EUROSTAT 2011). This variable serves
for two distinct purposes. Given that we measunevation by the total number of patents and citegiand
not by the per capita measures, a scale factordgheuadded into the estimated specification. Tinaber
of R&D waorkers, while representing one of the miagbortant inputs in the knowledge production fuoti

it does also capture the size of the countries.

To proxy for the “standing of the shoulder of thangs™ effect we follow the rich literature on the
supply determinants of innovation and constructades proxying for the knowledge stock of eachniou
We use data on yearly intramural R&D expenditureany given country obtained from EUROSTAT
database. We build a stock variable using the pespenventory method as the discounted sum of

innovation at time t and the stock of the previpasod t-1 following the formula:
At = R&Dt + (1 - 6)At_1 (4)
The initial value of the stock is calculated asdwis:

4, = —ho
T g+6

where 8=0.1 is the depreciation rate set chosen in lin wie literature (Keller 2002) angl is the
average rate of growth of patenting for the pebetiveent, andt, = 3 , wheret, is the first year of data
availability (Bottazzi and Peri 2003). As long gsis chosen to be outside the sample period thek stoc

measure is highly insensitive to choices of thealisit rate used in the calculation reported in (4).
4. Discussion of Results

The model presented in section 3 is estimated panel of 20 European countries from 1995 to 2¢b8.
Both the sample of countries and the time spellcarestrained by the availability of data from thd-EFS.
The data forms an unbalanced panel, as for sometreesi the information are only available on a sor

time interval.

Taking the natural logarithm of equation (2) anglieitly introducing the time dimension, the basic

specification, for each countiat timet becomes:
In(4;) = Bo + P1ln(4;—1) + B2In(Dye-1 )+ BaIn(Lye—1) + pe + pi + it (5)

The dependent variablé is, alternatively, the number of patent applicasidiled under the PCT

recorded by priority date, and the number of @tsiD,, the cultural diversity variable, computed as the

“The sample includes: Austria, Belgium, Czech Repultidenmark, Finland, France, Germany, Greece, Hung
Iceland, Ireland, Italy, Netherlands, Norway, Pdlafortugal, Slovak Republic, Spain, Sweden and UWhéed
Kingdom.
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number of foreigners employed in top skill occupasi over total employed in top skill occupationhs; is
the stock of skilled labour, measured by the numdfeemployees in high-technology sectors; A is the
knowledge stock described in equation (4); allraemasured as end-of-periqd;is a set of year dummieg;

represents a set of country fixed effects andlfireg} is an idiosyncratic error terrh.

We use lagged values of the independent variablasdount for the fact that there is a time lagvieen
the process of innovation and knowledge productioth the application of a patent or the citatiom gfiven
article. One year time lag is used in the mainysisl This approach is in line with the literatuhat
analyses the determinants of both patenting amdianits. In the sensitivity analyses in Section 5als®

present results using higher lags to account ®ifghgth of the innovation process.

The specification described above assumes zerelation between the error term and the exogenous
variables. This assumption for the diversity vaeals likely to be violated in this context. Some
unobservables governing the location of foreigrerthe different European countries might be caitesl
with the unobservables governing the evolution atiepts or published documents. If migrants eldstica
respond to economic opportunities in destinatiomntdes, a non-zero correlation exists between the
economic outcomes and the share of immigrantsingiagy-ward the estimated coefficient of the shafre
migrants. A second source of bias can derive fraasurement errors in the share of foreigners, wioich
the contrary, should produce a down-ward bias.eéxample, as pointed by Aydemir and Borjas (2011, t
sampling error in the measures of immigrant suggblifit is responsible for a substantial reductiorthia
estimated impact of migration on wages. This atéon bias should therefore play a role in thistegt

counteracting the effect of the endogeneity biakicWof the two prevails is only an empirical fact.

To address both biases, an instrumental varialpeoaph is used. Antonji and Card (1991) suggest an
“ethnic enclave” instrument that has been largalgduin the subsequent empirical literature for atign
shares (Card, 2001; Card and DiNardo 2000; Peri $patber 2009, Ottaviano, Peri and Wright 2010;
D’Amuri and Peri 2011; Ottaviano and Peri, 2012)eTinstrument is an imputed share of migrants, whic
nets out the component of migration flows that atgibuted to economic opportunities. We use past
migration stocks, available with education breakdoiw a bilateral form, to compute the instrument
(Docquier et al., 2009). We select the 1991 stddkighly educated migrants and predicted the sulrssig
stock of skilled migrants using total yearly imnatjon flows by country of origin from Ortega andriPe
(2011)*® In agreement with D’Amuri and Peri (2011) we aseu#® percent re-emigration rate to net the

total gross inflows available. Aggregating the dataoss area of origin, we calculate the sharébeagatio

5 The OECD provides patent statistics which areutated applying fractional counting. The use ofcdata models,
which is common in the literature, is therefore agplied since our dependent variable is not atipesinteger.
Focusing on 20 (developed) European countries seeraver observe 0 patents during our sample. §a&@s on both
sides of equation (2) does not result in a losshskrvations.
18 while the 1991 stocks consider only the highlyaded migrants, the inflows refer to the total nemaf foreigners
entering the countries. The use of the overall §®hould ensure that the instrument is indepertdehe error process,
given that what drives the overall inflows are #tknic ties rather than the economic shocks, whialy be correlated
with the skill composition of the inflows.
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of the imputed stock of migrants and the total patien, as it was in 1991. This methodology has the
advantage that only the initial migration mix bygon and the variation in flows across origin greup the
different European countries determine the imputbdres. Given the importance of ethnic networks,
migrants tend to locate where communities of sinoldgin are settled. Family reunification and ethiies
are, therefore, the main drivers of country patenimmigration flows by origin, rather than labalemand
conditions. The underlying exclusion restriction flois instrument is that the 1991 settlement aframts by

origin is not correlated to the economic situatdier 1996.

The primary sources of the 1991 migration stocks @ensuses and Registers. These sources provide
highly reliable information on the structure of ingmation in all OECD countries. These data shodddss
affected by sampling errors than survey data andhis reason they adequately address the measnireme

error bias.

We now turn to the discussion of the results. Tableeports the estimates of the OLS and 2SLS
regressions, for the two measures of innovatiore diversity variable, proxied by the share of skill
migrants, exerts a clear effect on both measurésnaivation. The coefficient of diversity is pos#i and
statistically different from zero in all specifit@s. A one percent increase in the share of skilégrants
increases the number of patents by 0.1 percentLid &d 0.3 percent in 2SLS, on average eateribus

paribus. Comparable elasticities are found in the citasipacification-’

The elasticities in the 2SLS increase considerablypared to the OLS estimates. As mentioned we
perform our analysis using a 2SLS procedure toecoffor two possibly confounding effects: the preseof
on unobservable affecting both the dependant Veriabd our cultural diversity measure and the gaten
noise affecting our diversity variable. The fornedfiect would see a decrease in the estimated @tgsince
the signal is cleaned through the instrumentalatde approach. The increase in the elasticity vedle us

that the second effect is indeed prevaifihg.

Regarding the coefficients of the standard conti@misnnovation, they are all in line with expeadtars.
The variable measuring the stock of knowledge igiven country (stock of R&D expenditure) exerts a
positive and statistically significant effect onnavation. A 1 percent increase in the stock of R&D

expenditures is associated with a 0.6 percent abd @ercent increase in patent application araticits,

7 Diversity may positively contribute to knowledgeeation but only up to a certain level of diversifjoo large
diversity may entail costs from potential conflictk preferences and hurdles of communication. Bb #&enon-linear
impact of diversity on innovation, a squared teras Hbeen introduced. The coefficient resulted natissical

significant. This finding may indicate that the é&\of diversity in Europe is still too limited toetect an inverted-U
shape relationship.

18 We largely emphasized in the text the importarfcdiwersity within the highly skilled portion of énlabour force.
However, the instrument selected may capture thersity of the overall labour force, which compsaskilled and un-
skilled workers. We are not able, however, to defebis is the case. If we replace the overalirghof foreigners in the
first stage estimation, the instrument proves taqbi¢ powerful, with an estimated coefficient comgdale to the one
reported in Table Al. It should be noted, that share of skilled foreigners and the share of oVdoatigners are
highly positively correlated in the sample of caieg. This implies that the main conclusion of taislysis may be
that ethnic diversity and not necessarily ethniediity of the highly skilled has a positive effect innovation.
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respectively. The elasticity is larger in the pateompared to the citation specification. The posit
coefficients drive in favour of the “standing onoslders” assumption, as far as the accumulatiopast
knowledge increases, it benefits the creation a¥ kaowledge. This is consistent with the R&D-based
growth models of Romer (1990) and Jones (1995).cDeéficient is statistically smaller than one,icading

a weaker degree of intertemporal spillovers thanfibund in Abdih and Joutz (2006).

Finally, as expected, a larger pool of skilled lkabmcreases the productivity of knowledge. Somesim
the coefficient is not statistically significantthreugh it is always significantly greater thanaer the 2SLS
specifications. As before, we find a larger elatsti€ innovation is measured by patentable knowkedather
than by citations. The coefficients of the skillabour is statistically smaller than one, indicgtdrecreasing
returns to scale. The productivity of the skillathdur force decreases as the number of peoplehgegifor
ideas increases, as it is more likely that eff@te duplicated and overlapping. Our estimate, rangi
between 0.2 and 0.4, is in line with what founddimdih and Joutz (2006) and within the range in Kirt
(1993).

The first stage estimates for the excluded instntraee reported in the Appendix, Table Al. In hnigh
the existing empirical literature, the imputed €saof highly educated migrants exert a positive et
defined effect on the actual share of skilled mitgaThe F-test is 22, indicating that the instratris fairly
powerful. The statistic is greater than the valuggested by Staiger and Stock (1997) as a rulburhlb to

assess the relevance of the instruments.

In line with what is found for the US (Stephan dmVin, 2001; Chellaraj at al. 2008; Kerr 2008, Hunt
and Gauthier-Loiselle, 2010; Kerr and Lincoln, 208luen et al 2012; Peri, 2012) and the few studies
considering a sub set of European countries (NieB0ORO and Ozgen and al 2011), we find that cultura
diversity plays a role not only through the direlsannel of increasing skilled labour, but also hyiradirect
effect on skilled labour productivity. Foreignersesgively affect natives' productivity, as new ideare
likely to arise through the interaction of diversdtures and diverse approaches in problem solia.
only high skill immigrants display high rates oftgating, but they also allow natives to produceatge
innovation. This conclusion is also supported bynHand Gauthier-Loiselle (2010) as well as Kerr and
Lincoln (2010).

We are aware that “the type of diversity” matteys dconomic development. First, not only the sludre
overall foreigners but also the variety of ethnidgivailable, namely the country mix, is relevantc@&d,
some ethnicities, given the language spoken, miebeétteract with nationals than others, thus piing
larger complementarities. AS already discussed kiewdhe available EU-LFS does not allow to capture
such details as foreigners are only classified@smationals. The International Migration databasethe
contrary provides detailed bilateral information afgin and destination countries. The limitatiohthis
dataset is that it does not offer a skill breakdafmovers. The distribution of skilled foreigndxg origin

country in the different destinations may not bepuartional to the distribution of total foreignefkilled
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and unskilled foreigners may follow different chatmof entry, with the former being more likelydrploit

family ties.

Despite this limitation, we compute the Herfindaidex, to capture the variety and the distributidn
the nationalities of foreigners, keeping in mindttthe limitation described may reduce the relighdf the
index. Given that we control for the size of thkil{ed) foreign population by adding the share agrants,
we exclude natives from the Herfindahl index. Tie wariables capture distinct factors: the shapuwas

the density of migrants, while the Herfindahl captuthe diversity of migrants.

Table 4 reports the empirical findings. While thenslity of skilled foreigners exerts a positive and
statistically significant effect on innovation, tdeversity of skilled and un-skilled migrants fails exert a
significant effect. This finding may be due to theitation described above. For this reason, weyapply

the share of skilled foreigners as a measure @ity in the remaining estimations.
5. Robustness Checks

5.1 Occupation and education mismatch

As discussed above, we employ in this analysisremomventional measure of skill for the diversityizble.

We believe that a measure of skill based on ocaupatther than education may better capture tfeetfe
contribution of foreigners to the creation of knedde. The distinction between occupation and edurcat
skills is relevant particularly for foreigners, laigh education attainments do not guarantee thgttamis are
employed in high skill occupations. Therefore, asolustness check, we compute the share of skilled
migrants according to their educational attainmBnELFS the information of the highest level otiedtion
completed is available, codified using the Inteoral Standard Classification of Education (ISCED)e
define highly educated migrants those with tertiaducation and compute the share with respecteo th

highly educated populatids.

The correlation between the share of skilled mitgamd the share of highly educated migrants ig ver
high, reaching 0.90. This is a first inspectiontww effectively qualified foreigners are employedthe
labour market, according to the ELFS. It shouldnb&ed that a large portion of mismatching is natlye
captured in this dataset on regular immigration,oasreducation will disproportionally affect irrdgu
immigrants. The high correlation of the variabledicates that countries that display a large sbhskilled
foreigners display a high share of qualified foneigs, and vice versa. In Figure 3, we plot the estudr
highly educated foreigners against the share dflyigkilled foreigners, computed as a mean over the
period. Countries below the 45 degree line are stmpva mismatch between education attainments and
employment. In relative terms, Finland, United Kdogn, Belgium and the Slovak Republic are the most
virtuous countries, as they show a correspondeetveelen the share of highly educated migrants aatdoth

highly skilled migrants. On the contrary, a gapwesn the education and the occupation share drists

19 Tertiary education corresponds to level 5 and almfthe ISCED classification.
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countries such as Greece, ltaly, Iceland, the CRagublic, Portugal and Ireland. These countrispldiy a
disproportional larger share of highly educatedramgs compared to highly skilled migrants, suggest
relatively inefficient allocation of qualified mignts in the labour market. However, these are dltnog
discrepancies as an overall look indicates thatailintries are dispersed along or slightly beloe 4%

degree lines.

This issue is further inspected through a regresaimlysis. We replace our diversity measure with a
diversity share computed in terms of education.Baleesve that the comparison of the estimated auefits
of the diversity variable in the base regressiod enthe additional regression provides two advgesa
First, it helps understanding if an eventual misran the allocation of skills in the labour markets an
effect on the capacity to innovate. Second it iatdis if the use of one measure in place of ther athe

mislead the empirical findings.

Table 5 reports the results of the new specificatibhe coefficients of the education-based diversit
variable are positive and statistically significamtthe patent specification. In the citation sfieation the
coefficient is statistically significant only in¢hl2SLS. The elasticities of diversity computed gltime skill
dimension and the education dimension are quitélasinm magnitud€® This finding indicates, first, that
regardless of where educated migrants are empldjes, contribute to the creation of knowledge. The
competence acquired through education generatés/pasxternalities that spill above the occupasiohey
are employed in. Second, it indicates that the mismin qualification and occupation among highdled
migrants is relatively small. The empirical relaiship between diversity and innovation is robusthe

alternative way in which the diversity measureamputed.

The existence of a mismatch between workers’ educattainment and occupation employment has
been analysed both for North America and Europert@ida 2000). Even if an imperfect allocation of
educational resources is a typical feature ofaheur market for all workers, the problem affentsnigrants
to a larger extent. Moreover, despite an imperfeigmatch is characterised by an over-educationaend
under-education problem, migrants tends to disptapately experience the former phenomenon. This
partially due to the imperfect transferability &lls and the imperfect screening of the qualityacforeign
educational institution. This large body of reskahas produced different methodologies to identify
existence of a mismatch. Different approaches amnwonly applied. One is called the “normative”
approach, which measures the correspondence beeglieeation and qualification levels. A second iteda
“statistical” method. It assumes that each occopas characterised by a “usual” education levetguted
as the mean or the mode of the education of workeeach occupation. Over-qualification occurshié t
worker faces a surplus in education compared touthel level. A third method considers the experts’
opinion regarding education requirements for eacbupation and finally, the “self-declared” method

exploits own workers evaluation of the educationupation match.

2 Only in one specification over four the differeringhe coefficients is statistically significarit’0 percent.
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To incorporate the issue of education mismatchhe firesent analysis, we interact the core diversity
variable with a variable that measures the ratmigfants’ over qualification. We adopt a rankingQECD
countries, which employs a normative-type apprq&@BCD, 2007). These over-qualification rates intica
the proportion of foreigners who are over-qualifeedl are computed measuring the correspondencedetw
the level of education and job qualifications. Owgeslified are migrants who own upper secondary
education or above and are employed in elementypations as well as foreigners with tertiary edion
employed in intermediate skill occupations (secekitl occupations according to Table 1). Two ramgsn
are available. The first is computed from surveyadand the second from Censuses and Population
Registers. We define a country as an “effectivecallion” one if its over-qualification rate amonggnants
is below the sample medidhTable 6 reports the estimated results, where sityecomputed according to
the skill dimension is interacted with the effeetiallocation dummy. The 2SLS regressions indidad¢ &
sound allocation of resources ensures a positive ghdiversity. In countries that display low over
gualification rates among migrants, diversity isasated with higher patent applications and citei
levels. The result holds irrespective to the rag&imdopted, whether based on censuses and populatio
registers or survey data. On the contrary, counttiet have over-qualification rates above the $amp

median do not gain from high diversity.
5.2 Migration Policy

Different contributions document that both the sinel the composition of the international migratilows
respond to national migration laws. Less restrectpolicies are found to largely increase immigratio
(Mayda and Patel, 2004; Ortega and Peri, 2009) ebh@r, migration policies targeted to highly edadat
migrants influence positively the skill selectioh foreigners, by increasing the share of highly caded
migrants (Peri, 2010). In this paper we extendahalysis to identify whether pro-skill migrationljpges
influence innovation, through their effect on migwa flows. Enlarging the pool of human capital itadale,

these policies may represent an indirect determioiannovation.

For this purpose, we compute an index that captiredoosening of national migration policies. We
extended the database on immigration reforms iof&an countries, initially computed by Mayda antePa
(2004) and subsequently updated by Ortega and (P@d9). We enlarged the dataset both in terms of
country coverage and in terms of time spell. Thialgse from Ortega and Peri refers to the peri@®D-19
2005 and include 14 OECD countries. The new databastains immigration information for 24 European
countries in the period 1995-2007. We focus uniguat reforms regarding the entry of migrants and
exclude policies that modify the stay of migraée also exclude any reform targeted to asylum-geeke

Moreover, given the focus of our paper, we restdaeforms targeted to skilled workers.

% Data for Iceland in both cases is not availablerddver, we always use the Census ranking for Eodaml the
Slovak Republic and the survey ranking for BelgiuBermany, Netherlands and Norway since it is thiy diata
available.
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After collecting these migration laws we codify iadex following Ortega and Peri (2009). We assign a
value of 1 whenever the country reforms its migmatiaw in the direction of easing access of skilled
migrants. We then cumulate the assigned valuestower The index thus obtained ranges from a mimimu
value of 0 to a maximum value of 3. Figure 4 plbis migration policy variable, for the differentwdries
in the sample. Two features emerge. First, it eaclthat there are countries that barely adoptrmefo
favouring highly educated migrants. Belgium, Denkn&pain and Sweden, for example, applied no pro-
skill reforms in the period considered. On the camyt Austria, Czech Republic, Finland, France, Gatyn
and Slovak Republic show a clear and continue giteémattract skilled migration by promoting a allity
of reforms of this type. The majority of countriegplemented only one reform in the entire periode@ee,
Hungary, Ireland, Italy, Netherlands, Norway, PdlaRortugal and UK). Second, the graph shows these
reforms were mainly implemented after 2000. An @tiom is Austria, which anticipates slightly the

adoption of laws supporting skilled immigration.

In the empirical analysis we interact the key dsitgrvariable with the policy index. The objectiigeto
identify if diversity has a larger effect on inndiaa in countries that put in place selective miigmrapolicies
pro-skilled migrants. In Europe most schemes imfawof highly skilled migration are “employer-drivg in
that a highly skilled foreigner is admitted onlysifie already received a job offer (Chaloff and aire,
2009; Bertoli et al., 2009). This implies a betteatch between skill demand and supply, also among

foreigners.

We adopt three different ways to split the coustrgecording to their propensity to implement pro-
skilled migration policies, and thus we build thrdiéferent interactions indicators. The first apgch
identifies three groups, namely nations that imgetmo pro-skill reforms, minimum number of reforras
several reforms. The second and third approachésedenly two groups. In the second approach we
distinguish between countries that never implenteatey pro-skill reform from those that implementgd
least one. In the third approach we distinguishvbet countries that put in place more than onesgilted

migration law from those that implemented zeromy @ne refornt?

The empirical findings, presented in Table 7 arfdratents and citations, respectively, are dsvid.
First, in the patent specification no gains emdrge the application of pro-skill migration reformshe
coefficient of the interaction term in the patepeaification is never statistically different frarero. Second,
countries that design pro-skilled migration lawspiiy a positive relation between diversity andrtbmber
of citations, irrespective to the number of refoimplemented. On the contrary, diversity has a afftbct
on the number of citations in countries that apuyreforms. A clear distinction emerges betweemus

that never put in place reforms and those that tedopne or more. A positive and significant coédfit of

% The original policy variable, which is time vartahas not been introduced in its original fornyegi that it may be
endogenous. It is documented that countries ditmva larger number of foreigners in boom timeseraas they are
more stringent in issuing visas in time of recessid he variables used in the estimation on théraon being time-
invariant, should not suffer for endogeneity.
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the interaction term results both in column (2) andolumn (3), which apply the first and secongraach.
On the contrary, if one applies the third approact distinguishes between countries that implementy

reforms from those that apply one or none, no gaierges from diversity.
5.3 Additional robustness checks

To avoid misspecification due to omitted variabbeas we include in the estimated specification some
additional controls that may enter a knowledge potidn function. In agreement with Niebuhr, we ud# a
measure of the industrial structure of the coustri®mputed as the ratio between the manufactaridghe
service value added. The sectoral composition énftes the propensity of patenting, as far as ciesntrith

a larger manufacturing sector compared to senliogld patent relatively more. We add also an aoatti
control for the size of the country, through theiafale population. We believe that the stock of skéled
labour force already serves as a proxy for cousirg, but it is also true that the skill compositiof the
labour force varies countries by countries, witinechaving a disproportional larger share of skillshe
population. Results are reported in Table 9. Thpigaal findings suggest that our basic specifimatiloes
not suffer from omitted variable bias, as far as Key controls have significant coefficients, wiasre

additional controls fail to exert a significant ieqqt on innovation.

In the present specifications we assume a limiteldydin the response of the dependent variable to
changes in the explanatory variables. As a robastokeck, we assume a slower response of the dagend
variable and employ two to four years lag in thatoals. Tables 10 and 11 report the estimated moefits.

The coefficients of the diversity variable andloé stock of knowledge are robust to these spetidita

The knowledge stock is computed applying yearlyaimiural R&D expenditure. An alternative approach
uses the number of patents as the main input opéngetual inventory formula, described in equati®n
The results of this alternative specification arespnted in Table 12. The coefficients of diveraitg of the

knowledge stock do not display significant changes.

The number of citations is calculated as the suralladates citations received by documents pubtishe
in a specific year. This implies that citations fecent years are truncated, since recent pulditathave
less time to accumulate citations. The use of yie@d effects should avoid biases in the coeffitsen
However, as a robustness check, we drop the lasredtions of the panel. We first regress the nurobe
citations by documents on a set of year dummy kg The coefficients of the year dummies arelestéb
2003 and then drops. This finding suggests thatigits occur within few years after an article iblshed
and older articles are less likely to be cited. rEf@e, truncation seems to be more problematiyg afier
2004. For this reason we run the estimation onfycftations of articles published between 1995 2003.
Table 13 presents the result. The coefficient bhietdiversity in the 2SLS is still positive andtstically

significant, although it decreases in magnitude.

As an additional robustness check we use the nuofldcuments published during a specific year, and

the number of citable documents, with the lattamgosing exclusively articles, reviews and confeen
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papers. The beneficial effect of diversity is rsbto the use of different proxies for innovationgeneral
knowledge, as indicated by the 2SLS coefficientSaifle 14.

An additional check is to capture if some destorattountries, by means of a better proficiencyrin a
international foreign language, may better explo@mplementarities with foreigners. Barriers to
communication may hinder potential externalities.Chpture this aspect, we distinguish destinatemhe
basis of the ability of country national to speakiaternational language such as English. Datataken
from a Eurobarometer survey, carried out in 200%ene respondents were asked about their skillsrgign
languages. Based on the results of the survey, &htdes are ranked according to the percentage of
nationals who are able to speak English. We defm&nglish proficiency dummy equal to one for coest
with a percentage above the sample median and faercountries below the sample median. We then
interact the dummy with the diversity variable. Teab5 reports the empirical findings. The tablevgtichat
language barriers hinder potential externalitiezindy the coefficient of the interaction term pastiand

statistically significant and the coefficient oktliversity variable not statistically significant.
6. Conclusion

In this paper we employ a simple model where tm@vation production function depends on the stdck o
knowledge, on the number of people employed inrélsearch sector and on cultural diversity. We glevi
two proxies for the innovative capacity of countmgmely the number of patents and the number afiaits

to published articles. The first is a widely adapteeasure and captures patentable, applied knowledg
whereas the second is a better indicator of gerier@lviedge in society. In the sample of 20 European

countries considered the two measures displaytadagelation.

The empirical results indicate that the stock abtxg knowledge has a positive effect on innovatio
This drives in favour of the “standing on shouldeassumption, as far as the accumulation of past
knowledge increases the creation of new knowledgrond a larger pool of innovators boosts the
production of knowledge, despite the coefficiemhéd not statistically significant in some spedifions.
Third, a positive impact of cultural diversity dmetinnovative capacity of the recipient countriesegges.
This result reinforces the ideas that complemetidariexist between natives and foreigners. Foreggne
might positively affect natives' productivity, aswideas are likely to arise through the interactbdiverse
cultures and diverse approaches in problem soliai. only high skill immigrants display high rate$

patenting, but they also allow natives to produsatgr innovation.

An additional control is added in the estimationdrder to capture the existence of knowledge
spillovers from one country to another. Contraryptedictions, external knowledge seems to havella nu

effect on domestic innovation. This point certaingeds further investigation

In this analysis we employ an unconventional meafr skill for the diversity variable. Rather than
measuring education skills we capture occupatidissiks a robustness check, we test whether diyeis

robust to the way we measure skills. We find thatelasticities of diversity computed accordinghe two
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alternative skill measures are highly comparablas Tinding may indicate, first that regardlessvdiere
educated migrants are employed, they contributdhe¢ocreation of knowledge. The competence acquired
through education generates positive externalitias spill above the occupations they are emplayed
Second it indicates that the mismatch in qualifisatind occupation among highly skilled legal migsais
relatively small. We also find that countries tha¢ relatively more efficient in allocating highdglucated
foreigners into highly skilled occupations havewetgain in terms of higher innovative capacity.rbtiver,
countries that design pro-skilled migration lawspliy a positive relation between diversity andribeber

of citations, irrespective to the number of reforimplemented. Finally, better language communicatio

between foreigners and nationals favour the p@sdxternalities of ethnic diversity.

The analysis is robust to the inclusion of add#iocontrol variables, to the use of a longer lags i
response of the control variables, to alternatikexips for the stock of available knowledge, thelpaf

qualified labour force, and innovation in genenabWledge.
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Figures and Tables

Figure 1: Patents and Citations, average 1995-2008
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Figure 3: Share of highly educated versus highly slked foreigners
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Figure 4: European migration policies targeted to killed labour: 1995-2007
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Table 1: Definitions of the four ISCO skill levels

Skill Level 1SCO Occupation

Description

First 9. Elementary
occupations

Second 4. Clerks;
5. Service
workers and shop
and market sales
workers;
6. Skilled
agricultural and
fishery workers;
7. Craft and
related trades
workers;
8. Plant and

They require the performance of simple and rouphgsical or manual tasks.
Many occupations at Skill Level 1 may require phgsistrength and/or
endurance. For some jobs basic skills in literaicgg numeracy may be required.
If required these skills would not be a major paftthe job. For competent
performance in some occupations at Skill Level @ampletion of primary
education or the first stage of basic educatio€lB Level 1) may be required.
A short period of on-the-job training may be reqdifor some jobs.

They involve the performance of tasks such as dijpgramachinery and
electronic equipment; driving vehicles; maintenaaoé repair of electrical and
mechanical equipment; and manipulation, orderind storage of information.
For almost all occupations at Skill Level 2 theligpio read information such as
safety instructions, to make written records of kvoompleted, and to accurately
perform simple arithmetical calculations is essdntMany occupations at this
skill level require relatively advanced literacydanumeracy skills and good
interpersonal communication skills. In some octiopa these skills are required
for a major part of the work. Many occupationstas tskill level require a high
level of manual dexterity. The knowledge and skiéxjuired for competent
performance in all occupations at Skill Level 2 generally obtained through
completion of the first stage of secondary educati®CED Level 2). Some

machine operators occupations require the completion of the secoadesbf secondary education

and assemblers

Third 3. Technicians
and associate
professionals

Fourth 1. Legislators,
senior officials
and managers;
2. Professionals

(ISCED Level 3), which may include a significantnggonent of specialised
vocational education and on-the-job training. Somwecupations require
completion of vocation specific education undertakafter completion of
secondary education (ISCED Level 4). In some cagpsrience and on the job
training may substitute for the formal education.

They involve the performance of complex technicadl gractical tasks which
require an extensive body of factual, technical anacedural knowledge in a
specialised field. Occupations at this skill legeherally require a high level of
literacy and numeracy and well developed interpgb@ommunication skills.
These skills may include the ability to understaiwnplex written material,
prepare factual reports and communicate with peogle are distressed. The
knowledge and skills required at Skill Level 3 aswially obtained as the result of
study at a higher educational institution followimgpmpletion of secondary
education for a period of 1 — 3 years (ISCED LéMl. In some cases extensive
relevant work experience and prolonged on the jailning may substitute for the
formal education.

They involve the performance of tasks which reqaoenplex problem solving
and decision making based on an extensive bodyhedbrétical and factual
knowledge in a specialised field. The tasks pemfmt include analysis and
research to extend the body of human knowledgepartcular field, diagnosis
and treatment of disease, imparting knowledge berst design of structures or
machinery and of processes for construction andymiion. Occupations at this
skill level generally require extended levels eédacy and numeracy, sometimes
at a very high level, and excellent interpersor@hmunication skills. These
skills generally include the ability to understacomplex written material and
communicate complex ideas in media such as bookpprts and oral
presentations. The knowledge and skills require®lall Level 4 are usually
obtained as the result of study at a higher educatiinstitution for a period of 3
— 6 years leading to the award of a first degredigher qualification (ISCED
Level 5a or higher). In some cases experience andhe job training may
substitute for the formal education. In many casgspropriate formal
gualifications are an essential requirement foryetat the occupation.

Source: International Standard Classification o @ations (ISCO-08) — Conceptual Framework-Annex1
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Table 2: Distribution of workers into skill groups-2008-EU 27-%

Skill1

Skill2

Skill3

Skill4

Employed persons, 15-64 yearsold 9.8

Source: Eurostat, Statistics Database

51.4 16.5

Table 3: The effect of diversity on innovation —-OLSand 2SLS

Patents Citations
OLS 2SLS OLS
1) (2) 3)
In(diversity) 0.131** 0.333** 0.136**  0.312***
[0.0620] [0.152] [0.0507] [0.0961]
In(stock of total R&D) 0.602* 0.557** 0.423*  0.38%
[0.299] [0.170] [0.223]
In(skilled labour force) 0.454* 0.459** 0.211
[0.246] [0.208] [0.183]
Observations 213 213 213
Number of countries 20 20 20
F-test 1st stage - 22.86 -

2 22.

Notes: In columns (1) and (2) the dependent vagigbthe natural logarithm of the patent appligatifiled under the
PCT recorded by priority date; in columns (3) adAjl i6 the natural logarithm of the number of cdas. Country
dummies and year dummies are included in all spatibns. * denotes significant at 10%; ** signdiat at 5%; ***

significant at 1%. Heteroskedasticity robust staddarors in parentheses. The excluded instrunmetite first stage of

the 2SLS is the log of imputed shares.

Table 4: The effect of diversity on innovation, Hefindahl Index

Patents Citations
OoLS 2SLS oLS 2SLS
(1) ) 3) (4)
In(diversity) 0.111* 0.304** 0.116** 0.295**
[0.0629] [0.148] [0.0476] [0.120]
In(stock of total R&D) 0.630* 0.528** 0.43 0.336**
[0.316] [0.211] [0.255] [0.140]
In(skilled population) 0.376 0.377* 0.184 0.185*
[0.218] [0.209] [0.173] [0.104]
Ln(Herfindahl) 0.539 0.345 0.353 0.172
[0.478] [0.249] [0.370] [0.187]
Observations 183 182 183 182
Number of countries 17 17 17 17
F-test 1st stage - 15.03 - 15.03

Notes: The dependent variable in columns (1) ahds(the natural logarithm of the patent applicasidiled under the
PCT recorded by priority date; in columns (3) adAdl i6 the natural logarithm of the number of cdas. Country
dummies and year dummies are included in all spatibns. * denotes significant at 10%; ** signdiat at 5%; ***

significant at 1%. Heteroskedasticity robust staddarors in parentheses. The excluded instrunmetite first stage of

the 2SLS is the log of imputed shares
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Table 5: Alternative skill measure- education attaanment
Patents Citations
OLS 2SLS OoLS 2SLS
(1) 2) 3) 4)
In(diversity_edu) 0.129* 0.452%** 0.0522  0.205*
[0.0708]  [0.175] [0.0455] [0.114]
In(stock of total R&D) 0.492 0.388** 0.469 0.419***
[0.363] [0.185] [0.275] [0.128]
In(skilled labour force) 0.312 0.0808 0.203 0.0940
[0.319] [0.320] [0.217] [0.157]
Observations 207 207 207 207
Number of countries 20 20 20 20
F-test 1st stage - 22.05 - 22.05

Notes: In columns (1) and (2) the dependent vagigbthe natural logarithm of the patent appliaatifiled under the
PCT recorded by priority date; in columns (3) addl i6 the natural logarithm of the number of cdas. Country
dummies and year dummies are included in all spatiéns. * denotes significant at 10%; ** signdiat at 5%; ***

significant at 1%. Heteroskedasticity robust staddarors in parentheses. The excluded instrunmetite first stage of

the 2SLS is the log of imputed shares

Table 6: The effect of diversity on innovation, byeffective allocation

Patents Citations
Census and
Survey Data Census and registers Survey Da registers
OoLS 2SLS OLS 2SLS OLS 2SLS OLS 2SLS
€] 2 3 4) ©) (6) ) (8)
In(diversity) 0.0582 0.224 0.0601 0.195 0.0211 8.11 |0.0241 0.0635
[0.0822][0.153] [0.0876] [0.164] [0.0614] [0.0957] [0.0659D.105]
In(diversity)*effective allocation0.277  0.442** | 0.28 0.520*** | 0.264* 0.314** 0.263* 0.447***
[0.197] [0.195] [0.209] [0.199] [0.128] [0.109]| .m31] [0.108]
In(stock of public R&D) 0.53 0.455** | 0.532 0.459** |0.483*  0.446*** |0.485* 0.448***
[0.364] [0.198] [0.365] [0.198] [0.271] [0.116]| .r1] [0.114]
In(skilled labour force) 0.518*9.584** |0.513*  0.611** [0.373** 0.390*** 0.368** 0.446***
[0.214] [0.215] [0.212] [0.210] [0.140] [0.0954]0.139] [0.0889]
Observations 200 200 200 200| 200 200 200 200
Number of countries 19 19 19 19 19 19 19 19
F-test 1st stage
In(diversity) - 11.02 - 10.35 - 11.02 - 10.35
In(diversity)*effective allocation - 12.87 - 17.11 - 12.87 - 17.11

Notes: In columns (1) to (2) the dependent variablde natural logarithm of the patent applicatidited under the
PCT recorded by priority date; in columns (5) t9 {8 the natural logarithm of the number of citao Country
dummies and year dummies are included in all spatiéns. * denotes significant at 10%; ** signdiat at 5%; ***
significant at 1%. Heteroskedasticity robust staddarors in parentheses. The excluded instrunmetite first stage of
the 2SLS is the log of imputed shares. In colunns(@), (5) and (6) the effective allocation dumimyeomputed from
survey data; in columns (3), (5), (7) and (8) tifeative allocation dummy is computed from censumsed population
registers. The effect of the effective allocatianrany alone is absorbed by the country fixed effects
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Table 7: The effect of diversity on innovation, byskilled migration policies. Patents

OLS 2SLS OLS 2SLS OLS 2SLS
€] 2 3 4 ®) (6)
In(diversity) 0.561* 0.767* 0.332 0.519* 0.337* .B59**
[0.319] [0.343] [0.244] [0.226] [0.181] [0.260]
In(diversity)*skilled policy -0.149 -0.14 -0.183 A8 -0.229 -0.301
[0.114] [0.111] [0.266] [0.218] [0.214] [0.217]
In(stock of total R&D) 0.517 0.447** 0.531 0.464* | 0.514 0.423**
[0.372] [0.205] [0.387] [0.205] [0.362] [0.199]
In(skilled labour force) 0.249 0.243 0.281 0.288 30a. 0.263
[0.301] [0.274] [0.274] [0.261] [0.275] [0.269]
Observations 200 200 200 200 200 200
Number of countries 0.772 0.755 0.769 0.754 0.772 749
F-test 1st stage
In(diversity) - 11.79 - 11.09 - 12.17
In(diversity)*skilled policy - 8.90 - 22.67 - 19.28

Notes: The dependent variable is the natural |tyariof the patent applications filed under the P@torded by
priority date; country dummies and year dummiesiactuded in all specifications. * denotes sigrafit at 10%; **

significant at 5%; *** significant at 1%. Heteroskasticity robust standard errors in parentheseg @icluded

instrument in the first stage of the 2SLS is the & imputed shares. In columns (1) and (2) thélezkimigration

variable ranges from 1 to 3. In columns (3) andtf®) skilled migration variable is a dichotomousiafale, which is

equal one if the countries put in place at least pm-skilled migration reforms and 0 otherwisecttumns (5) and (6)
the skilled migration variable is a dichotomousiable, which is equal one if the countries put iace more than one
pro-skilled migration reforms and O if it introdwteero or only one reform in the period considefidee effect of the
skilled policy variable alone is absorbed by thardoy fixed effects.

Table 8: The effect of diversity on innovation, byskilled migration policies. Citations

OLS 2SLS OLS 2SLS OLS 2SLS
@) 2 3 4 ®) (6)
In(diversity) 0.271 -0.170 -0.0441  -0.111 0.277* 2@
[0.324] [0.212] [0.150] [0.114] [0.150] [0.144]
In(diversity)*skilled policy -0.055 0.170* 0.192 gBO*** | -0.204 0.0573
[0.115] [0.0870] [0.160] [0.143] [0.176] [0.155]
In(stock of total R&D) 0.481* 0.463*+* 0.493* 0.436¢ |0.468 0.455%**
[0.276] [0.131] [0.265] [0.131] [0.273] [0.125]
In(skilled labour force) 0.195 0.389** 0.352* 0.525 |0.174 0.257*
[0.235] [0.159] [0.179] [0.143] [0.219] [0.137]
Observations 200 200 200 200 200 200
Number of countries 0.786 0.735 0.789 0.721 0.795 .76D
F-test 1st stage
In(diversity) - 11.79 - 11.09 - 12.17
In(diversity)*skilled policy - 8.90 - 22.67 - 19.28

Notes: The dependent variable is the natural Itigarof the number of citations. Country dummies gedr dummies
are included in all specifications. * denotes digant at 10%; ** significant at 5%; *** significanat 1%.
Heteroskedasticity robust standard errors in phesgts. The excluded instrument in the first stdgbe2SLS is the
log of imputed shares. In columns (1) and (2) #iesl migration variable ranges from 1 to 3. Irfwans (3) and (4)
the skilled migration variable is a dichotomousiahle, which is equal one if the countries putliace at least one pro-
skilled migration reforms and O otherwise. In cohem(5) and (6) the skilled migration variable igliahotomous
variable, which is equal one if the countries putplace more than one pro-skilled migration reforamsl O if it
introduced zero or only one reform in the periodsidered. The effect of the skilled policy variablene is absorbed
by the country fixed effects.
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Table 9: The effect of diversity on innovation, addional control variables

Patents Citations
OoLS 2SLS OLS 2SLS

€] 2) 3 “4)

In(diversity) 0.139*** 0.332** 0.130*** 0.373***
[0.0436] [0.141] [0.0424] [0.0980]

In(stock of total R&D) 0.563 0.504* 0.315 0.240*

[0.372] [0.210] [0.272] [0.129]
In(skilled labour force) 0.457** 0.455*1 0.139 0.13

[0.202] [0.215] [0.158] [0.120]
In(industrial structure) -0.0644 -0.0841 0.0852 603

[0.458] [0.300] [0.249] [0.168]
In(Pop) 1.144 0.951 0.271 0.0266

[2.362] [1.350] [1.617] [0.927]
Observations 197 19y 197 197
Number of countries 20 20 20 20
F-test 1st stage 21.22 21.22

Notes: In columns (1) to (2) the dependent varigblde natural logarithm of the patent applicatidited under the
PCT recorded by priority date; in columns (3) t9 {g the natural logarithm of the number of citago Country
dummies and year dummies are included in all spatiébns. * denotes significant at 10%; ** signdiat at 5%; ***
significant at 1%. Heteroskedasticity robust staddarors in parentheses. The excluded instrunmetite first stage of
the 2SLS is the log of imputed shares

Table 10: The effect of diversity on innovation, tw to four years lag. Patents

OLS 2SLS OoLS 2SLS OLS 2SLS
€] 2 3 4 ®) (6)
In(diversity) 0.152 0.472%** 0.0548 0.524**t 0.0392 0.564***
[0.0963] [0.170] [0.0770] [0.153] [0.0671] [0.156]
In(stock of total R&D) 0.659* 0.571** 0.430 0.284 | 0.534** 0.331*
[0.323] [0.198] [0.282] [0.211] [0.246] [0.196]
In(skilled labour force) 0.270 0.316 0.294 0.451%*0.0248 0.26
[0.332] [0.263] [0.268] [0.149] [0.348] [0.172]
Observations 194 194 175 174 155 154
Number of countries 20 20 19 19 19 18
F-test 1st stage - 21.08 - 18.05 - 16.08

Notes: The dependent variable is the natural Itgariof the patent applications filed under the P@torded by
priority date. In columns (1) and (2) we assume ywars lags, in columns (3) and (4) three years gl in columns
(5) and (6) four years lags. Country dummies arat geimmies are included in all specifications. haokes significant
at 10%; ** significant at 5%; *** significant at 1%Heteroskedasticity robust standard errors in miheses. The
excluded instrument in the first stage of the 281 the log of imputed shares
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Table 11: The effect of diversity on innovation, tw to four years lag. Citations

OLS 2SLS OLS 2SLS OLS 2SLS
) 2) 3) 4) (5) (6)
In(diversity) 0.0846 0.280*** 0.0767 0.260**t -0.809 0.172*
[0.0512] [0.0951] [0.0476] [0.0848] [0.0726] [0&9
In(stock of total R&D) 0.408 0.354*** 0.427* 0.369* | 0.466**  0.397***
[0.240] [0.116] [0.221] [0.123] [0.194] [0.123]
In(skilled labour force) 0.159 0.187* 0.0259 0.0872 -0.0364  0.0613
[0.179] [0.108] [0.149] [0.103] [0.177] [0.107]
Observations 194 194 175 174 155 154
Number of countries 20 20 20 19 19 18
F-test 1st stage - 21.08 - 18.05 - 16.08

Notes: The dependent variable is the natural |tyariof the number of citations. In columns (1) &8) we assume
two years lags, in columns (3) and (4) three y&ags and in columns (5) and (6) four years lagurfy dummies and
year dummies are included in all specificationslehotes significant at 10%; ** significant at 5% *significant at
1%. Heteroskedasticity robust standard errors mergheses. The excluded instrument in the firgjestaf the 2SLS is
the log of imputed shares

Table 12: The effect of diversity on innovation, dakernative measure for knowledge stock

teas
OLS 2SLS
1) 2)
In(diversity) 0.1171%** 0.348**
[0.0345] [0.155]
In(stock of total Patents) 0.734*** 0.694***
[0.193] [0.103]
In(skilled labour force) 0.0311 0.0562
[0.252] [0.233]
Observations 213 213
Number of countries 20 20
F-test 1st stage 22.12

Notes: The dependent variable is the natural |tyariof the patent applications filed under the P@torded by
priority date. Country dummies and year dummiesieckided in all specifications. * denotes sigrafit at 10%; **
significant at 5%; *** significant at 1%. Heteroskasticity robust standard errors in parentheseg &icluded
instrument in the first stage of the 2SLS is thpdd imputed shares
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Table 13: The effect of diversity on innovation, 195-2003

Citations
OLS 2SLS
1) 2)
In(diversity) 0.0338 0.180*
[0.0605] [0.0983]
In(stock of total R&D) 0.549*** 0.417***
[0.154] [0.120]
In(skilled population) -0.183 -0.0964
[0.193] [0.100]
Observations 118 117
Number of countries 18 17
F-test 1st stage - 7.47

Notes: The dependent variable is the natural Ittgarof the number of citations. Country dummies gedr dummies
are included in all specifications. * denotes digant at 10%; ** significant at 5%; *** significanat 1%.
Heteroskedasticity robust standard errors in phesgts. The excluded instrument in the first stdgbe2SLS is the
log of imputed shares

Table 14: The effect of diversity on innovation, dernative measures of general knowledge

Published Documents Citable Documents
OLS 2SLS OoLS 2SLS
(1) ) ) (4)
In(diversity) 0.0715 0.128** 0.0769 0.145*
[0.0432] [0.0595] [0.0445] [0.0600]
In(stock of total R&D) 0.462%** 0.449%** 0.462** Q447%**
[0.140] [0.0683] [0.143] [0.0704]
In(skilled population) 0.127 0.129* 0.116 0.118
[0.117] [0.0711] [0.118] [0.0721]
Observations 213 213 213 213
Number of countries 20 20 20 20
F-test 1st stage 22.86 22.86

Notes: The dependent variable in columns (1) apds(the natural logarithm of the patent applicasidiled under the
PCT recorded by priority date; in columns (3) addl i6 the natural logarithm of the number of cdas. Country
dummies and year dummies are included in all spatiéns. * denotes significant at 10%; ** signdiat at 5%; ***
significant at 1%. Heteroskedasticity robust staddarors in parentheses. The excluded instrunmetite first stage of
the 2SLS is the log of imputed shares
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Table 15: The effect of diversity on innovation. Dmmy for English proficiency

Patents Citations
OLS 2SLS OoLS 2SLS
(1) ) 3) 4)
In(diversity) -0.00062 -0.0425 0.0251 0.0465
[0.0950] [0.149] [0.0687] [0.160]
In(diversity)*dummy for english
proficiency 0.378** 0.674* 0.242* 0.275*
[0.277] [0.182] [0.132] [0.149]
In(stock of total R&D) 0.383 0.264 0.419 0.397***
[0.323] [0.171] [0.271] [0.107]
In(skilled population) 0.259 0.187 0.202 0.193*
[0.240] [0.245] [0.209] [0.114]
Observations 188 188 188 188
Number of countries 18 18 18 18
F-test 1st stage
In(diversity) - 11.55 11.55
In(diversity)*dummy for english
proficiency - 24.57 24.57

Notes: The dependent variable in columns (1) ahds(the natural logarithm of the patent applicasidiled under the
PCT recorded by priority date; in columns (3) adAjl i6 the natural logarithm of the number of cdas. Country
dummies and year dummies are included in all spatibns. * denotes significant at 10%; ** signdiat at 5%; ***
significant at 1%. Heteroskedasticity robust staddarors in parentheses. The excluded instrunmetite first stage of
the 2SLS is the log of imputed shares
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Appendix

Table Al: First Stage for the excluded instrument®f cultural diversity
In(diversity)
1)
In(Imputed shares) 0.337***
[0.0704]
In(stock of total R&D) 0.279*
[0.152]
In(skilled labour force) -0.400**
[0.189]

F-test of excluded
instruments F(1,178) = 22.86

Prob > F =0.0000

Notes: * denotes significant at 10%; ** significaat 5%; *** significant at 1%. Heteroskedasticitghust standard
errors in parentheseall regressions include year and country fixed etffe
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