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Abstract

The implementation of the Smart Specialisationt8tna (S3) has required regions in the EU to
identify the technological domains where they vidtus innovation policy. Choosing the best-
suited domains involves a challenging assessmethieaiechnological domains in which the region
demonstrates superior innovative capabilities hatlare going to facilitate diversification intome
sectors. Given that regional specialization showsigh degree of path dependence, successful
diversification can be achieved only in domaing @@ closely related to the existing knowledge
base. The aim of this paper is to provide a firspigical assessment of the coherence between the
technological domains chosen by lItalian regionstaode in which they show actual capabilities in
research and innovation, as measured by their {iagesctivity in recent years. The paper develops
a methodology to characterize the technological alosmof the S3 and compare them to the actual

innovation capabilities of the region.

Keywords: smart specialization strategy; innovatoapabilities; regional development; regional
innovation policy.



Introduction

The design and implementation of the Smart Speaitdin Strategy (S3 from now on) has called
for an effort from regional authorities aimed a¢ntifying the specialisation domains where they
are expected to concentrate the allocation of messuand target their innovation policy (Foray et
al., 2012; McCann and Ortega-Argilés, 2013). Chagpghe specialisation domains has been a
challenging task for regional authorities for sedveeasons (lacobucci, 2014). The major challenge
was presented by the novelty of the design prodessording to the EU guidelines (Foray et al.,
2012), the design of S3 had to follow a bottom-ppraach in which ‘entrepreneurial discovery’
was one of the main features. The second majotectyd for regional authorities was the fact that
specialization had to refer to technological dommamther than to industrial sectors. The emphasis
on technology rather than on products or serviedisa result of the theoretical underpinnings ef th
S3 strategy: the emphasis is on linkiresearchand innovation and on the diversification of
regional productions.

Smart specialisation strategies are meant to iyeptiorities for future regional development
trajectories. In principle, they should originaterfi an effective matching of the opportunities in
terms of ‘knowledge and technological specializ@tidConsequently, the specialization domains
chosen by regions are expected to satisfy theviahig criteria: i) the region is expected to show an
effective strength in terms of research and innowatii) the chosen domains are expected to
provide opportunities for the development of newdurcts and services.

The underlying idea is that targeting the most psomg technological domains will facilitate
product innovation and the diversification of ekigt specialization through the creation of new
technologies and production. Moreover, it is alspeeted to contribute to the technological
upgrading of existing sectors through a more effectatching between the creation of new
knowledge and its application (McCann and Orteggiés, 2015).

In principle, the choice of technological domairt®wd originate from an analysis of the
region’s economic, technological and research sfpieations, aimed at identifying those with the
greatest potential. As mentioned before, one ofntlagor practical challenges in the design of S3
was the shift of emphasis from industrial sectorgethnological domains. Although this shift was
the logical consequence of the theoretical appreacimderlying S3, at the practical level it posed
several difficulties.

One of the obstacles is the absence of a map @ntechnological domains and industrial
sectors. This map would be extremely useful foogedising the technological domains that are
more relevant, taking into consideration the indakspecialization of a region, as well as being
helpful for identifying the technological upgradimgportunities of existing sectors. It would be
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even more significant for the understanding of wiev production opportunities may originate
from an investment in a specific technological domén the absence of this map, regions have
relied on a bottom-up process for the identificataf such links. In particular, those links were
suggested by firms, researchers and technologyrsxgering several rounds of focus groups and
other consultation practices that were at the hbafsibe ‘entrepreneurial discovery’ process (Foray
et al., 2009). The underlying logic is that firmmedaesearchers directly involved in the development
of technology and products are better equipped fiwicy makers in the selection of the most
promising domains in which it would be worthwhile tnvest public and private funds.
Notwithstanding the validity of this argument, welibve that the choice of the technological
specialization domains cannot rely on a ‘pure’ @otup approach. The many requests arising from
researchers and firms must be selected and mediatedding to the main aims of the S3: to make
it a coherent strategy, rather than a collectiodiféérent (and potentially conflicting) interests.

Another obstacle that regions have had to facéhaslack of data that are suitable for the
analysis. Indeed, most of the available economia dee organized according to the classification
codes of economic activities (NACE). Industry cisation systems are mainly based on the
description of products or services and may notappropriate when trying to identify the
technologies that are useful in a specific produnctiThis problem is even greater if we consider
that products are becoming increasingly complexthatitheir production makes use of knowledge
originating from many heterogeneous technologicainains. This tendency is evident when
looking at the growing relevance of the so-calleshsversal or key technologies: i.e. technologies
that may have important applications in many se¢tawmetimes very distant from the one in which
they had been originally developed.

An additional practical problem that regions hawed ho address in the identification of
technological specialization domains was the alesef@a codified system for their classification.
Consequently, in the S3 documents the specializatmmains (as well as the more detailed sub-
domains) are presented using the natural languggs. choice allowed regions to be somewhat
flexible (and sometimes ‘creative’) in the iderdédtion of domains. However, it also presents
several drawbacks. The first is the lack of ‘cohtregarding the content that is actually considere
within a specific label. The second is that différéabels could be used to refer to the same
technological domain. The third is that it reducesnparability and hinders the possibility of
performing quantitative analysis of S3.

Starting from these premises, this paper has twa oigectives: the first is to describe in a more
rigorous and controlled way the technological spletion domains chosen by regions in their S3

documents; the second is to provide a quantitanaysis of the coherence between the chosen
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technological specialization domains and the acstr@ngth of regions in those domains. More
specifically, we seek to answer to the followingestions: have regions chosen technological
domains according to their actual innovation cag&dHave they selected technological domains in
which they are increasing their specialisation?

To overcome the problem about the taxonomy of teldgical domains, we rely on the
International Patent Classification system (IPQlis’system is adopted by patent offices around the
world to classify the technological domains to whe patent refers. Indeed, it is a widely known
and universally adopted technology classificatigstam, thus referring to technological domains
instead of to industrial domains.

We focus our analysis on Italian regions. In pattc, for each region we associated the
specialisation domains declared in the S3 documevita the corresponding IPC codes.
Specifically, we used the most detailed descripbbechnologies provided in the S3 documents
and linked them to the 3-digit IPC codes.

In order to measure the degree of specializati@pétific technological domains, we calculated
several indicators of technological specializatmsed on patent applications between 2002 and
2012 whose inventors are located in a specificoregMoreover, we also computed an index
measuring whether a certain region is increasmgpecialization in a certain technological domain.
Our final measures of coherence attempt to quarth®/ degree of overlapping between the
technological domains chosen by regions and thdserevregions are actually specialised, as
proxied by their patenting activity.

The analysis allows us to measure the degree adrenbe between the technological domains
chosen by regions and those domains in which thewsan absolute or relative strength in the
patenting activity.

The paper is organized as follows. Section 2 ptesardiscussion of the rationale behind the
identification of technological domains within S&dathe questions that this has posed for S3
design. Section 3 presents the data and the mdtdgydapplied. Section 4 discusses the empirical
results. Section 5 draws the main conclusions amgjests the principal research and policy

implications.

Background literature and research hypotheses
The S3 approach represents a major novelty in Eidmal policy. As a necessary condition for
obtaining structural funds for the programming per2014-2020, regions were asked to design a

development and innovation strategy, the so-cafedart Specialization Strategy (S3), to be



approved by the EU Commission. In particular, tleapproach required regions to select a few
specialization domains in which to focus their imatoon policy(Foray et al., 2012).

The S3 approach combines recent theoretical adsamcdannovation policy and regional
development (Foray et al., 2009). At the desigrellethe S3 approach has proposed two main
novelties. The first one is the emphasis onlibftom-up approackn choosing the specialization
domains. In fact, the choice should be the redudindentrepreneurial discovery’ process where the
actors of the regional innovation system, most bigtdirms and universities, contribute to
identifying the domains in which the region is mbkely to achieve a competitive advantage. The
second relevant novelty in S3 is that the spe@tbn domains should refer technological
domainsrather than to industrial sectors.

The shift from industrial to technological domairss the consequence of two theoretical
arguments: i) the relevance of research and denedopas one of the main drivers for innovation;
i) the importance of the knowledge capabilities diversifying regional productions. The former
argument points to the increasing importance oéstments in research and development (R&D)
and of linking research and innovation, as oppasedhvestments in the mere application of
existing knowledge to specific products and sesiicEhe latter argument originates from the
conclusions of the new evolutionary economic gepigyaLambooy and Boschma, 2001; Boschma
and Frenken, 2011). According to this theory, ‘&sstul’ regions are those that are able to
diversify their production over time according teaaging conditions in markets and technologies.
This diversification process is path-dependent emditioned by the knowledge endowments of
the region (Neffke et al., 2011). This knowledgedas represented by technological know-how
and organizational routines which can be appliedeteeral products and services. While products
and services may change to face market needs nihelédge base does not change rapidly over
time, since it is the result of a much slower acglation process. Therefore, a region’s
diversification capability lies in its accumulatkdowledge base rather than in specific products or
services. For this reason, innovation policy shdalget the development of this knowledge base
(technological domains) rather than specific prasloc services.

The need to identify technological domains rathentindustrial sectors has posed two main
challenges to regions. The first is the lack otahle data and information about the knowledge
base of a region. In fact, most of the data andrimétion about firms (and production in general)
has been collected and organized according to indakassification systems (NACE in the case of
Europe). The second challenge is the absence diaeed methodology for identifying the

technological domains which are more promisingriaovation and diversification.



Both issues were expected to be partially overcognéhe ‘entrepreneurial discovery’ process
(Foray et al., 2012). Firms, researchers and tdoggoexperts involved in this process were
expected to give suggestions to regional governsn@mthe most promising technological domains
and research projects in which to concentrate ressu The idea is that firms and researchers
directly involved in the development of technologryd products are better equipped than policy
makers in both defining and selecting the most oy domains.

As a consequence of this process and of the abseihebared methodologies, in the S3
documents the technological domains are identifisthg the natural language (lacobucci and
Guzzini, 2016). For example, ‘home automation’ mrethatronics’ at the level of specialization
domains, or ‘tissue engineering for regenerativedioiee’ at a higher level of detail. Indeed,
regions have adopted a tree structure based onamtb,sometimes three levels. The first level
contains the indication of the specialization damsain relatively broad terms (i.e. ‘health and
wellness’, ‘mechatronics’, ‘aerospace’, etc.). Aistlevel, the specialization domains are limited i
number (generally less than ten) even for largeorsg The second level specifies the technological
fields included in the general domain: for examgdrobotics for rehabilitation’ within the ‘life
science’ domain. Some regions used a three-lemgdtate, with a more detailed description of the
technological fields identified at the second level

The use of the natural language in the definitibrihe specialization domains (level 1) and
technological fields (level 2 and 3) has severawdracks. First, the level of aggregation (or
disaggregation) is not consistent across regioesd®l, different labels may be used to refer to the
same technological domain. Third, the lack of a mmm general classification reduces
comparability and hinders the possibility of penfiamg quantitative analysis of S3.

The use of quantitative methods is relevant foessuweasons. According to the S3 approach the
choice of the specialization domains should be ndsised on the ‘entrepreneurial discovery’
process. However, the definition of the specialraistrategy cannot rely on a ‘pure’ bottom-up
approach. The many requests arising from reseaemer firms have to be selected and mediated in
order to develop a coherent strategy. This meaatsatimore objective (i.e. quantitative) analysis of
the specialization domains could help policy makershoosing the technological domains which
are more relevant for the region according to thesaf the S3.

To overcome the limitations imposed by the usehefriatural language, it is necessary to use a

homogeneous classification of technological domadihe most obvious response to this need is the

IFor example, the maximum detail of specificationyrba very different, ranging from a broad techn@abdomain
(e.g. ‘micro and nano-electronics’) to a very sfieane (e.g. ‘new polymer alloys obtained by conibg polymers
with non-polar saturated and unsaturated rubbeextrysion in the molten state’).
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use of the International Patent Classification (IPICsystem adopted by patent offices around the
world to describe the technological fields a patefers to. The IPC is a knowledge categorization
system designed by experts with several hierartlhesls that has been refined over 35 years.
Besides the advantage of being a classificatideafnologies rather than of products and services,
IPC allows to relate in a direct way the technatagidomains chosen by regional governments and
the patenting activity within the same region.

Patents represent one of the main outputs of thevation process. Moreover, they indicate
technological domains in which firms and resean$titutions are investing and accumulating
knowledge. However, patents are not the only outputnovative activity and indeed may not give
an exhaustive representation of the knowledge baseregion. In some sectors, patents are less
relevant for protecting technological knowledge #metefore their use is limited. In addition, while
patents represent a form of codified knowledge,trtexhinological know-how is based on informal
non-codified knowledge.

We think that these limitations are less relevantolur analysis. As previously discussed, one of
the aims of the S3 is to promote a more effectivk between research and innovation. For this
reason, it emphasizes the need to target techmalogomains in which the region is able to
develop new knowledge by increasing the investmei®&D. The number of patents granted in
those domains is one of the main indicators otcdgacity for developing new knowledge.

This paper is a first attempt at providing a cliisaiion of the technological domains contained
in the S3 documents in terms of IPC codes and apmplthis classification to carry out a
guantitative analysis aimed at assessing the cobereetween the technological domains chosen
by regions and those in which they show an effectiompetitive advantage, as measured by their
patenting activity.

More specifically, the paper has the following ainihe first is to provide a systematic
association between the technological domains swdan the S3 documents (at the highest level
of detail) and the corresponding IPC code. Taklng &ssociation as a starting point, it develops a
guantitative analysis based on patenting activitgeoved in the regions. The main aims of the
empirical analysis are the following:

« Assessing to what extent regions have chosen téadinal domains in which they show
an actual innovation capacity;

« Assessing to what extent regions have chosen témjinal domains in which they are
increasing their specialisation.



Data and methodology

S3 data

The empirical analysis is based on the analysih®fS3 documents officially approved by 20
Italian regions. These documents have been anatgsegtract the technological domains chosen
by the regional authorities at the highest leved@gcription. Since every region has defined them i
a non-codified way, we first had to homogenize tdseonomy in order to have fully comparable
information. The second step consisted of a sydienassociation between the most detailed
description of technological domains provided ire t83 documents and the corresponding
International Patent Classification (IPC) 3-digiideg. This association was carried out in a semi-
automated way by using the publicly available serWPCCAT (Categorization Assistant in the
International Patent Classification).3 The automatapping was then revised by experts.

For example, the Campania region indicated 6 tdolgimal domains among which Aerospace.
Under the latter domain the S3 document listed@eific technological sub-domains (at the most
detailed level). An IPC code was associated to @ddhem, resulting in 5 unique different IPC
codes (at three-digit level).Thus, we obtained t@itbel map of the chosen technological domains
and corresponding IPC codes(see Table 1 for an gejfn

The S3 documents were mapped into 64 differentd&des, with GO6(Data processing systems
or methods) being the code with the highest frequextross regions. Out of the 64 IPC codes,20
codes (31%) have a frequency equal to 1, suggeatingpderate level of diversification of the
Italian regions in choosing their specializatiomdons.

Each Italian regiok is characterized by a set of IPC co@esorresponding to the technological
domains chosen within its S3 strategy. In otherdspif an IPC code is in the setS then the
regionk has indicated the corresponding technological diasnia its S3 documents.

The use of IPC codes in characterising the speait#in domains is important for detecting
similarities or differences in the domains chosgndgions. Indeed, in some cases regions used the
same (broad) label under which they comprised miffetechnologies or used different labels to
refer to the same technological domain.

2http://www.wipo.int/portal/en/

3 www.wipo.int/ipccat/

4 The list of all the technological domains indichty Italian regions and the corresponding IPCselasare provided in
the Appendix. Abruzzo is not included among theiceg analysed because the S3 document indicategetheral

domains of specialization (namely, agrifood, liéesice, ICT/aerospace, fashion/design) but didonotide a detailed
description of the technologies included in thesendins. This made it impossible to determine th€ KWasses
associated to the specialization domains.




Patent data

We retrieved patent data using the OECD RegPatbdseéa (February 2016 version) which
provides information about the IPC codes a pateldrigs to and the address of its applicant(s) and
inventor(s). We looked at the PCT patent applicetifrom 2002-2012 with at least one of the
inventors localised in Europe, this was in orderagsign to each European NUTS2 region the
corresponding number of patents. These data allowouassess the dynamics of innovation and
technological specialization within the Europeagioas as measured by patents.

We computed the fractional count of PCT applicatitor each 3-digit IPC class (if a patent was
classified in more than one IPC class, its fra@locount is considered for every IPC class it
belongs to) in each year and European NUTS2 region.

Specialization measures

In order to characterize the technological domairregion is specialized in, we refer to three
types of patent-based measures: i) the relativeigpation in an IPC class; ii) the positive treind
the relative specialization in an IPC class intihee window we are taking into consideration; iii)
the absolute value in terms of number of patentaniiPC class. We describe these measures in
detail.

Relative specialization measure

In order to measure the actual relative technoldgpecialization at the NUTS2 level we used
the Balassa Index, also known as Revealed Comyparativantage (RCA) index. We defined the
RCA as follows:

in

K
zxki

RC,%i = k|=1—

Zxki

whereX,; is the sum of the fractional count of PCT paténtshe period 2002-2012 in regidn
belonging to IPC clasis Therefore,RCA  is the ratio between the patent share of redioin IPC

classi and the patent share of IPC clasis the world. Since the Balassa index tends tetav
asymmetric and skewed distribution, we computegnansetric version of this index by applying
the following transformation (Dalum et al., 1998):

RCA, -1

RCA™ =
A RCA, +1
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We dichotomized theRCA™ using the threshold 0, since values below O paird negative

relative specialization in a certain technologidamain as identified by the 3-digit IPC class of a

certain region, while values above 0 indicate atpesrelative specialization. Hence, we obtain a

KxN matrix (D,,), where each cell is equal to 1 if the regibris positively specialized in the
IPC classi . By way of example, we show an extraction of thegrix in Table 2.

Positive trend measure
Second, we seek to know whether a region is s@mifly increasing its technological

specialization in a certain IPC class in the timedow from 2002 to 2012. In order to do so, for

each combination of regiok and IPC class we perform a regression ®®CA"(t), computed

year by year, with the time variabte(i.e. year - 2002 + ] as regressor. We say that regioris
characterized by a positive growth trend in IPGglia when the coefficient of the variableis

positive and significant (at the 80% level). Henee, say that the variabteend; is equal to 1 if
the regionk shows a positive growth trend in the IPC classd 0 otherwise.

Absolute value measure
Finally, in order to have a measure of the absciuteortance’ of a region in a certain IPC
class, we consider the fractional count of patdéotseach region in the period 2002-2012. The
variableNPakis equal to the fractional count of PCT applicasiar the regiork in the IPC class
i over the period 2002-2012. Please note that tleiasore identifies the number of patents with at
least one of its inventors located in a specificdpean NUTS2 region. Then, we dichotomize this
variable using the median of nonzero values agegisns as threshold, namely
Coherence indicators
In this paper, we aim to assess the extent to wihialian regions have chosen the S3
technological domains according to strength in gewh innovation capabilities as measured by
patenting activity, i.e. the coherence betweenrB®vation strategy and actual attributes in terms
of innovative capacity. In order to do so, we cotemeveral indexes for each reglon
a. number of technological domains (IPC classes) dedla the S3 documents;
b. number of technological domains (3-digit IPC cla$sa which a region is specialized, as
measured by the Balassa index;
c. index of coherence based on RCA: share of chosete@ological domains in which a
region is actually specialized, according to itsrmalized RCA index
YNLIG €Sy - I(RCARS™ > 0)

Ry = ,
Z%\Izl I(l € Sk)
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d. number of technological domains (3-digit IPC cla$s@ which a region is significantly
increasing its specialization (according to thevabmentioned positive trend measure);

e. index of coherence based on RCA and positive trer@hsures: share of chosen S3
technological domains in which a region is eitheadtually specialized (according to its
normalized RCA index) or ii) significantly increagi its specialization (according to its
positive trend measure)

_ 2L IG € Sy) - I((RCARS™ > 0) V (trendy,; = 1))

- TG €S

f. number of technological domains (3-digit IPC cla3se which a region has a number of

Ty

patents over the median of non-zero values aceagens;

g. index of coherence based on the absolute valueureeashare of chosen S3 technological
domains in which a region is actually relevant (#@bsolute number of patents belonging to
the last quartile at the European level)

_ YR 1G € Sy) - I(NPaty; > t)

- T 1G €S

Ag

Empirical results

As expected from the logic of S3, regions have ehoa number of specialization domains,
which is a subset of those in which they show atned specialization (i.e. RCA>0); on the average
the former are about one-third of the latter (sebld 3). However, there are large differences
around the mean. The opposite cases are Toscan@angdania that show a similar number of
technological fields with relative specializatiod8( and 47 respectively): however, Toscana
indicated only 6 technological domains in its S3cwuoent, while Campania indicated 33
technological domains. Regions that show a ‘narfmeus in their S3 (compared with their actual
span of specialization) are Marche, Sardegna, Molsovincia Autonoma di Bolzano, Umbria,
Veneto and Sicilia. On the contrary, together v@dmpania there are other regions that opted for a
larger span of specialization: Basilicata, Calabnd Provincia Autonoma di Trento.

Besides the large or narrow span of specializatbasen by regions, the question we are
interested in addressing is whether the chosen ibgnage within the ones in which the region has a
relative advantage (as measured by the RCA indlég)referred to it as an indicator of ‘coherence’
between the observed and the chosen specializalonaverage, the degree of ‘coherence’ is

slightly less than 50%. Moreover, also in this c@sefor the span of specialization) there aredarg
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variations around the mean, from the lowest valok§oscana and Sardegna (0.17 and 0.25
respectively) to the highest values of Puglia aredafo (0.64 and 0.62 respectively).

Based on the two indicators discussed above (ieespan of specialization and the degree of
coherence) regions can be divided into four grageerding to their distance from the mean values
of the two indicators (see Figure 1). In theorysheuld expect a negative relation between the two
indicators: the larger the span of specializattbe,higher the risk of losing coherence in the choi
of technological domains. For this reason, regwagre expected to be distributed in the second and
forth quadrant. This is true for about half of tlegions. However, there are several regions that,
despite a narrow span of specialization, show adegree of coherence and a few regions that,
despite the larger span of specialization, shogwallof coherence above the méan.

It is worth remembering that we are using the cphoé coherence in a ‘neutral’ way. It does
not imply any judgement on the choices made byorei governments. They may have chosen
domains in which there is not an actual speciabmabecause of their future potential or because
they emerged from the entrepreneurial discoverggs®. However, whatever the criteria has been
for including a specific technological domain, # fielevant to know to what extent the region
already had shown a strength in it.

We have extended the analysis of coherence by denisgy other indicators that may
characterize the technological strengths of a rediesides the index of relative specialization
(RCA). Specifically, we have chosen two indicators.

The first is the trend in patenting; we look atgbdechnological domains in which the RCA
indicator has increased in the period before th&igdeof the S3. The second is an index of
‘absolute’ strength (see previous section). A regimoay not have a relative specialization in a
technological domain but nevertheless its choiaddcbe justified by the fact that it is increasing
the innovative activity in that area or has a caitimass of R&D activity and patents in it. This
latter index is highly dependent on the size ofrgion and on its innovation capabilities. Large
regions with a large and diversified knowledge basgyed a greater degree of freedom in
choosing their specialization domains, as theyheacritical mass of accumulated technological
knowledge in a large number of technological domairhis is not the case of small regions or
regions with a low level of innovation performang@eost of the Southern regions in the Italian
case) that had to make their choices from amongiehnsmaller set of promising technological

domains.

5 The latter result is not unexpected if we consttiat the number of technological domains chosereions is only
one third of those in which they showed a relasipecialization.
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Table 3 shows the technological domains in which regiorasehincreased the relative
specialization during the period before the desfithe S3. The number of these technological
domains is much smaller than those in which therei specialized. Moreover, out of the 73 IPC
classes in which the Italian regions have incredisei specialization in the period 2002-2012 only
12 were included as specialization domains in &3f éf these IPC classes were already considered
in the previous indicator of coherence, as theyevaready comprised within those IPC classes in
which the regions showed a relative specializatids. a result, the inclusions of the ‘trend’
indicator resulted in a significant increase in ttlherence indicator only in a few regions (see
Table 3.

The situation changed significantly when we consttde absolute strength of regions in patenting
activity, as measured by having a number of pateimbse the median of EU regions. As previously
mentioned, in this case the size of the regiondargtas they have a large number of technological
domains in which they show absolute strength. @natiher hand, we find small or less-developed
regions that have none or only a few domains inctvithey show a significant patenting activity
(seeTable 4. This produces a dichotomous distribution of tblerence indicator. The largest and
most-developed regions (such as Lombardy, Emilian&ma, Veneto, Piemonte, etc.) show a
coherence indicator equal to 1 or just above 1heg had the possibility of choosing from a large
number of technological domains where they havaifsiggnt patenting activity. On the opposite
front, there are the small or less-developed regyi@asilicata, Calabria, Molise, Sardegna and
Valle d’Aosta) that had none of several of the tebgical domains with a significant patenting
activity.

We should expect a positive relation between thanspf specialization (i.e. the number of
technological domains in which a region has chdsespecialize) and the share of IPC classes in
which the region shows an absolute strength. The lbehind this expectation is that if a region
does not already possess a critical mass in a aéadinal domain it would be more difficult to
obtain a significant competitive advantage in thamain. As a result, we expect that investment
will be concentrated in fewer domains, as this wallse the likelihood of overcoming the initial
weakness.

As shown in

13



Figure 2 this expectation is satisfied in general, but $@ame exceptions. Specifically, there are a
few regions that, despite the low number of domamnwhich they show absolute strength, have
nonetheless chosen a large span of specializatias, resulting in a low level of the coherence
indicator.

As a robustness check of the results obtained,epeated the analysis using EPO applications

instead of PCT applications. Figures 3 and 4 rafifigures 1 and 2 using EPO applications.

Conclusions and further development

The main aim of this paper is to provide a firssemsment of the coherence between the
technological domains chosen by regions for thelempntation of their Smart Specialization
Strategy and those in which they show an actuahgth. The latter has been measured in several
ways: an index of relative specialization (whichindependent of the size of the region and the
number of patents), the trend in knowledge accunioma and the absolute strength in a
technological domain.

To construct those indicators and to relate thetheadomains actually chosen by regions, it was
necessary to define them in a homogeneous wayad fegions used the natural language to
indicate their specialization domains. To this amused the classification of technology provided
by the IPC, i.e. the international classificatiavdes of patents. We associated the specialization
domains indicated by regions to the correspondi(@ ¢odes, using the highest detail of description
provided in the S3 documents. As a result, we abtha codified map of the specialisation domains
selected by regions for their S3. The use of IP@esoffered not only the possibility of defining
the technological domains chosen by regions indified and homogeneous way, but also allowed
us to relate this choice to the knowledge baseraebden the region, as resulting from the patenting
activity of firms and research centres locatechregion.

In general, the set of technological domains inetllly regions in the S3 is lower than those in
which regions show some kind of strength. In thense, regions have fulfilled the basic
requirement of S3 in choosing a narrow set of tetdgical domains in which to specialize.
However, there are also relevant differences betwesgions that choose a narrow span of
specialization and those that choose a large nuofliechnological domains.

A large span of specialization may not be a problenlarge and well-developed regions that
have reached a high level of the ‘coherence’ inbgxchoosing domains in which they are
specialized or in which they in any case alreadsa position of absolute strength.

On the contrary, smaller or less-developed regimese expected to reduce their span of

specialization, as they have a much reduced séeabinological domains in which they show
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absolute strength or in which they are have aivelapecialization or a positive trend in knowledge
accumulation. This expectation is not always vedfi Thus, it results in a high variation of the
coherence indicators, even when all the measureslative and absolute strength in knowledge
production are considered.

It is worth remembering that we are using the cphoé coherence in a ‘neutral’ way. It does
not imply any judgement on the choices made byoredigovernments. They may have chosen
domains in which there is not an actual speciabmabecause of their future potential or because
these domains emerged from the entrepreneuriabwlsg process. This analysis is intended as a
way of improving the awareness of regions on thglication of their choices. In fact, the analysis
will allow regions to more fully understand the geat situation of the technological domains that
they have chosen in terms of absolute and relatr@ngth. It seeks to help them in implementing
the strategy and in providing a more meaningful sneaof its results.

The analysis will also be useful in predicting thossults. We would expect that the strategy is
more likely to produce effective results in thosehnological domains in which a region already
shows absolute and relative strength. On the contitawould be much more difficult to obtain
effective results in those technological domaineretthe region has not shown absolute or relative
strength.

This analysis has several limitations. The mostartgnt limitation is the use of patents as a
measure of the technological specialization andvative capacity of a region. The use of patents
may undervalue knowledge production and innovaiiomdustry sectors that use other forms of
knowledge protection or that are characterizecheypresence of small firms.

However, one of the most important aims of the S®istrengthen the link between research
and innovation. It also aims at increasing productovation as a way of strengthening the
diversification of regions towards more innovat&ed knowledge-based productions; which are
expected to result in a higher growth of produtyivin both cases, patents represent an important
indicator for measuring the efficacy of the S3he attainment of these goals.

The methodology developed in the paper opens dgueanaising developments. Having defined
the specialization domains in a homogeneous ancgarable way allows a better comparison of
the choices made by region and an opportunity &duate the degree of ‘connectivity’ that may be
attained between regions that have chosen sinmileoraplementary domains.

Another development is to identify, for each regitmose domains in which they still have an
absolute or relative strength and those that haem lzhosen for their promising trend but that at
present show a situation of relative weakness. 3tnigild allow regions to better target their palicy

A third development would be to measure to whaeémixtegions have chosen domains with a high

15



or low degree of technological relatedness, giveat this is expected to influence the overall

innovative performance of the region.
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Tables and figures

Table 1 - An example of IPCs associated to regidoahains as declared in the S3 documents

Region Regional Domains Corresponding IPC classes
Lombardia Aerospace G09 B64 B81 G02 A23 A61 B82 Y02
G21 A62 A99 G06 HO1 B44 D01 HO4 C7
Agrifood B60 B63 BO1

Green manufacturing

Health

Artistic and cultural industries

Advanced manufacturing

Sustainable mobility

02
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Table 2 - Indicators of coherence between regid@fltechnological domains and regional technological
specialization

_ Numper of IPC (_:odgs Number of IPC codes Share of _IPC c_hosen in
Region in which the region is s the S3 in which the
(in alphabetical order) specialized chosen Itaﬁletgegreglon " region shows a relative

(RCA>0) specialization

Basilicata 29 13 0.31
Calabria 39 17 0.59
Campania a7 33 0.55
Emilia-Romagna 52 15 0.47
Friuli Venezia Giulia 43 16 0.44
Lazio 45 17 0.47
Liguria 50 16 0.50
Lombardia 70 19 0.42
Marche 52 10 0.30
Molise 25 5 0.40
Piemonte 59 15 0.47
Provincia autonoma di Bolzano 44 9 0.33
Provincia autonoma di Trento 48 22 0.50
Puglia 46 11 0.64
Sardegna 44 8 0.25
Sicilia 40 10 0.60
Toscana 48 6 0.17
Umbria 46 10 0.40
Valle d’Aosta 25 9 0.33
Veneto 56 13 0.62
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Figure 1 - Regions by span of specialization angréle of coherence (differences from the mean)
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Table 3- Indicators of coherence between regioBaleghnological domains and those in which theargi

showed a positive trend

Share of IPC

Share of IPC
chosen in the
S3 in which the

Region Number of_IPC ch_osen_in the region shows a Improvement
(in alphabetical order) clas_s_es witha| S3 n which the relative f_ror_n .
positive trend region shows a specialization specialization
positive trend OR a positive

trend
Basilicata 0.31
Calabria 2 0.06 0.59
Campania 4 0.06 0.58 0.06
Emilia-Romagna 4 0.13 0.53 0.14
Friuli Venezia Giulia 4 0.06 0.50 0.14
Lazio 5 0.06 0.53 0.12
Liguria 2 0.50
Lombardia 8 0.42
Marche 6 0.10 0.40 0.33
Molise 1 0.40
Piemonte 8 0.07 0.53 0.14
Provincia autonoma di Bolzano 2 0.33
Provincia autonoma di Trento 5 0.05 0.50
Puglia 4 0.09 0.64
Sardegna 2 0.25
Sicilia 4 0.10 0.60
Toscana 4 0.17
Umbria 4 0.40
Valle d’Aosta 0.33
Veneto 4 0.62
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Table 4- Share of IPC codes in which the regiondhasmber of patents near the EU median

Nu.mber of lP.C in Number of IPC codes
Region which the region is chosen by the region Share
over the European N the S3
median

Basilicata 0 13 0.00
Calabria 2 17 0.06
Campania 28 33 0.36
Emilia-Romagna 109 15 1.00
Friuli Venezia Giulia 47 16 0.75
Lazio 87 17 1.00
Liguria 34 16 0.37
Lombardia 119 19 1.00
Marche 41 10 0.30
Molise 0 5 0.00
Piemonte 105 15 0.93
Provincia autonoma di Bolzano 6 9 0.00
Provincia autonoma di Trento 9 22 0.05
Puglia 13 11 0.27
Sardegna 2 8 0.00
Sicilia 5 10 0.30
Toscana 102 6 1.00
Umbria 7 10 0.00
Valle d’Aosta 2 9 0.00
Veneto 106 13 0.92
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Figure 2 - Span of specialization and share of B&@des in which the region shows absolute strength
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Figure 3 - Regions by span of specialization angrele of coherence (percentage difference from thanin
- EPO applications
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Figure 4 - Span of specialization and share of [lRGwvhich the region shows absolute strength - EPO
applications
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