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We develop a computational approach to the analysis of cultural vibrancy and to the role of the cultural and cre-
ative sectors in the socio-economic organization of two districts of Western Kosovo, Gjakove and Peć. Our anal-
ysis is built on a geolocalized mapping of the cultural activities and facilities, and on the main socio-economic
variables for the two districts, and makes use of innovative data analysis techniques: Theory of Impossible
Words (TIW), the TopologicalWeightedCentroid (TWC), and the AutoCMANN.Wefind that thedynamics of cul-
tural vibrancy of the territory ismainly driven by the competing attraction pulls of the nearby countries of Serbia
and Albania, that also form the region's main and often conflicting ethnicities, and that such dynamics are likely
to further polarize in the future.We alsofind that the cultural systemplays amarginal role in the territory's socio-
economic organization. This situationmakes a case for amore active role of cultural policy in shaping future local
developmental models in rural areas and in acting as an agent of social cohesion.
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1. Introduction

Cultural and creative production systems have an intrinsic eco-
systemic nature due to the complex structural interdependencies that
link different components and value chains belonging to different sub-
sectors [1]. However, tracking such interdependencies is difficult, as
many of the relationships and feedback loops between different system
components are not easily observable, let alone directly measurable.
This is also due to the fact that in all cultural sectors there is typically
a large share of small and micro companies and freelance professionals
which are especially challenging to track, leading to extreme structural
of Chieti-Pescara, Viale Pindaro

rch Center of Sciences of

a), pierluigi.sacco@unich.it
fragmentation [2]. Consequently, policy design in cultural and creative
fields presents special difficulties [3] and often fails to properly concep-
tualize and anticipate the effects of policy measures [4] and to assess
their effectiveness and impact [5], especially on the smallest and poten-
tiallymost economically and socially fragile (but often largely represen-
tative in quantitative terms) parties [6].

Also due to this structural complexity, it is difficult to assesswhat are
the conditions that enable a cultural and creative ecosystem to thrive
[7]. Large metropolitan areas typically host a vast and diversified popu-
lation of cultural institutions, companies, and professionals [8], but pop-
ulation size in itself is not necessarily a sign of cultural vibrancy [9].
Conversely, relatively small townsmay have a limited population in ab-
solute quantitative terms, while providing clear andwell-known exam-
ples of cultural vibrancy and successful cultural place branding [10].
Moreover, the cultural and creative sectors may operate as a silo in
the local economy, that is a largely self-referential system, or may to
the contrary be strongly integrated with other production sectors and
social spheres [11]. Furthermore, cultural and creative activities may
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be characterized by strong agglomeration [12] or insteadmay bewidely
spread across the territory [13]. They can rely upon the leadership of
major institutional or corporate players [14] or build upon a dense,
bottom-up web of local informal players and vernacular creativity
[15]. All such features have been studied individually, but a comprehen-
sive approach to cultural vibrancy and to its socio-economic and spatial
correlates has been missing, with the result of failing to get a deep un-
derstanding of its situated enabling conditions [16]. A sophisticated sta-
tistical tool, the Cultural and Creative Cities Monitor (CCCM) developed
by the Joint Research Center provides important insights into such com-
plexity [17], showing that different cities with a strong cultural and cre-
ative profilemay excel in different dimensions, and such excellencemay
also entail possible tradeoffs [18]. Moreover, the local structural condi-
tions that support such dimensions of excellence may be strengthened
or undermined by policy choices, also outside the cultural and creative
sphere [19], or by the capacity to respond effectively to large external
shocks such as the global pandemic [20]. A bustling local cultural and
creative economy need not be matched by a rich availability of high-
profile cultural institutions, and vice versa. Availability of world-class
cultural heritage need not be accompanied by a welcoming environ-
ment for young creative professionals. A rich and diversified program
of cultural activities might not imply the presence of favorable condi-
tions to launch or grow a creative business, and so on. There is not a sin-
gle recipe for cultural vibrancy, and different local systems may be
characterized by very different combinations of local conditions and
variables. Although the CCCM offers a very useful tool to explore such
variability in the European context, it does not allow us to understand
what are the underlying factors driving such tradeoffs and their evolu-
tion over time. We therefore need to expand our toolbox to be able to
not only describe such phenomena, but also to analyze and infer their
time and spatial patterns.

A promising route to a full characterization of the various structural
facets of cultural vibrancy may be in our view a geo-computational ap-
proach to the analysis of cultural and creative ecosystems that recon-
structs their fine-grained articulation on the basis of the inherent
territorial organization of their observable components. This approach
is especially useful in contexts where cultural statistics are difficult to
obtain through institutional channels (see [21], for an application to
the cultural dimension of green spaces), and where their collection
and processing takes time, making it difficult to maintain a close map-
ping and monitoring of the evolution of the cultural and creative sys-
tems dynamics. In this paper, we consider one such case to illustrate
the full potential of our approach at a sub-regional scale. In particular,
we study the cultural and creative systems dynamics of two districts
in Western Kosovo, Gjakove and Peć.

The interest of this case study lies in the fact that not only Kosovo
is under-researched in terms of cultural vibrancy studies (and cultural
policy studies altogether), but also because of a few interesting
characteristics: it is a country for which cultural data are scarce; it is
characterized by a major ethnic divide between the Serbian- and
Albanian-language communities; and is located in one of the most crit-
ical geopolitical areas of Europe. Our geo-computational approach al-
lows us to build a map of the districts' cultural (permanent) activities
and facilities, and to use it as a basis to forecast the evolution of the cor-
responding spatial patterns of cultural vibrancy. Moreover, bymeans of
a suitable ANN approach, we are also able to reconstruct the architec-
ture of the structural relationships between the local cultural and crea-
tive sectors and the wider social and economic spheres, assessing their
level of integration, and developmental role, in the districts' whole
socio-economy.

Our analysis enables us to characterize the cultural and creative eco-
system of the two Western Kosovo districts as a currently marginal,
structurally disconnected part of the local socio-economy. The various
components of the cultural and creative ecosystem are less reciprocally
interdependent than they are with other parts of the socio-economic
system. Moreover, such non-cultural components to which they
2

connect are typically among the least dynamic and innovative. In a
sense, we cannot properly speak of a full-fledged cultural and creative
ecosystem yet, but rather as a series of sectoral ‘enclaves’which poorly
communicate with each other and that need a finalized policy action to
become more inter-related. In particular, the connection between cul-
tural and educational sectors is tenuous and the cultural sectors are
not anchored to the local socio-economic ‘core’ that builds upon tradi-
tional agricultural, commercial and service sectors. Another important
finding is that currently cultural facilities are not working as effective
social hubs, as they are not closely related to variables that describe so-
cial cohesion or exchange. We also find that the viability of cultural
facilities and activities is critically related to the capacity to raise funding
from paying visitors, as the availability of public funds is extremely lim-
ited. This clearly poses a serious problem of participation and inclusion
for the less affluent, and thus of effective social engagement and impact.
As to the dynamic evolution of the geographical profile of cultural
vibrancy, we find that the two main hubs of cultural vibrancy are
shifting toward the two main urban centers, Peja in the North and
Djakovica in the South, which function as gateways to the main extra-
territorial poles of attraction, namely Serbia and Albania. Moreover,
such hubs show a tendency to move further closer to the borders
with Serbia and Albania, respectively. This is a clear proof that the
local dynamics of cultural vibrancy are currently shaped by the influ-
ence of the two nearby countries which also represent the two
(often conflictual) ethno-cultural poles of Kosovar culture. On the
other hand, the country's capital city and lively cultural hub, Pristina, ex-
erts very little influence on such dynamics. The cultural ecosystem
under study is therefore mostly driven by external forces related
to the regional geopolitics and needs to acquire a better capacity of
self-organization and cooperation between local players, in the absence
of which the two Western districts are unable to count on cultural and
creative sectors as a significant local socio-economic developmental
driver.

State-of-the-art local development policies need to respond to the
increasing structural interdependency that characterizes complex econ-
omies and societies. Cultural policies are therefore not only relevant for
the cultural and creative sector but may generate important cultural
spillovers and even crossovers [22] with other major sectors. In this re-
gard, as culture and creativity often provide an important contribution
to social cohesion and conflict resolution in contexts marked by ethnic
tensions, failing to seize such opportunities is especially critical in a con-
text such as the Kosovar one.

Ourmethods and results provide a constructive approach to analysis
and cultural policy design in territorieswith scarcity of cultural data and
with poor tradition and experience in cultural policy. Specifically, we
develop a methodology for a data-driven approach to culture-led local
development policies. Such approach moves from the recognition of
the intrinsically nonlinear nature of theunderlying processes, that is dif-
ficult to tackle through closed-form mathematical modelling, thus call-
ing for computationalmethods as a foundation of evidence-based policy
design, implementation, monitoring, and assessment.

The remainder of the paper is organized as follows. Section 2 con-
tains the methods. Section 3 describes the data. Results are presented
in Section 4. Section 5 offers a final discussion and concludes.

2. Methodology

Geo-computational approaches to social phenomena are today
flourishing thanks to the massive application of sophisticated tech-
niques from computational physics, machine learning, spatial network
analysis, etcetera [23]. Our approach combines several techniques, and
builds upon three essential tools:

a) The Theory of Impossible Worlds (TIW), which allows the fusion of
two completely different data sets, such as the cultural facilities
and activities datasets in our Western Kosovo districts case;



M. Buscema, G. Ferilli, C. Gustafsson et al. Chaos, Solitons and Fractals 162 (2022) 112439
b) The Topological Weighted Centroid (TWC), which allows to make
inferences about the time evolution of the geographical distribution
of cultural activities and facilities;

c) The Maximum Regular Graph (MRG) generated by the Auto-
Contractive Map (AutoCM), a specific Artificial Neural Network, to
capture all themost relevantmany-to-many nonlinear relationships
among all the observed values of the variables characterizing the
local socio-economy.

The overall research design behind our approach is shown in Fig. 1
below.

2.1. The Theory of Impossible Worlds (TIW) approach

One of the most challenging goals in machine learning research is
the data fusion between datasets with completely different attributes
(variables) and observations (records). In the classical theory of possi-
ble worlds [24,25] and its later developments, an item can be trans-
ferred from a source world (dataset A) to a destination world (dataset
B), if, and only if, at least one of its attributes is shared by both worlds.
Thus, according to the classical theory, it is impossible to connect two
datasets with void intersection among their attributes (properties)
and with void intersection among their records (items). We are to
going to present a method to make such ‘impossible’ transfer actually
feasible. We have named this approach Theory of Impossible Worlds
(TIW for short; [26]).

As in human reasoningwe often usemental models drawn from the
analysis of a certain phenomenon tometaphorically infer properties of a
completely different phenomenon [27], it would be intriguing to be able
to perform the same kind of inferences in themachine learning domain.

TIW does exactly this, helping us empower machine learning envi-
ronments with the capacity to ‘fuse’ different databases and variables
belonging to different phenomena into a same cognitive space, so that
it becomes possible to examine each phenomenon from the structural
viewpoint of the other. If this leads to a significant improvement in
our capacity to carry out pattern recognition in the specific domains of
the source phenomena, then this way of proceeding makes sense and
is conceptually useful. This approach proves to be particularly attractive
in social sciences where most interesting phenomena are not amenable
Fig. 1. Researc
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to deep empirical analysis for lack of data on joint occurrences, but
where partial data for sub-phenomena of interest are often available.

ANNs Auto Encoders have shown an increasing relevance in Deep
Learning strategies [28–34]. An ANN Auto Encoder (AE) can execute a
non-linear data projection of the attributes of the original dataset
using its hidden units as new set of coordinates.

The number of the hidden units of the AE defines the dimensionality
of the projection space. The sum of the squared differences between
each input vector of the dataset and its corresponding output vector de-
fines the accuracy of the new hidden coordinates: the closer this quan-
tity to zero, the higher the accuracy of the hidden coordinates.

The mode of operation of TIW can be broken down into the follow-
ing steps (see Fig. 2 below):

Step 1: Datasets Selection

We need to choose at least two or more datasets, preferentially with
void intersection among their attributes and also (if necessary) with
void intersection among their records.

Step 2: Training Phase

We train independently the two ormore datasets using two ormore
Auto Encoders having the same number of Hidden units (one Hidden
layer is sufficient).

Step 3: Weights and other Features Extraction

We save the weights matrices of the two or more Auto Encoders
trained, as well as the values of the Hidden units of all the records of
each dataset, after the training phase.

Step 4: Point of View of Each Dataset on the Others

We input each Hidden unit of a dataset into the Hidden layer of an-
other dataset, and we generate the output vector using the decoding
matrix of weights of the latter (the second matrix is an Auto Encoder
with 1 Hidden layer). In this way the rewrite the first dataset with the
output variables of the other. We repeat this procedure for each pair
of datasets (if the datasets are only two, we need to repeat this proce-
dure just once).
h design.



Fig. 2. Synthetic representation of TIW.
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Step 5: Records Fusion

We concatenate the Hidden units of each dataset into one new
dataset (which is possible because all the datasets included into the ex-
perimentation were trained with the same set of Hidden units). Thus,
we may use a further Auto Encoder, or a Principal Component Analysis,
or an analogous algorithm, to calculate the distance and/or the strength
of association among the records of all the datasets, using the hidden
units of each as coordinates in H-dimensional space (H = Number of
Hidden units used during the previous training phase). At the end of
this procedure, we get a square matrix of the distances (i.e., of the
strengths of association) between each pair of records (irrespectively
of the dataset to which they originally belonged).

Step 6: Graph Fusion

We can apply a graph filter (Minimum Spanning Tree, Maximum
Regular Graph or analogous) to the new square matrix of similarities
to generate a weighted tree or graph among all the records simulta-
neously.

Step 7: Multi-Dimensional Scaling Comparison

We can measure the differences and the similarities of any original
dataset with respect to the same dataset re-written with the attributes
of the other dataset(s), using a multi-dimensional scaling algorithm
on both (PCA or analogous). Surprisingly, we will observe that the
new variables of each dataset present the same clustering patterns
shown in the original dataset. Thus, despite the transfer from one
4

world to another, the geometry of the original dataset is preserved in
the new world.
Step 8: Quantitative Validation of the Trans-World Data Transfer

If the dataset used in the experimentation has a target vector (that
has not been used in any of the previous steps), we can also measure
the effectiveness of the trans-world transfer by means of a K-Fold
Cross Validation protocol: evaluate the classification accuracy of each
dataset with the original attributes (default measure) with the accuracy
we got using the same dataset with the new attributes that are specific
of the other datasets.

TIW has a strong potential for applications in the social sciences, as it
allows to synergize the informational content of non-conformable data-
bases covering related phenomena. But it can also allow the application
of powerful ‘metaphorical’ thinking to databases covering very different
phenomena but that may benefit frommultiple ‘viewpoints’. In the cul-
tural field, an important such example is that of cultural crossovers as
defined by the New European Agenda for Culture [22]: those between
culture and health; culture and innovation; culture and environmental
sustainability; culture and social cohesion, etcetera. Likewise, TIW may
be very useful in caseswhere abundant data exist for two separately rel-
evant phenomena whose relationship is currently not covered enough
by specific studies (e.g., financial indebtedness and health; gender dif-
ferences and leadership styles, etcetera).

We can therefore sum up the main features of TIW as follows:

- TIW allows the fusion of datasets with void intersection of variables
and records.
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- Such fusion generates new datasets that represent the point of view
of each dataset about the other(s): that is, how each dataset would
look like if it had the attributes of the others.

- The fusion process also shows that a transfer of an abstract knowl-
edge content from a dataset to another one is in principle possible.

- The newdatasets provide also new, useful information about each of
the source datasets: they improve performance in pattern recogni-
tion tasks. Moreover, they also improve the speed of ANNs conver-
gence.

- The new datasets make it possible, by means of the shared hidden
vectors, to represent in one single weighted graph all the variables
and all the records of all fused datasets.

- Each new dataset may be used for dynamic scenarios simulation,
highlighting the metaphoric resonances between any given dataset
and the others.

The other building blocks of our methodology, namely the TWC ap-
proach and the AutoCM approach, have been extensively presented
elsewhere and will not be described in detail here (see e.g. [35]). We
limit ourselves to a few basic considerations about how they fit into
the research design.

2.2. Analytical strategy

The basic conceptual premise of our analysis is that the geographical
distribution of the cultural items across the territory follows an implicit
space grammar that can be reconstructed from the structural properties
of the distribution. Such grammar reflects the mutual relationships of
the various items within the cultural system and its relationships with
the other social and economic systems. To reconstruct such grammar
we have to pursue two separate, complementary tasks: understanding
how the spatial distribution of activities helps us build a heatmap of cul-
tural vibrancy across the territory, and how such vibrancy evolves over
time; and understanding how cultural activities are related to thewider
socio-economic context of the territory to understand the level of func-
tional integration of the former, by analyzing themultidimensional sim-
ilarities across the cultural and socio-economic data. The first task will
be carried out by applying the so-called TWC (Topological Weighted
Centroid)methodology [36–38]. The second, bymaking use of theMax-
imum Regular Graph generated by the AutoCM Artificial Neural Net-
work [39,40].

2.3. The TWC approach

The TWC approach has been applied to predict the outbreak and ep-
idemic spread of infectious diseases from the spatial distribution of the
early cases [36,41–44], or the probability of future terrorist attacks from
previously observed ones [45]. It has also been applied to the analysis of
cultural and creative ecosystems of the Veneto region in Italy [46] and of
the Halland region in Sweden [35], building upon the notion of pseudo-
diffusion processes: themost geographically vibrant parts of the ecosys-
tem tend to becomemore ‘contagious’ in terms of cultural activity than
less vibrant ones. Consequently, we can create heat maps of cultural vi-
brancy that evolve over time.

The Topological Weighted Centroid (TWC) can be defined as the
point that minimizes the sum of all the pseudo-distances between itself
and each of the observed points of the distribution. The TWC thus rep-
resents the ‘epicenter’ of the diffusion process that shapes a certain dis-
tribution of items in space. In our specific case, the TWC represents the
‘outbreak’ point of the pseudo diffusion process of the cultural activities
and facilities mapped in the geographical space. A whole set of different
TWCs can be computed depending on how the pseudo-distance is de-
fined and on how theminimization is carried out. The reader is referred
to Buscema et al. [45] for technical details. The various TWCs, named
Alpha, Beta, Gamma, Theta, and Iota, have been shown to carry informa-
tion as to the evolution over time of the distribution of observed items
5

from the original outbreak point (Alpha, ‘yesterday’), to the status quo
(Beta, ‘today’), to various future stages (Gamma, Theta, Iota), whose ac-
tual timescale depends on the specific phenomenon being studied and
needs to be calibrated accordingly. The whole set of TWCs is illustrated
in Fig. 3.

2.4. The Auto Contractive Map (AutoCM) approach

By crossing geo-referenced information with socio-economic data
from cultural and creative sectors and the overall regional socio-
economy, through the AutoCM analysis we can build MRG (Maximum
Regular Graph) network maps of the functional relationships between
system variables to ‘contextualize’ the various components of the cul-
tural and creative sectorswithin the broader socio-economic local orga-
nization, to understand e.g. whether they are functionally connected to
themost innovative, knowledge-intensive and growth-oriented parts of
the local economy or to more stagnant ones. This allows in turn to sim-
ulate the impact of both cultural and socio-economic policies on the
spatial and functional structure of the cultural and creative ecosystem.

2.5. The methodology at work

The process starts from the facilities and activities datasetswhich are
fused bymeans of TIW into a whole dataset, which is fed to the AutoCM
to carry out the similarity analysis generating the AutoCMweights. Such
weights enable the building of the MRG, which maps the structure of
the most relevant connections between each cultural and socio-
economic variable, and therefore provides a graphic, easily accessible
and interpretable visual representation of the functional role of each el-
ement of the cultural and creative ecosystem within the broader local
socio-economic organization. At the same time, the geographical profil-
ing of the cultural ecosystem is carried out by the TWC component, gen-
erating a sequence of heat maps (Alpha, Beta, Gamma, Theta, Iota) that
describe the future evolution of the cultural vibrancy of the system in
the absence of external policy interventions. The predictive capacity of
such maps has been successfully tested in supervised prediction tasks
such as those for epidemics and terrorist attacks cited above, and has
been further validated in the previously cited studies on the cultural
and creative ecosystems of Veneto and Halland. The insights deriving
fromone layer of the analysismay be usefully exploited to better under-
stand the results of the other, and vice versa.

2.6. Policymaking implications

The previous analysis offers valuable background information for
participative policy design, to provide policy makers with a reliable ev-
idence base for future investments and policies, and to stimulate local
stakeholders to be proactive in reinforcing positive momentums or in
bouncing back from slumps through specific targeted interventions.
This approach also provides a basis for a better, more functional, and ef-
fective integration of cultural activities in the overall smart specializa-
tion strategy of the territory, according to the logic of System-Wide
Cultural Districts [47–49], where cultural production and participation
become a nexus of key structural interdependencies acrossmany differ-
ent sectors, promoting trans-sectoral innovation.

3. Data

We study the cultural ecosystem of two districts inWestern Kosovo,
namely Gjakove and Peć, which include seven municipalities: Deçan,
Junik, Klina, Gjakove/Djakovica, Rahovec, Peć/Peja, Istog, for a total of
approximately 318,000 inhabitants.1 They are geographically the most



Fig. 3. The whole set of TWCs.

Table 1
Activity and facility categories.

Facilities (377) Activities (111)

Archeology Museum Community Center
Bazaar Natural (cave) Crafts
Bridge Natural (lake) Cultural event
Cave Natural (landscape) Dance
Cinema Natural (National parks) Education (focused in culture)
Community centre Natural (ski resort) Fashion design
Craft Natural (thermal water) Gastronomy
Cultural Centre Natural (Urban park) Natural (Sport activity)
Education Natural (waterfall) Radio & TV
Gallery Other Traditional dance
Gastronomy Religious
Library Residential
Mill Theatre
Monument
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Western districts of Kosovo, and are an example of a predominantly
rural area, with small towns and relatively few inhabitants (Peć in par-
ticular is the least populated of the seven districts of Kosovo). None of
Kosovo's major cities are located in these districts: the country's capital
Pristina, and the two second-tier cities of Gjilan and Prizren are all in the
Eastern (the former two) or in the Southern (the latter) parts of the
country. The districts under study host two third-tier towns, namely
Djakovica, in the Gjakove district, and Peja, in the Peć district, both of
which are the districts' respective capitals. Both districts are character-
ized by an Albanian ethnic majority.

The districts' specialization profile is in agriculture and forestry, and
the local cultural and creative sectors are small and under-developed.
Therefore, very little statistical evidence is available and there is little in-
terest in cultural policy by local administrations. Of particular relevance
is the presence of two of the fourMedievalMonuments in Kosovo listed
asWorld Heritage Sites, in Deçan (Visoki Dečani) and Peja (Patriarchate
of Peć Monastery).

We have chosen these geographically marginal and not densely ur-
banized Kosovar districts rather than the more central and populated
ones to study the dynamics of cultural vibrancy in a rural, socio-
economically under-developed territory. In many such cases, the lack
of effective culture-led development processes is the result of a vicious
circle: under-developed and poorly integrated cultural and creative sec-
tors fail to catalyze enough public interest to attract public investments
and to acquire relevance in the policy agenda. As a consequence, little
initiative is taken and awareness of the critical factors that prevent
such development and availability of data are both scarce, so that
there are little chances that the under-development issue may be
6

properly tackled. Therefore, the local cultural and creative system per-
sists in a state of under-development, closing the circle. In the specific
case under study, an additional important element is the one related
to the multicultural context and to the underlying ethnic tensions,
which may play a further role in conditioning the dynamics of cultural
vibrancy, calling once more for a deeper understanding of the forces at
play to enable the design of targeted cultural policies.

To stress the need to raise awareness in the local community as to
the importance of gathering data to gain an understanding of the
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underlying issues, the study starts from a participatory mapping by a
team of local collaborators, covering the local cultural and creative sec-
tors, by collectively building a georeferenced GIS database of all the
main cultural and creative facilities and permanent activities in the re-
gion.We consider 10 different categories of (permanent) cultural activ-
ities, and 27 categories of cultural facilities, mapping a total of 377
facilities and 111 activities, all ofwhich geo-localized, as of 2017. The ac-
tivities categories are: Community Centre, Crafts, Cultural event, Dance,
Education (focused on culture), Fashion design, Gastronomy, Natural
(Sport activity), Radio & TV and Traditional dance. The facilities span
the following categories: Archaeology, Bazaar, Bridge, Cave, Cinema,
Community centre, Craft, Cultural Centre, Education, Gallery, Gastronomy,
Library, Mill, Monument, Museum, Natural (cave), Natural (lake),
Natural (landscape), Natural (National parks), Natural (ski resort),
Natural (thermal water), Natural (urban park), Natural (waterfall),
Other, Religious, Residential, Theatre. Table 1 summarizes the above
information.

The list and classification of the categories of facilities and activities
that are part of the local cultural system have been agreed with local
stakeholders and administrative representatives through rounds of
meeting and discussion, leading to specific criteria of inclusion. On the
basis of the agreed conceptual framework, the collection of the data re-
lated to the activities and facilities that matched the selection criteria
has been carried out in 2017.

For eachmapped item, a number of attributeswere also collected. As
to facilities, we collected the following specific attributes: Protection
Fig. 4. Map of the activ
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status, Ownership (Private tenant, Private owner; Public or Religious),
Usage (Utilised, Partially utilised or Unused), Type, divided into Cultural
(Craft, Radio&TV, Education, Library, Theatre, Cinema, Gallery, Museum,
Community centre, Religious, Archaeology, Monument, Mill, Bridge,
Bazaar) and Natural (urban parks, national parks, lake, ski resort, land-
scape, cave, waterfall, thermal water), Date of establishment, Condition
(Ruins only, Poor, Average or Good), Management (Government,
Religious, NGO or Private), Funding (Pay for entrance/service) and
Source of funding (Income; Public; Local donors; Religious community;
International donors).

As to the activities, the attributes were: Timeframe, Managing Insti-
tution (Ministry, Municipality, NGO, Private business/Individual), Aver-
age age of users/visitors, Number of users/visitors, Funding (pay for
entrance/services) and Source of funding (income, donors). Assigning
a specific activity or facility to the most suitable category has not been
straightforward in some instances. In dubious cases, a specific disambig-
uation procedure has been carried out.

We also collected all the available socio-economic information from
existing city, regional and national statistics, and were able to recon-
struct the main socio-economic characteristics of the two districts
such as demography, educational and occupational levels, land use, for
a total of 302 socio-economic attributes (see Table 2).

Fig. 4 reports the geo-referenced mapping of the activities and facil-
ities.

The activities (in yellow) and the facilities (in red) have a character-
istic distribution. Facilities are more concentrated on the most Western
ities and facilities.
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side of the territory, whereas activities are more evenly spread, and
generally gathering along themainmobility routes. Themap represents
the status quo, but it tells us nothing about its likely short-term and
long-term evolution, about its integration with the other spatially em-
bedded economic and social systems of the territory, and about its con-
tribution to the territory's local development. To this purpose, we now
carry out an analysis by means of the methodology introduced in
Section 2.

4. Results

4.1. TWC analysis

In order to analyze the spatial organization of cultural activities and
facilities in our two Western Kosovo districts, we first merge activities
and facilities into a fused spatial distribution with 488 cultural items
that combine both categories.
Fig. 5. TWC

9

The past pattern of cultural vibrancy behind the currently observed
distribution of items, as described by the TWC Alpha, is shown in Fig. 5.

The TWC Alpha represents the ‘outbreak point’ of the distribution of
the cultural items. It can be considered as the center of gravity of the
original cultural dynamics of the system (its “yesterday”, to distinguish
it from the observed status quo). To provide ameaningful interpretation
of TWC Alpha, we have to place it in the context of the observed distri-
bution of cultural items, as shown in Fig. 6.

As it can be seen from Fig. 6, TWCAlpha sits in themiddle of the area
with the highest density of activities, which means that the outbreak of
the pseudo-diffusion process is still closely related to the densest part of
the observed spatial distribution of the items. However, looking at the
TWC Beta, we see that, despite the observed distribution suggests that
the cultural vibrancy of the territory is organized around the geographi-
cally central (but demographicallyminor) townsof Deçan and Junik, the
current momentum is moving the centroid down to the South, toward
the capital of the Gjakove district, Djakovica. Even if this momentum
Alpha.



Fig. 6. TWC Alpha and the observed distribution of cultural items.
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is not yet fully legible from the observed distribution of items that
largely reflects the past dynamics of the process, we may expect that
the focus of cultural activity will move away from the original area
and shift toward the South. The fact that this new stage represents a
clear break from the past is shown in Fig. 7, where, by reporting the cur-
rently observed distribution of items, it becomes clear that Djakovica
sits in a relativelymarginal position as to the currently observed cultural
vibrancy. (See Fig. 8.)

This is an interesting remark, as Djakovica is the largest town in its
district, and the second largest in the territory under study after Peja.
However, none of these cities plays a key role in the original pattern of
cultural vibrancy. This is relatively surprising, as generally cultural and
creative activity tends to be concentrated in the main urban centers of
a territory, also thanks to their trans-local networking [50]. However,
in rural contexts the incentives to agglomeration in more densely pop-
ulated areasmight not be strong enough as the urban settlements are of
small dimension, and the main logic of aggregation might rather be re-
lated to other factors [51], such as, in the case of Deçan, the presence of
major heritage sites. However, the shift of the centroid of vibrancy to-
ward Djakovica signals that the attraction pull of the district's main
urban center is starting to exert its effect.
10
It can be seen in fact that the TWC Beta identifies two distinct cen-
troids, but the stronger one according to the heat map is in fact
Djakovica, whereas the weaker one is closer to TWC Alpha. There is in
otherwords a ‘spatial phase transition’which gradually shifts the center
of activity toward a different area of the territory through an intermedi-
ate step that is marked by the weaker Beta centroid.

An interpretation of thismovement toward the South is the stronger
connectivity that is establishedwith Albania, andwith its capital city Ti-
rana in particular, as a consequence of the recent (at the time of obser-
vation) opening of the newhighway connecting Kosovo and Albania. As
we have seen, the distribution of cultural activities tends to reflect the
structure of themain transport routes, and the opening of a new, key in-
frastructural facility which increases the ‘gravity’ effect of the Southern
Albanian pole has a consequent effect on the dynamics of cultural vi-
brancy.

In Fig. 9, however, we have the TWC Gamma, that describes the
medium-long term situation,which shows that the current shift toward
the South is eventually bound to be temporary.

The TWC Gamma shows that the main focus of the heat map in the
medium-long term moves back North, in a position that is again close
to the original TWC Alpha. After a first moment in which the new



Fig. 7. TWC Beta.
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mobility route toward Albania exerts a significant gravity effect, cultural
vibrancy is pulled back to its original center of attraction. There must
therefore be another ‘force’ that pulls in the opposite direction with re-
spect to the attraction exerted by the Albanian pole. To understand its
nature, we can notice that there are actually three TWC Gamma cen-
troids: in addition to the main one close again to Deçan, there are two
weaker ones, one still in Djakovica, the other further North, in Peja,
that is, the other major urban center of the territory under study. The
two weaker centroids show the two forces being balanced, namely
the cultural attractions exerted by the nearby countries of Albania
and Serbia, respectively. The Kosovo region has in fact a complex
11
identity that derives from the mix (and often the clash) of its Serbian
and Albanian components, so that the two countries function as
competing cultural attractors along a North-South axis of influence.
Despite that the Peć district is also characterized by an Albanian
cultural majority, its geographical position makes it especially suscepti-
ble to the attraction pull of the Serbian socio-economy. It is meaningful
to notice that whereas the international borders of the Peć district are
with Montenegro and Serbia, those of the Gjakove district are with
(mostly) Albania and Montenegro. The strong attraction of Serbia
implies that even if there may be a temporary shift of the centroid of
vibrancy toward Albania because of a strengthened mobility



Fig. 8. TWC Beta and the observed distribution of items.
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connection, the old situation of geographical balance is going to be
eventually restored.

In fact, as shown in Fig. 10, the distribution of observed items is
denser toward the route connecting to Serbia than toward that
connecting to Albania, also as a consequence of the different size and
economic weight of the two countries, so that the cultural attraction
exerted by Serbia has historically been stronger as reflected in the ob-
served spatial pattern of activities.

By looking at the TWC Theta in Fig. 11, however, which gives us
a picture of the longer-term scenario, we see how, despite that there
are still three different centroids, there is nowa prevalence of theNorth-
ern and Southern ones, suggesting that the future cultural dynamics
lead to a growing polarization between the Serbian vs. Albanian areas
of influence. Instead of being the attractive core of the whole
12
distribution, the central town of Deçan now works as a sort of
‘separatrix’ between two different basins of attraction for the two stron-
ger centroids, Peja (which is mostly under the attraction pull of Serbia)
and Djakovica (which is mostly under the attraction pull of Albania).
This also suggests that, by concentrating in the territory's main urban
centers, the dynamics of cultural vibrancy could be able to better exploit
the developmental effects of urban agglomeration on cultural and crea-
tive production.

Once again, the higher density of observed activity around the
Serbian-oriented pole with respect to the Albanian-oriented one is
clearly legible once the TWC Theta is mapped against the current ob-
served distribution of items in Fig. 12.

Notice how all three TWC Theta points sit along the main transpor-
tation route. Finally, the TWC Iota, shown in Fig. 13, gives us a clue of



Fig. 9. TWC Gamma.
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the ‘hidden’ points that determine the future shifts of the heat maps,
that is, those points that better reflect the deep structural forces at
play behind the dynamics represented by the sequence of centroids as
previously discussed. The position of the two TWC Iota points clearly
confirms our previous interpretation: the two hidden points position
themselves at the opposite sides of the territory, in the far North and
in the far South, confirming that the main factors shaping vibrancy are
the gravity effects from the competing cultural attraction of the
Albanian vs. Serbian poles.
13
The Iotamap indicateswhich is themore relevant Iota point, marked
by the arrow, that is, the one representing the cultural attraction force
exerted by Serbia, which, if no explicit policy interventions occur,
is going to overcome that exerted by Albania. The stronger Iota point is
close to the border with Serbia. The weaker Iota point is adjacent to
themain route that connects Kosovo to Albania. They respectively lie be-
yond Peja and Djakovica in the direction of the international border.

Some considerations are in order. First of all, as made clear by the
insights from the TWC Iota map, the reason why cultural vibrancy is



Fig. 10. TWC Gamma and the observed distribution of cultural items.
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polarizing into the two main urban centers of the territory is not
primarily the emergence of favorable urban agglomeration effects, but
the fact that Peja and Djakovica are the urban hubs that connect the ter-
ritory to the Serbian and Albanian poles, respectively. The hidden
attractors are, as already observed, moving in the direction of the re-
spective borders with Serbia and Albania. We cannot rule out that
such polarization might indirectly also stimulate some form of local ag-
glomeration of cultural and creative production, but in the affirmative
case that would be more a by-product of the geopolitical forces at
14
work than a result of the structural evolution of the local cultural and
creative sectors.

A second important consideration, that is consistentwith the former,
is that, in our analysis, the whole dynamics of evolution of cultural vi-
brancy entirely takes place on the North-South axis, that is, from the in-
terplay of the attraction forces of Serbia vs. Albania. There is practically
no discernible influence on such dynamics of the country's capital city,
Pristina, located in the East, as no East-West axis emerges from the anal-
ysis. Despite that Pristina is by far the country's largest city and capital,



Fig. 11. TWC Theta.
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and that it hosts a rich and diversified cultural scene, also as a result of
specific policy initiatives [52], it seems to have very little capacity to in-
fluence the spatial grammar of cultural vibrancy of the twoWestern dis-
tricts under study, possibly also as a consequence of the fact that no
specific cultural policy action has been undertaken in such territory. It
is also useful to observe that Pristina has a largely Albanian ethno-
culturalmajoritywith a strong socio-spatial ethnic segregation between
different groups [53], so that one of the reasons might be that, in the
15
context of the ethno-cultural divide characterizing the country, the cap-
ital city could be seen more as a secondary center of attraction of the
Albanian cultural pole rather than as the primary center of attraction
of the country. However, such finding once more emphasizes that the
spatial grammar of cultural vibrancy in the two Western districts
under study is mainly driven by geo-political and economic factors,
and only to a lesser extent by the inner evolution of local cultural and
creative sectors.



Fig. 12. TWC Theta and the observed distribution of cultural items.
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4.2. AutoCM analysis

To integrate the previous analysis of the spatial dynamics of cultural
vibrancy, we have now to consider how the cultural system is posi-
tioned within the wider socio-economic system of the territory,
to understand what is the relative importance of the cultural dynamics
just analyzed in the context of the local socio-economic development
16
process. To this purpose, we proceed to the analysis of the structure
of the interdependencies across the socio-economic variables
collected and described in Section 3 above, by means of the AutoCM
ANN. First of all, we need, as anticipated above, to carry out the data fu-
sion of the attributes of the two types of observations, activities and fa-
cilities, and of the socio-economic variables, into a single database. By
combining the three, we obtain, as illustrated in Fig. 14, a total of 302



Fig. 13. TWC Iota and the hidden attractors.
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different attributes, for which we can explore their multi-dimensional
similarities. The map of such similarities will allow us to check to
what extent culturally related attributes play a more or less central
role in the organization of the map, and therefore are more or less piv-
otal in the functional socio-economic organization of the territory.

To check what is the most efficient algorithm to analyze the multi-
dimensional similarity across our 302 attributes, we first compare the
relative coding performance of various alternative algorithms by
17
means of the MST Index as introduced in Buscema and Sacco [54].
We compare AutoCM with a set of commonly used alternative ANN
algorithms and widely used measures of similarity, and find, as
shown in Fig. 15, that AutoCM consistently outperforms all of them ac-
cording to the two complementary measures of performance intro-
duced in Buscema and Sacco [54]. The choice of AutoCM as the most
appropriate algorithm for the analysis is therefore empirically sup-
ported for this database.



Fig. 14. Data fusion of the attributes.
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Fig. 16 reports the MRG drawn by AutoCM in the analysis of the
multi-dimensional similarities across the 302 attributes.

Even if the figure may look complex to read at first glance, it gives a
relatively intelligible representation of the structure of the interdepen-
dencies across the 302 variables. In particular, the ‘diamond-like’ struc-
ture toward the top-left of the graph shows what is the core set of
variables which jointly represent the most deeply integrated and cohe-
sive component of the territory's socio-economy. Moreover, there is
also a ‘linear backbone’ moving from bottom-left to top-right around
which the various branches of the graph are organized, which also
plays an important organizational role.

The logic behind the links connecting the variables is that two con-
nected variables are relatively more similar to one another in the con-
text of the overall structure, so that the graph can be seen as a
representation of the structure of the key interdependencies across
the variables, although specific causal links cannot be established.
The variables that sit toward the center of the graph have amore impor-
tant organizational role than those that sit in the more peripheral
Fig. 15. Selection of the best algorithm.
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branches. Likewise, the structure of their connectivity also provides in-
formation about their organizational role, which may have a local vs.
global relevance according to the specific connectivity indicator that
we are considering. We can notice for instance that the attribute ‘Com-
munity center’ sits close to the center of the graph and is highly con-
nected (directly connected to 8 other attributes). Its links with
‘Fashion design’ and ‘EmpExBodyAll’ (employment in organizations
and external bodies) are especially relevant as the latter sit along the
main backbone.

To have a closer look at the micro-structure of the MRG, consider
Fig. 17. Here, the attribute “Cave” is an important node connected to
many attributes, including another important one, namely “17(2-
nd_half)Estab” (a historical building of the second half of the 17 cen-
tury). While “Cave” refers to one of the natural resources of the
region, the latter attribute refers to an important piece of the local his-
torical heritage, which is in turn a highly connected, locally central
node. Other cultural variables are connected as well to these two
nodes, which shows howmany significant variables of the cultural sys-
tem tend to be connected to other variables from the same sphere of
natural and cultural heritage and resources rather than to key variables
of the socio-economic system.

Another closeup of theMRG as reported in Fig. 18 shows instead the
strong relationship and internal cohesion of variables relating to the ag-
ricultural system. The territory seems to be characterized by a siloed
socio-economic structure rather than by complex interdependencies
between different areas of activity.

The analysis of the two main ‘diamonds’, shown in Fig. 19, shows
that the central variables in the system are mostly related to the areas
of education/employment and demographic/work. Cultural variables
are practically absent from the organizational core.

5. Discussion and conclusions

In this study, we develop a computational approach to evidence-
based policymaking [55]. In particular, we have analyzed the spatial dy-
namics of cultural vibrancy of two districts in Western Kosovo, Gjakova
and Peć, and the role played by the cultural and creative sectors in the
wider architecture of their socio-economic system. Our methodology
and results provide a basis for participative policy making, directly in-
volving local residents in data collection and ideally again in evidence-
based policy design and assessment. The latter could only be applied
to a limited extent to the Kosovo policy cycle, due to difficulties in the
active involvement of local administrations and to serious, well-
known ethno-cultural tensions.

However, our study provides a clear picture of the geographical dy-
namics of cultural vibrancy at the territorial scale, and accurately recon-
structs the effect of the dynamic clash of the ‘cultural pulls’ from the two
nearby countries, Serbia and Albania, which heavily polarize Kosovo's
cultural and social life and cause strong political tensions. In particular,
we find that the dynamics of cultural vibrancy for the two districts
are essentially driven by the competing gravity forces exerted by
the two external cultural poles represented by Serbia and Albania,
that also reflect the region's main ethnicities, and whose mutual rela-
tionship is complex and often conflictual. On the other hand, the attrac-
tion pull exerted by Kosovo's capital and main city, Pristina, which is
also a rich cultural hub with a lively local scene, is practically negligible.
This indicates that the dynamics of cultural vibrancy of the twoWestern
districts under study is not really determined by the operation of the
local cultural and creative sectors but is mostly a by-product of external
forces.

These results suggest that the rural, most Western areas of Kosovo
do not have at the moment a strong endogenous drive toward cultural
production and participation. This conclusion is reinforced by the anal-
ysis of the role of the cultural system within the wider socio-economic
system of the two districts, which shows that culture occupies a rather
marginal position and is playing a modest role in the overall structural



Fi
g.

16
.M

RG
of

th
e
30

2
at
tr
ib
ut
es
.

M. Buscema, G. Ferilli, C. Gustafsson et al. Chaos, Solitons and Fractals 162 (2022) 112439

19



Fig. 17. Closeup on MRG detail.
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organization. The functional marginality of the local cultural and crea-
tive sectors, and their substantial problems of participation and inclu-
sion due to lack of public funding for culture – a situation that might
also exist in other areas of the country – are the main issues to be ad-
dressed by future cultural policy initiatives.

This means that the local regional developmental model is currently
very poorly related to its cultural assets, and it is remarkable that this
kind of informationmay be obtained simply from the analysis of the ob-
served distribution of cultural items and from the analysis of the multi-
dimensional similarities among the variables that describe its socio-
economic structure.

And yet, especially for a culturally divided and conflictual country
like Kosovo, a smart approach to cultural policy, not only in the
20
main urban hubs but also in less densely populated and more rural ter-
ritories, might play an important role in pursuing new forms of social
cohesion and intercultural dialogue between its conflicting cultural
identities. A possible way to achieve this goal is to counter the ongoing
spatial polarization by rebooting the power of attraction of the histori-
cally established, geographically central hub around Deçan – and
possibly also to facilitate the emergence of a new East-West axis that
antagonizes the current North-South dynamics and reinforces the
connection to Pristina and to the Eastern, more populated, and cultur-
ally more vital part of the country. The role that the cultural resources
of the territory can play in this process have to be explored more
closely. Cultural and natural heritage need to play a more significant
role in the socio-economy of the two districts, as the relevance of



Fig. 18. Closeup on MRG detail.
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culture seems to be currently confined to very traditional and econom-
ically marginal forms of tourism. Not only in geographical, but also in
functional terms it is important that cultural policy stimulates the cul-
tural system of the territory to develop more complex forms of produc-
tion and participation that leave a deeper socio-economic mark and
interact more strongly and fundamentally with the main developmen-
tal drivers.

Another important issue is the potential role that culture can play in
contexts with strong ethnic tensions such as Kosovo. Despite that na-
tionalistic and even xenophobic attitudes may be supported and even
reinforced by the appeal to heritage, expressions and traditions which
are claimed to be uniquely representative of a given culture and
population [56], culture may also play a very important, opposite role
Fig. 19. Closeup o
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in fostering intercultural dialogue and cohesion through mutual com-
munication and exchange [57], and even in conflict resolution and
healing from trauma [58]. Rural areas are typically most susceptible to
cultural isolationism and prejudice because of the scarcity of real, direct
exchange with people from different ethno-cultural backgrounds [59].
Promoting the development of cultural and creative sectors in areas such
as the two Western Kosovo districts studied here may therefore become
not only a way to boost the local economy and to make space for local
creative talent and entrepreneurship, but also to create opportunities for
better socio-cultural dialogue and integration of people from different
ethno-cultural backgrounds – an issue of truly global relevance today.

Our findings may contribute to the promotion of evidence-based,
participative cultural policy design which is of special importance in
n MRG detail.
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socio-economically and educationally deprived regions. It could also
pave the way to peer-learning platforms on cultural development pro-
jects by public administrations, building on sophisticated data analysis
and simulation techniques, as a recognition of the complex, nonlinear
nature of spatial phenomena such as cultural vibrancy, and of the
need to tackle them by means of suitable toolboxes. The methodology
and results presented here are potentially scalable to similar territorial
contexts. As we gather more evidence on different case studies at the
local scale, we could get amuch deeper understanding of themain facil-
itating and countervailing conditions at play behind culture-related de-
velopment processes.
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