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Abstract

The concept of Regional Competitiveness (RC), in the last years, had a considerable influ-
ence on the development of strategies and policies focused on sub-national areas from
an economic and social perspective. In particular, RC attracted the substantial attention
of policymakers due to the possibility of evaluating and comparing different territories
without any established political or conceptual framework. Conversely, scholars have long
debated the meaningfulness of territorial competitiveness itself and, in case, which dimen-
sions have to be included. This study reviewed the most recent scientific literature concern-
ing RC with a bibliometric approach based on topic modelling. The use of a textual-based
statistical approach offered an interesting insight into the RC research domain. We high-
lighted the topics discussed by scholars, showing the patterns emerging across years and
from different publication types, and marked the differences between the vocabulary used
by authors coming from EU and non-EU countries. Finally, a comparison between the RC
issues coming from the literature analysis with the RC issues defined by policymakers tried
to link the two standpoints followed by the institutions and the academia in a more compre-
hensive conceptual framework.
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1 Introduction

The concept of competitiveness can be considered from different standpoints, depending on
the domain and the nature of the involved entities (Aiginger, 2006; Thyroff & Kilbourne,
2018). As a general matter, all the possible definitions encompass the idea of successfully
keeping up and then prevailing over other entities in a given context. In this sense, it is
possible to regard competitiveness at an individual or organisation level, considering sev-
eral case-specific determinants. During the years, competitiveness has attracted particular
attention of policymakers and scholars, particularly in its economic facet. In this accepta-
tion, competitiveness has been studied both from a micro and macro perspective, focusing
on increasingly wider layers based on firms, industries or the whole nations (Shvindina,
2020).

Porter (1990) originally referred to the competitiveness at a national level to the achieve-
ment and the maintenance of advantageous positions in several key industries, specifically
looking at productivity. Policymakers (and politicians) seemed to be very interested in this
view of competitiveness because it offers the possibility of measuring differences among
countries—discussing the relative performance of economies in a benchmarking sense—
without employing any other political or conceptual framework. Conversely, despite the
relevance of Porter’s studies in the broader competitiveness theory, this extension to ter-
ritories has been intensely debated by scholars (e.g., Krugman, 1994; Moon & Peery,
1995; Lall, 2001) and still leading the discussion on the reference literature. According
to Esser et al. (1996), the competitiveness of a territory can be considered as a meta-level
and expressed as the ability of a place to generate high and rising incomes, and improve
the livelihoods of residents. This interpretation in terms of wealth, also stated by Aiginger
(2006), led to an emphasis on ‘soft’ or less tangible assets as sources of competitiveness,
including together with the productive capacity also factors like the human capital, the
innovative capacity and the sustainability.

Since the beginning of the 2000s, policymakers and then scholars, mainly focused on
a sub-national layer of competitiveness, bringing attention to a regional dimension. In a
globalised economy, regions became an essential source of development and organisation
(Malecki, 2004; Werker & Athreye, 2007). Regional Competitiveness (RC) offers a general
fuzzy concept that covers aspects concerning firms as well as residents of a region. Over-
coming the idea that attracting international investments is the only way to make regions
more competitive, the regional policy started to focus also on the development of the criti-
cal aspects of the domestic environment. Beyond the practical implications of such a novel
perspective, scholars have few points of agreement in defining the key aspects underpin-
ning RC. Nevertheless, creating a taxonomy is still challenging because of the coexistence
of different domains and positions in the same framework, frequently counterposed due to
the different doctrines they refer to. At the same time, there are cultural differences among
the scholars—depending on their geographical origin or localisation—that can influence
their view about competitiveness and its drivers. In addition, the classificatory schemes
proposed in the past are affected by the mutation induced by the last industrial revolu-
tions—still in progress—and by the propulsive effects deriving from the activation of vir-
tuous circles between academia, industry and government (Etzkowitz, 2003; Leydesdorff
& Meyer, 2012).
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A systematic literature review of the different scientific contributions concerning RC
can help highlight the various conceptualisations. The analysis of scientific contributions
based on their content and the developed themes can be faced considering a semantic and a
statistical perspective. In this sense, the definition of a taxonomy can take place on a quali-
tative or a quantitative level. To the qualitative level belong all those methods based on the
manual attribution of documents to groups, as the content analysis (e.g., Berelson, 1952;
Krippendorff, 1980; Mayring, 2004). This approach relies on a series of steps that aim to
identify the most prominent topics, starting from identifying the meaning units in a sin-
gle sentence through successive aggregations (condensed meaning units, codes, categories
and themes). Although the steps have been often represented as a hierarchy, for the sake
of convenience, the classification process offered by content analysis is a continuous skip
between coding and categorisation, returning to the raw data to reflect on the initial choices
(Kolbe & Burnett, 1991). The inherent subjectivity of this approach represents a weakness
(Hsieh & Shannon, 2005), since one topic or one point of view may prevail over another
due to the researcher’s background and sensitivity. Therefore, creating a taxonomy requires
a deep knowledge of the domain under examination and a significant amount of time. The
quantitative level can be seen in the more general framework of the so-called textual statis-
tics, which allows transforming a textual body into a numerical data structure and perform-
ing a synthesis to identify the essential topics characterising the text (Lebart, 2020). In this
way, it is possible to automatically (or at least semi-automatically) create a taxonomy and
visualise the latent lexical structures embodied into the scientific contributions, leaving the
interpretation at the end of the process.

Trying to systematise the knowledge emerging from the RC literature and identify the
main characterising topics, in this paper a quantitative study is proposed and implemented,
in the framework of the science mapping procedures commonly used in bibliometrics (e.g.,
He, 1999; Borner et al., 2003; Cuccurullo et al., 2016; Aria et al., 2020). This approach,
to the best of our knowledge, was few explored in competitiveness studies and specifi-
cally focused on some theme of interest (Teixeira & De Matos Ferreira, 2018; Teixeira &
Pocinho, 2020). The strategy here followed belongs to the sphere of text-based analyses.
It stands as a novel approach compared to the previous attempts of classification made so
far with other methods. We propose to analyse the RC literature with the structural topic
model (STM) introduced by Roberts et al. (2014). This approach allows extracting a prior-
established number of topics by including in the model a set of covariates associated with
the surveyed documents. One of the strength points of STM is the possibility of know-
ing which documents contributed more in characterising the different topics, incorporating
context information in the identification process.

Three research objectives can mainly express the challenges posed by this study. The
first research objective (RO1) involves the identification of the prominent topics embodied
in the most recent RC literature, aiming at bridging the gaps caused by the multi-discipli-
nary of the domain. The second research objective (RO2) refers to the identity of RC topics
between EU and non-EU authors. This question tries to investigate the invariance of the
RC topics, focusing in particular on the country affiliation of the authors. The interest is
verifying whether there is an exogenous effect of the localisation of the scholars among the
selected topics. Implicitly, it aims at evaluating how the different geographic locations can
influence the attention to the different topics in connection with the socio-economic devel-
opment of the reference territory. A third research objective (RO3) comes from the neces-
sity of comparing the issues emerging from the literature and the dimensions empirically
measured in RC. Even knowing that there are some differences between the theoretical
backgrounds underlying the themes developed in the literature and the pillars of RC, the
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effort is to connect the different aspects characterising the RC both from a theoretical and
an empirical standpoint.

The paper is structured as follows. Section 2 briefly reviews the RC literature, underly-
ing the different views at the basis of the research area, and the conceptual evolution across
years. In Sect. 3, we introduce the main features of the STM here implemented. Section 4
describes the data used in the analysis and shows the main descriptive statistics. After pre-
senting the study’s findings with respect to the different research objectives in Sect. 5, we
conclude the work with Sect. 6, underlying the significant theoretical and empirical impli-
cations as well as the limits of the study.

2 Literature Review on Regional Competitiveness

Before identifying the prominent topics embodied in the most recent RC research fron-
tiers, an overview of the huge reference literature is necessary. Defining RC is not an easy
task since this concept encompasses different traits at an economic, managerial, political,
social and, last but not least, geographical level (OECD, 2012). This multi-disciplinary
nature makes complex referring to RC with a generic and simplistic vision. Earlier studies
approached the competitiveness of territories from two perspectives: as a set of determi-
nants influencing the level of country productivity and a factor of the sustained improve-
ment in population’s well-being. The first view of competitiveness can be found, for
example, in Schwab and Porter (2008) and it is implicitly encompassed in the Global Com-
petitiveness Index developed by the World Economic Forum. The second view of competi-
tiveness can be found instead—among others—in Meyer-Stamer (2008), in the framework
of the so-called systemic competitiveness. The concepts at the basis of the latter perspec-
tive partially overlap with the rationale of the Human Development Index developed by the
United Nations, in which the development (and the competitiveness) of a country is not
declined as economic growth alone. A rich literature flourished starting from the 2000s
(e.g., Porter, 1998, 2001; Camagni, 2002; Cellini & Soci, 2002; Porter & Ketels, 2003),
aiming at advancing in the competitiveness definition and its quantitative measurement.
The theme of RC rose to prominence in the EU with the so-called Lisbon strategy,
launched in March 2000. The primary intention of this initiative was to make the economic
processes capable of a sustainable growth—given a pace-stated and dynamic world such
as the one we live in—with an increase in the employment and better quality jobs as well
as a greater social cohesion. In this standpoint, the two perspectives were combined, lead-
ing to a definition of RC based on the management of resources and capacities to obtain
a sustained increase in business productivity as well as in the well-being of the region’s
population (Dijkstra et al., 2011). These ambitious goals have strengthened the interest
of international agencies (e.g., OECD, 2005, 2009) and attracted the attention of those
scholars already studying the national economic growth paradigms related to the models
of competitiveness at an international level. RC attracted so much attention because, dif-
ferently from the traditional themes debated in the economic doctrine, it is tangential to
several disciplines and has practical implications in the development of an area both from
an economic and socio-cultural viewpoint (Boschma, 2004; Kitson et al., 2004; Komarova
et al., 2014). In 2004, the Regional Studies journal dedicated a special issue to the theme
of RC (e.g., Budd & Hirmis, 2004; Polenske, 2004). Since then, the academic interest in
this issue has grown more and more, summing a large number of publications but without a
unified framework, a shared definition nor an agreement upon how the measurement of this
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concept should occur (Huggins & Williams, 2011; Cristelli et al., 2015; Annoni & Weziak-
Bialowolska, 2016).

The multifaceted nature of RC, as stated above, makes challenging to provide a defini-
tion. The debate concerning themes like industrial organisation, economic retardation or
the ‘new competition’ influences the diverse strategies and actions that can be carried out
for improving the socio-economic conditions of a given territory (Budd & Hirmis, 2004).
The formulation of RC has also been affected by the previous debate between economists
regarding a change in the concept of advantage, from the Ricardian perspective of com-
parative advantage to the more recent definition of Porter of competitive advantage. This
transition, based on a view of regional productivity as the primary engine and measure
of competitiveness, was not completely uncritical (Krugman, 1996; Boltho et al., 1997),
coming up with an initial balance between the work of Kitson et al. and Budd and Hirmis
. Kitson et al. , in particular, proposed a wide-ranging definition combining the three
approaches debated in the reference literature, i.e. the neo-classical theory, the increasing
returns theory, and endogenous growth theory. At the same time, these authors indirectly
included also the Porter’s view, merging three different conceptions of RC: a first stand-
point considering regions as sites of specialisation, a second one looking at regions as a
source of increasing returns, and a third one considering regions as hubs of knowledge
and economic trade (Garcia-Alvarez-Coque et al., 2020). In a further attempt of unifying
some RC key elements, Martin (2005) elaborated the conceptual model of regional com-
petitiveness hat built by considering several layers: regional outcomes, regional outputs,
regional through-puts and RC determinants. Among the RC determinants, Martin included
the production factors (labour, capital and land), the production environment, the infra-
structures and the human resources primarily, together with some secondary drivers rang-
ing from internationalisation and technological development to the environment and the
demographic aspects. Budd and Hirmis made some additional reflections by putting into
a single framework the comparative and competitive advantage with different geographi-
cal levels (regional and national). Despite this formidable effort, many scholars ques-
tioned these forms of transition from a comparative to a competitive advantage, along with
the shift from an international to a regional view. Foray (2015) noted that the literature
increasingly emphasised the importance of considering competitiveness at a regional and a
national level. In this complex overview of RC, together with socio-cultural and economic
aspects, an adequate level of education, clean energy availability, and quality of life find
a suitable place. Unfortunately, these latter aspects are not directly measurable. For this
reason, in many contributions, they are viewed in a qualitative perspective, not sufficient
to realistically capture the different levels of regional development because of the regions’
heterogeneity (Cristelli et al., 2015).

Heterogeneity is a widely discussed theme in the RC literature and can be triggered
by several factors, from a geographical (Diamond, 1997), cultural (McCloskey, 2010), and
biological (Ashraf & Galor, 2013) viewpoint. This source of differentiation, regarded as
the intersection of socio-economic and cultural components, can be the key to success for
many regions (Capello et al., 2009; Lavrinenko et al., 2019; Pietrzak et al., 2017; Sagiyeva
et al., 2018; Zeibote et al., 2019). At the same time, human capital factors were considered
of primary importance for RC. The body of aspects concerning human capital transferred
to RC studies the Economics branch known as the neo-classical Economics (see Becker,
1993), stating that the availability and the quality of human capital are relevant drivers of
the economic growth (Barro, 1989; Lucas Jr, 1988; Mankiw et al., 1992; Solow, 1956). A
study conducted at a regional level in OECD countries, dating back to 2007, highlighted
the determinant role of human capital in RC, claiming that higher shares of poorly educated
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people are more detrimental than lower shares of highly educated people (OECD, 2007).
Human capital is likely to influence economic growth through higher labour productiv-
ity and technological progress, increasing the overall progress of countries and regions
(Annoni & Weziak-Bialowolska, 2016).

Taking into account the different positions that emerged from the literature review, we
considered reasonable to define RC as in the work of Annoni and Dijkstra (2013): RC is
the ability of a region to offer an attractive and sustainable environment for firms and resi-
dents to live and work. Consistently with this vision, RC determinants can be found in the
11 dimensions used to build the EU Regional Competitiveness Index (RCI), the so-called
pillars:

PO1: Institutions

P02: Macroeconomic stability

PO3: Infrastructure

P04: Health

PO05: Quality of Primary and Secondary Education
P06: Higher education/training and lifelong learning
P07: Labour market efficiency

P08: Market Size

P09: Technological Readiness

P10: Business Sophistication

P11: Innovation

The 11 pillars are derived from the sequential aggregation of 74 indices observed for
each EU country at a regional level. They can be grouped in basic (PO1-P05), efficiency
(PO6-P08) and innovation (P09-P11) sub-indexes (D’Urso et al., 2019). The resulting
composite indicator has been of extreme importance for studying RC in the EU, since
it allows tracking competitiveness of 268 regions at the NUTS-2 level across all the EU
Member States over time'. Nevertheless, the conceptual framework offered by RCI can be
extended trying to define competitiveness at a regional level also for non-EU areas (e.g.,
Gonzalez Catalan, 2021).

To analyse the most recent literature concerning RC, we decided to perform an auto-
matic topic extraction from the scientific publications that appeared in 2016-2020. In par-
ticular, we considered an unsupervised approach able to highlight the per-document topic
distributions and the per-topic word distribution simultaneously, known as topic modelling.
Because of the evolution of the RC over time, and because of the influence that other fac-
tors—like the geographical localisation of scholars—may have on the RC research, we car-
ried on a structural topic model (STM), in which it is possible to incorporate some external
information on the analysed textual body.

3 Structural Topic Model: A Gentle Introduction
STM is a particular extension of topic models allowing researchers to find the main themes

within a set of documents automatically and estimate the relationships between topics and
some text metadata of interest. Topic models are usually defined as unsupervised contents

! See https://ec.europa.eu/eurostat/web/nuts/background.
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Fig. 1 Plate diagram for the structural topic model

extraction methods (see Misuraca & Spano, 2020), able to infer the content of textual col-
lections in terms of latent topics (Blei et al., 2003; Grimmer, 2010; Wang & Blei, 2011). The
rationale is defining topics as distributions over a set of words (namely the vocabulary) that
semantically represent interpretable discussion themes. Topic models can be included in the
more general class of mixed-membership models (Erosheva et al., 2004), since each document
is characterised by a mixture of topics and at the same time, each word within a document
characterises topics. STM (Roberts et al., 2014) encompasses document metadata as covari-
ates into the prior distributions for document-topic proportions and topic-word distributions,
including additional information in the statistical inference procedure. The model can be
decomposed into three sub-models: (a) a topical prevalence model, which controls how docu-
ments are allocated to topics as a function of covariates; (b) a topical content model, which
controls words frequency in each topic as a function of covariates; (c) a core language model,
which combines the two sources of variation to produce the actual words in each document.

Formally, documents are indexed as d € {1,...,D}, while words are indexed as
n € {1,...,N,}. The observations w,, are occurrences of words from a vocabulary indexed
by v € {1...V}. The number of topics is set by the researcher and indexed by k € {1,...,K}.
Two matrices represent the document-level additional information. X is the D X P matrix with
topical prevalence covariates, while Y is D X A matrix with topical content covariates. The
rows of these matrices—each representing a vector of covariates for a given document—are
denoted by x4 and y,, respectively. The model can be depicted in plate notation as in Fig. 1,
where each box is a replicate over the enclosed nodes (coloured in grey if observed or in white
if latent).

The data generating process for a document d, given the K topics, the observed words w, ,,
and the design matrices X and Y for topical prevalence and topical content, respectively, can
be summarised as in the following:

¥ ~ Normal(0, a,flp) (1)
0,|x,I', 2 ~ LogisticNormal(u = x,I', %) 2)
Bax o expm+ k) + 1) +x0) 3)
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z,,10, ~ Multinomial(6,) 4)

WonlZg s ﬂd,k:zd',‘ ~ Muninomial(ﬁd,k:zm) 5)

The process starts by drawing the document-level attention to each topic from a logistic-
normal generalised linear model (Eqs. 1 and 2 ), based on a vector of covariates x,; and
considering a P X (K — 1) matrix of coefficients I' for the topical prevalence and a
(K — 1) X (K — 1) covariance matrix X. On the other side, given a document-level content
covariate y,, the topic-specific distribution over words is formed by representing each topic
k with the V-dimensional baseline word distribution m (see Airoldi et al., 2004), the topic-
specific deviation K'g), the covariate group deviation K';Cd) and the interaction between the
two K;Z) . (Eq. 3). Finally, for each word in a document, topic assignment based on the doc-
ument-specific distribution over topics and word assignment to a topic are drawn from
multinomial models (Eqgs. 4 and 5). The latter represents the core language model. Differ-
ently from the basic version of topic model defined by Blei and Lafferty (2007), in which u
and p are global parameters shared by all documents, they are specified as a function of the
document-level covariates in the STM.

In implementing STM, researchers have to make two critical choices concerning the
covariates to include for the topical prevalence and the topical content, and the number of
topics to consider in the model.

As stated above, it is possible to use covariates both on the topical prevalence and topi-
cal content. The aim is to evaluate the impact of covariates to study how or by whom a
particular topic is discussed and how covariates can affect the words representing a topic.
According to Roberts et al. (2019), to estimate the effect of covariates on topics, it is pos-
sible to carry on a regression where topic-proportions are the outcome variable, obtaining
the conditional expectation of topic prevalence given document characteristics. Neverthe-
less, depending on the investigated phenomenon and the research goals, it is also possible
to use covariates only on one of the two sides or to not use covariates at all. In the latter
case, the modelling approach can be seen as a (fast) implementation of the correlated topic
model (CTM: Blei & Lafferty, 2007).

As in other topic models, STM requires setting a fixed number of topics. In the frame-
work of topic modelling, a variety of methods and algorithms for setting the optimal num-
ber of topics have been proposed (e.g., Buntine, 2009; Chang & Blei, 2009). However,
there is no shared opinion about which is the best strategy. Many approaches are based
on some distributive analysis, as for example in the proposals of Griffiths and Steyvers
(2004), Cao et al. (2009), Arun et al. (2010) or Deveaud et al. (2014). Here after, we fol-
lowed a data-driven approach commonly adopted for STM, calculating the held-out likeli-
hood (Wallach et al., 2009) and applying a residual analysis (Taddy, 2012). The held-out
likelihood represents how well a model predicts words within a document, computing the
probability of a word to appear within a document when it has been removed from the
document itself in the estimation step (Asuncion et al., 2009; Hoffman et al., 2013). The
residual analysis tests the variance overdispersion of the multinomial distribution within
the data generating process performed by STM. The results of these strategies can be read
concurrently to find the best approximation to the topic number, selecting the highest held-
out likelihood value that minimises the residuals’ check.
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Total documents identified Total documents screened Documents assessed Documents included
in initial WoS search from WoS search for eligibility in the study
(N=4,482) (N=4,482) (n=2,142) (N=1,748)

Document selection based

Document excluded with reasons:

on eligibility criteria:

blication Type — 1/book Abstract not in English
& ) —jour ©
(N=4,515) N=173)
Year — 2016-2020 Content not related to RC
(N=2,142) (N=221)

Fig.2 PRISMA flow diagram used for the present study

4 Data Description and Preparation

To determine which topics have been the most discussed in the most recent RC literature,
we accessed on January 2021 the Web of Science (WoS) database to obtain a bibliographic
dataset. WoS—initially developed by the Institute for Scientific Information and at present
maintained by Clarivate Analytics—is one of the primary sources to explore the publica-
tions of a research field. It includes different citation databases focused on specific fields
(e.g., the Social Science Citation Index for Social Science), covering more than 20,000
journals, conference proceedings and books. Alternative databases can be either considered
to retrieve bibliometric data, like Scopus or Google Scholar, and there is an intense debate
concerning which data source is better (see de Winter et al., 2014; Harzing & Alakangas,
2016). Nevertheless, the quality of WoS information is often considered the highest. For
this reason, we decided to consider only this database. We used the query [regional AND
competitiveness] to retrieve the abstracts of publications related to this research area. The
number of texts downloaded initially was 4482. Subsequently, we selected only documents
published in journals (articles and reviews) and books (books, chapters in edited books
and conference proceedings), and we focused on the last 5 years publications (from 2016
to 2020) to consider the most recent literature, reducing the dataset to 2142 publications.
A careful review process led to the exclusion of documents with an abstract not in English
and some publications not related to RC, obtaining at the end of the process 1748 texts.

Figure 2 shows the information flow through the different searching steps, mapping out
the number of identified publications, the included and excluded ones, and the reasons for
exclusions (see Moher et al., 2009).

Before performing the STM?, as in other text analyses, we had to pre-process the abstract
of the publications. Texts can be seen as a sequence of characters, therefore a multistage
process has to be carried out to transform unstructured data into structured data. The 1748
abstracts have been parsed and tokenised to obtain a set of distinct strings (namely, the
tokens) separated by blanks and punctuation marks. These tokens correspond to the words
used in the documents. The particular scheme obtained with tokenisation is commonly

2 In the Clarivate’s Journal Citation Report system, any article containing the words ‘review’/‘overview’ in
the title or published in the review sections of journals are coded as reviews. Moreover, articles with more
than 100 references are automatically coded in the same way (source: https://clarivate.com/webofsciencegro
up/essays/impact-factor).

3 The analysis presented in the paper has been carried out using the R package stm, developed by Roberts
et al. (2019).
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known as bag-of-words. Each document is seen as a multi-set of its tokens in this scheme,
disregarding grammatical and syntactical roles but keeping multiplicity. Typically, words
are arranged in a set of unique entries (namely, the types) together with the corresponding
number of occurrences in the collection, forming the vocabulary. After atomising the docu-
ments into their basic components, we reduced language variability to avoid possible noise
sources and improve the effectiveness of the next analytical steps. In particular, we nor-
malised the spelling of the different tokens (e.g., multiwords with and without the hyphen)
and brought back each inflected word to its canonical form (e.g., nouns and adjectives from
plural to singular, verbs to the infinitive form). Furthermore, we lexicalised the colloca-
tions by considering the couple of words with the highest number of co-occurrences (e.g.,
‘labour’ + ‘market’ — ‘labour_market’). Finally, we pruned non-informative words (e.g.,
pronouns, prepositions, conjunctions) and non-alphabetic characters (e.g., numbers) from
the documents, obtaining a vocabulary of 3984 types.

At the end of pre-process, each text has been represented as a document-vector and
included in a document X word matrix, with 1748 rows (documents) and 3984 columns
(words). In order to reduce the dimensionality of this matrix, we filtered sparse words (with
a sparsity threshold of 2%) and excluded empty documents (documents without retained
tokens because of the pre-processing). On the resulting 1743 X 3902 matrix, we performed
the STM. For each document included in the quantitative study, we considered as metadata
a set of additional variables:

1. Publication year (PY) referring to the year of publication of the documents, a period
between 2016 and 2020 was set;

2. Publication type (PT) to describe the type of publication, a variable with two categories
(journal and book) was coded. The category book encompasses both authored books
and edited books;

3. Principal author country (PAC) to identify the geographical localisation of publications,
a dichotomous variable with EU and non-EU categories were coded, using the country
of the corresponding author of each publication;

4. Total citations (TC) to evaluate the impact of publications, a continuous variable was
considered for counting the number of associated citations.

In Fig. 3, the distributions of metadata are reported. In each year belonging to the con-
sidered period, the number of publications was over 300, with a maximum in 2016 (371
documents) and a minimum in 2020 (307 documents), showing a slight decrease of scientific
production on RC*. Concerning the publication type, we found that 70% of documents were
articles while 30% were books. A notable aspect pertains the country affiliation variable, since
it presents a higher value for the non-EU category (60.47%) in comparison with the EU cate-
gory (39.53%). Moreover, in the year-wise scientific production, the shares of EU and non-EU
authors did not show outliers (Fig. 4).

4 It is important to remember that bibliographic databases as WoS have some known update lags. This
means that the actual number of publications, especially for the last year, could be greater.
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5 Topic Model Setup and Main Findings of the Analysis
Before fitting the model, we defined which variables had to be included to evaluate their effect

on the topic extraction process. In particular, we considered PY, and PT as covariates of the
topical prevalence, whereas we considered PAC for the topical content. The first input that the
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model needs is the parameter K, which represents the optimal number of topics to extract. The
choice is guided by considering specific metrics, as explained in the following. The estima-
tion of topic proportions is performed using a logistic normal generalised linear model with
covariates. Topic proportions are the outcome variable, conditionally predicting the preva-
lence of each topic as a function of document characteristics. We evaluated vocabulary dif-
ferences between EU and non-EU authors in discussing the RC themes. For this scope, the
model uses a multinomial logit with covariates. The logic is to parameterise the distribution
of word occurrences as log-transformed rate deviations from a collection background distribu-
tion rates.

In the following, the main findings of STM are reported for the research objectives of the
study.

5.1 RO1: Automatic Identification of RC Topics

We estimated the optimal number of topics K to set for the model. Some diagnostics can be
used to understand how the models perform at various numbers of topics, considering as
metrics the held-out likelihood, its lower bound and residuals and the semantic coherence
(Lee & Mimno, 2014). Plots in Fig. 5 show the results obtained from this analysis.

The optimal value for the held-out likelihood is between 15 and 20 topics. We can
see an increasing lower bound (i.e., the lower bound of the marginal log-likelihood)
and decreasing residuals (i.e., the difference between expected and predicted topics)
for these values. In order to choose a value of K, it is necessary to consider also the
semantic coherence (Mimno et al., 2011). Semantic coherence considers the conditional
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Table 1 Topics label and rank

Rank Topic Label Words
1 TO8  Macroeconomics provision, assessing_competitiveness, comprehensive_
assessment,

innovative_activity, industrialization

2 TO7  Institutions development_eu, european_union, cohesion_policy, funds,
programming_period
3 T12  Technological development science_technology, competitiveness_innovation, innova-

tion_system,
scoreboard, knowledge_creation

4 TO4  Business international_business, intensive_business, territorial_ser-
vitization,
servitization, family_business
5 T14  Urban development local_competitiveness, city_regional, currency, city,
municipality
6 TOl  Growth determinants share_analysis, employment_growth, growth_region,
shift_share,
regional_productivity
TO3  Literature review article, identity, science, bibliometric, interdisciplinarity
8 T13  China development polycentricity, subnational, pearl, polycentric, regional_
urban
9 T15 International trade southeast_asian, international_trade, southeast_asia,

regional_trade,
foreign_economy

10 T02  Education foreign_student, higher_education, graduate, student,
teaching

11 T11  Industry industrial_structure, footwear, manufacturing_industry,
car,

regional_industry

12 T09  Tourism destination, tourist, tourism, tourism_product, attraction
13 T10  Infrastructure port, rail, route, hinterland, renewable_energy
14 TO5  Agriculture agriculture, place_marketing, farmer, regional_agricul-
tural,
agricultural_production
15 TO06  Labour market labour_market, transparency, estate, real_estate, compen-
sation

16 T16  Corporate Social Responsibility csr, corporate_social, corporate, commitment, social_
responsibility

likelihood of the co-occurrence of words in a topic, and it is maximised when the most
probable words in a given topic frequently co-occur together. The trade-off between
coherence and likelihood level led us to consider a model with 16 topics reasonably
appropriate to represent the different research themes developed in the RC literature.
According to the themes developed in RC studies, the extracted topics were reasona-
bly interpretable. Table 1 lists the topics extracted from the document collection with
respect to their rank. Rank expresses the prevalence of the topics (i.e., the expected
topic proportions) for the covariates included in the model. Each topic has been man-
ually labelled using expert knowledge, looking at the word distributions in the topics
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(please note: only the top five most probable words per topic are reported below in the
table).

Looking at the set of topics, the institutional aspects are declined at different levels,
from a supra-national to an urban dimension (e.g., TO8, TO7, T14). Moreover, T14 con-
firms the important presence in the literature of studies concerning the relationship
between urban dynamics and RC (Budd & Hirmis, 2004; Martin et al., 2012; Nijkamp,
2017). Economic sectors emerged in specific topics as Business (T04), Agriculture (T0S),
Industry (T11) and Tourism (T09). As regards topic T06—Ilabelled as Labour market—we
noticed that there were both references to employment and housing, highlighting the fun-
damental relation between regional development and quality of life in some RC studies
(see Hamaldinen & Bockerman, 2004; Head & Lloyd-Ellis, 2012). We also found refer-
ence to two relevant aspects for regional development as Education (T02) and Technol-
ogy (T12). Intellectual capital, in fact, has increasingly been considered as the base for
competitive growth and more recently for sustainable regional competitiveness (Audretsch
et al., 2012; JanuSkaite & UZiene, 2018), with a growing number of studies focusing on
the role of universities and of university’s entrepreneurial activity for regional competitive-
ness. Particularly noteworthy, a specific topic emerged for China (T13) due to the atten-
tion in RC literature to the social and economic changes induced in recent years by the
development policies of the Chinese government (e.g., Yeh & Xu, 2008; Butollo, 2015;
Wang & Shen, 2017). A comparable interest in RC studies devoted to Southeast Asia (e.g.,
Cui et al., 2020) also emerged from the topic International trade (T15), due to the impor-
tance of export in the development of several sites located in this area (McDonald et al.,
2008). Finally, highly interesting is the topic T16 referred to the issue of Corporate Social
Responsibility (Andreoni & Miola, 2016; Porter & Kramer, 2006). The pressure for adopt-
ing or improving the use of ethically-oriented practices has influenced the competitiveness
paradigm in recent years, both at a private and a public level (Aiginger & Vogel, 2015;
Boulouta & Pitelis, 2014).

The topic TO3 (Literature review, rank 7) represents a meta-discourse on the analysed
documents related to the discussion on the RC literature itself in the different contributions
concerning this research domain. Due to the lack of centrality with respect to our research
objectives, more detailed comments about this topic are omitted in the following of the
present study.

The 16 topics extracted through the STM explained what the literature of this research
area dealt with within the last five years. It is interesting to note that, although the analysis
revealed almost all the major topics traditionally present in previous RC literature, there
are some important absences and some issues that do not emerge autonomously but more
transversely, characterising the theme of competitiveness in an endogenous way. For exam-
ple, the regulation issue did not emerge as a defined topic, even if some reference appeared
between the terms of several other topics (e.g., ‘transparency’ in T06). Similarly, the inno-
vation issue emerged across other topics like Macroeconomic (T08) and Technological
development (T12).

5.2 RO2:Influence of Covariates on Topic Prevalence and Content

Concerning the role of metadata in the chosen topic model, in Table 2 we jointly mapped
the topics extracted through the STM with the publication years and publication types,
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Table 2 Topic prevalence by publication year (PY) and by publication type (PT)

Topic Publication year Publication type

2016 2017 2018 2019 2020 book (B)  journal (J)

Macroeconomics 0.073 0.121 0.131 0.174  0.081 0.186 0.100
Institutions 0.130 0.076  0.093 0.070 0.033  0.205 0.054
Technological development 0.097 0.085 0.082 0.090 0.088 0.105 0.091
Business 0.057 0.062 0.087  0.081 0.124  0.009 0.108
Urban development 0.086 0.065 0.060 0.076  0.062  0.082 0.071
Growth determinants 0.065 0.054 0.060 0.041 0.059 0.086 0.044
Literature Review 0.054 0.073 0.057 0.052 0.059 0.036 0.065
China development 0.062 0.042 0054 0.058 0.085 0.032 0.069
International trade 0.059 0.076 0.076  0.058 0.081 0.036 0.081
Education 0.057 0.070 0.063 0.076  0.059  0.045 0.052
Industry 0.078  0.037  0.041  0.041 0.029  0.045 0.040
Tourism 0.073  0.079 0.052 0.073  0.068  0.050 0.076
Infrastructure 0.062 0.051 0.057 0.049 0.091 0.000 0.077
Agriculture 0.024  0.068 0.052 0.041 0.036  0.027 0.042
Labour market 0.016  0.028 0.019 0.017 0.033  0.041 0.020
Corporate social responsibility ~ 0.005  0.014  0.016 0.003 0.013 0.014 0.011

respectively, to highlight the specific proportion of topics with respect to the considered
categories.

A comparison among years revealed different patterns of topic proportion, with over-
all increasing attention on Macroeconomics (but with a reduction in the last year), Busi-
ness and China development topics, and overall decreasing attention on topics related to
Institutions and primary and secondary economic sectors such as Agriculture and Industry,
respectively. Topics related to Labour market and Corporate Social Responsibility seemed
to be still marginal in the debate concerning competitiveness at a regional level, with a
minor share across the different years. Looking at the publication types, we observed that
publications appeared as book chapters or contributions in conference proceedings (both
included in book category) treated more conceptual aspects concerning Macroeconomics,
Institutions, Technological development and Urban development, Growth determinants,
and less specific sectoral aspects. On the contrary, publications that appeared as journal
papers seemed to be focused more equally on the different aspects, with a major presence
of topics concerning the sectors involved in the RC discourse.

The localisation of scholars (PAC) was introduced as a covariate for the topical content
to evaluate possible differences in their language.

Figures 6, 7 and 8 show which terms within the topics are more associated with EU and
non-EU authors. The label size of each term considers the probability of appearing in a
topic conditional to covariates’ categories instead. The terms are distributed on the x-axis,
taking into account the significance with respect to the two categories.

The terms used by scholars to define the different themes suggested some interesting
observations on the RC conceptualisation:
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® Macroeconomics there is a dichotomy between a territorial development with reference
to the industrial sector (EU) and an economic development based on innovation and
training (non-EU);

Institutions authors from EU focused on European institutions, using terms referred to
cohesion policies, whereas non-EU authors focused on financial institutions, speaking
about efficiency and trends;
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e Technological development even if it did not show a great impact of the covariate—
highlighted by the label sizes—the vocabulary moved between research (EU) and tech-
nological innovation (non-EU);

e Business there is a differentiation between a business focused on the competitiveness of
brands and products (EU) and competitiveness based on performances (Non-EU);

e Urban development the topic vocabulary opposed references to local governance (EU)
and centralised governance (non-EU);

e Growth determinant the topic vocabulary opposed employment and investment on the
EU side and growth and productivity on the non-EU side;

e China development the attention of authors was focused on sustainable development
(EU) and urban development (non-EU);

e [nternational trade the topic vocabulary opposed references to the energy transition
and the related emissions on a global scale (EU) and trade and exports in an interna-
tional context (non-EU);

e FEducation there was a variation between the internationalisation of the educational
offer (EU) and the professionalisation (non-EU).

e Industry there was a focus on the EU side towards small-medium manufacturing,
opposed to a more general discourse on the non-EU side;

e Tourism the topic did not show great lexical variability, identifying an urban tourism on
the EU side and a rural tourism on the non-EU side;

e Infrastructure the topic focused for both categories on a logistic dimension, positioned
at the centre of the graph, with an opposition between transport (EU) and energy (non-
EU);

e Agriculture European studies still considered a rural dimension, with emerging refer-
ences to management and services, while non-European studies focused on production,
supply chain and marketing;

e Labour Market studies focusing on labour market issue opposed job conditions and
investments (EU) and a general discourse on markets (non-EU);

e Corporate Social Responsibility for this topic, there were references to the social
responsibilities of organisations (EU) versus references to the competitiveness of com-
panies and businesses (non-EU).

5.3 RO3: Convergence Between Topics and Pillars

As regards the third research objective, we evaluated the connections (and the gaps)
between the theoretical background (expressed by the different issues discussed in the lit-
erature) and the practical aspects (referred to as the conceptual framework underlying RC).
As stated above, we considered as a reference the European RCI, consisting of 11 pillars.
The diverse determinants of competitiveness covered by these pillars substantially over-
lap the determinants of competitiveness considered in other indexes as, for example, the
Global Competitiveness Index (GCI) developed by the World Economic Forum (Schwab,
2019). Since GCI is used to measure competitiveness at a national level, the use of RCI
pillars—conceived properly to measure competitiveness at a regional level—seemed more
coherent with the objectives of this study.

Following the textual-based standpoint followed in the previous analysis, we decided to
compare the lexicon containing the per-topic top words derived from the STM with a lexi-
con built from the pillar descriptions derived from the EU official documents and technical
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reports on RC>. These texts have been pre-treated with the same procedure described in
Sect. 4.

We built a 667 X 15 binary matrix for the emergent topics (not considering the topic
Literature review) and a 232 X 11 binary matrix for the pillars, then we computed the so-
called cosine similarity (e.g., Iezzi, 2012; Misuraca et al., 2019) for each couple of vectors,
to compare topics 7; with pillars ;:

T W

cos(t;,, ;) = ————
@) =

(©)

An important property of the cosine is its independence of text length. Values are bounded
in a [0, 1] range, where 1 means two texts use the same terms and O means two texts have
no terms in common. The cosine values obtained from the analysis of topics and pillars are
represented as a heat matrix in Fig. 9: a darker colour denotes a higher overlap between
topics and pillars while a lighter colour denotes a lower overlap. The search for similarity
between the extracted topics and the RC pillars, functional for deriving a convergence clas-
sification that can integrate the dimensions of competitiveness with the issues discussed in
the literature, showed only a partial correspondence.

We observed that some topics are not covered by the pillars, whereas some pillars seems
to have a cross-cutting lexicon that is reflected throughout different extracted topics. As an

5 See https://ec.europa.cu/regional_policy/en/.
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example, the topic Tourism did not show similarity with any of the pillars since possible
related terms were not enough expressed in the official documents. Similarly, there were
no terms linked explicitly to Industry or Agriculture, and to the Technological develop-
ment, which refers to the use of ICT technologies as a strategic lever for competitiveness.
This aspect is interesting because it points out how the digital transformation could be con-
sidered from a diverse viewpoint between policymakers and scholars. The most evident
overlap appeared for the Education topic, which was transverse to the two pillars related
to primary and secondary education (basic education in the table, for the sake of simplic-
ity) and the higher education (and lifelong learning). In a similar fashion, the Business
topic is strictly connected with the pillars related to the market size and to the technologi-
cal readiness, the business sophistication and the innovation (i.e., the ‘innovation’ sub-
index defined by D’Urso et al. 2019). On the other hand, we observed some topics linked
to several pillars. The topics Urban development and Labour market seemed to cover dif-
ferent issues encompassed in the pillars, revealing a central role in the debate about RC.
Similarly, we observed a link between the topic Corporate Social Responsibility and differ-
ent pillars, particularly with the pillars related to institutions and business sophistication,
showing the importance of sustainability both in a public and in a private perspective.

6 Conclusion and Final Remarks

Over the last few years, the extension of the concept of competitiveness to territories,
and regions more particularly, has driven the debate of scholars interested in this research
area, with different opposing positions concerning the possibility of focusing on the meta-
level offered by RC rather than the more traditional layers investigated in competitiveness
studies, focusing on a whole economy (macro-level), industry (meso-level) or firm level
(micro-level). Moreover, scholars persuaded of the validity of RC concept have deepened
its determinants, taking into account both an economic and a social perspective. RC deals
with a broad set of factors challenging to classify because of the multifaceted nature of the
concept and the different standpoints induced by the diverse scientific areas active in this
research domain. In the literature produced in the last years, the role of some RC deter-
minants have been gradually contained (e.g. productivity), while other determinants have
become more critical (e.g., education, social change, technology).

The growing attention to regions as primary sites of economic growth and wealth crea-
tion pushed RC to become a primary focal point for developing public policies. Policymak-
ers have been less sensitive to the theoretical disagreements of scholars, taking advantage
of RC as a new ideal ground of comparison among territories on a narrower scale with
respect to the whole country. Some composite indicators—like the Global Competitiveness
Index developed by the World Economic Forum—were introduced and increased their pop-
ularity, considering a national or a supra-national scale. According to Kitson et al. (2004),
it is hazardous to transfer a concept of competitiveness initially defined for a national level
to a sub-national level. On the other hand, RC cannot be seen as a spatial disaggregation of
national competitiveness (Aiginger & Firgo, 2015). To measure RC directly, the EU devel-
oped a composite indicator known as the Regional Competitiveness Index, able to express
synthetically the different dimensions of competitiveness at a sub-national scale and estab-
lish a cross-sectional and longitudinal perspective.

In this paper, we aimed to explore the most recent scientific production concerning RC,
referring to 2016-2020, to highlight the topics that mainly dominate this research area,
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taking into account the influence of some covariates. In particular, we analysed how the
publication year and the publication type impacted the topic distribution. At the same time,
we analysed how the geographical localisation of scholars (using the corresponding author
as a proxy) impacted the topic content, looking at the differences in the vocabulary. Finally,
we jointly mapped the topics which scholars dealt with and the topics covered by the pillars
used to construct the RCI, to evaluate the convergence between scholars and policymakers.

The implemented topic extraction strategy made possible to identify the topics that
characterised the scientific production about RC in the period under examination. The topic
model inferred a set of linguistic patterns that would be hard to identify through a quali-
tative study given the size of the analysed collection. Other competing approaches could
be considered in an unsupervised perspective (Misuraca & Spano, 2020), but the topic
model is becoming more and more popular also in a bibliometric framework (e.g., Asmus-
sen & Mgller, 2019; Bohr & Dunlap, 2018; Chen & Xie, 2020), showing that the use of
such an approach will increase in the future. The main advantage is that the topic model
allows considering a mixed-membership, producing overlapping word clusters and estimat-
ing topic proportion in a document rather than attributing a single label. Furthermore, the
topic model used in the study—known as structural topic model—allows estimating topical
prevalence and topical content with respect to document metadata, studying how covariates
impacted the presence of themes and the corresponding vocabulary.

RC literature rapidly changed during the years. The knowledge base resulting from the
analysis highlighted three main sets of topics discussed by the scholars. These topics are
related to the environment of competitiveness at a regional level (Macroeconomics, Institu-
tions, Infrastructure, Urban development), to the economic ecosystem of regions (Busi-
ness, Industry, Tourism, Agriculture, Labour market, Technological development, Corpo-
rate Social Responsibility), to the human capital (Education). This set of topics seems to
confirm the framework defined by Martin (2005). Besides these themes, the topic concern-
ing the RC in South-East Asia also emerged from the analysis (China development, Inter-
national trade), manifesting the attention devoted to this concept also in economic sys-
tems very different from the EU countries, with particular regards to the export of goods
produced in the local territories as a key asset of development. Particularly noteworthy
is the absence of a specific topic concerning health. This asset is considered a major one
for regional development and competitiveness, able to reduce economic and social dispari-
ties and enhance the wealth of people living in the different territories. On the other hand,
the presence of CSR confirms the results discussed by Boulouta and Pitelis (2014): social
responsibility can be a powerful driver of competitiveness, especially in a context charac-
terised by weak innovations.

A focus on the language used by EU and non-EU scholars highlighted the conceptual
divergences underpinning the RC paradigm and the different cultural backgrounds of
the scholars. The geographical dichotomy characterising each topic suggested two paral-
lel developments of RC issues in the literature. For the non-European authors, RC seems
more related to investments, innovation and performances and less to a social dimension.
Non-EU authors, therefore, seemed to be less focused on the sustainability concept and
more focused on adopting an economic approach. However, this vision is surely affected
by the lack of a supra-national layer like the EU. For the EU authors, the developed RC
discourse recalls the evolution of the triple helix approach (government-industry-aca-
demia) addressed by several authors (e.g., Leydesdorftf & Etzkowitz, 2003). Etzkowitz and
Zhou (2006) proposed a new vision of the classic triple helix model pairing innovation
with sustainability. In general, EU authors seemed to be more oriented towards a social
and cohesive conception of RC, with the emergence of themes such as knowledge, culture
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Table 3 Proposed topic classification

Geographical level Sustainability
Government Industry Academia
Central Institutions, Infrastructure, Growth determinants,  Education
Macroeconomics Labour market
Technological develop-
ment, CSR
Local Urban development Agriculture, Industry,  Education
Tourism,

Business, CSR

and sustainability. This is quite consistent with the idea of Europe as a knowledge-based
society and a knowledge-based economy (e.g., Archibugi & Coco, 2005; Carayannis et al.,
2012). This new perspective considers in which way the civic engagement affects the
model, introducing a sustainable (entrepreneurial) university, a sustainable industry and a
sustainable government (Cai & Etzkowitz, 2020; Cai & Lattu, 2019). These considerations
led us to propose an organisation of the emerging knowledge base with respect to the dif-
ferent geographical levels and the different actors involved in the territorial competitive-
ness (Table 3).

The proposed systematisation takes into account the dichotomy between regional and
supra-regional areas, highlighting the role of local districts as drivers for competitiveness.
(Camagni & Capello, 2010) conceptualised this aspect through the introduction of a ter-
ritorial capital in which the use of digital resources can act as a further key element of
development.

The comparison between the topics obtained through the STM and the pillars used to
build the RCI showed a limited overlap. The dissimilarities between the issues debated
by scholars at a theoretical level and the factors used to operatively measure the RC may
reflect a diverse perspective towards RC. Scholars have often pointed out differing aspects
of competitiveness at a regional level, favouring an economic interpretation or rather a
socio-economic interpretation. Moreover, as stated above, geographical localisation may
induce scholars’ vocabulary in portraying a given issue because of the context and the cul-
tural background. On the other hand, the operationalisation of RC through the pillars, over-
coming the contrasting positions of scholars on the validity of an RC concept, relies on the
necessity of considering assets that can be directed observed on the regions, putting aside
other significant aspects that can enhance the competitiveness of some places with respect
to others, like the sustainability and the social responsibility. This attempt of connecting
two perspectives, more academic or more governmental, deserves a more profound reflec-
tion that will be one of the future development of this study.

It is necessary to underline that the present survey has some limitations, mainly related
(but not limited) to the bibliometric approach itself. Typically, bibliometric analyses may
present false positive and false negative results due to the difficulty of establishing a pre-
cise and utterly inclusive query. Moreover, it is impossible to refer to a complete collec-
tion, since each of the most common indexing databases has strengths and weaknesses.
We extracted publications only from WoS, covering only the portion of literature covered
by this database. Many other publications might have been published in not-yet-indexed
resources, therefore unable to be retrieved. Additionally, the research only included
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publications where the terms in the query were in the title or the abstract or the keywords,
but not inside the full text because the complete content of a publication is not available in
the form of bibliographic records. Considering all these aspects, the publications analysed
in the study might not precisely reflect the entire research activity on RC in the last five
years, but the results suggested potentially interesting insights into the topics debated by
scholars and highlighted the future frontiers of the domain. Further development of this
research will involve both the methodological side and the specific domain under investi-
gation. The use of topic modelling with other approaches for topic extraction will be con-
sidered in a joint strategy, leveraging the different viewpoints on the knowledge domain
and trying to obtain a consensus between the diverse topic sets emerging from the analy-
ses. At the same time, more in-depth analyses on specific issues of RC will be performed
to improve the knowledge on themes currently debated in the reference literature, like for
example the role of sustainability and innovation.
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