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Abstract

How to reveal throughout a quantitative survey of the websites the cooperation development of
a tourism destination? The analysis of the links among the tourist websites of a destination
allows it. The website network of a tourism destination is examined and the main statistical
characteristics of the underlying graph are calculated. The general topology of the network is
similar to the one characterizing such systems. However, differences are found, mainly due to
the relatively poor connectivity among the vertices of the network. These results are discussed
and interpreted. Moreover, the usage of quantitative network parameters is shown to be able to
measure the degree of collaboration and cooperation among the destination stakeholders and
their tendency to act in such a way.

Keywords: tourism destination; internet; web; cooperation; economic and social integration;
complex networks.

1 Introduction

The destination management approach has emerged, in the last years, as an important
strategic and operational approach to foster the development of areas where tourism is
a relatively important activity and where the economy may be significantly influenced
by tourism revenues (Ritchie & Crouch, 2003).

The spectrum of definitions describing Tourism Destination (TD) is quite extensive
and there are many difficulties in setting clear borders to it (Jafari, 2000). Beside the
definition issues, a TD is the archetype of a complex adaptive system (CAS). It shares
many (if not all) of the characteristics usually associated with a CAS: non-linear
relationships among the system components, self-organization of the structures,
resilience to external shocks (Holland, 1995). As for many such systems, it can be
represented by a network graph whose vertices are the organisations (public or
private) belonging to the local tourism system.

Information technologies, and the Internet in particular, have shown to be a crucial
tool for the operations and the development of this “information intensive” sector
(Poon, 1993). A website looks to be a major (and, probably, it will be the only one in
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the future) tool to conduct business in the tourism field (Law et al., 2004).
Furthermore, the network system based on the Internet may represent, for a
destination, the tool to bind together the local tourism supply operators allowing them
to integrate the destination product/service chain and to develop common
competences and know-how (Laesser, 2003; Pollock, 1995) Integrating the offer of a
TD requires an adaptation of the operators in overcoming the internal competitive
reality. They are required to acknowledge the need to cooperate in order to
recommend the destination to the international tourism market and to promote a
unique selling proposition.

The network is a virtual space where the operators can meet, exchange information
and experiences, develop common projects and build partnerships with the objective
of reducing risk, distribution efforts, and financial costs. Moreover, promoting a
common project through interlinked websites provides increased visibility. Even a
single organisation can thus have a higher probability to be seen and selected among
the huge offering of the World Wide Web. This is also due to the score system set up
by the main search engines, which recognises and values the importance of the
interlinking among websites (Brin & Page, 1998).

The Web, by its very nature, is a complex dynamically growing network and, in this
respect, its global properties are closely related to its topological structure. In the last
years, a vast catalogue of studies on complex networks has been compiled (Boccaletti
et al., 2006; Pastor-Satorras & Vespignani, 2004). The tourism sector, however, has
not yet been included in this collection. This paper aims at filling this gap by
presenting an investigation on the websites network of a tourism destination.
Moreover, it will be shown that some of the network topological metrics can be
profitably used to characterise important properties of the network and of the
underlying social and economic system.

2 Network models

Although almost 200 years old, the origins are ascribed to a famous paper by
Leonhard Euler dated 1736, the so called “science of networks” has had an incredible
thrust only in the last few years. The topology of complex systems, portrayed as
networks, has been shown to be a fundamental feature of such systems (Boccaletti et
al., 2006) Behaviours and processes can be described and explained by taking into
account the system’s general connectivity properties. The spread of viruses over a
computer network or of diseases in a population, the formation of opinions, the
diffusion of information or knowledge, the resilience after external shocks, all exhibit
a strong dependence on some basic topological features of the network representing a
system.

Many metrics have been used to describe complex networks (da F. Costa et al., 2005).
Most of them come from the long tradition of social network analysis and have been
increased by the recent work of the community of statistical physicists. A handful of
these, are the ones commonly employed to fully characterise topology and behaviours
of a complex network:



281

o degree distribution P(k): the statistical distribution of the number (and sometimes
the type) of the linkages among the network elements;

e average path length L: the mean distance between any two nodes;

o diameter D: the maximal shortest path connecting any two nodes;

o clustering coefficient C: representing how concentrated is the connection of the
node’s neighbours in a graph and giving a measure of the inhomogeneity of local
density of links;

o efficiency (at a local Ej,c or global Egq, level): which can be interpreted as a
measure of the capability of the system to exchange information over the network;

e assortativity: which gauges the correlation between the degrees of neighbour
nodes. If positive, the networks is said assortative; in it well-connected elements
tend to be linked to each other. This quantity, connected to the clustering
coefficient, has been recently shown to influence directly the formation of strongly
connected subnetworks or communities and to give an indication of their strength
(Quayle et al., 2006).

The mathematical expressions for these quantities can be found in one of the recently
published reviews of the research in this area (Albert & Barabasi, 2002; Boccaletti et
al., 2006). These parameters can be used to classify the networks into three broad
classes (Amaral et al., 2000):

¢ single-scale networks: in which P(k) exhibits exponential (Poissonian or Gaussian
tails). This class contains the random graphs (ER) and the small world (SW)
networks described by Watts and Strogatz (1998) which are characterised by large
clustering coefficients and short average path lengths;

o scale-free networks: P(k) has a power-law distribution: P(k) ~ k™. The distribution
is largely uneven, there is no characteristic mean nodal degree (the mean of a
Poissonian ER distribution), but some (few) nodes act as very connected hubs,
with very large number of ties, while the majority of nodes have a small number
of links (Barabéasi & Albert, 1999);

e Dbroad-scale networks: for which the degree distribution has a mixed behaviour, a
power law regime followed by some sharp cut-off (exponential or Gaussian
decay) of the tail.

The general topological properties of the World Wide Web have been studied by a
number of authors. In particular, it has been possible to highlight a complex structure
of its components (web pages or websites). According to Broder et al. (2000) the
structure has a “bow-tie” shape (see Fig. 1), in which it is possible to recognise a
number of components according to their connectivity characteristics. The model,
widely accepted, calls for a strongly connected component (SCC), formed by all
pages mutually connected by a directed link, an in-component (IN) and an out-
component (OUT), formed by nodes connected to the SCC in a monodirectional way.
In addition to these, there is a series of secondary structures called TENDRILS,
containing pages that do not link the SCC and cannot be reached from it; TUBES,
directly linking the IN and OUT parts without crossing the SCC and some
disconnected elements (DCC), similar to isolated islands, with no connection at all to
the other components. This structure has also been identified in several subnetworks
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of the whole Web, strengthening the hypothesis of a self-similar arrangement, i.e. the
fact that subnetworks of the Web show similar structures (Dill et al., 2002).

TENDRILS

IN ouT

TUBE
O

DCC

Fig. 1 A bow-tie model for the Web (after Baggio, 2006)
3 Methods

The websites of a tourism destination have been analyzed. The destination is the
island of Elba, the main of the Tuscany Archipelago National Park and the third
Italian island. It is an important environmental resource. Its geographic position,
temperate climate, and the variety and beauty of its landscapes, coast and sea, make it
a sea, sport and culture destination famous all over the world with almost 500 000
arrivals and 3 million overnights per year and several hundreds accommodation
establishments (Tallinucci & Testa, 2006: 15-45). As for many other destinations, the
Web has become, in the last years, an important means of promotion and
commercialization for the whole community of local tourism operators.

A previous study (Pechlaner et al., 2003) had been conducted in order to reveal the
interest to develop a business model based on the Internet as a local network platform
able to manage a small island tourism destination. The empirical enquiry on the
accommodation entrepreneurs showed a good Internet attitude (88.8% of the
responders had their own homepage and 68,5% a site within a local tourism portal).
The main motivations for a presence on the network were identified in the possibility
to achieve visibility on a wider market and to acquire new customers, the speed of
communication with their customers, but also the passive need to be present on the
web. The independence of the operators emerged from the surprisingly high
proportion of self-made websites (more than 30%). The websites were linked from
some general destination portal (often an internet service provider), but the local
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suppliers tried to maintain independent and personal styles and direct connections
with their guests.

The study presented here refocuses on the Elban network formed by websites
belonging to “classical” tourism operators: accommodation (hotels, residences,
camping sites etc.), intermediaries (travel agencies and tour operators), transport,
regulation bodies, services etc in order to reveal their connectivity. The whole size of
the network is of 468 elements (websites). It is not huge, but of a size which can be
considered sufficient to show meaningfully the graph’s statistical properties
(Angeloudis & Fisk, 2006; Dunne et al., 2002).

The websites have been analyzed considering them as the nodes of a complex
network. Links among the websites have been listed by using a simple crawler and
complementing the data obtained with a “manual” count of the hyperlinks to
overcome the limitations of the program used (such as, for example, the impossibility
to find hyperlinks embedded in Flash applications or Java applets). All links are
considered of directed nature. The statistical analysis of the network thus obtained has
been carried on by using standard software packages such as Pajek (Batagelj &
Mrvar, 2004) and programs written by the one of the authors using the Matlab
(MATLAB, 2004) development environment.

4 Results: the Elba tourism web graph

The graphical representation of the Elba websites’ network obtained is given in Fig. 2.

Fig. 2 The network of the Elban tourism websites
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As it can be seen, the network exhibits a well identifiable structure. The network is
rather sparse, its link density is d = 0.002 and almost 21% of the websites have no
connection whatsoever to other sites. The diameter is D = 11, the average distance L
= 4.5. These values are almost in line with those exhibited by similar networks
(Albert & Barabasi, 2002; Boccaletti et al., 2006; Pastor-Satorras & Vespignani,
2004).

The global clustering coefficient is: C = 0.003. Local and global efficiency (Latora &
Marchiori, 2001) are: E;oc = 0.0145 and Egq, = 0.16981. These values are sensibly
lower than those found for similar systems. The local efficiency value confirms the
poor clusterisation of the network.

Key parameters characterising the structure of a directed network are the in-degree
(kin) and out-degree (ko) distributions (the distributions of the number of links
incoming to a node or outgoing from it). The cumulative degree distributions are
shown in Fig. 3. Both display an almost perfect power law decay P(k) ~ k™. The
exponents calculated are: out-degree: o= 1.89 and in-degree: yi, = 2.96.

P(>k) | O out-degree
) @ in-degree
1.0E402
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1.0E+00 T e e e
1.0E+00 1.0E+01 1.0E+02

Fig. 3 In-degree and out-degree cumulative distributions for the Elba tourism
websites’ network

The in-degree exponent is higher and the out-degree exponent is lower than those
typically measured for the Web: yi, ~ 2.1 and yo« ~ 2.7 (Broder et al., 2000). A
spectral analysis confirms the main topological characteristics of the network, also
acknowledging the scarce connectedness of the network.. Similar results were
previously obtained, by using different techniques, in an assessment of the
institutional websites of the island (Tallinucci & Testa, 2006: 126-135). The
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assortativity coefficient, calculated as the Pearson correlation coefficient between the
degrees of adjacent vertices in the network (Newman, 2002) is: -0.101 + 0.094.

The Elban network, besides the general low connectivity among its websites, still
shows evidence of a bow-tie structure. Table 2 displays the estimated proportions for
the components along with the values accepted for the whole Web (Broder et al.,
2000). To be noted is the very low size of a central strongly connected component.

Table 1 Relative size of the components for the Elba network and the Web in the
hypothesis of a bow-tie structure

Elba Network Web
(%) (%)
SCC 3.4 28.0
IN 2.1 21.0
ouT 52.4 21.0
TENDRILS 15.6 21.0
TUBE 1.3 9.0
DCC 25.2

Summarising the results of the statistical analysis of the Elba tourism websites’
network, it is possible to say that:

o the results show a general agreement with similar results obtained by studying the
Web and websites configurations (Broder et al., 2000; Dill et al., 2002). This may
reinforce the idea of a substantial self-similarity in the structure of the Web space;

o some of the values, though, show quite different characteristics: basically, a much
lower connectivity and a higher sparseness of the network (Pastor-Satorras &
Vespignani, 2004);

e moreover, a very small and negative correlation among the degrees of the nodes
has been found (assortativity coefficient), i.e.: nodes with high degree tend to
connect with nodes with low degrees. This behaviour is opposite to what is
typically found for social networks (Newman, 2002, 2003).

5 Discussion

The main consideration, which can be drawn from the results shown in the previous
section, concerns the network in itself and the usage of the technological connections
among the organisations acting at the destination.

The web network of Elba tourism stakeholders shows a very low connectivity and
very low modularity (i.e.: low and sparse number of connected communities). This
represents, essentially, a waste of resources both from a technical and an
organisational point of view. It can be seen as a lost occasion in capturing the benefits
and the advantages of cooperation mechanisms on the Internet. Mechanisms that
could greatly ease the management of the destination and the efficiency in dealing
with a globalised and highly competitive market (Barua et al., 2000; McLaren et al.,
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2002). Moreover, on a strategic perspective, it should be taken into account that the
future search engines and recommendation systems will be based on dynamic agents
whose task will consist in identifying connected communities on the web. Not
forming a “community” will inevitably result in very poor reachability for a casual
user, with detrimental consequences for the effectiveness of the marketing and
communication activities and their economic outcomes (Baggio, 2006; Lawrence,
2000).

In this scenario, the quantities measured above assume also one more important
meaning. First of all, the low connectivity of the Elba tourism network gives us an
indication of a poor degree of “technological” collaboration or cooperation among the
stakeholders. More importantly, two measurements, the clustering coefficient and the
assortativity index, can be used as quantitative assessments of this specific
characteristics. For their nature, the first one (clustering coefficient) can be thought as
a “static” measurement of cooperation, i.e.: formation of cohesive communities inside
the destination, while the second one (assortativity) can be interpreted as representing
the tendency to form such communities.

In the case of Elba, these conclusions have been already shown elsewhere by
performing more “traditional” qualitative analyses (Pechlaner et al., 2003; Tallinucci
& Testa, 2006). It has been argued that the low propensity to reference the external
world could find a foundation on the strong independent way to conduct the family-
run enterprises and on the high rate of loyalty guests which produce a good word-of-
mouth promotion.

6 Conclusive remarks

The network formed by the websites of a tourism destination has been analysed. The
statistical mechanics tools developed in the last years for this purpose have been used
to derive the main topological characteristics of this network.

The results show a general agreement with similar results, obtained by studying the
Web and websites configurations. This reinforces the idea of a substantial self-
similarity in the structure of the Web space. Some of the values, though, show
different characteristics: basically a lower connectivity and a higher sparseness.

Four years after the first survey (Pechlaner et al., 2003), the Internet attitude of Elba’s
tourism operators has evolved, but less than their international competitors. In 2002,
the web was seen as an opportunity to reach new guests and to open a window over
the world, which potentially allowed to promote the destination on a global scale.
Today, the advanced international destinations are able to sell integrated products and
the individual tourist can satisfy their informational needs navigating through a well
interconnected subnetwork. Elba, instead, still shows a very a scarce connectivity and
a high rate of disconnected elements. This means, for example, that a guest has to
identify a single supplier’s website address in order to compose a holiday package.
More importantly, this also means that the entrepreneurs are not cooperating to offer
integrated products and services.
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The analysis of the Elba’s website network allows to complement, with a quantitative
assessment, analyses conducted with indirect or with qualitative methods, thus
reinforcing the validity of those conclusions and allowing to overcome some of the
limitations of those, such as the representativity of the samples chosen.

The authors believe also that by using structural network analysis methods, future
work, already under way, may be able to better investigate the relationships between
the technological network of websites and the real network of linkages among the
stakeholders of a tourism destination. In this case some more tools may become
available to address collaboration and cooperation issues, considered, by many, to be
an important element for the success of a destination (Bramwell & Lane, 2000).
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